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EXECUTIVE SUMMARY

Clark, M.R.; Roberts, C.D. (2008). Fish and invertebrate biodiversity on the Norfolk Ridge
and Lord Howe Rise, Tasman Sea (NORFANZ voyage, 2003).

New Zealand Aquatic Environment and Biodiversity Report No. 28. 131 p.

A survey of biodiversity of fishes and benthic invertebrates was carried out on the Lord Howe
Rise and Norfolk Ridge in May-June 2003. The principal objectives of the “NORFANZ”
programme were to survey, sample, and document the marine biodiversity from seamounts and
slopes on the Norfolk Ridge and Lord Howe Rise, to support biosystematic research projects, to
assess faunal uniqueness and conservation values, and to relate observed distribution patterns
with measured biological and physical parameters.

Fourteen seamount and slope sites were sampled, 10 on the Norfolk Ridge, and 4 on the Lord
Howe Rise. A total of 168 stations was completed, consisting of 144 trawl-sled-dredge shots, 15
casts to measure oceanographic conditions, and 9 camera drops to photograph fauna on the
seafloor. Trawl depths ranged from less than 100 m to over 2000 m. A mixture of gear was used,
including bottom trawls, a midwater trawl, beam trawl, epibenthic sleds, and rock and pipe
dredges.

In total, 590 fish species, and 1305 macro-invertebrate species, were provisionally identified
onboard. This is regarded as a minimum estimate of biodiversity present, as sampling intensity on
individual seamounts was not sufficient to measure the complete faunal composition. Post-
voyage identification of invertebrate species numbers have risen to over 1600 and further
increases are envisaged as the collections of samples are researched more thoroughly. It may take
researchers around the world several years to fully examine the material, especially the
invertebrates, and describe the unknown species. About 12% of the invertebrates identified since
the survey are confirmed as being new species, and as many as 20% of the fish species are likely
to be either new species, or new records for the region.

The main invertebrate phyla caught were malacostracan Crustacea (e.g., crabs, shrimps, squat
lobsters) (405 “species”), sponges (368 “species”), echinoderms (299 “species”) and corals and
anemones (232 “species”). Diversity varied between sites, and these differences were due to a
combination of depth, and geographical location. With fishes, the orders Perciformes (88
“species”) and Gadiformes (84 “species”) dominated the species diversity. Depth was again a
major factor in determining species similarity between sites, and there were indications of a
latitudinal effect, where the northern sections of the Norfolk Ridge and Lord Howe Rise differed
from the southern parts of the Ridge and the Lord Howe Plateau. These differences are
attributable in part to the pattern of water mass distribution in the northern Tasman Sea.
Distribution patterns of fishes are described in detail, with four main types identified: widespread,
southern, Norfolk Ridge, and restricted to between one and three sites. Fish species with a
southern distribution were very common and were mainly deepwater species that share affinities
with the New Zealand fauna. Many other fish and invertebrate species were recorded from only
one or two stations, but sampling intensity was too low to draw confident conclusions about
levels of endemism.

There is still a lot more work required to update species identifications and more fully describe
the biodiversity. However, data and results of analyses carried out to date from the NORFANZ
survey have already been used to help assess the conservation value of the Norfolk Island
seamount area in the context of developing an Australian system of Marine Protected Areas.



1. INTRODUCTION
1.1 Overview

The Norfolk Ridge forms a prominent bathymetric feature connecting New Zealand and New
Caledonia at depths of 1000-1200 m (Figure 1). A considerable area of relatively shallow seabed,
comprising chains of seamounts and plateaus rising from 3500 m to depths of 200-1200 m,
provides large areas of accessible and diverse habitats (Richer de Forges 1990). The ridge was
once part of the coastline of Gondwana, so most of it has existed in one form or another for over
80 million years (Stevens 1980, Eade 1988). Before the Miocene, when the ridge subsided by
over 400 m, most seamounts were emergent and New Zealand and New Caledonia were
contiguous at 1000 m depth or less (Stevens 1980, Roberts 1993).

The marine fauna of the Norfolk Ridge and Lord Howe Rise is not well known. Samples were
taken during fisheries surveys of the Wanganella Bank, on the southern Norfolk Ridge, by FV
Wanaka in 1986 (Clark 1988) and by the Japan Fishery Agency vessel Fukuyoshi Maru No. 26 in
1989 (Yano 1991). More extensive exploratory work was carried out in the northern part of the
Norfolk Ridge and Lord Howe Rise by ORSTOM (now IRD) Nouméa in a series of research
cruises to 800 m depth targeting both fishes and invertebrates (e.g., Richer de Forges 1990,
Grandperrin & Lehodey 1992, Lehodey et al. 1993). In 1996, the NIWA vessel RV Tangaroa
was chartered by the New Caledonian ZoNéCo Programme to survey seamounts and adjacent
areas down to 1800 m in the southern Exclusive Economic Zone (EEZ) (Grandperrin et al. 1997a,
1997b). Deepwater fishes from the Australian EEZ, centred on Norfolk Island and Lord Howe
Island, remain largely unexplored except for unresearched collections made by the Japan Fishery
Agency vessel Kaiyo Maru in 1976 (Japan Fishery Agency 1976, 1977), and occasional
exploratory ventures by small Australian and New Zealand vessels.

The invertebrate biodiversity data available suggests that in some localities the Norfolk Ridge
and Lord Howe Rise support marine seamount and slope communities that are particularly rich
and diverse, some characterised by high levels of endemism, and some with genera and species
that are new to science (e.g., Grandperrin & Lehodey 1992, Lehodey et al. 1993, Séret 1997,
Richer de Forges et al. 2000). Richer de Forges et al. (2000) recorded strong differences in the
species composition of seamounts on the Lord Howe Rise (four seamounts sampled) and Norfolk
Ridge (six seamounts). Some of these are ancient or relict taxa, such as the stalked crinoid
Gymnocrinus richeri thought to be extinct 140 MYBP; several species of silicious sponges; and
gastropods Perotrochus spp. (Grandperrin et al. 1997a). Elements of the benthic invertebrate
fauna are thought to be similar to that which originally inhabited the margin of Gondwana
(Richer de Forges 1990). Some of these benthic communities are dominated by long-lived
species, such as some macro-corals and habitat-forming sponges living for 100s of years
(Grandperrin et al. 1997b, Richer de Forges 1990).

Distribution patterns of fishes are generally poorly known, but in a few areas that have been well
sampled (e.g., southern New Caledonian EEZ) some rare and endemic species appear confined to
individual seamounts (e.g., Eucla cod Euclichthys polynemus and the morid cod Tripterophycis
svetovidovi, Paulin & Roberts 1997). Differences in faunal composition, dominant benthos and
substratum have been observed between adjacent seamounts in this area (Richer de Forges 1990,
Lehodey et al. 1993), but in general faunal variability is not well documented or understood
(Roberts & Paulin 1997a). Biogeographic analysis of the macrourid fish fauna of the New
Caledonian region showed close relationships with New Zealand, New South Wales, and
Western Australia, but 30% of the species were new to science despite some being common
(Merrett & Iwamoto 2000). It is believed that at least 20 deepwater fish species are endemic to
the Norfolk Ridge and adjacent areas around New Zealand and New Caledonia. These include the
catshark Gollum attenuatus, yellowhead conger Myroconger prolixus, rattail Caelorinchus
cylindricus, and giant sawbelly Hoplostethus sp. nov. (Roberts 1993). Comparison of the fish
fauna between New Zealand and New Caledonia shows that over 240 species are common to



both regions, of which 22% are deepwater, demersal, or benthic. Some occur seasonally on
northern seamounts (e.g., bluenose (Hyperoglyphe Antarctica), golden snapper (Centroberyx
affinis)), indicating that the Norfolk Ridge acts like a “biological highway” connecting New
Zealand and New Caledonia (Roberts 1993). The sandfish, Gonorynchus forsteri, appears to
migrate from New Zealand along the Norfolk Ridge to spawn in New Caledonian waters
(Roberts & Grande 1999).

Research in Australia and New Zealand has found distinct assemblages of demersal fishes at
upper (500 m) and mid-slope depths (800-1200 m) each with distinct depth related sub-
communities (Koslow et al. 1994, Francis et al. 2002). The dominant mid-slope fish fauna was
thought to comprise an identifiable community within a biogeographic province that extends at
least from the Great Australian Bight to the Chatham Rise, a distance of 5000 km (Koslow et al.
1994). However, for deep sea fauna (including non-commercial or bycatch species of both fishes
and invertebrates), knowledge is more limited, and it is uncertain whether discrete communities
exist across the plateaux, ridges, and seamounts of the Tasman Sea between Australia and New
Zealand.

Commercial fishing interest and activity on these seamounts is increasing (e.g., Grandperrin et al.
1997Db), and especially on the West Norfolk Ridge there has been a rapid expansion of effort for
orange roughy since 2002 (Clark 2004). There is increasing concern about the impact of this
exploitation (as well as mineral exploration) on the deep-sea environment, particularly because
the rate of exploitation is often faster than the development of biological knowledge to guide
sustainable management. This is particularly true in deep-sea fisheries, which have expanded
rapidly in the last 25 years. In some cases these have caused rapid depletion of target species and
destruction of associated faunas and their habitats, particularly on seamounts (Koslow et al 2001,
Clark & O’Driscoll 2003, Lack et al. 2003). It is recognised that there is an increasing need for
the conservation and management of deep-sea biodiversity at both national and international
levels, and associated research to provide accurate biodiversity data on which to base effective
management strategies (Probert 1999, Gislason et al. 2000).

Over the last decade in fisheries science there has been a shift in emphasis from target
commercial species to a broad and more comprehensive approach to deep-sea biodiversity
research in Australasia (e.g., the New Zealand Biodiversity Strategy 2000, the Australian Oceans
Policy 1998, and fisheries legislation embodying the “ecosystem approach”). From this scientific
interest, combined with an increasing recognition by Australia and New Zealand of the
advantages of international cooperation to evaluate common resources in the Tasman Sea region,
came the idea of the “NORFANZ” project. This was an ambitious plan to survey the fauna of
areas in the northern Tasman Sea, and provide baseline biodiversity data for diverse habitats
along the Norfolk Ridge and Lord Howe Rise.

In this report we describe the operation of the survey, and present results of general analyses on
fish and invertebrate biodiversity. This report expands the initial voyage report (Clark et al. 2003)
and preliminary results on fish biodiversity (Roberts & Clark 2004), and complements a more
detailed account by Williams et al. (2006a).

1.2 Objectives

There were several layers of objectives within the programme, from an overarching *“overall
objective” through several general programme objectives, to the survey objectives which detailed
specific tasks and data sets to be collected.

The overall objective was:
“To describe the marine biodiversity of selected Norfolk Ridge and Lord Howe Rise seamount
communities.”



There were four programme objectives:

1) To survey, sample and document the marine biodiversity and environmental data from
seamounts on the Norfolk Ridge and Lord Howe Rise to a depth of at least 1000 m depth.

2) To preserve samples of fishes and invertebrates and hold these in accessible curated museum
collections to support biosystematic research projects.

3) To provide specimens to support projects which research the identity, diversity, relationships,
distributions, and assess uniqueness and conservation value of the marine life.

4) To correlate observed distribution patterns, especially areas of high diversity and areas of
endemism, with measured biological and physical parameters.

The technical survey objectives (nine of them) are listed in the voyage report (Clark et al. 2003)
(Appendix 1).

The results of the survey that relate to objectives 1 and 4 are the main subjects of this report, with
less detailed reference to objectives 2 and 3.

2. METHODS

2.1 Survey area

The survey covered seamount and slope sites along the Reinga Ridge near New Zealand, Norfolk
Ridge, and Lord Howe Rise (Figure 1).
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Figure 1: The northern Tasman Sea, showing the NORFANZ survey area and location of sampling
sites.



2.2 Sampling gear

Sampling for fishes and invertebrates was carried out operating a range of sampling tools, including
three kinds of bottom trawl, a midwater trawl, two types of epibenthic sleds, a rock dredge, and a
pipe dredge. A greater number of gear types were operated than is usual in fisheries surveys,
because the main focus was to sample biodiversity, not commercial species. This sacrificed the
accurate replication of sampling effort between stations, but maximised the number and range of
species sizes and types captured.

Orange roughy type rough bottom trawl (“ORH trawl”)

This commercial-style net has a proven record in New Zealand on rough bottom, including
seamounts. Parameters and specifications include: 5 to 8 m headline height; 24-26 m wingspread,;
cut away lower wings; 12 inch mesh in fore part of the trawl; 60 mm (full inside mesh) codend,;
heavy duty 600 mm high ground gear, comprising steel and rubber bobbins; 50 m sweeps and 50 m
bridles. Small cone nets were attached to the upper bridles of the trawl to sample small animals.
Speed of towing was about 3 knots. Previous biodiversity sampling with this trawl has shown it is
very selective for the larger mobile fauna, missing some of the benthic and smaller species that get
swept over by the bobbin rig and under the wings (which do not have lower panels).

Full wing bottom trawl (“Ratcatcher”)

This small mesh wing trawl was originally designed for sampling juvenile orange roughy. It is
primarily a soft flat bottom trawl, which is easily damaged on rough terrain. It has full wings, and a
finer mesh structure than the ORH trawl, and in general will catch a lot more small-bodied species.
Parameters and specifications include: full wing trawl with about 25 m of wingspread; 4-6 m
headline height; 6 inch mesh in wings; light rubber ground rope 200 mm high; 40 mm (full inside
mesh) codends; 50 m sweeps and 50 m bridles. Speed of towing was about 3 knots.

Beam trawl

This is a traditional beam trawl, based on the North Sea Le Drezen design and used extensively in
deep-sea biodiversity surveys in New Caledonian waters. It comprised a wooden beam 430 cm long
and about 20 cm in diameter, with two 15 cm wide metal skids at each end giving a 400 cm
opening. To this is attached a 4.8 m long net with 12 cm mesh ending with a 3 m codend of 5 cm
mesh, protected by a rough bottom sheet. Nets and skids were supplied by IRD Nouméa. It is
operated with one winch and tow warp connected to a sacrificial wire (which takes most of the wear
against the seafloor). Speed of towing was about 2 knots.

“Sherman” sled

Sherman is a heavily-built epibenthic sled (supplied by CSIRO Marine, Hobart) used successfully
on rough ground and seamounts around Australia. It weighs 1.4 tonne, and has dimensions of width
1.9 m, length 2.2 m, and height 0.8 m. It is operated with one winch and tow warp connected to a
sacrificial wire; and has a breakaway system to ensure recovery if the sled comes fast on the
seafloor. Speed of towing was about 2 knots.

Details and photographs of these, and other types of gear used during NORFANZ, were given by
Clark et al. (2003) (see Appendix 5).



2.3 Survey design

2.3.1 Depth strata

Seamount and slope sites were sampled in three main depth strata: 0-500 m; 500-1000 m; and
1000-1500 m

At least two stations (one demersal, one benthic, see descriptions below) were completed at each
depth stratum. Exploratory sampling at greater depths (to 2000 m) was carried out on five
occasions, where time and conditions allowed.

2.3.2 Sampling methods

The main sampling method was the demersal ORH trawl which was used consistently on all
seamounts, with three trawls per seamount (where the depth range was appropriate). This enables
some comparison both within and between seamounts. The second method employed one or
more of a number of gear types designed to sample the smaller fishes and invertebrate benthic
fauna. This included the epibenthic sled, full wing trawl, and beam trawl. The gear used varied
between shots and with bottom type, as it was intended to increase the range of biodiversity
sampled rather than provide comparative data between sites.

At each seamount, we applied a similar survey sequence.

1) At depths of 1000-1200 m, an SVP-CTD drop was completed. This was important for the
accuracy of the multibeam data, and also gave data on water mass characteristics.

2) A multibeam survey of bathymetry of the seamount was carried out in the areas to be
sampled. Multibeam information was also used to identify trawlable ground, and to direct
sampling where possible to span soft and hard bottom (heavy and light reflectivity). On
several occasions, almost the entire feature was surveyed.

3) The trawling/sled sequence depended upon the nature of the bottom, and trawl gear rigged at
the time. Initial station location was determined by a random direction from the peak of the
seamount, and targeting depths of 250 m, 750 m, and 1200 m, towards the middle of the three
depth strata boundaries. Tow duration times depended upon the bottom, but where possible
ORH trawl and wing trawl duration was 30-60 minutes, and Sherman/NIWA sled/ beam
trawl duration was 15-30 minutes.

4) Fish trawl and benthic sampling methods were generally carried out close together. On
several occasions, ORH trawl, wing trawl, and beam trawl tows were completed alongside
each other to enable some comparison in the selectivity of each gear type. Where more than
two tows were possible in each stratum, a combination of gear types was used to sample the
range of biodiversity.

5) A vertical camera drop was carried out on the summit of most seamounts.

2.3.3 Photographic transects

A camera system mounted on the headline of the trawl net (the CSIRO PhotoSea system) was
used on a number of trawl shots (until the frame was badly damaged during a tow where much of
one net was lost). The self-contained system took 35 mm slides at short pre-determined intervals
as the net moved along the seabed. In addition, specific photographic transects were carried out
on most seamounts. The NIWA Benthos camera system (and later the PhotoSea camera) was
mounted in a rigid protective frame, and towed slowly at a height of 2-3 m above the bottom, and
activated with the use of a bottom weight trigger or at regular intervals.



2.3.4 Biological sampling

The catch from each tow was sorted by species, identified, and weighed on motion-compensating
scales where possible (regularly for fishes, estimated weight for small invertebrates). More
detailed measurements (e.g., individual weight, length) were made on some commercial species
(orange roughy, warty oreo (Allocyttus verrucosus), southern boarfish (Pseudopentaceros
richardsoni), bluenose). Much of the catch was retained (most fixed onboard, some frozen) for
more detailed taxonomic work onshore. Preservation for most fishes and squids was in 10%
formalin (some very large specimens and a selection of small specimens were frozen). Most
invertebrates were preserved in 70% ethanol (EtOH). Individual specimens or samples were
identified to the lowest possible taxon and registered (separately for each museum collection).
Many rare and new species were encountered, and identification to species level was not always
possible. These “problematic” specimens were allocated OTU (operational taxonomic unit)
names for labels and database recording and tracking. The order of reliability of identification of
each species/OTU was provided by using a five level classification system in standard use in
Australian fish collections (Williams et al. 1996). It considers the taxonomic experience of the
identifier, their knowledge of the group, and the amount of effort in making the identification.

2.3.5 Digital photography

At least one voucher specimen (but often two or more: male, female, juvenile) for each
species/OTU was prepared (e.g., fishes had fins pinned out and painted with formalin) for
photography (head facing left, Kodak colour chart and grey scale, station number, registration
number). Digital photographs were taken of each species of fish and invertebrate captured,
showing fresh colour and form before preservation. These photographs, with associated station
data, were printed onboard to compile a working guide to the fish and macro-invertebrate fauna
to ensure consistent identification and naming of specimens.

2.3.6 Database recording

Station data were recorded for each trawl, photographic, or sled shot. Catch information was
compiled on specially designed NORFANZ forms for entry into a central database. Datasets
describing physical and environmental details, catches, specimens, tissue samples, and
photographs were maintained. Australian CAAB codes were used to describe the specimens.

2.3.7 Genetic sampling

Tissue samples and whole specimens were collected and preserved from a variety of fish and
invertebrate species. Specimens were dissected and tissues stored in 90% ethanol. Tissue samples
were coded to cross-reference with the original specimens, which were routinely preserved in
formalin for fishes (some whole specimens were frozen) or 70% ethanol for invertebrates.

2.3.8 Bathymetry

The study sites were generally surveyed first with the EM 300 multibeam swath system. This
provided detailed and highly accurate bathymetric data for each seamount, as well as information
on how hard the bottom was. Depth and positional data were also logged using “Seaplot”
navigational software. An SVP (sound-velocity profile) and CTD (conductivity-temperature-
depth) cast was made in the vicinity of each seamount. A hull-mounted Acoustic Doppler
Current-Profiler (ADCP) was also run continuously during the survey.



2.3.9 Faunal community analyses

Sites were grouped for some analyses based on their geographical distribution. This involved a
combination of sites into “Area” and then “Area” into larger “Regions” (Table 1).

Table 1: Abbreviations of NORFANZ regions, areas and sites sampled.

Abbr, Location Areas Sites

Regions

NAT NORFANZ Area Total All 1-14

NNA Northern NORFANZ Area NNR+LHI 3,4,5,6,7

SNA Southern NORFANZ Area SNR+WNR+LHP 1,2,8,9,10,11,12,13,14
NRT Norfolk Ridge Total Area WNR+WNR+NNR 1,2,3,45,10,11,12,13,14
LHR Lord Howe Rise Total Area  LHP+LHI 6,7,8,9

Areas

WNR Western Norfolk Ridge WNR 10,11,12,13,14

SNR Southern Norfolk Ridge SNR 1,2

NNR Northern Norfolk Ridge NNR 3,45

LHI/LHR Lord Howe Island Area LHI/LHR 6,7

LHP Lord Howe Plateau LHP 8,9

Several analyses presented in this report have been provided by CSIRO, and are essentially
repeated from Williams et al. (2006a) who analysed multispecies distribution patterns using
”Cluster” and “MDS” procedures in the PRIMER software package (Clarke & Gorley 2001).
Classification (hierarchical agglomerative and unweighted arithmetic average clustering) and
ordination (non-metric multidimensional scaling) were based on the non-metric Bray-Curtis
‘percent difference’ measure. For fishes, numerical abundance data were standardised to a 1 hour
trawl at 3 knots speed and transformed before analysis using a double square root, while
invertebrates were measured only as being present or absent (due to the difficulty of consistently
weighing or counting taxa). Data reduction was necessary to eliminate some gear types, poor
samples, and pelagic taxa from particular analyses.

Results were examined in relation to depth strata (a: <500 m, b: 500-1000 m, c: > 1000 m), and
in relation to a priori groupings by geographically defined ridges (similar to those in Table 1).
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3 RESULTS

3.1 Description of sites and habitats

A total of 14 seamount/ridge sites was sampled (Figure 1). Five sites occur on the Norfolk Ridge
(1, 2 on Reinga Ridge; 3, 4, 5 on northern Norfolk Ridge); five sites on the West Norfolk Ridge
(10, 11, 12, 13, 14); and four sites on the Lord Howe Rise/Lord Howe Seamount Chain (6, 7, 8,
9). In addition, a further nine deep biological stations were carried out between these sites, using
the bottom wing trawl (five stations to 2000 m) and a midwater pelagic trawl (four stations to
2000 m).

A brief description of each site, complemented with multibeam maps showing sampling
locations, is given below and in Figure 2. A range of seafloor types observed during camera
drops on these sites is given in Figure 3.

Site 1: Southwestern side of the Reinga Ridge (Figure 2a). Stations 1-9.

This site included sections of continental shelf and slope. There was undulating bottom between
300 and 500 m, with relatively smooth and firm sediment. Below 800 m depth the slope became
steep and irregular, being pitted and scoured with transverse ridges. The deeper seafloor was
hard.

Site 2: Western Reinga Ridge (Figure 2b). Stations 124-136

The seafloor at this site was complex and rugged. The upper slope area comprised a flat-topped
rocky plateau, broken up by numerous valley-like systems with steep cliffs on the edge up to 100
m high. The lower area from depths of 700 m to 1000 m was rough and hard. Trawling was
carried out on the top of one of the platforms, and in gullies down the flanks (see also Table 2).

Site 3: Southern Norfolk Ridge (Figure 2c). Stations 11-22.

This site was part of an irregular seamount feature south of Norfolk Island. It consisted of a
plateau at 850 m, separated by depths of 1500 m from the elevated Norfolk Island Plateau at
about 350 m. The southwestern part of the site was hard and rugged (fish trawls could not be
done), becoming smoother in northeastern slope areas (although still hard and rocky, and several
shots came fast — see Table 2).

Site 4: Northern Norfolk Ridge (Figure 2d). Stations 24-36.

This site was at the northern end of the Norfolk Island Plateau. It comprised a larger seamount in
the southeast with two peaks at 100-200 m, and a ridge-like feature to the northwest which had a
small peak at 600 m rising steeply from 1000 m. Shallower strata at the site occurred further
north. The seamounts were hard and several of the fish trawls came fast (Table 2).

Site 5: Northern Norfolk Ridge (Figure 2e). Stations 37-44

This was a region of small conical volcanic peaks arising from 700-900 m base to summit depths
of 500-360 m. A number of these had caldera features which made the seamounts difficult to
trawl, and most tows (see Table 2) were completed on the hard, but smooth, slope between the
cones.

Site 6: Lord Howe Rise, north of Middleton Reef (Figure 2f). Stations 48-59.

This was a single, relatively large and very rugged seamount. It is flat-topped at 280-290 m, with
steep sides. The seafloor was hard, and irregular making it difficult to sample. Sleds worked, but
most fish trawls performed poorly (Table 2).

Site 7: Lord Howe Island and Ball’s Pyramid area (Figure 2g). Stations 60-70.

Lord Howe Island Island and Ball’s Pyramid are surrounded by a relatively broad platform at 50—
100 m depth. This shelf area was flat, but comprised hard coral and rubble bottom. The slope was
steep down to 600 m, but then more gradual out to beyond 1500 m. The flanks to the south were
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rough, but smoother to the west and east. Several stations were close to, but outside, the
Conservation Area.

Site 8: Northern Lord Howe Plateau (Figure 2h). Stations 73-80.
This was a region of gradual slope on the western side of the Lord Howe Rise. The bottom was
smooth and relatively soft (enabling wing and beam trawls, Table 2).

Site 9: Southern Lord Howe Plateau (Figure 2i). Stations 81-92.

This was an elevated rise, with numerous small volcanic peaks. These arose from a base of about
800 m to summit depths of 500-600 m. A number of the seamounts were small, and steep, with
hard calderas. Two were able to be trawled, and the seafloor between the seamounts was smooth.

Site 10: West Norfolk Ridge, Wanganella Bank (Figure 2j). Stations 105-123.

The eastern arm of the Wanganella bank is large and elongate, with its summit at depths about
120 m. The top of the bank is smooth, but moderately hard. In the northern area of the site the
bottom was rough and irregular. Most tows occurred in a broad band of good slope trending
eastwards to depths of 1400 m (Table 2).

Site 11: West Norfolk Ridge (Figure 2k). Stations 93-104.

This site is a broad rise on the central part of the West Norfolk Ridge, with a flat plateau on the
top of the seamount at 250 m. The western slopes are rough and steep, with patchy areas of
trawlable bottom. The central area has scattered small knolls and hills. The eastern slopes are
steep down to 1300 m, after which the bottom is relatively smooth and soft.

Site 12: West Norfolk Ridge (Figure 2I). Stations 137-147.

This site is on an elevated ridge feature with an elongated rocky plateau at 370 m. The summit
area is flat, but hard with rough patches. There is a steep escarpment on the western side which
drops rapidly to 1200 m, but slopes are more gradual to the east where there was good bottom at
depths between 800 m and 1100 m.

Site 13: West Norfolk Ridge (Figure 2m). Stations 148-156.

This site is on an elongated ridge top, with a summit plateau at 530-540 m. The plateau has steep
escarpments to the north (250 m high) and south (1000 m high). The seafloor is generally hard on
the fractured and irregular slopes, but softer sediment occurred in the broad valley, where
trawling was successful (Table 2).

Site 14: West Norfolk Ridge (Figure 2n). Stations 157-166.

This was a large rounded seamount with a broad top at 750 m. The top of the rise was hard, but
the western flank was trawlable over firm sandy rippled bottom between 800 and 1000 m. The
northern flank was broken and irregular at depths above 1200 m.

12



Figure 2a: Site 1, SW Reinga Ridge, multibeam bathymetry, showing station tracks and sampling locations
(purple, ORH trawl; light green, Sherman sled; dark blue, CTD cast).
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Figure 2b: Site 2, western Reinga Ridge, multibeam bathymetry, showing station tracks and sampling
locations (purple, ORH trawl; orange, beam trawl; light green, Sherman sled; light blue, camera).
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Figure 2c: Site 3, southern Norfolk Ridge, multibeam bathymetry, showing station tracks and
sampling locations (purple, ORH trawl; orange, beam trawl; light green, Sherman sled; dark grey,
pipe dredge; dark blue, CTD cast).
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Figure 2d: Site 4, northern Norfolk Ridge, multibeam bathymetry, showing station tracks and
sampling locations (purple, ORH trawl; orange, beam trawl; light green, Sherman sled; light
grey, rock dredge; dark blue, CTD cast).

16



Figure 2e: Site 5, northern Norfolk Ridge, multibeam bathymetry, showing station tracks and
sampling locations (purple, ORH trawl; orange, beam trawl; light green, Sherman sled; light
blue, camera).
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Figure 2f: Site 6, Lord Howe Rise, multibeam bathymetry, showing station tracks and
sampling locations (purple, ORH trawl; light green, Sherman sled; dark green, NIWA sled;
light blue, camera; dark blue, CTD cast).
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Figure 2g: Site 7, Lord Howe Island, multibeam bathymetry, showing station tracks and sampling
locations (purple, ORH trawl; light green, Sherman sled; light blue, camera).
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Figure 2h: Site 8, Lord Howe Plateau, multibeam bathymetry, showing station tracks and sampling
locations (purple, ORH trawl; red, wing trawl; orange, beam trawl; dark blue, CTD cast).
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Figure 2i: Site 9, Lord Howe Plateau, multibeam bathymetry, showing station tracks and sampling locations
(purple, ORH trawl; red, wing trawl; orange, beam trawl; light green, Sherman sled; dark blue, CTD cast).
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Figure 2j: Site 10, Wanganella Bank, multibeam bathymetry, showing station tracks and sampling
locations (purple, ORH trawl; red, wing trawl; orange, beam trawl; dark grey, pipe dredge; light
blue, camera; dark blue, CTD cast).
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Figure 2k: Site 11, West Norfolk Ridge, multibeam bathymetry, showing station tracks and sampling
locations (purple, ORH trawl; red, wing trawl; orange, beam trawl; light green, Sherman sled).
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Figure 21: Site 12, West Norfolk Ridge, multibeam bathymetry, showing station tracks and sampling locations
(purple, ORH trawl; red, wing trawl; orange, beam trawl; light green, Sherman sled; light blue, camera; dark
blue, CTD cast).
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Figure 2m: Site 13, West Norfolk Ridge, multibeam bathymetry, showing station tracks and sampling
locations (purple, ORH trawl; red, wing trawl; orange, beam trawl; light green, Sherman sled; light
blue, camera; dark blue, CTD cast).
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Figure 2n: Site 14, West Norfolk Ridge, multibeam bathymetry, showing station tracks and
sampling locations (purple, ORH trawl; red, wing trawl; orange, beam trawl; light green, Sherman
sled; light blue, camera; dark blue, CTD cast).
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Figure 3a: Seafloor at Site 2 on the Reinga Ridge, 470 m. Soft sediment, with the bottom almost
carpeted in brittle stars. Several small urchins also visible.

Figure 3b: Seafloor at Site 5, northern Norfolk Ridge, 400 m. Summit of seamount. Hard fractured
volcanic rock.
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Figure 3c: The summit of Site 6, Lord Howe Rise, 280 m, with large boulders encrusted with sponges
and corals. Sampling was difficult at this site.

Figure 3d: Site 7, near Lord Howe Island, 70 m depth. This section of seafloor had a layer of soft
sediment with small sponges and larger seawhips prominent.
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Figure 3e: Site 10. The summit of the Wanganella Bank, at 218 m, with cobbles and pebbles and
small sponges.

Figure 3f: Site 12, the summit area, at a depth of 390 m, of a ridge on the West Norfolk Ridge. Corals
were common on the exposed bedrock and large boulders which occurred in places at this site.
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Figure 3g: Site 13, West Norfolk Ridge, 525 m. Hard rock and lava on the summit of this seamount,
northern side.

Figure 3h: Site 14, West Norfolk Ridge, 730 m, on the broad summit area of the seamount. This area
was relatively flat, but hard, as seen here with the bedrock covered only by a very thin layer of
sediment in places.
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3.2 Sample collection

A total of 136 bottom trawl or sled stations was completed at the 14 sites, each site with 6-17
stations. The distribution of gear type and depth for these is summarised in Table 2.

Table 2: Details of biological sampling at each site: depths range, numbers of tows and distance in
parentheses (n.mile) of each sampling gear deployed* (the first 4 are described in detail earlier). (] |
no. shots with poor gear performance)

Site Depth range  ORH trawl Sherman Beam Wing trawl Mid Camera

(m) sled trawl water

trawl

1 351-1332 3(4.35) 5(3.49)
2 465-1230 4 (7.29) 5[1] (3.94) 1 (0.55) 2
3 314-1285 3[1] (4.11) 3[2] (1.18) 2(1.44)
4 110-1116 6[2] (6.83) 1(0.76) 2 (2.49)
5 714-1035 2[1] (2.40) 3[1] (2.49) 1(1.10) 1
6 280-1600 4[3] (0.33) 4(2.31) 1
7 48-1292 4 (7.17) 4 (2.99) 1
8 850-1288 2 (6.09) 3(2.61) 2 (6.08)
9 430-1120 4[2] (6.85) 2(1.19) 2(1.77) 3(9.80)
10 116-1345 3(7.70) 4(5.33)  7[1] (14.56) 1
11 248-1478 4[1] (6.45) 2(2.59) 2 (2.05) 3(8.60)
12 373-1268 4[1] (5.30) 2(2.34) 1(0.85) 2(4.18) 1
13 508-1350 2(2.67) 2(2.44) 1(1.0) 2(2.84) 1
14 771-1294 3[1] (4.33) 2[1] (0.99) 1(0.47) 2(5.23) 1
Deep 1342-1934 5 (13.5)
benthic
Deep 1200-2000 4 (24.4)
pelagic

* In addition, there were two tows at site 6 with a small epibenthic sled (“NIWA sled”) covering 0.86
n.mile, four pipe dredges (2 at site 3: 0.57 n.mile) and two at site 10: 0.52 n.mile), and one rock dredge at
site 4: 0.43 n.mile)

A detailed summary of individual station data is given in Appendix 1.

A total of 1895 species/OTUs of fishes and invertebrates were identified on board. About 590
species of fishes were collected, comprising 5000 individual fish with a total weight of 12.7 t.
Over 1300 invertebrate species/fOTUs were recorded. Most invertebrates were not weighed
onboard due to the small size of many of the taxa, so the total weight of the samples is unkown
but estimated at over 3 t. Invertebrate and fish specimens have been distributed to accessible
museum collections in New Zealand, Australia, France, and the USA (Museum of New Zealand
Te Papa Tongarewa (Wellington), NIWA (Wellington), Australian Museum (Sydney), CSIRO
(Hobart), Museum Victoria (Melbourne), Northern Territories Museum (Darwin), Queensland
Museum (Brisbane), Western Australian Museum (Perth), Museum National d’Histoire Naturelle
(Paris), California Academy of Sciences (San Francisco)).

In addition, rock samples were collected from 31 stations and are under investigation by
Australian (Geosciences Australia) and New Zealand geologists (Institute of Geological and
Nuclear Sciences). Some preliminary results are given in Appendix 2, and samples from the
survey have been used by Mortimer et al. (2008).

3.3 Taxonomic identification

Voucher specimens of all taxa collected and recorded have been deposited with accessible
permanent collections for verification and ongoing taxonomic research. These preserved
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specimens are essential to validate the identifications and checklists produced both during the
NORFANZ voyage and subsequently.

In general, the NORFANZ invertebrates were difficult to identify accurately on board, even by
specialists in particular groups. Many were simply identified to family level and given a nominal
identification (OTU) to separate them from similar taxa. This simple approach enabled over 1300
species/OTUs to be recorded, but this number is likely to increase substantially as the collections
are studied (as seen with more recent data used here and published by Williams et al. 2006a).
Similarly with fishes, species-level identifications were difficult at times. The fish fauna of the
area had not previously been well researched. The taxonomic understanding of Australian fishes
has only just begun for some groups, especially those occurring in the continental slope regions
(Paxton et al. 1989). The New Zealand fish fauna is also still incompletely known, especially on
seamounts and oceanic ridges, with over 100 species awaiting scientific description—even the
fishes already described are often poorly diagnosed and identification is difficult even for some
commercially important species (Roberts & Paulin 1997b).

Consistent identification, irrespective of the taxonomic accuracy, was ensured by the production
of onboard identification guides and detailed colour photographs that were updated continuously
throughout the voyage. From a total of 2030 NORFANZ fish identifications, the reliability levels
recorded on the voyage database were:

Level 1: Highly reliable — 17.7%.

Level 2: A high degree of confidence — 47.0%.

Level 3: High confidence to genus, not species — 30.2%.

Level 4: Limited confidence — 2.1%.

Level 5: Superficial or unrecorded — 2.9%.

Therefore, nearly 65% of fish identifications were considered reliable, and almost 95% were
accurate to genus-level. However, it is important to note that reliable identifications (levels 1 &
2) included numbers of OTUs requiring further research and in many cases formal description
(e.g., Apristurus sp. A; Deania cf. calcea; Dipturus NFZ1, Caelorinchus sp. NFZ3; Hoplostethus
?mediterraneus; Zenion sp. B; Nemadactylus sp.; Parapercis sp. NFZ1; Kathetostoma sp. (NZ
n.sp.); Benthodesmus ?tuckeri)..

Taxonomic research on voucher specimens of some of these OTUs have been identified post-
voyage as species new to science, rare species, or species not previously known from the area.
For example:

e CAAB 231-801 (stn. 091), eelpout Ophthalmolicus sp. = Lycenchelys polyodon sp. nov.,
family Zoarcidae (Anderson & Mgller 2007);

e CAAB code 255-001/801 (stns. 081, 131, etc.), silver roughy Hoplostethus
?mediterraneus and H. ?intermedius = Hoplostethus mediterraneus Cuvier, 1829, family
Trachichthyidae (Smith & Roberts 2004).

e CAAB code 287-809 (stn. 067), red gurnard perch Maxillicosta sp. NFZ1 = Maxillacosta
raoulensis Eschmeyer & Poss, 1976, family Scorpaenidae, an 1,800 km trans-Tasman
Sea range extension and first description of fresh colour (Motomura et al. 2005a).

e CAAB 287-802 (stns. 024, 061, 067), bullhead scorpionfish Scorpaena ?cookii =
Scorpaena bulacephala sp. nov., family Scorpaenidae (Motomura et al. 2005b).

e CAAB 287-103 (stns. 081, 089, 147), deepsea scorpionfish Trachyscorpia sp. =
Trachyscorpia (Mesoscorpia) carnomagula sp. nov., family Scorpaenidae (Motomura et
al. 2007).

e CAAB 377-013 (stn. 069), morwong Cheilodactylus vittatus = Cheilodactylus francisi
sp. nov., family Cheilodactylidae (Burridge 2004).

e CAAB 384-801 (stn. 024), pigfish Bodianus sp. A = Bodianus masudai Araga &
Yoshino, 1975, family Labridae, new record for Tasman Sea (Gomon 2006).
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e CAAB 390-802 (stns. 024, 061), sandperch Parapercis sp. A = Parapercis colemani
Randall & Francis, 1993, family Pinguipedidae, rare species (Johnson 2006).

e CAAB 402-801/802 (stns. 114, 120), swallower Kali sp. A and Kali macrodon = K.
colubrina sp. nov., family Chiasmodontidae (Melo 2008).

3.4 Biodiversity of benthic macroinvertebrates
3.4.1 Taxonomic diversity

Macro-invertebrate diversity onboard was represented by 229 families, and over 1300
species/OTUs. The total number identified has since increased to over 1600 (Williams et al.
2006a). Sponges, sea spiders, brittlestars, octocorals, and various molluscan groups have all been
substantially revised. The state of this dataset (June 2006) is summarised in Table 3.

The most diverse phyla were the Crustacea (Malacostraca) with over 400 species/OTUs, which
was 25% of all invertebrate species. Sponges (368 species), echinoderms (299 species) and
corals/anemones (232 species) were the other main taxonomic groups. Together these 4
accounted for 80% of the recorded species/OTUs.

Table 3: Taxonomic diversity of macro-invertebrates.

Phyla/Subphyla/Order Species/OTUs %
Porifera 368 22.7
Hydrozoa/Cnideria 232 14.3
Platyhelminthes 1 0.1
Nemertea 5 0.3
Chaetognatha/Priapulida 5 0.3
Sipuncula 5 0.3
Brachiopoda 8 0.5
Bryozoa 15 0.9
Annelida 37 2.3
Mollusca (non-Gastropoda) 93 5.7
Mollusca (Gastropoda) 82 5.0
Echinodermata 299 18.4
Crustacea (Copepoda, Ostracoda etc) 36 2.2
Crustacea (Malacostraca) 405 25.0
Pycnogonida 15 0.9
Urochordata (Ascidia) 15 0.9
Hemichordata 1 0.1
Totals 17 phyla 1622

A checklist of all macro-invertebrate taxa is given in Appendix 3.

3.4.2 Distribution

The diversity of taxa differed between sites. With a large number of OTUs, a detailed analysis of
invertebrate distributions is not presented. However, some general notes on number of
species/OTUs, and the main taxa, by site are given in Table 4. Species diversity ranged between
82 and 225 species/OTUs per site. Greatest diversity (over 200 spp./site, but not adjusted for
effort) was within the southern Norfolk Ridge area at sites 2 and 11, and on the Lord Howe Rise
at sites 6, 7, and 9 (Figure 4).
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Figure 4: Invertebrate diversity (number of species/fOTUs) by site (labelled). The circle area is
proportional to the number of species (maximum = 225 at site 7)
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Table 4: Summary of invertebrate biodiversity by site (MWT, midwater trawl; DWT, deep wing

trawl).
Site No.
species/OTU
1 116
2 211
3 127
4 171
5 142
6 210
7 225
8 152
9 219
10 175
11 210
12 176
13 187
14 82
MWT 56
DWT 115

Description of main invertebrate taxa (no. spp/OTUs)

Sponges (45), crustaceans (30), echinoderms (13), and cniderians (11)
Crustaceans (Malacostraca) (69), hydrozoa/cniderians (50) (especially
gorgonian corals, black coral, anemones), echinoderms (38) and sponges
(26). One station with thousands of the brittle star Ophiomitrella cf.
fidelis.

Crustaceans (40), sponges (31), echinoderms (23) (Paxillosides sp.,
Ophiacantha sp.1).

Cniderians (48) (gorgonian corals), sponges (39), crustaceans (28), and
echinoderms (22).

Crustaceans (diverse range of isopods, amphipods, crabs, squat lobsters,
prawns) (35), sponges (29), cniderians (22), and echinoderms (23).
Sponges very diverse (73), cniderians (45), echinoderms (40),
crustaceans (28). High diversity, low numbers of individual species.
Echinoderms (50), crustaceans (49), sponges (47), molluscs (non-
gastropods (21), gastropods (18)), cniderians (20). Samples of
Lithothamnion sp., only algae caught. Most diverse site.

Crustaceans (38) (prawns, the rare opossum shrimp), echinoderms (28),
cniderians (19), sponges (18). Holothurians very common at station 78.
Crustaceans (63), echinoderms (62) (especially common were the
urchins Dermechinus horridus and Gracilechinus multidentatus),
cniderians (38) and sponges (15).

Crustaceans (76) very diverse, echinoderms (35), gastropods (18) and
cniderians (17). The coral Flabellum sp., urchin G. multidentatus, very
abundant in places.

Crustaceans (51), echinoderms (51), cniderians (41), sponges (28), majid
crab Vitjazmaia latidactyla common.

Crustaceans (68) (especially squat lobsters Munida spp.), echinoderms
(45), cniderians (17), sponges (15). Crab Lithodes murrayi and lobster
Projasus parkeri new records in north Tasman Sea. Post voyage,
micromollucs were examined, and 610 species were found at station
141, of which over 400 are thought new species.

Crustaceans (65), echinoderms (49), cniderians (22) and sponges (20).
Common fauna included stalked barnacles, polychaetes, the echinoderm
Asteroceros kermadecensis and prawn Sicyonia sp.

Crustaceans (47) (abundant were prawn Aristaecomorpha foliacea, crab
Vitjazmaia latidactyla), and echinoderms (16) only diverse groups.
Small catches. Mainly cephalopods and prawns.

Diverse fauna, varied between tows. Echinoderms very common at some
stations, especially brittlestar Opiomusium lymani.

Images of a variety of invertebrate taxa and many of the species referred to above are given in

Figure 5.

The pattern of diversity changes when species totals are corrected for sampling effort (Table 5).
Mean number of species per site ranges from 10 to 27, and number per n.mile towed from 6 to
60. These values include all sampling gear types, and so are not accurately standardised given the
selectivities of the different gear types, but give an indication of “relative diversity” of the
invertebrate taxa.
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Figure 5: A selection of images of invertebrate taxa and species taken during NORFANZ.
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Figure 5 (cont).
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Figure 5 (cont).
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Table 5: Summary of diversity by site, with adjustment for sampling effort.

Site No. OTUs No. stns Distance OTUs/stn OTUs/n.mile
1 116 8 7.84 145 14.8
2 211 10 11.78 21.1 17.9
3 127 11 7.54 115 16.8
4 171 11 11.20 155 15.3
5 142 6 5.99 23.7 23.7
6 210 11 3.50 19.1 60.0
7 225 9 10.16 25.0 22.1
8 152 7 14.84 21.7 10.2
9 219 11 19.61 19.9 11.2
10 175 17 28.11 10.3 6.2
11 210 11 19.69 19.1 10.7
12 176 9 12.67 19.6 13.9
13 187 7 8.95 26.7 20.9
14 82 8 11.02 10.2 7.4

Crustacean (Malacostraca) diversity was relatively even throughout the survey area (Figure 6).
The greatest number of species was at site 10, but diversity was also high (over 50 species/OTUS)
at sites 2, 9, 11, 12, and 13. The lowest counts were at sites 4 and 6 on the northern Norfolk
Ridge (28 species/site), but these were also difficult sites to sample adequately.

Sponge diversity was less even, with consistently high numbers of species (regularly more than
30) in northern sites, with site 2 also giving good catches (Figure 7). Numbers of species were
markedly lower on the Wanganella Bank (site 10, three species) and the southern end of the West
Norfolk Ridge (site 14, one species). This may, to an extent, be related to the type of substrate
sampled, as these sites were also less diverse for cniderians which also require hard substrate for
attachment.

Echinoderm diversity was, in contrast, relatively consistent throughout the survey area (Figure 8).
The highest diversity (62 species/OTU) was at site 9, but all other sites except 1 and 14 had more
than 20 species/site.

The diversity of Hydrozoa/Cnideria (the corals, anemones etc) was variable through the area
(Figure 9), with large numbers of species at sites 2, 4, 6, 9 and 11 (all over, 35 species/site). Other
sites generally had between 10 and 20 species, except for Site 14 where only six were recorded.

3.4.3 Community analysis

The four gear types that were commonly used during the NORFANZ survey all caught most of
the invertebrate phyla, but the relative proportions of some taxa differed (Figure 10). The fish
trawls, not unexpectedly, appeared less efficient at catching or retaining sponges, small animal
groups hard on the bottom like Bryozoa, Brachiopoda, annelid worms, and gastropods. Larger
bodied taxa (e.g., echinoderms, malacostracan crustaceans such as crabs, prawns, lobsters) were
sampled relatively evenly among the four gear types. However, the selectivity for some groups
meant that subsequent biodiversity analyses here are presented for only the Sherman sled, as that
was used at most sites.
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Figure 6: Crustacean (Malacostraca) diversity (number of species/fOTUs) by site (labelled). The
circle area is proportional to the number of species (maximum = 76 at site 10).

Figure 7: Sponge diversity (number of species/fOTUs) by site (labelled). The circle area is
proportional to the number of species (maximum = 73 at site 6).
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Figure 8: Echinoderm diversity (number of species/fOTUs) by site (labelled). The circle area is
proportional to the number of species (maximum = 62 at site 9).

Figure 9: Coral and anemone diversity (number of species/OTUs) by site (labelled). The circle area is
proportional to the number of species (maximum = 50 at site 2).
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Sherman sled catches comprised 32 samples and 679 OTUs. Multivariate analyses separated the
northern Norfolk Ridge and the Lord Howe Rise from the Lord Howe Plateau and southern
Norfolk Ridge areas (Figure 11). The red line shows the major break in this dendrogram between
the areas. This north-south split corresponds to differing oceanographic conditions where the
southern areas are in subtropical water (and the Tasman Front), while those to the north are in
more tropical waters.
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Figure 11: Dendrogram showing between-sample similarity based on data from all invertebrate
OTUs from the Sherman sled samples (stations with <5 species were excluded). The area codes are
further labelled with depth (a=<500 m; b=500-1000 m; ¢=>1000 m). From Williams et al. (2006a).

Depth was another major factor affecting community structure. The secondary splits in the Figure
11 dendrogram correspond closely with sample depth. Williams et al. (2006a) used maximum

depth of each sample to clearly show the split in clusters at about 700 m (Figure 12). This is
shown by the green lines drawn on the dendrogram.
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Figure 12: Dendrogram showing between-sample similarity based on data for all invertebrate OTUs
from the Sherman sled samples (stations with <5 species excluded). Samples are labelled with
maximum gear depth. From Williams et al. (2006a).
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These two results are combined in an MDS plot where points are coded by ridge system, and
bubble size represents depth (Figure 13). This plot uses the previous red and green lines to show
the relationships. Williams et al. (2006a) further used the BIO-ENV and ANOSIM routines in
PRIMER to determine which physical variables best explained the overall pattern. Depth and
latitude were the main explanatory variables, but the correlation values were low.

Stress: 0.15

WRNR

Figure 13: MDS plot showing between-sample similarity for invertebrate data from Sherman sled
catches. Points are coded for area, and the size of the bubble is proportional to depth (larger the
bubble, greater the depth). From Williams et al. (2006a).

3.5 Biodiversity of fishes
3.5.1 Taxonomic diversity

Fish diversity totalled 29 orders, 120 families, 326 genera, and 590 species (Table 6). Groups
with the highest diversity, in terms of species number, were the Perciformes and Gadiformes,
together making up almost 30% of the total number of reported species.

A checklist of fish species recorded onboard is given as Appendix 4.

Species diversity recorded by the survey is a minimum estimate. Fish species “accumulation
curves” show no indication of an asymptote, either when raw data were plotted by depth strata, or
when randomised and plotted by region (Figure 14). Although there is a correlation between area
and diversity, which is not accounted for here, no site showed any tendency to approach a
maximum. Therefore the species diversity shown by the fish samples are not an accurate measure
of actual diversity. More intensive sampling would be required at these 14 sites to describe the
true level of biodiversity.

Gear differences also affect estimates of biodiversity. It was known at the outset that the various
gear used had biases with respect to the type of fauna they sampled. Species number by gear type
are summarised in Table 7. The wing trawl was the most effective trawl for sampling fishes. The
total number of fish species caught was similar between the ORH and wing trawls, but the mean
number of species per station was much higher for the latter.
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Table 6: Taxonomic diversity of fishes identified during NORFANZ voyage (n = 590). Ordinal
classification follows Eschmeyer (1998), familial classification taken from CAAB family codes.

Order No. Families % No. Genera %  No. Species %
Perciformes 27 225 61 18.7 88 14.9
Gadiformes 3 2.5 30 9.2 84 14.2
Stomiiformes 8 6.7 31 9.5 66 11.2
Myctophiformes 2 1.7 19 5.8 52 8.8
Osmeriformes 4 33 19 5.8 34 5.8
Squaliformes 2 1.7 10 3.1 28 4.7
Aulopiformes 12 10.0 19 5.8 28 4.7
Scorpaeniformes 6 5.0 17 5.2 28 4.7
Anguilliformes 7 5.8 18 5.5 27 4.6
Lophiiformes 9 7.5 15 4.6 24 4.1
Tetraodontiformes 4 3.3 14 4.3 19 3.2
Beryciformes 5 4.2 9 2.8 17 2.9
Carchariniformes 3 25 6 1.8 14 24
Stephanoberyciformes 1 0.8 6 1.8 12 2.0
Rajiformes 2 1.7 7 2.1 11 19
Zeiformes 5 4.2 8 2.5 11 1.9
Chimaeriformes 2 1.7 4 1.2 9 15
Ophidiiformes 2 1.7 9 2.8 9 15
Pleuronectiformes 3 25 6 18 8 14
Notacanthiformes 2 1.7 5 15 7 1.2
Syngnathiformes 3 25 5 15 6 1.0
Hexanchiformes 1 0.8 1 0.3 1 0.2
Torpediniformes 1 0.8 1 0.3 1 0.2
Saccopharyngiformes 1 0.8 1 0.3 1 0.2
Gonorynchiformes 1 0.8 1 0.3 1 0.2
Siluriformes 1 0.8 1 0.3 1 0.2
Lampriformes 1 0.8 1 0.3 1 0.2
Gobiesociformes 1 0.8 1 0.3 1 0.2
Cetomimiformes 1 0.8 1 0.3 1 0.2
Totals 29 orders 120 326 590

Table 7: Comparative effectiveness of sampling gear type for fish species

ORH

trawl Wing trawl Beam trawl  Sherman MWT
Stations 48 27 21 36 4
Max spp/stn 35 46 35 13 64
Min spp/stn 0 12 0 0 40
Mean spp/stn 13.8 31.3 10.7 2.8 48.0
Total no. species 293 291 152 78 123
Total no. specimens 6 152 35 650 2921 161 1328
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Figure 14: Cumulative species curves for fish by region (data randomised).

The relative abundance of fish species varied widely. Three species accounted for 33% of the
total catch, with more than 1 t of each being caught (Table 8). These were shovelnose dogfish
(Deania calcea), the slickhead Rouleina attrita, and southern boarfish (Pseudopentaceros
richardsoni). Ribaldo (Mora moro) and redbait (Emmelichthys nitidus) were also sampled in
relatively large quantities, with total catches over 500 kg.

This uneven abundance was reflected in two further statistics where over 30% of the fish species
were represented by a single specimen (Figure 15), and a large proportion of the species were
recorded at only one station (Figure 16).
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Figure 16: Frequency of capture of fish species
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Table 8: Summary of number and weight of the most abundant fish species sampled.

Species name No. specimens Total wt. (kg)
Caelorinchus acanthiger 68 18.9
Caelorinchus ?cookianus (juvs) 72 1.02
Centroscymnus (cf owstoni) sp NFZ1 74 240.1
Chauliodus ?sloani 77 2.66
Hoplostethus ?mediterraneus (= ?intermedius) 82 9.25
Cyclothone spp 87 0.06
Caelorinchus celaenostomus 87 74.3
Apristurus spA [in Last & Stevens 1994] 88 42.8
Antimora rostrata 92 233
Diaphus termophilus 94 0.34
Caelorinchus cookianus 99 4.75
Halosaurus pectoralis 102 2131
Bathypterois longifilis 103 217
Coryphaenoides striaturus 111 20.66
Chauliodus sloani 112 2.25
Trachonurus gagates 116 26.3
Zenopsis nebulosus 117 1239
Etmopterus lucifer 138 347
Hoplostethus atlanticus 149 116.2
Rouleina guentheri 180 26.2
Rouleina eucla 200 63.9
Coryphaenoides serrulatus 204 44.88
Beryx splendens 211 96.4
Halargyreus johnsonii 214 151.8
Gadomus aoteanus 215 336
Alepocephalus ?antipodianus 245 262.1
Pterygotrigla pauli 292 69.5
Scopelopsis multipunctatus 299 11
Bathygadus cottoides 312 8.11
Rexea antefurcata 339 54.3
Zenion spB 350 25
Caprodon spC 357 347
Helicolenus barathri 404 98.35
Pseudopentaceros richardsoni 437 1187.4
Deania cf calcea 546 1568.9
Diaphus spB 547 16.7
Caelorinchus innotabilis 561 27.08
Mora moro 594 740.11
Allocyttus verrucosus 641 356.4
Diastobranchus capensis 698 496.8
Allomycterus pilatus 710 521.5
Caelorinchus mycterismus 712 1473
Neoscopelus macrolepidotus 742 58.13
Alepocephalus australis 855 431.31
Cetonurus globiceps 1164 2245
Rouleina attrita 2789 149191
Hoplostethus intermedius 5109 628
Macroramphosus scolopax 5140 79.7
Emmelichthys nitidus 15091 645.05
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3.5.2 Distribution

The diversity of taxa differed between sites. General notes on number of species/OTUs, and the
main taxa, by site are given in Table 9. Species diversity ranged between 15 and 154
species/OTUs per site. Greatest diversity was on the Wanganella Bank (site 10), with the
southern sites of both Lord Howe (sites 7, 8, 9) and Norfolk Ridges (sites 11-14) having higher
species diversity than northern sites (Figure 17).
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Figure 17: Fish diversity (number of species/OTUs) by site (labelled). The circle area is proportional
to the number of species (maximum = 154 at site 10).

The pattern of diversity changes when species totals are corrected for sampling effort (Table 10).
Mean number of species per station per site ranges from less than 1 to over 13, and number per
n.mile towed from 4 to 10. Overall site 12 was the most diverse. These values include all
sampling gear types, and give only a general indication of “relative diversity” of the taxa.

Table 10: Summary of fish species diversity by site, with adjustment for sampling effort.

Site No. OTUs No. stns Distance OTUs/stn OTUs/n.mile

6.9 7.0
1 55 8 7.84 6.5 5.5
2 65 10 11.78 4.8 7.0
3 53 11 7.54 47 4.6
4 52 11 11.20 6.2 6.2
5 37 6 5.99 14 4.3
6 15 11 3.50 9.6 8.5
7 86 9 10.16 13.4 6.3
8 94 7 14.84 9.3 5.2
9 102 11 19.61 9.1 55
10 154 17 28.11 10.5 5.8
11 115 11 19.69 10.8 1.7
12 97 9 12.67 13.3 10.4
13 93 7 8.95 8.9 6.4
14 71 8 11.02 6.9 7.0
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Table 9: Summary of fish biodiversity by site.

Site No. Fishes description, most abundant species.
species/OTU
(weight kg)
1 55 (152) Most abundant: slickhead Rouleinia eucla, silver roughy Hoplostethus
?mediterraneus and rubyfish Plageiogenion rubiginosus. Probable new species:
Bathygadus.
2 65 (409) Silver roughy, Rexea antefurcata, Helicolenus barathri, Lepidopus caudatus,
Rouleina attrita. Probable new species: Chimaera, paraulopid.
3 53 (110) Slickheads Alepocephalus antipodianus and Rouleina attrita. Probable new
species: Paraulopus, Halieutaea, Caelorinchus, Hypoplectrodes.
4 52 (101) Small catches, possible new species: Plectranthias.
5 37 (15) Small catches, trawling difficult. Probable new species: Dibranchus sp. A.
6 15 (5) Rare species: Parinoberyx horridus (known previously only from holotype taken

at Kelso Bank). Probable new species: Malthopsis sp. A, Physiculus spp.,
Hoplostethus cf. gigas, Plectranthias spp.

7 86 (282) Redfish Centroberyx sp. B, Polyplacapros tyleri. Probable new species: Mustelus,
Chaunax spp., Malthopsis, Centroberyx, Maxillocosta, Plectranthias.

8 94 (743) Rattails Cetonurus globiceps and Caelorinchus innotabilis. Probable new species:
Notoraja, Rajiidae ngen, Chimaera, Chaunax spp.

9 102 (1215) Diverse site. Silver roughy, basketwork eel Diastobranchus capensis, alfonsino

Beryx splendens, slickhead Alepocephalus australis. Probable new species:
Rajidae ngen, Physiculus, Euclichthys, Tripterophycis spp. Symphurus spp.

10 154 (3893) Most diverse site overall. Redbait Emmelichthys nitidus, spikefish
Macroramphosus scolopax, Rouleina attrita, pufferfish Allomycterus pilatus.
Probable new species: Cephaloscylium, Mustelus, Deania, Rajidae ngen,
Chimaera, Hime, Caprodon, Parapercis spp., Lophonectes.

11 115 (1458) Most abundant: silver roughy, warty oreo Allocyttus verrucosus, blackchin
Neoscopelus macrolepidotus, shovelnose dogfish, rattail Caelorinchus
mycterismus. Probable new species: Rajidae ngen, Dipturus, Dibranchus,
Psychrolutes, Psednos, Kali.

12 97 (1457) Most abundant: ribaldo Mora moro, blackchin, rattail C. mycterismus,
shovelnose dogfish, silver dory Zenopsis nebulosus. Probable new species:
Deania, Rajidae ngen nspp., Chimaera, Chaunax, Caelorinchus, Psychrolutes,
Symphurus.

13 93 (2014) Most abundant: boarfish Pseudopentaceros richardsoni, blackchin, seaperch
Helicolenus barathri, rattail C. mycterismus. Probable new species: Parmaturus,
Rajidae ngen nspp., Chimaera spp., Chaunax spp., Tripterophycis, Caelorinchus,
Psychrolutes, Symphurus.

14 71 (560) Most abundant: shovelnose dogfish Deania cf. calcea, slickheads Alepocephalus
australis, Rouleinia guentheri, blackchin, rattails Cetonurus globiceps and C.
innotabilis. Probable new species: Rajidae ngen nspp., Leptoderma, Chaunax
spp.

MWT 123 (12) Common: Scopelopsis multipunctatus, Diaphus termophilus, Nannobrachium
spp. Rare species: Pelagocephalus marki (?= coheni) previously known only
from type specimens. Probable new species: Bonapartia, Eustomias,
Melanostomias, Leptostomias, Caelorinchus.

DWT 98 (352) Most abundant: basketwork eel, slickheads Alepocephalus australis, Rouleina
attrita and Narcetes stomias, rattails Coryphaenoides striaturus and Bathygadus
cottoides. Probable new species: Bathyraja, Alepocephalidae and Psychrolutes.

A selection of images of many of these and other fish species referred to in the following section
is given in Figure 18.
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Figure 18: A selection of images of fish species taken during NORFANZ.
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Figure 18 (cont).
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In general, the southern half of the survey area was richer in total numbers of fish species than the
northern half. However, there was a strong positive correlation between number of species
sampled and sampling intensity (measured variously as number of trawl stations, distance towed,
hours towed, and area swept) (Table 10). The more effort that was put into a site, generally the
higher the number of species sampled. Hence, site 10 (Wanganella Bank) had the greatest
number of fish species (154), but also the greatest number of biological stations (17). When
species diversity was corrected for effort, the patterns of diversity changed, and some areas were
richer in terms of species per sampling effort (Figure 19). However, this result is confounded by
the bottom at northern stations (Northern Norfolk Ridge, Middleton Reef seamount,) being too
rough for trawl nets to work effectively.

Comparison of mean numbers of species per site indicated that the southern NORFANZ area was
richer than the northern (SNA>NNA, t-test, p<0.01), but there was no significant difference
between the Norfolk Ridge (NRT) and Lord Howe Rise (LHR).
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Figure 19: Relationship between number of fish species caught and sampling effort in the five main
areas of the NORFANZ voyage. Number of biological sample stations for each area are: LHI, 16;
LHP, 18; WNR, 44; SNR, 18; NNR, 20.
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Four main distribution patterns amongst fishes can be recognised: 1) widespread; 2) southern; 3)
Norfolk Ridge; and 4) restricted.

Widespread species distributions: Fish species which were recorded from 10 or more stations
are listed in Table 11. These 49 species vary in their distribution and abundance, with some being
frequently caught in large numbers, while others occurred in low abundance.

The most widespread species collected was the basketwork eel, Diastobranchus capensis (Figure
20). It occurred at depths between 785 and 1789 m on the Reinga Ridge, West Norfolk Ridge,
and Lord Howe Plateau, extending northwards as far as Norfolk Island, the seamount north of
Middleton Reef, and station 47 (deep trawl) at 28°29’S, 161°15’E. It was absent from all stations
north of Norfolk Island and all stations at Lord Howe Island. Some of these were too shallow for
this deepwater species, but nine stations along the northern Norfolk Ridge sampled the bottom at
over 800 m in depth. Most of these stations were on very hard rocky bottoms, so this absence
may reflect a habitat preference. Alternatively, the species may be at its northern limit since it is
not recorded from New Caledonian waters (Rivaton et al. 1989).

Several other fish species have similar distributions to the basketwork eel, but none are as
abundant. Examples of scattered widespread distributions are: halosaur (Aldrovandia affinis)
taken at depths of 1132-1530 m throughout West Norfolk Ridge, on the Lord Howe Plateau and
east of Lord Howe Island (Figure 21); rattail (Nezumia propinqua) (690-1000 m depth)
extending from the Western Norfolk Ridge to the northern Norfolk Ridge, site 6 and the Lord
Howe Plateau (Figure 22); slickhead (Rouleina attrita) (1158-1789 m depth), occurring from the
southern Norfolk Ridge to south of Norfolk Island and across to station 47 (northeast of
Middleton Reef) and the Lord Howe Plateau (Figure 23). Less frequently caught, but widespread,
were the deepsea lizardfish (Bathysaurus ferox) (1082-1934 m depth) from the southern West
Norfolk Ridge to Lord Howe Plateau, Lord Howe island slope and station 47; and morid cod
(Tripterophycis gilchristi) (521-938 m) occurring at the West Norfolk Ridge and site 6 north of
Middleton Reef. These species are all deepwater fishes that occur in both New Zealand and
Australian slope waters, but appear to be absent from the New Caledonian EEZ.

Southern species distributions: The shovelnose dogfish (Deania cf. calcea) has a southern
distribution at depths of 750 to 1350 m. It occurs throughout the West Norfolk Ridge and the
Lord Howe Plateau (Figure 24), and is an important bycatch (if the same as Deania calcea) in
Australian and New Zealand deepwater fisheries. It is not recorded from New Caledonian waters,
so is probably at its northern limit in this southern NORFANZ area.

Other elasmobranchs with southern distributions include a shovelnose dogfish of uncertain
identity, Deania sp. NFZ1, taken at depths of 698-1117 m depth on the West Norfolk Ridge and
Lord Howe Plateau (Figure 25). This species is not known outside the area. Chimaera NFZ1
(518-1000 m depth) occurred on the Reinga Ridge, West Norfolk Ridge and Lord Howe Plateau
(Figure 26). It is also not known outside the area. Black ghostshark (Hydrolagus sp. A) was
caught at 1051-1345 m depth on the Reinga Ridge, West Norfolk Ridge and Lord Howe Plateau.
These stations form a trans-Tasman link for the species, which occurs widely in slope waters of
New Zealand and southeastern Australia (including Cascade Plateau and South Tasman Rise)
(Last & Stevens 1994).

Silver roughy (Hoplostethus ?intermedius/H.?mediterraneus) are probably the same species
(Smith & Roberts 2004). Australian ichthyologists name this fish H. intermedius, whereas New
Zealand ichthyologists name it H. mediterraneus, so the distribution (Figure 27) reflects the
usage of this nomenclature. It has a wide depth distribution between 435 and 1340 m. The
distribution extends from the New Zealand shelf to the Reinga Ridge, West Norfolk Ridge and
southern Lord Howe Plateau. Outside the survey area it is distributed widely in New Zealand and
southeast Australian outer shelf and slope waters.
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Table 11: Widespread fish species, that occurred at 10 or more stations.

Species name
Nezumia namatahi

Trachyscorpia sp. [in ISR Munro collection]

Hymenocephalus nascens
Centroscymnus crepidater
Notacanthus sexspinis
Chaunax spC

Nezumia coheni
Malacocephalus laevis
Sigmops bathyphilum
Sigmops elongatum
Serrivomer spA (silver)
Caelorinchus trachycarus
Caelorinchus acanthiger
Chauliodus ?sloani
Trachonurus gagates
Rouleina eucla

Rouleina attrita
Centroscymnus (cf owstoni) sp NFZ1
Caelorinchus cookianus
Malacosteus ?spA
Apristurus spA [in Last & Stevens 1994]
Rouleina guentheri
Helicolenus barathri
Eurypharynx pelecanoides
Etmopterus spB [in Last & Stevens 1994]
Nezumia propinqua
Antimora rostrata
Etmopterus lucifer
Avocettina spA
Synaphobranchus affinis
Neoscopelus macrolepidotus
Coryphaenoides serrulatus
Coryphaenoides striaturus
Hoplostethus atlanticus
Cetonurus globiceps
Bathypterois longifilis
Halargyreus johnsonii
Bathygadus cottoides
Caelorinchus mycterismus
Alepocephalus ?antipodianus
Deania cf calcea
Hoplostethus intermedius
Caelorinchus innotabilis
Allocyttus verrucosus

Mora moro

Chauliodus sloani
Alepocephalus australis
Gadomus aoteanus
Diastobranchus capensis
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No. stations

10
10
10
10
11
11
11
11
11
12
12
12
12
12
12
12
12
13
13
14
14
14
14
15
15
15
15
15
17
17
17
18
19
19
19
20
20
20
20
21
21
21
22
22
24
25
25
28
31

Total weight. (kg)
2.1
18.3
1.2
35.2
4.6
0.4
6.4
175
0.6
13
0.9
8.4
18.9
2.7
26.3
63.9
14919
240.1
4.8
0.7
42.8
26.2
98.4
2.3
39.5
1.7
23.3
34.7
0.8
7.2
58.1
449
20.7
116.2
2245
21.7
151.8
8.1
147.3
262.1
1568.9
628.0
27.1
356.4
740.1
2.3
431.3
33.6
496.8
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Figure 20: Distribution of basketwork eel (Diastobranchus capensis) (e), a widely distributed species
(+ =location of sampling station)

Figure 21: Distribution of halosaur (Aldrovandia affinis) (e), a widely distributed species
(+ =location of sampling station)
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Figure 22: Distribution of the rattail (Nezumia propingqua) (e), a widely distributed species
(+ =location of sampling station)

Figure 23: Distribution of the slickhead (Rouleina attrita) (e), a widely distributed species
(+ =location of sampling station)
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Figure 24: Distribution of shovelnose dogfish (Deania cf calcea) (), a southern species.

Figure 25: Distribution of shovelnose dogfish (Deania sp NFZ1) (e), a southern species.
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Figure 26: Distribution of the chimaerid (Chimaera sp. NFZ1) (e), a southern species.
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Figure 27: Distribution of silver roughy, (Hoplostethus ?intermedius) (e), and H. ?mediterraneus (o)
(probably the same species), a southern species.
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Orange roughy (Hoplostethus atlanticus) shows a similar distribution to silver roughy (Figure
28) on the West Norfolk Ridge and Lord Howe Plateau. Orange roughy is widely distributed
throughout southern Australian and New Zealand slopes and seamounts. It is not recorded from
New Caledonia (Rivaton et al. 1989, Grandperrin et al. 1997a). It appears the southwest Pacific
populations are at the northern limit of distribution in the southern NORFANZ area.

The filamentous rattail (Gadomus aoteanus) is distributed on Reinga Ridge, West Norfolk Ridge,
Lord Howe Plateau, and Lord Howe Island slope at 805-1470 m depth (Figure 29). It is known
widely off the North Island of New Zealand, but is absent from New Caledonia and Australian
waters. The rattail is at its northern and western limits in the NORFANZ area.

Other examples of southern distributions include ribaldo (Mora moro), the feelerfish
(Bathypterois longifilis) (565-1259 m on the West Norfolk Ridge, Lord Howe Plateau and Lord
Howe Island slope), the three slickheads (Rouleinia eucla (748-1320 m), R. guentheri (804-1350
m) and Talismania longifilis (813-1350 m)) on the Reinga Ridge (except T. longifilis), West
Norfolk Ridge and Lord Howe Plateau), coffinfishes (Chaunax spp.) (587-1147 m on the West
Norfolk Ridge, Lord Howe Plateau and Lord Howe Island slope), and two deepsea scorpionfishes
(Trachyscorpia spp.) (515-1117 m on the West Norfolk Ridge and Lord Howe Plateau). Except
for the coffinfishes (which lack accurate scientific names), all members of this group of southern
species also occur in New Zealand and Australia.

Southern distributions are strongly represented among the NORFANZ fish fauna and largely
comprise deepwater species from within the two strata 500-1000 and 1000-1500 m, a few
extending deeper, but none shallower. Most also occur widely outside the NORFANZ survey
area and are documented here at their northern limits of distribution. This limit is demarcated by
a band at latitude 30-32°S, which is the approximate position of the tropical convergence
(Tasman Front), a recognised biogeographic barrier that forms strongly during summer months
(Ridgeway & Dunn 2003).

Norfolk Ridge species distributions (NNR; SNR): These distributions are shown by several
fish species that appear to be restricted to the Norfolk Ridge, or some part of the Norfolk Ridge.
Two notable subgroupings comprise northern ridge species (NNR = plateaux, slope, and
seamounts around Norfolk Island) or southern ridge species (SNR = plateaux, slopes and
seamounts on the West Norfolk Ridge and Reinga Ridge).

Wide Norfolk Ridge distributions are shown by at least four species. These include Cohen’s
rattail (Nezumia coheni) (1013-1345 m depth) on the Reinga Ridge, West Norfolk Ridge, and
around Norfolk Island (Figure 30). Outside the NORFANZ area this species is known from the
Norfolk and Loyalty Ridges (south of New Caledonia), off the Kermadec Islands, and mid-slope
grounds off NSW, Australia (Iwamoto & Graham 2001). Morid cod (Physiculus cf. luminosus)
(322-560 m depth) was collected from four sites on the Reinga Ridge, West Norfolk Ridge, and
just south of Norfolk Island (Figure 31). The species appears distinct from Physiculus luminosus
from shelf and slope areas off New Zealand, New Caledonia, and Australia. The bulldog catshark
(Apristurus sp. E) was caught at five sites along the West Norfolk Ridge and one (site 3) on the
NNR at 1013-1460 m; but also one specimen at a deep site (station 71) at 1920-1934 m,
southeast of Lord Howe Island. Outside the area, it is known from the continental slope off
southeast Australia (Last & Stevens 1994). Finally, the bareskin dogfish (Centroscyllium
kamoharai) (1013-1294 m depth) was recorded from two sites on the West Norfolk Ridge and
one (site 3) on the NNR (Figure 32). Outside the area, it is reported from continental slopes off
southeast and Western Australia and Japan (Last & Stevens 1994).
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Figure 28: Distribution of orange roughy (Hoplostethus atlanticus) (e), a southern species (+ =
location of sampling stations).
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Figure 29: Distribution of filamentous rattail (Gadomus aoteanus) (e), a southern species (+ =
location of sampling stations).
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Figure 30: Distribution of the rattail (Nezumia coheni) (), a Norfolk Ridge species (+ = location of
sampling stations).

Figure 31: Distribution of the morid cod (Physiculus cf. luminosus) (e), a Norfolk Ridge species (+ =
location of sampling stations).
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Figure 32: Distribution of the bareskin dogfish (Centroscyllium kamoharai) (e), a Norfolk Ridge
species (+ = location of sampling stations).

Figure 33: Distribution of the catshark (Apristurus cf. herklotsi) (e), a southern Norfolk Ridge species
(+ =location of sampling stations).
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Northern Norfolk Ridge (NNR) fishes comprise three species, including two boarfishes Antigonia
spp. collected from sites 3 and 4 to the south and north of Norfolk Island; and the pelagic puffer
(Pelagocephalus ?marki) at sites 3 and 5. The relatively few NNR species collected probably
reflects the low numbers of fishes captured from the NNR sites owing to the difficult nature of
the seafloor for trawling.

Southern Norfolk Ridge (SNR) fishes are the more common component of Norfolk Ridge
distributions, possibly reflecting the greater sampling effort there, and comprise five species,
including the catshark (Apristurus cf. herklotsi) (809-1340 m depth) collected from three sites on
the West Norfolk Ridge (WNR) (Figure 33). Three new skates were also recorded (Dipturus
NFZ1) (at 116-969 m depth on the WNR), Rajiidae new genus new species C (Wanganella Bank
and two seamounts on WNR), and Rajiidae new genus species D (at 868-1313 m depth on
Wanganella Bank and two seamounts on WNR), and a new rattail species, Caelorinchus NFZ3.
Further evaluation of taxonomic status and distribution is needed for these species.

Restricted species distributions: These distributions are those where the species was found on
only one, two, or three adjacent sites. They include at least 135 fish species, which represents
22.9% of the total number of fish species sampled (n = 590) during the voyage.

Many of the species with restricted distributions (n = 75, 55.6%) are not known outside the
survey area and this may indicate discrete areas of endemism (e.g. rattails Caelorinchus sp. 1, one
station; redfishes or golden snhappers Centroberyx species A, B, and C (Figure 34); perchlets
Plectranthias species B and C, one station). However, all of these species/OTUs are new, rare, or
poorly known, so their known areas of distribution may increase as taxonomic research enables
more accurate identification.

A portion of restricted species (n = 60, 44.4%) is known outside the survey area, including
species that are widely recognised and have well recorded, globally extensive distributions (e.g.,
spookfish (Harriotta raleighana); ling (Genypterus blacodes); flutemouth (Fistularia
commersoni); red lionfish (Pterois volitans); John dory (Zeus faber); bass (Polyprion
americanus)). Either this group is comprised of species that are surprisingly rare within the
survey area, or the fishes have not been adequately sampled to reflect their real occurrence
(which seems more likely).

Overall distribution patterns: Distribution patterns found within the survey area and the
affinities of species distributed outside the area indicate faunal relationships that differ
substantially between locations in the northern Tasman Sea (Figure 35). The fish fauna on the
Lord Howe Rise near Lord Howe Island and north of Middleton Reef are distinct from the rest of
the survey area, and exhibit eastern Australian and northern (Coral Sea) affinities. The fishes on
the Three Kings Ridge, West Norfolk Ridge, and Lord Howe Plateau have distinct faunal
elements, but also share some common species. In addition, southern regions of the NORFANZ
survey area typically have a substantial overlap with elements of the New Zealand fish fauna.

The strongest faunal relationships based on affinities of fish species are: (1) Three Kings shelf,
Reinga Ridge, West Norfolk Ridge, and Lord Howe Plateau, with the northern New Zealand
region (see next section); (2) Norfolk Ridge with northern New Zealand region; (3) northern
Norfolk Ridge with New Caledonia and Coral Sea; (4) Lord Howe Island shelf with Australian
shelf; and (5) seamount 6 north of Middleton Reef with Queensland shelf and Lord Howe
Seamount chain.

Potential sites of localised endemism in the northern Tasman Sea survey area include: (1)
seamount 6, north of Middleton reef; (2) Lord Howe Island shelf and slope; (3) Norfolk Island
shelf; (4) Norfolk Ridge, Wanganella Bank, and Reinga Ridge. However, further taxonomic
research is required to confirm the validity of these initial observations.
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Figure 35: Generalised area relationships based on fish faunal composition compared by area
and fish species distributions. Bold dashed line, area with main affinity with northern New

Zealand. Light dashed lines, areas with distinct faunal elements.



3.5.3 Community analysis

The ORH trawl was used throughout the survey area. Cluster analysis of fish species data
indicated a strong separation by depth (Figure 36). In this dendrogram, many of the a, b, and ¢
symbols (representing the three depth strata) are generally adjacent within chains. ANOSIM

results confirmed a statistically significant separation by depth (Williams et al. 2006a).
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Figure 36: Dendrogram showing between-sample similarity based on demersal fish data from the
ORH trawl. Stations with <5 species are excluded. Samples are labelled with area depth strata (a,

<500m; b, 500-1000 m; c, >1000 m). From Williams et al. (2006a).

Area had an effect also. A combined depth-area MDS plot (Figure 37) shows shallow samples
from the Lord Howe Island/Rise area were distinct from all other samples, and the ridges tended
to separate in all depth strata. A 2-way crossed ANOSIM was performed by Williams et al.
(2006a) in which the differences between depth/area groups are calculated and averaged across
the other factor. This analysis confirmed the importance of depth, and also showed a significant
difference between southern (SNR, WNR) and northern (NNR, LHR) areas, and between NNR

and LHR in the north.
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Figure 37: MDS plot showing between-sample similarity with points coded for area and depth
stratum (a, <500m; b, 500-1000 m; c, >1000 m). From Williams et al. (2006a).
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Data on species that were common between areas were examined in detail. Although the northern
most area produced relatively few (15-52) fish species per site (cf. southern sites at 53-154
species), many fishes were unique, rare, or new species that strongly indicated the presence of a
very distinct fish fauna compared to the southern most area. In terms of similarity between areas
(measured as percentage species shared), the most similar areas were West Norfolk Ridge and
Lord Howe Plateau (30.0% shared), and West Norfolk Ridge and Southern Norfolk Ridge (23.5%
shared) (Figure 38). Least similar areas were: Lord Howe Island and all other areas (4.5-10.0%),
and Northern Norfolk Ridge and all other areas (10.0-13.0%). In general, all areas were
surprisingly dissimilar (70.0-95.5% not shared). Of note are some adjacent areas that had very
few species in common, e.g., Southern Norfolk Ridge and Northern Norfolk Ridge (only 13.0%
shared), and Lord Howe Island and Lord Howe Plateau (only 8.0% shared).
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Figure 38: Relational diagram showing percentage similarity of fish species between areas.
Numbers in area squares are number of species sampled.
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5. DISCUSSION

The main objective of the NORFANZ survey was to describe the benthic fish and invertebrate
fauna of the Norfolk Ridge-Lord Howe Rise area. The survey made a lot of progress towards
achieving this ambitious goal. The 14 seamount and ridge sites sampled comprised a wide variety
of habitat types, and a large number of species or OTUs were recorded which substantially
improve our understanding of the region’s biodiversity.

51 Taxonomy

An accurate account of the taxonomic diversity will not be fully known for several years to come.
Samples need to be examined, new species described and published, and taxa updated and
revised. The preliminary list of onboard identifications included 590 fish species and 1300
macro-invertebrates. The fish records have been slightly updated, but not very much relative to
the invertebrate fauna. This reflects the higher standard of taxonomic knowledge for fishes in the
waters around Australia, New Zealand, and New Caledonia, and hence many of the fish could
immediately be recognised as known, or new. The number of fish “experts” onboard was also
high. Invertebrate fauna are more problematic, as the knowledge of deepwater seamount fauna is
relatively poor. There is also a greater number of highly diverse groups that need specialists in
those taxa to be able to do an adequate job onboard.

The NORFANZ collection as of 2006 comprises over 1600 macro-invertebrate species/OTUs. Of
these 860 have been examined by taxonomic experts and upgraded to species level. Over 100 of
the upgraded species have been confirmed as new species (12%). A total of 35 have been
identified as new records for Australian waters (Lord Howe Island area) by Williams et al.
(2006a). Williams et al. (2006a) reported several changes in taxonomy from the onboard OTUs
for fishes used in the present report. However, there was little effect on overall biodiversity
statistics, with their total being 588 OTUs from 122 families. They noted 29 new species, and one
as a new record for the Australian region. Roberts & Clark (2004) commented that as many as
20% of the fishes sampled during NORFANZ could be new species, or new records for the
Tasman Sea region. Lastly, micro-invertebrates were not a target of the NORFANZ survey, but
several samples of bottom sediment and rubble were examined at Te Papa, and over 1200 OTUs
of micro-molluscs were identified, of which 600 were thought new species (B. Marshall, Te
Papa, pers. comm.).

5.2 Biodiversity

Knowledge of seamount benthic faunal biodiversity is increasing rapidly in the southwest Pacific
Ocean. Rogers (1994) carried out a review of global seamount studies and found that only 597
invertebrate species had been recorded since direct sampling began at the end of the nineteenth
century, although Rogers noted that there had been relatively little sampling effort on seamounts.
However, a recent study by Richer de Forges et al. (2000) sampled seamounts off New Caledonia
and Tasmania. They reported over 850 macrofaunal species (both fishes and invertebrates), of
which 16-36% were deemed both new to science and potentially endemic to seamounts. In this
study, sampling of seamounts on the Norfolk Ridge recorded 516 macrofaunal species, 4
seamounts on Lord Howe Rise produced 108 species records, and 297 species were found on 14
seamounts southeast of Tasmania. The combined fish and invertebrate biodiversity recorded by
NORFANZ of about 1900 species/OTUs is a considerable advance on the results of this previous
research.

Recent seamount research around New Zealand using small epibenthic sleds has yielded

relatively large numbers of invertebrate species, and gives some figures to compare broadly with
the NORFANZ results. A total of 414 macro-invertebrate species, distributed among 14 phyla,
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were recorded from 42 epibenthic sled stations on eight seamounts on the Chatham Rise
(Rowden et al. 2002), a total of 308 species were recorded from 52 samples on three seamounts
on a more northerly portion of the southern Kermadec arc (Rowden et al. 2003), 396 species from
13 phyla were recorded from 25 samples on two seamounts on the Northland Plateau (Rowden et
al. 2004), and 483 species were identified from 69 sled samples taken on seven seamounts in the
Bay of Plenty (Rowden & Clark, in press). A crude comparison of average numbers of
invertebrate species per seamount (= site in NORFANZ) indicate that the Norfolk Ridge/Lord
Howe area (114) is more diverse than the Chatham Rise (51) and Bay of Plenty (69) seamounts,
about the same as the southern Kermadec seamounts (100), and less diverse than the Northland
Plateau (198). However, biodiversity levels are more similar when numbers of species per tow
are compared. NORFANZ results were 11.8 species per tow, with the comparative figures being
15.8 for Northland, 9.8 for the Chatham Rise, 7.0 for Bay of Plenty, and 5.9 for southern
Kermadec seamounts. It must be noted that NORFANZ was the only survey using fish trawl gear
as well as epibenthic sleds, and this will catch more larger and mobile fauna than the small
epibenthic sleds used in the other surveys. All the surveys, though, reported species accumulation
curves that were still increasing, implying that sampling intensity was insufficient to describe the
faunal composition adequately. Analyses of fish species accumulation curves from NORFANZ
indicated that at least another similar survey (136 bottom samples at 14 sites) would need to be
done to achieve this goal.

5.3 Biogeographic patterns

Depth was the most important variable identified in determining the assemblage composition for
both fishes and invertebrates. This was expected, as depth is known to be an important
determinant of biodiversity in the Australasian region (Koslow et al. 1994, Francis et al. 2002),
and also a likely factor in seamount classification (Rowden et al. 2005). The effect of
geographical location was less clear, although north-south differences appeared to be more
important than longitudinal variation between the Lord Howe Rise and Norfolk Ridge. This is
consistent with the pattern of water masses in the area. The Tasman Front divides the NORFANZ
study area into the warmer Coral Sea to the north and the cooler Tasman Sea to the south and
marks the path of components of the East Australian Current. Antarctic Intermediate Water at
depths of 600—700 m is represented by different ‘arms’ in the Tasman and Coral Seas that oppose
each other along the path of the Tasman Front. This effectively separates the NORFANZ region
into north (northern Norfolk Ridge and Lord Howe Rise sites) and south (west and south Norfolk
Ridge sites), with some sites (Lord Howe Plateau and the Wanganella Bank) overlain by the
Tasman Front (Ridgeway & Dunn 2003).

Patterns of fish distribution were dominated by a large number of species with a marked
“southern” distribution. Many of these predominantly deepwater species have a strong affinity
with the northern New Zealand fauna. The survey identified a number of fish species that are at
their northern limit in the survey area. Biogeographic relationships between adjacent sites or
groups of sites (areas) were not as clear.

A notable feature of both invertebrate and fish biodiversity was that a high percentage of species
occurred in only one or few samples, and that apparent endemism is high. Based on the high
number of restricted species that are unknown outside the survey area, it is possible that
individual seamounts or slope sites surveyed support their own unique suite of species, such as
found on some parts of the Norfolk Ridge and Loyalty Island Ridge in New Caledonian waters
(Roberts & Paulin 1997a, Richer de Forges et al. 2000). However, the analyses presented in this
report indicate that while many species may have restricted distributions, there are too few data to
confirm the level of true endemicity at the level of sub-areas (ridges or individual seamounts).
There is also considerable variability between sites, with a range (3-21) of species unique to the
voyage present in each area. Sampling adjacent non-seamount habitat is also required to evaluate
true levels of seamount faunal endemism (e.g., Samadi et al. 2006, O’Hara 2007).
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5.4 Biodiversity survey design

The NORFANZ survey was the first on this scale in the Tasman Sea with its focus on broad-scale

biodiversity, and not driven by fisheries stock assessment or localised research or management

objectives. A number of key factors have been identified in contributing to the success of the
survey (Clark et al. 2003, Williams et al. 2006a).

e There was a high level of cooperation between all parties involved in NORFANZ. The joint
funding by the New Zealand Ministry of Fisheries and the Australian National Oceans Office,
and the shared scientific input from NIWA, CSIRO, and the New Zealand and Australian
universities and museums, saw unprecedented trans-Tasman cooperation at political,
managerial, and scientific levels. A strong international team of specialists, including
scientists from France and the USA, was assembled, with a wide range of skills and
experience that was openly shared.

o A variety of gear types were deployed from Tangaroa during the survey. Bottom trawls,
midwater trawl, beam trawl, epibenthic sleds, rock and pipe dredges each sampled different
assemblages, and gave a much greater appreciation of faunal diversity than would be gained
from using just one or two types of gear. Camera-drops to the seafloor and the headline
camera unit further added to information on the nature of benthic habitats, and instruments
were deployed to sample the oceanographic characteristics. The cooperation mentioned above
extended to equipment sharing as well, and several institutes contributed expensive trawls,
sleds, or camera gear, in the knowledge that they could well be damaged or lost.

e Multibeam data were used to determine bathymetry, and to investigate geological structures,
but in addition, interpretation of backscatter with bathymetry enabled successful trawling in
rough terrain.

e A voyage-specific system of data recording, electronic data capture, verification, and search
was developed to capture detailed catch composition and to track the allocation of specimens
to research institutes globally. Incorporation and extension of the Australian CAAB code
system worked well. The use of upgradeable photographic guides provided an immediate
record of every fish and invertebrate species with fresh coloration, and helped ensure
consistency of identification.

o A specific survey website, which featured daily updates, and articles on unusual or interesting
aspects of the survey proved very popular with the public, and was an excellent education and
outreach tool.

However, there were also problems with some aspects of the survey, and Williams et al. (2006a)
noted the need in future for more discussion amongst specialists on sampling design; a higher
level of post-survey resources to ensure that post-voyage taxonomy, data management, and data
analysis are adequately supported; post-survey work needs to be carefully mapped out in
advance; and a plan for ensuring timely publication of results is required. Additional data
collection could also be considered in future surveys of this type including acoustics and regular
seabird/marine mammal recording.

55 Management implications

The survey was not designed (nor intended) to address issues of fisheries stock assessment such
as commercial fish species abundance. However, it did serve to extend knowledge of the
distribution of species such as alfonsino, ribaldo, orange roughy, and cardinalfish which are
commercially fished in New Zealand and Australian waters. These data have been included in
GIS layers produced by the New Zealand Ministry of Fisheries under the NABIS project. Hence,
there is an indirect link to fisheries management through knowledge of the distributional
characteristics and extent of commercial species. No aggregations of any commercial species
were fished (or seen on the vessel’s echosounders), but catch composition from the ORH trawl
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gives an indication of the likely bycatch if fishers are trawling generally on seamounts (as they
often do) without targeting specific concentrations. The relative abundance of the shovelnose
dogfish (Deania cf. calcea), being the most abundant species by weight in the catches, may have
management implications, as elasmobranchs have low fecundity, may be long-lived, and hence
vulnerable to overfishing as a bycatch of targeted commercial species. Seamounts where such
species are common may need regulations limiting bycatch to reduce this risk.

The main use of NORFANZ data and results of analyses to date for management relate to
assessing conservation values of the area. This includes identifying rare or unusual components
of the fauna, those with very limited distributions, those with low productivity that may be
vulnerable to human disturbance (fishing, mining), or defining areas which contain representative
fauna. The data were used by Williams et al. (2006b) in a study of the Norfolk Seamounts region
in the context of developing Australia’s National Representative System of Marine Protected
Areas (NRSMPA). They found that the Norfolk Seamounts region possesses biodiversity values
worthy of protection, and would contribute to the representativeness and comprehensiveness of
the NRSMPA. Williams et al. (2006b) suggested that this could be part of a larger Tasman Sea
deep sea biodiversity conservation initiative, and NORFANZ data would be an important input
for this.

The general biogeographic results found in this study indicate that northern and southern fauna
differ, and there are smaller differences between the ridge systems and individual sites.
Management strategies need to address issues of scale as well as geographical location, and hence
any conservation strategy would need to include a north-south component, depth, and also small
seamount features where there are indications of highly localised distributions or endemic
species. The NORFANZ project as a whole provides an important overview of the fauna and its
biogeographic structure enabling more informed marine planning decisions to be taken.

5.6 Recommendations

The survey generated a lot of data and samples which have still not been examined by
appropriate taxonomists. This should be supported to ensure the data are as comprehensive and
complete as possible. Only then can robust analyses evaluate full assemblage composition and
structure. This is likely to require government funding targeted to relevant museums and
institutes.

Post-survey, the data and its updates were coordinated largely by CSIRO. However, there are
currently various databases and datasets that contain data in different stages of update and in
different forms between spreadsheet and full relational databases. For example, NIWA holds the
database compiled onboard Tangaroa, but this has not been updated with Australian taxonomic
efforts. It is recommended that a central database be supported to manage the NORFANZ data,
and that this is the single source of data analysed by any of the Founding Parties contacts.

The data, when complete, also need to be added to other databases where these hold information
from a wider area or even on a global scale. NORFANZ data are not at present part of the
“Seamounts database” compiled at NIWA and provided to the Ministry of Fisheries. The data are
also not part of Seamounts Online (http://seamounts.sdsc.edu), a global database supported by the
Census of Marine Life Programme on Seamounts (Censeam-http://censeam.niwa.co.nz).
NORFANZ data have been used in analyses being undertaken by CenSeam, but these are in the
form of spreadsheets and text files, and only for selected taxa where the taxonomy has been
consistent and authoritative.

Once complete data are available, more robust and/or generalised analyses will be able to be

undertaken. These will enable a clearer understanding of biodiversity patterns in the area, and
highlight regions of particular importance that may require further sampling and study. The
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survey has provided a general baseline dataset, but it is acknowledged that this is not likely to be
detailed enough to address specific management issues on a small scale.

The relationships between fauna and environmental conditions have not been examined.
Oceanographic data collected on the survey have not been fully processed or incorporated into
any analysis. This was part of Programme Objective 4, and should be progressed along with the
compilation of other datasets and analyses.

At the time of the survey, there was discussion about a survey-specific volume of scientific
papers being prepared which would include aspects such as key taxonomic findings,
biogeographic patterns, environmental conditions (bathymetry, oceanography) and their
relevance to management and conservation. Although the survey is now 4 years past, this could
still be considered, as such compilations of regional datasets and analyses can be much more
accessible and interpretable than a large number of scattered papers in the scientific literature.

The survey design and operation highlighted effective methods, and various deficiencies. The
lessons from NORFANZ should be incorporated into seamount sampling protocols being
developed by CenSeam. This will help design future biodiversity surveys. Consideration should
also be given to sampling methods that enable faunal description of hard, broken, and steeply
inclined seafloor as this was one of the main limitations of the NORFANZ survey sampling. Such
difficult habitats are likely among the most diverse and richest, as well as the most inaccessible.
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Appendix 1 Summary station data from the NORFANZ survey

(gear codes: 10=ORH trawl, 11=wing trawl, 13=beam trawl, 20=NIWA sled, 21=Sherman, 22=rock
dredge, 23=pipe dredge, 53=midwater trawl, 72=camera drop, 82=SVP/CTD. Performance codes:
1,2 = good; 3,4=poor performance (fast, ripped nets etc))

No Region Site date time latitude longitude min_dep max dep Gear Perf dist(nm)
1 SNR 111-May-03 1349 3406.68 171 39.66 351 400 10 2 1.35
2 SNR 111-May-03 1615 3409.37 17127.79 544 584 10 1 147
3 SNR 111-May-03 1937 3403.21 171 08.1 1051 1320 10 3 1.53
4 SNR 111-May-03 2117 3405.57 17105.21 0 1500 82 0.33
5 SNR 111-May-03 2309 3403.74 17107.39 1228 1332 21 3 1.42
6 SNR 112-May-03 0206 3409.14  17127.95 542 554 21 3 0.55
7 SNR 112-May-03 0414 3406.71  17139.73 394 400 21 2 0.25
8 SNR 112-May-03 0622 3409.75  17127.33 558 573 21 2 0.66
9 SNR 112-May-03 0911 3402.88 17108.18 1145 1185 21 2 0.61
10 SNR 12-May-03 1918 323225 169 43.56 0 1275 53 1 6.45
11 NNR  313-May-03 0951 3037.18 167 48.83 0 1000 82 1

12 NNR  313-May-03 2030 3012.62 167 29.45 606 620 20 4 0.24
13 NNR  313-May-03 2227 3012.67 167 29.9 630 634 21 3 0.33
14 NNR  314-May-03 0355 301222 167 26.83 755 782 21 3 0.39
15 NNR  314-May-03 0532 3008.96 167 26.86 1032 1131 21 2 0.46
16 NNR 3 14-May-03 0959 2959.62 167 38.73 1245 1285 10 2 1.29
17 NNR  314-May-03 1232 2953.11 167 49.04 650 666 10 2 1.26
18 NNR  314-May-03 1414 2953.39 167 48.44 653 656 13 3 0.55
19 NNR  314-May-03 1652 2941.46 168 03.48 339 344 10 1 1.56
20 NNR  314-May-03 1926 2941.84 16802.62 322 337 13 1 0.89
21 NNR  314-May-03 2121 2941.83 16801.33 314 327 23 2 0.16
22 NNR 3 14-May-03 2158 2941.35 16801.46 337 338 23 2 0.41
23 NNR  315-May-03 0350 2931.75 167 38.05 200 1200 53 2 45
24 NNR 4 15-May-03 1015 2854.39 167 41.05 111 115 13 1 0.69
25 NNR 4 15-May-03 1143 2902.24 167 35.96 0 1200 82

26 NNR 4 15-May-03 1642 2854.34 16741.14 110 304 10 2 0.58
27 NNR 4 15-May-03 1907 2854.47 167 41.04 110 441 10 1 1.18
28 NNR 4 15-May-03 2121 285194 167 40.59 718 859 10 3 1.08
29 NNR 4 15-May-03 2345 2851.21 167 42.53 690 812 13 2 1.01
30 NNR 4 16-May-03 0519 2849.56 167 34.11 1020 1045 10 3 0.26
31 NNR  416-May-03 1128 285221 167 40.96 648 854 10 2 1.57
32 NNR  416-May-03 1318 2851.66 167 41.26 600 773 22 2 0.43
33 NNR 4 16-May-03 1853 2829.37 167 47.15 1056 1116 10 2 2.16
34 NNR 4 16-May-03 2142 2830.71 167 47.71 1040 1090 13 3 1.48
35 NNR  416-May-03 2324 2828.03 167 46.11 0 1000 82

36 NNR  417-May-03 0052 2831.22 167 47.38 1035 1065 21 1 0.76
37 NNR  517-May-03 1320 263540 167 11.80 0 1100 82

38 NNR  517-May-03 1601 262556 167 11.35 734 754 10 2 0.96
39 NNR  517-May-03 1740 2626.55 167 11.64 733 740 21 3 0.68
40 NNR  517-May-03 1855 2625.28 167 11.26 714 756 21 1 1
41 NNR  518-May-03 0259 2622.80 167 01.53 1017 1035 21 2 0.81
42 NNR  518-May-03 0833 2625.72 167 14.49 356 422 72 2 0.25
43 NNR  518-May-03 1031 262594 167 10.87 750 774 13 2 11
44 NNR  518-May-03 1250 2623.53 16701.21 1019 1030 10 2 1.44
45 18-May-03 1635 2631.42 166 34.42 0 2000 53 2 6.88
46 19-May-03 1111 27 38.57 16342.73 1635 1749 11 3 3.1



Appendix 1 (cont).

No Region Site
47

48 LHR 6
49 LHR 6
50 LHR 6
51 LHR 6
52 LHR 6
53 LHR 6
54 LHR 6
55 LHR 6
56 LHR 6
57 LHR 6
58 LHR 6
59 LHR 6
60 LHR 7
61 LHR 7
62 LHR 7
63 LHR 7
64 LHR 7
65 LHR 7
66 LHR 7
67 LHR 7
68 LHR 7
69 LHR 7
70 LHR 7
71 LHR

72 LHP 8
73 LHP 8
74 LHP 8
75 LHP 8
76 LHP 8
77 LHP 8
78 LHP 8
79 LHP 8
80 LHP 8
81 LHP 9
82 LHP 9
83 LHP 9
84 LHP 9
85 LHP 9
86 LHP 9
87 LHP 9
88 LHP 9
89 LHP 9
90 LHP 9
91 LHP 9
92 LHP 9
93  WNR 11
94  WNR 11

date
20-May-03
20-May-03
20-May-03
21-May-03
21-May-03
21-May-03
21-May-03
21-May-03
21-May-03
21-May-03
21-May-03
21-May-03
21-May-03
22-May-03
22-May-03
22-May-03
23-May-03
23-May-03
23-May-03
23-May-03
23-May-03
23-May-03
23-May-03
23-May-03
24-May-03
24-May-03
24-May-03
24-May-03
24-May-03
24-May-03
25-May-03
25-May-03
25-May-03
25-May-03
25-May-03
26-May-03
26-May-03
26-May-03
26-May-03
26-May-03
26-May-03
26-May-03
26-May-03
26-May-03
26-May-03
27-May-03
27-May-03
27-May-03

time
0227
1536
2309
0329
0526
0656
0843
1031
1237
1349
1532
1741
1922
2010
2133
2333
0307
0518
0903
1054
1316
1443
1625
1855
0030
0740
1434
1906
2049
2214
0020
0455
0653
0954
1916
0106
0320
0456
0616
0833
1028
1156
1349
1951
2217
0038
1854
2124

latitude
28 29.88
29 14.05
29 13.09
2912.88
29 13.67
29 14.35
29 12.76
2912.80
2913.12
29 13.61
29 13.07
2911.93
2914.97
3145.33
3149.11
31 48.02
314253
31 40.55
3148.80
3145.73
3152.44
3152.28
31 48.60
3144.03
32 03.98
32 11.59
32 25.94
32 26.08
32 24.22
3224.34
32 26.70
32 39.33
3241.80
32 42.50
34 01.95
34 12.44
3411.83
34 12.20
34 13.89
34 11.06
34 11.09
34 11.04
3412.18
341217
341241
34 12.70
3349.47
33 49.50

longitude min_dep max_dep Gear Perf dist(nm)

161 15.56
159 06.09
158 59.85
158 59.05
159 01.15
159 02.09
159 00.29
159 00.25
159 00.45
159 02.49
159 00.43
158 58.97
159 02.72
159 19.05
159 20.74
159 04.92
159 07.93
159 09.43
159 20.52
159 20.93
159 14.43
159 16.61
159 20.74
159 20.80
159 52.80
160 51.66
161 47.62
161 45.36
161 38.94
161 40.64
161 46.95
162 33.11
162 33.47
162 33.86
162 35.96
162 39.50
162 37.10
162 41.55
162 40.59
162 39.19
162 39.17
162 39.18
162 41.18
163 21.36
163 17.20
163 21.59
167 03.45
166 58.80

1530
0
298
505
810
1210
280
290
292
740
300
728
1600
48
86

0
798
587
58
565
72
68
66
1012
1920
1342
1132
1171

1257
1130
864
855
850
780
758
761

515
430
450
435
748
1090
1076
1082
804
950

1530
1442
307
900
1000
1395
310
290
330
800
300
826
1600
50
89
1100
880
700
90
960
82
91
88
1292
1934
1361
1197
1259
1050
1288
1147
870
874
872
818
760
765
740
700
740
740
440
772
1117
1083
1120
944
987

11
82
21
21
21
21
72
10
20
20
10
10
10
21
21
82
10
10
72
21
21
10
10
21
11
11
11
10
82
13
13
13
10
11
11
13
10
82
21
21
10
10
11
11
13
10
10
13

2
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2.88

0.76
0.67
0.47
0.41
0.69

0
0.39
0.47

0
0.27
0.06
0.38
0.44

1.45
1.68
0.54
0.53
0.89
1.84

2.2
0.75
2.24
2.63
2.92
294

0.86
0.81
3.15
3.16
291
0.81
2.84

0.62
0.57
0.57
0.02
3.08
3.81
0.96
3.42
2.93
0.87



Appendix 1 (cont).

No
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
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125
126
127
128
129
130
131
132
133
134
135
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137
138
139
140
141
142

Region

WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR

SNR

SNR

SNR

SNR

SNR

SNR

SNR

SNR

SNR

SNR

SNR

SNR

SNR
WNR
WNR
WNR
WNR
WNR
WNR

Site
11
11
11
11
11
11
11
11
11
11
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
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date
27-May-03
28-May-03
28-May-03
28-May-03
28-May-03
28-May-03
28-May-03
28-May-03
29-May-03
29-May-03
29-May-03
29-May-03
29-May-03
29-May-03
29-May-03
29-May-03
29-May-03
30-May-03
30-May-03
30-May-03
30-May-03
30-May-03
30-May-03
30-May-03
30-May-03
30-May-03
30-May-03
31-May-03
31-May-03
31-May-03
31-May-03
31-May-03
31-May-03
31-May-03
1-Jun-03
1-Jun-03
1-Jun-03
1-Jun-03
1-Jun-03
1-Jun-03
1-Jun-03
1-Jun-03
2-Jun-03
2-Jun-03
2-Jun-03
2-Jun-03
2-Jun-03
2-Jun-03

time
2326
0433
0949
1150
1248
1514
1922
2220
0055
0248
0946
1100
1405
1547
1758
2056
2307
0158
0440
0641
0917
0951
1043
1254
1501
1747
2132
0020
0249
1256
1832
1931
2121
2314
0450
0704
0933
1057
1317
1516
1717
1828
0350
0822
1002
1403
1611
1903

latitude
3349.24
3337.10
3346.26
3345.11
3345.26
3346.78
3345.20
334245
33 46.55
3341.44
32 36.07
32 37.38
32 36.49
32 35.67
32 35.01
32 37.06
32 36.30
32 36.05
32 35,57
32 35.22
32 36.65
32 37.25
32 36.34
32 35.79
32 35.65
32 36.57
32 36.39
32 37.46
32 36.23
3315.95
33 23.60
332341
332347
332357
3329.24
33 32.62
33 23.56
3322.61
3323.74
332051
33 23.65
33 23.60
34 18.01
34 22.98
34 20.50
3419.14
34 17.09
34 16.49

longitude min_dep max_dep Gear Perf dist(nm)

167 03.35
166 55.50
167 19.50
167 16.59
167 17.07
167 19.24
167 28.30
167 27.03
167 29.28
167 27.71
167 35.21
167 35.17
167 43.98
167 44.12
167 47.75
167 48.68
167 47.44
167 34.60
167 38.81
167 47.66
167 35.05
167 35.27
167 35.73
167 38.55
167 47.05
167 50.33
167 50.59
167 36.19
167 47.09
169 43.36
170 09.53
170 11.58
170 11.91
170 09.95
170 00.71
170 04.13
170 10.99
170 12.70
170 13.03
170 13.98
170 12.51
170 12.38
168 26.14
168 25.66
168 23.19
168 24.63
168 21.50
168 24.08

805
1017
260
248
254
265
1410
1451
1431
0
116
121
699
698
1023
0
1008
116
348
1021
120
125
120
325
957
1303
1331
0
926
0
605
469
477
627
1158
1270
617
514
465
614
463
469
0
373
382
831
785
1246

938
1042
273
250
259
280
1470
1478
1460
1200
122
126
707
724
1045
1050
1029
119
362
1052
124
126
127
497
977
1313
1345
218
969
1000
622
526
483
662
1230
1350
670
540
490
675
470
490
1100
374
390
846
800
1249

11
11
21
10
10
21
10
13
11
82
11
13
13
11
11
82
13
11
11
11
23
23
11
10
10
10
13
72
11
82
21
21
72
10
10
21
21
21
10
10
72
13
82
10
10
10
13
10

1

N N NN EFP NN DNDNODNDPRPE PP AP DNDDNDDN P PP P 0OWPAADNDDN

N P FPDNONPRFRPPFPNMNNDNDNDNDDNPRE

2.96
2.98
1.33
0.03
0.84
1.26
2.65
1.18
2.66

1.69
0.98
1.04

15
1.44

0.9
0.78
1.66
3.02
0.24
0.28
1.73
2.36
2.51
2.83
241

0.9
2.74

0.69

0.49
1.45

2.1
1.17
0.97
111
1.26
2.48
0.45
0.55

0.14

1.2
3.01
0.85
0.95



Appendix 1 (cont).

No

143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168

WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR
WNR

Region Site

12
12
12
12
12
13
13
13
13
13
13
13
13
13
14
14
14
14
14
14
14
14
14
14

date
2-Jun-03
2-Jun-03
2-Jun-03
3-Jun-03
3-Jun-03
3-Jun-03
3-Jun-03
3-Jun-03
3-Jun-03
3-Jun-03
3-Jun-03
3-Jun-03
4-Jun-03
4-Jun-03
4-Jun-03
4-Jun-03
4-Jun-03
4-Jun-03
4-Jun-03
4-Jun-03
4-Jun-03
5-Jun-03
5-Jun-03
5-Jun-03
5-Jun-03
5-Jun-03

time
2055
2211
2346
0306
0523
0856
1212
1346
1641
1907
2042
2232
0035
0241
0802
1055
1228
1735
1935
2133
2353
0409
0552
0734
1200
1614

latitude
34 23.14
34 22.58
3417.84
34 14.33
3418.14
34 33.59
34 37.81
34 34.99
34 34.13
34 37.53
34 37.36
34 37.20
34 34.81
34 34.26
35 00.59
3510.27
3508.12
34 58.85
34 59.38
34 59.64
3459.13
3515.70
3514.22
3517.17
3535.83
35 56.46

longitude min_dep max_dep Gear Perf dist(nm)

168 25.79
168 25.14
168 25.82
168 21.18
168 23.18
168 53.51
168 58.59
168 55.54
168 56.48
168 57.95
168 58.08
168 57.03
168 57.79
168 56.53
169 25.59
169 29.24
169 28.37
169 29.60
169 24.39
169 28.92
169 26.50
169 38.25
169 39.22
169 33.63
169 33.43
170 01.01

381
376
1251
1195
809
0
508
1000
1013
518
514
521
813
1013
0
867
868
1288
1287
1266
1278
771
727
815
1760
0

390
380
1268
1202
857
980
560
1150
1340
531
536
539
1000
1350
1100
869
872
1294
1289
1270
1287
772
735
867
1789
1975

72
21
21
11
11
82
21
21
10
10
72
13
11
11
82
13
11
11
21
21
10
10
72
10
11
53

1

N DNDN NN DN

N R e

NN PRP R BREEREDNODN

0.56
1.05
1.29
1.87
231

121
1.23
161
1.06
0.35
1
1.14
1.7

0.47
2.43
2.8

0.99
3.04
0.03
0.1
1.26
2.6
6.6



Appendix 2: Preliminary analysis of NORFANZ rock samples

Prepared by N. Mortimer, H.J. Campbell & R.H. Herzer
Institute of Geological & Nuclear Sciences (GNS), New Zealand

Introduction

Although the main aims of the NORFANZ cruise were to sample biological specimens (Clark et
al. 2003), a considerable number of rock types from over 30 stations were sampled using various
trawls and sledges. Here we document the rock types recovered, provide some scientific context
and suggest what further work that can be done on them. All samples were initially examined and
classified by the authors at Te Papa in Wellington on 29 July 2003, then subsequently examined
in more detail in GNS laboratories.

Preliminary results

A total of 44 different rock samples were recovered from 31 stations using various trawls and
sledges (see Figure 1). Samples of all material have been lodged at GNS Lower Hutt and sets of
representative samples have been deposited with NIWA (Wellington), CSIRO Marine Sciences
(Hobart), and GeoScience Australia (Canberra).

NORFANZ rocks can be divided into four main groups: sedimentary rocks, volcanic rocks,
basement samples, and transported rocks. These are each treated below.

Sedimentary rocks: Hard, cemented, varitextured bioclastic limestones containing a rich
diversity of macrofauna and/or Foraminifera (forams), were obtained from stations 9, 126, 130,
132 (Reinga Ridge), 24, 29, 34 (Norfolk Island area), 55, 58, 60, 85 (Lord Howe Rise) and 142,
145 and 155 (West Norfolk Ridge-Wanganella Bank area).

Phosphatised limestones, of possibly older geological age than the unphosphatised ones, were
recovered from stations 12, 13 (South of Norfolk Island), 97, 99 (West Norfolk Ridge-
Wanganella Bank area) and 130 (Reinga Ridge).

Softish to moderately hard sandstones were obtained from stations 30, 34, 36 near Norfolk Island.
The sandstones are mainly volcaniclastic and an origin associated with the Pliocene volcanics of
Norfolk Island (Jones & McDougall 1973) is likely. A soft, grey-white clay was obtained from
station 142 in the West Norfolk Ridge-Wanganella Bank area. Breccias and conglomerates are
discussed under volcanic rocks below.

Volcanic rocks: Volcanic and coarse volcaniclastic rocks were obtained from stations 5 (Reinga
Ridge), 32 (Norfolk Island area), 49, 52, 55, 57, 58 (Middleton Reef area) and 85 (Lord Howe
Rise).

Station 5 is about 60 km west of the Three Kings Islands. The hard, unweathered sample of lava
recovered from there is an olivine-clinopyroxene-plagioclase basaltic to andesitic lava (Figure
2A) in which secondary chlorite and quartz are present. The rock is from the main New Zealand
continental shelf. Possible correlatives are with the Mt Camel Volcanics of the Three Kings
Islands, the Tangihua Complex, or (perhaps less likely) Miocene arc lavas (see Mortimer et al.
1998).

The station 32 olivine basalt is probably related to the Pliocene intraplate alkaline lavas exposed
on Norfolk Island (Jones & McDougall 1973).

The lavas from stations 49 to 58 near Middleton Reef are variably weathered but include some
very fresh samples. The station 58 sample is an altered volcanic breccia with foram limestone
matrix (Figure 2B); other stations gave only lava samples. Lavas appear aphyric in hand specimen
but thin sections show very rare (<0.5%) olivine phenocrysts (e.g., Figure 2C). Probably the lavas



are trachybasalts or trachyandesites. Middleton Reef and the nearby seamount sampled apparently
lie on the Lord Howe volcanic hotspot track, the eruptive age of which is predicted to increase to
the north. Lord Howe Island lavas have beed K-Ar dated at 7 Ma and Middleton Reef lavas are
predicted to be 10-11 Ma in age (McDougall et al. 1981, McDougall & Duncan 1988). No lavas
are exposed on the surficial part of Middleton Reef proper and, to our knowledge, the NORFANZ
samples are the first lavas to be obtained anywhere on the northern trace of the Lord Howe
seamount chain.

A large sample of zeolite-cemented, moderately sorted, red volcanic breccia was obtained from
station 85 on the Lord Howe Rise. Clasts are dominated by altered olivine basalt (Figure 2D).
Volcanic seamounts are known to be scattered over the Rise (Bentz 1974) and alkaline intraplate
olivine basalt and breccias, broadly similar to the NORFANZ station 85 rock, have been dredged
from the nearby ORSTOM site GO357 (Figure 1) (Monzier & Vallot 1983, Mortimer in press).

Basement samples: Approximately 5% of the fragments in the station 85 breccia are of non-
volcanic origin and consist of quartzofeldspathic, muscovite-bearing greywacke, low grade
greyschist (Figure 2D; probably a metamorphosed variety of the greywacke), siliceous volcanic
rocks, hornfelsed limestones, quartz vein chips and altered -cataclasites (provisional
identifications). The largest fragment is only about 5 mm across. One breccia clast is composed of
both olivine basalt and exotic rock so it is probable that all of the metasedimentary and siliceous
rocks were entrained as xenoliths in an erupting lava flow and were subsequently incorporated in
the breccia.

The Lord Howe Rise alkali basalt from site GO357 also contains basement xenoliths, in that case
a gabbro (Mortimer in press).

Transported rocks: It is likely that all the aforementioned rocks were in situ samples of seafloor
bedrock. This is not the case for the pumice and coal samples.

Pumice was recovered at stations 30, 34, 36 (near Norfolk Island), 71, 77, 78, 91 (Lord Howe
Rise) 102 (Wanganella Bank) and 130 (Reinga Ridge). In all these cases, the pumice is fresh and
glassy but seamounts are known to be extinct. The pumice is therefore not of local origin but
probably derived from eruptions many hundreds or thousands of kilometres distant.

Two small samples of bituminous coal were obtained at stations 82 and 102. Carbonaceous
mudstones, accompanied by sandstone, have previously been recovered from the West Norfolk
Ridge (Herzer et al. 1999), a few tens of kilometres SW of station 102 (Figure 1). However, the
total lack of any other obviously in situ rock types (e.g., other sedimentary rocks) at either
NORFANZ station leads to the likelihood that in both cases the coal is not in place but was ship-
derived.

Further work

GNS will undertake thin sectioning and basic petrologic characterisation (e.g., X-ray fluorescence
analyses) of the lavas obtained from near Middleton Reef and Norfolk Island. International
collaborators, including Australian GeoSciences, will be needed to extend the lava studies to
include Ar-Ar radiometric dating and Sr, Nd, and Pb tracer isotopic studies. This detailed work
will be necessary to test the Lord Howe hotspot age predictions for the Middleton Reef area.

The basement rock clasts in the station 85 volcanic breccia are very small and it is uncertain just
how much petrologic and dating work can be done on such a limited quantity of material. GNS is
about to commence a targeted study of basement correlations between New Zealand and
Queensland, and will further assess the station 85 material as part of this work.

The limestones obtained from the NORFANZ cruise will be sectioned and divided between GNS
and Australian paleontologists, according to taxon specialty.



Conclusions
The NORFANZ voyage has recovered three very important sets of rock.

1) Shallow water, fossiliferous limestones from a wide area on the Reinga and Norfolk
Ridges and on the Lord Howe Rise. Dating and paleoenvironmental analysis of these
limestones will contribute to a new subsidence history for the ridges of the SW Pacific
Ocean, with implications for land bridges, island chains, and faunal and floral migration
between Australia, New Caledonia and New Zealand.

2) The first sampling of lavas from the Lord Howe Seamount Chain, bar those from Lord
Howe Island itself. If global plate tectonic models of fixed mantle hotspots are correct,
the Middleton Reef lavas should have ages of 10-11 Ma. The lava from station 32 is
probably related to the Norfolk Island hotspot.

3) Only the third sampling of basement rock of the Lord Howe Rise. Earlier samples of
gabbro xenoliths (GO357) and rhyolite (DSDP207) are igneous rocks probably related to
the Cretaceous breakup of Gondwana (McDougall & van der Lingen 1974, Mortimer in
press). The station 85 xenoliths are much more diverse and potentially provide critical
information on the pre-Cretaceous basement terranes, which cut obliquely across the
Lord Howe Rise and Dampier Ridge between New Zealand and Queensland (McDougall
etal. 1994).

Despite the high scientific value of the samples, we do not believe they have any implications for
the extension of Australian or New Zealand Exclusive Economic Zones. They do not alter any
previous interpretations of the location and extent of continental crust or of intraplate volcanic
seamounts.
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Figure 1. Map showing location of the NORFANZ rock samples (large black dots, with station numbers) in
relation to other offshore samples (small black dots). Also shown are approximate positions of Tasman Sea
hotspot volcano tracks.

DSDP207

Figure 2. Thin section images of selected NORFANZ rocks. A. Station 5 basaltic andesite (GNS P69767) showing
phenocrysts of olivine (altered), and plagioclase and clinopyroxene (both fresh). B. Middleton Reef area volcanic
breccia (station 58, P69776) showing highly vesicular and altered volcanic fragments set in fine-grained
limestone matrix. Note forams in matrix near top right corner. C. Middleton Reef area trachybasalt (station 49,
P69772) with rare (fresh) olivine phenocryst. D. Lord Howe Rise volcanic breccia (station 85, P69782) showing
schist fragment (rounded, left hand side of image) that was probably entrained as a xenolith in the erupted
lavas. All images width of view 3mm, taken in plane polarised light.
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Appendix 5: Voyage report from NORFANZ. Note that Station and catch data
appendices have been excluded as they are updated in the main report.
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EXECUTIVE SUMMARY

A survey of the biodiversity of fishes and benthic invertebrates was carried out on the Lord Howe Rise
and Norfolk Ridge in May-June 2003. The “NORFANZ” programme has principal objectives to
survey, sample and document the marine biodiversity from seamounts and slopes on the Norfolk Ridge
and Lord Howe Rise, to support biosystematics research projects, to assess the faunal uniqueness and
conservation value, and to relate observed distribution patterns with measured biological and physical
parameters.

An international team of scientists was involved in the 4 week long survey on the NIWA research
vessel Tangaroa. Fourteen seamount and slope sites were sampled, 10 on the Norfolk Ridge, and 4 on
the Lord Howe Rise. A total of 168 stations were completed, consisting of 144 trawl-sled-dredge shots,
15 casts to measure oceanographic conditions, and 9 camera drops to photograph fauna on the
seafloor. Trawl depths ranged from less than 100 m to over 2000 m. A mixture of gear was used,
including bottom trawls, a midwater trawl, beam trawl, epibenthic sleds, rock and pipe dredges.

Over 500 fish species, and 1300 macro-invertebrate species, were provisionally identified onboard.
This is regarded as a minimum estimate of biodiversity, as sampling intensity on individual seamounts
was not sufficient to measure the complete faunal composition. About 20% of the fish species are
likely to be either new records for the region, or new to science. It may take researchers around the
world several years to examine fully the material, especially the invertebrates, and describe the
unknown species.

There were a number of special features of the survey that contributed to its success. There was a very
high level of collaboration and cooperation between the New Zealand and Australian funding agencies,
and all the scientific institutes and museums. The team of international scientists covered a wide range
of skills and experience, and this enabled a lot to be achieved during the survey. The variety of gear
types deployed during the survey were able to sample different components of the fauna, and will
contribute to a better understanding of the structure of the benthic community. The multibeam system
used by Tangaroa enabled bathymetry and bottom type to be rapidly assessed, and was a valuable aid
to planning the trawling. Photographs were taken of every species caught, and used as a reference
guide throughout the survey to ensure accuracy and consistency of identifications. Overall, there were
very strong and productive synergies developed between scientists from various disciplines, and this
was coupled with the experience of the officers and crew, to produce an excellent survey result.
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OBJECTIVES:

Programme objectives:

1)

2)

3)

4)

To survey, sample and document the marine biodiversity and environmental data from seamounts
and slopes on the Norfolk Ridge and Lord Howe Rise to a depth of at least 1500m depth.

To preserve samples of fishes and invertebrates and hold these in accessible curated museum
collections to support biosystematics research projects;

To provide specimens to support projects which research their identity, diversity, relationships,
distributions, and assess its uniqueness and conservation value.

To correlate observed distribution patterns, especially diversity hotspots and pockets of
endemism, with measured biological and physical parameters.

Survey objectives

1)

2)

3)
4)

5)

6)

7)

8)

9)

To collect fishes and invertebrates from seamounts and slopes of the Norfolk Ridge and Lord
Howe Rise, using trawls and benthic sleds.

To identify collected fauna on board to the highest taxonomic resolution possible, and record
species composition, location and other data on a database.

To compile a photographic record of all fish and macro-invertebrate species caught.
To preserve specimens of the fauna for later identification or more detailed scientific study.

To collect tissue samples from selected taxa for genetic studies to aid taxonomic identification
and understanding of stock relationships.

To collect hydrographic data, by regular deployment of conductivity-temperature-depth and
sound-velocity instruments.

To record a bathymetric profile of seamounts where practicable, by use of Tangaroa’s EM300
multi-beam echo-sounder.

To collect sediment and rock samples for examination of microfauna, and later analysis.

To collect photographic data of the benthic fauna in situ by deployment of underwater camera
equipment.



BACKGROUND:

The Norfolk Ridge and Lord Howe Rise are prominent bathymetric features of the Tasman Sea region
between New Zealand and Australia. They once formed part of the old coastline of Gondwanaland,
and have since existed in one form or another for over 70 million years. The ridges include
considerable areas of relatively shallow seabed, comprising chains of seamounts and plateaus rising to
depths of 200-1200 m below the sea surface. Limited biodiversity research has shown that in some
localities the Norfolk Ridge supports marine communities that are particularly rich and diverse,
characterised by high levels of endemism, and support a remarkably high number of species and
genera that are new to science. Some of these are likely to be ancient taxa. Age and growth studies
have shown that these complex yet fragile communities are dominated by long-lived species, some
attaining ages of well over 100 years. Known distribution patterns indicate that some rare and endemic
species are confined to individual seamounts, while others may be distributed more widely, perhaps
representing a “biological highway” connecting New Zealand and New Caledonia. Commercial fishing
interest and activity on these seamounts is increasing, and heavy bottom trawls risk damaging or
destroying benthic communities. There is increasing interest in oil and mineral extraction, which also
has the potential to damage these communities.

The Norfolk Ridge runs through the EEZs of three countries (Australia, New Zealand and New
Caledonia), with some areas occurring in international waters. The NORFANZ project has received
strong support from the New Zealand and Australian government departments, and was well supported
by specialist scientists from these countries, plus France and the U.S.A.

This project contributes to objectives of New Zealand's Biodiversity Strategy, and conservation
assessment and regional marine planning under Australia’s Oceans Policy. Research based on data
generated by the survey will provide a major increase in our knowledge of marine biodiversity in this
region of the Tasman Sea. The project will for the first time provide baseline biodiversity data for the
most diverse habitats along the Norfolk Ridge, including the high priority, species rich, seamounts at
depths of around 200-1500 m. Identification keys, species descriptions, and accurate names for fishes
and invertebrates will be assembled based on these collections. These outputs will improve our
understanding and underpin the sustainable management and conservation of these fragile
communities. Results will be published in scientific journals and popular articles, and it is anticipated
that key discoveries will be displayed in museum biodiversity exhibitions in New Zealand, Australia
and France.

SURVEY DESIGN AND METHODS

Survey area

The survey covered 14 seamount and slope sites in the general region of the Norfolk Ridge and Lord
Howe Rise (see Figure). Several positions were changed from the original schedule, where either
features were not present as charted, or where a slightly different geographical distribution was
appropriate.



Region Site number Latitude S Longitude E

S. Norfolk Ridge 2 3407 171 36'
3 3322 170 11

N. Norfolk Ridge 4 3011 167 28'
5 28 49' 167 35'

6 26 25' 167 09'

Lord Howe Rise 7 29 13 159 01’
8 31 46' 159 15'

Lord Howe Plateau 9 32 40' 162 33'
10 3412 162 39'

W. Norfolk Ridge 11 33 46' 167 18'
12 3419 168 24"

13 34 35' 168 56'

14 3511 169 31'

15 32 36’ 167 35’

Depth strata
Seamount and slope sites were sampled in three main depth strata, from the peak to 1500 m.

(1) 0-500m
(2) 500-1000 m
(3) 1000-1500 m

At least 2 stations were completed per depth stratum.

Sampling at greater depths (to 2000 m) was carried out on 5 occasions, where time and conditions
allowed.

Sampling methods

At each site, several methods were applied. Two types (“fish” and “benthic”) were carried out on all
occasions, with other sampling methods used at times.

The first routine sampling method was a NIWA rough-bottom orange roughy trawl, which was used
consistently on all seamounts, with 3 trawls per seamount (where the depth range was appropriate).
This enables comparison both within, and between, seamounts. This gear predominantly sampled large
demersal fishes.

The second method employed one or more of a number of gear types, designed to sample the smaller
demersal fishes and benthic invertebrate fauna. This included 2 types of epibenthic sled, a full wing-
trawl, and beam trawl. The gear used varied between shots, as it was intended to increase the range of
biodiversity sampled rather than provide comparative data.



A midwater trawl was shot on several occasions, at depths greater than 1000 m. Originally it was
intended that this would occur between each seamount site, but there was not enough time for this to
happen. Cone nets were also deployed off the wing-ends of the rough-bottom trawl.

Photographic transects

A camera system mounted on the headline of the trawl net (CSIRO’s PhotoSea system) was used on a
number of trawl shots. The self-contained system took 35 mm photographic slides at short pre-
determined intervals as the net moved along the seabed. Films were processed on board immediately
after each shot, and a selection of individual images digitized to evaluate habitats.

In addition, specific photographic transects were carried out on most seamounts. The NIWA Benthos
camera system was mounted in a rigid protective frame, and towed slowly along the transect at a
height of about 2—3 m above the bottom, and activated with the use of a bottom weight trigger.

Following difficulties with the headline system (the frame was badly damaged during a tow where
much of one net was lost), and problems with charging batteries for the Benthos camera, the PhotoSea
was mounted in the Benthos frame for the camera transects.

Biological sampling

The catch from each tow was sorted by species, identified, and weighed on motion-compensated scales
where possible. More detailed measurements (e.g. individual weight, length) were made on some
commercial species where appropriate (e.g. orange roughy, warty oreo, southern boarfish, bluenose).
Much of the catch was retained (most fixed onboard, some frozen) for further taxonomic work
onshore.

Photographs were taken of each species, and a working guide to the fish and macro-invertebrate fauna
compiled onboard to ensure consistent identification and naming of specimens.

Station data were entered into Tangaroa’s Trawl Coordinator system for each trawl, photographic, or
sled shot. Catch information was compiled on special NORFANZ forms for compilation and entry into
the central database. The database allowed full integration of the variety of data being collected during
the survey.

Database recording

Datasets describing physical and environmental details, catches, specimens, tissue samples and
photographs were maintained. Data were generally recorded in various logs kept by the scientific
staff, then transcribed onto forms for keyboard data entry into relational database tables. These data
then underwent a variety of validation checks, with summaries being made available to scientific staff
to reconcile with their information before the final version was saved.

During discussions between Australian and New Zealand staff prior to the survey it was agreed that the
Australian CAAB codes would be more appropriate for a survey of this nature than the NIWA species
codes. A custom form for recording catch and specimen information, as well as specimen allocation,
was designed and printed for the survey. A further form was designed during the survey to record



various tissue samples being taken. Fish and invertebrate photograph databases were maintained
independently.

More detailed notes on database table structures and content have been prepared to accompany any
copies of the database or extracts from it.

Genetic sampling

Tissue samples and whole specimens were collected and preserved from a variety of fish and
invertebrate species. Specimens were dissected and tissues stored in ethanol. The whole specimens for
genetic studies were generally frozen. Tissue samples were coded to cross-reference with the original
specimens which were routinely preserved in formalin.

Bathymetry

The study areas were generally surveyed first with the EM 300 multi-beam swath system. This
provided detailed and highly accurate bathymetric data for each seamount, as well as information on
how hard the bottom was. Depth and positional data were also logged using “Seaplot”. An SVP
(sound-velocity profile) and CTD (conductivity-temperature-depth) cast was made in the vicinity of
each seamount. The Tangaroa’s Acoustic Doppler Current-Profiler (ADCP) was also run continuously
during the survey.

Sampling operations
At each seamount, we applied a similar survey sequence:

6) At depths of 1000-1200 m, an SVP-CTD drop was completed. This was important for the accuracy
of the multi-beam data, and also gave data on water mass characteristics near each site.

7) A multi-beam survey of bathymetry of the seamount was carried out in the areas to be sampled.
Initial station location was determined by a random direction from the peak of the seamount, and
targetting depths of 250 m, 750 m, and 1200 m, towards the middle of the 3 depth strata
boundaries. Multibeam information was also used to identify trawlable ground, and to direct
sampling where possible to span soft and hard bottom (heavy and light reflectivity).

8) The trawling/sled sequence depended upon the nature of the bottom, and trawl gear rigged at the
time. Tow duration times depended upon the bottom, but where possible: Rough-bottom orange
roughy and ratcatcher trawl duration was 30-60 minutes on the bottom in each depth stratum.
Sherman/NIWA sled/ beam trawl duration was 15-30 minutes.

9) Fish trawl and benthic sampling methods were generally carried out close together. On several
occasions, ORH trawl, ratcatcher, and beam trawl tows were completed alongside each other to
enable some comparison in the selectivity of each gear type. Where more than 2 tows were possible
in each stratum, a combination of gear types was used to sample the range of biodiversity.

10) A vertical camera drop was carried out on most seamounts. This was generally done on the summit
of the seamount.

Figure 1 shows some of the gear types used during NORFANZ.



RESULTS

Voyage timetable and narrative

May 8
May 9
May 10
May 11
May 12

May 13

May 14
May 15

May 16
May 17

May 18

May 19
May 20

May 21
May 22
May 23
May 24

May 25

Loading gear on vessel

Complete loading gear on vessel. Sail 2000.

Transit up west coast North Island towards Site 2.

Arrive Site 2, 3 ORH trawls, CTD, 1 Sherman, small catches.
Continue Site 2, 4 Sherman tows. Steam towards Site 4, do
midwater trawl at 1200 m in transit.

CTD at Site 4, search for seamount feature on bathy chart, but
doesn’t exist. Move to new site. Bottom is rough, lose a NIWA
sled, 1 Sherman shot came fast.

Continue Site 4. 2 Sherman, head NE towards Norfolk Plateau, 3
ORH, 2 beam, 2 pipe dredge shots

Midwater shot to 1200 m, steam to Site 5. Shallow top plateau,
good beam trawls, plus 3 ORH, SVP.

Continue Site 5 with ORH, beam and rock dredge tows. CTD.
Complete Site 5, steam to Site 6, repair ORH and beam trawl
nets. CTD, 2 Sherman, 1 ORH trawl. Weather 30-35 kn.
Sherman, beam, ORH trawl complete Site 6, good camera drop.
Steam for Lord Howe Rise, deep midwater shot 2000 m.

Deep ratcatcher shot (1700 m), no catch

Deep ratcatcher (1500 m) good catch. Site 7 is rough, so swath
extensively before fishing. CTD, 1 Sherman, some damage.

3 Sherman, 2 NIWA, 4 ORH tows, come fast often, lose ORH net
and bobbin rig. Camera drop on top of seamount.

Exchange some scientific staff at Lord Howe. Steam to Balls
Pyramid Site 8. 2 Sherman tows, lots of coral and sponge. CTD.

4 ORH trawls, no trawlable ground >1000 m, 3 Sherman tows,
CTD. Very diverse catches. Steam east towards Site 9.

Ratcatcher 1900 m. Arrive Site 9, gradual slope on flanks of Lord
Howe Plateau. 2 ratcatcher,1 ORH, 1 beam, and CTD drop.
Complete 2 beam, 1 ORH, 1 ratcatcher at Site 9, head for Site 10.



Figure 1: A selection of the fish trawls, beam
trawl, epibenthic sled, and CTD equipment
used during NORFANZ.



May 26 Site 10 bathymetry complex, swath extensively as many small
volcanic cones.3 ORH trawls, 2 Sherman, 1 beam, 2 ratcatcher.

May 27 Steam for Site 11, southern Wanganella Bank. 4 trawls.

May 28 Continue Site 11, 3 ORH (2 fast), 1 ratcatcher, 1 beam, 2
Sherman tows.

May 29 Beam trawl and CTD to complete 11, head to Site 15 on northern
Wanganella Bank. Good bottom, 3 ratcatcher, 3 beam, CTD.

May 30 Site 15 gives diverse catches and because of central location, is

sampled more intensively. 4 ratcatcher, 2 pipe, 3 ORH, 1 beam
trawl. Pufferfish, snipefish, redbait shallow. Lots of rattails.

May 31 Complete Site 15 with camera drop and ratcatcher. Steam to Site
3, CTD.2 Sherman, 1 ORH, camera drop.

June 1 Hard bottom. 3 ORH, 3 Sherman, 1 beam, camera drop.

June 2 Site 12, CTD, then swath a long narrow ridge. 4 ORH trawls (1
fast), 1 beam, 3 Sherman, camera drop on top in rough.

June 3 Complete 2 ratcatcher shots, short steam to Site 13. CTD, 2

Sherman tows, 2 ORH. Catch of boarfish and alfonsino. Good
camera drop, and beam trawl with large sponges.

June 4 2 ratcatcher tows complete Site 13, steam to Site 14. CTD, 1
beam, 2 ratcatcher,2 Sherman, 1 ORH trawl shot.
June 5 Rip belly of ORH trawl, do camera drop, then final ORH tow at

Site 14. Deep ratcatcher (1770 m), and deep (2000 m) midwater
trawl shots to finish the survey.

June 6 Transit to Wellington

June 7 Arrive Wellington. Begin unloading vessel.

The total distance covered Wellington-Wellington was over 9000 km. A fuller description of daily
events was recorded for the “Daily Diary” posted on the NOO website. Please refer to:
WWWw.0ceans.gov.au/norfanz

Survey area

The survey covered parts of the Reinga Ridge, southern and central regions of the Norfolk Ridge,
central areas of the Lord Howe Rise, and the West Norfolk Ridge (Figure 2). A total of 14 sites was
sampled, comprising seamounts/banks (sites 6, 7, 8, 11, 12, 13, 14, 15), slope areas (sites 2, 9, 10), and
a combination of both (sites 3, 4, 5). Summit depths of these features ranged from 40 m to 850 m.



Sampling

The total number of stations completed was 168. These comprised:

No % of total % of biological

Orange roughy trawl 48 29 35

Ratcatcher trawl 27 16 19

Midwater trawl 4 2 3

Epibenthic sled Sherman 36 21 26

NIWA 3 2 2

Beam trawl 21 13 15
Pipe dredge 4 2
Rock dredge 1 1
CTD/SVP 15 9
Camera drops 9 5

Details of these stations, including location, time, depth range and distance are given in Table 1. Their
positions are plotted in Figure 3.

Trawl stations

A total of 132 bottom shots was completed at the 14 sites, using either the orange roughy trawl,
ratcatcher, beam trawl, or sled. These were fairly evenly distributed between depth strata, although
several sites did not rise to less than 500 m (Table 2). The bottom was very rough and hard at some
sites, making trawling difficult. The trawl nets often snagged on the bottom, or were ripped. This was
indicated by a gear performance of 3 or 4 in Table 1, and occurred on 24 occasions. These tows still
generally had a catch, and were therefore acceptable for species composition, but not for catch rate
analyses.

Additional bottom trawl shots were carried out on 3 occasions in deeper water (1530 m-1930 m)
between sites. Four deep midwater trawl shots (1200 m—2000 m) were also completed.

Onboard, 590 fish species were provisionally identified. These are listed in Table 3, together with total
number, weight, and frequency of occurrence. The fish catch amounted to 12 700 kg, with the dogfish
Deania cf. calcea, slickhead Rouleina attrita, and boarfish Pseudopentaceros richardsoni each
contributing over 1 000 kg. However, the species most frequently caught (in 31 tows) was the
basketwork eel Diastobranchus capensis.

The invertebrate catch could not be identified as well onboard. The high diversity of groups caught, the
small size of many species (requiring very careful microscope examination), and the poor knowledge
of invertebrate taxonomy in deepwater, made classification to species groups difficult. Over 1300
“species” were separated onboard, and a further several hundred have since been sorted from sediment
samples taken during the survey. At this stage, only a list of invertebrate family groups is provided
(Table 4), together with their frequency of occurrence. Numbers have not been included, as this is not
meaningful when there are colonial forms, or large numbers of very small individuals which were not
counted. A large number of families of Porifera (sponges), Cnidaria (corals), Mollusca (including
squids), Echinodermata (starfish, urchins), and Crustacea (crabs and prawns) were caught. Crustaceans
(especially a number of prawn families) were frequently taken, occurring in over 40 tows.



The fish and invertebrate material is currently being sorted further at a number of institutes, and will be
described in greater detail in future reports.
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Figure 2: Cruise track and location of sampling sites during the survey.
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Figure 3: Position and number of sample tows carried out during the survey. Refer to Table 1 for more details.



Tissue samples were taken from a wide range of invertebrate and fish species for more detailed genetic
study to assist taxonomic separation, as well as for studies of stock structure and dispersal.

Rock samples were also retained from trawl and sled catches, and kept for several institutes.

Specimen photographs

A photographic database was compiled onboard. The catch from a tow was sorted, and digital
photographs taken of each previously unrecorded species caught. Notes were added on distinctive
characteristics of the species. Thus, throughout the survey a comprehensive photographic reference
collection was built up of all the fish and invertebrate fauna taken. Hard copies were printed and
collated in folders to aid scientists when separating similar animals, and also to ensure consistency
between the two watches where different scientists were identifying the catch.

The fish and invertebrate photographs were assembled by taxonomic grouping, and the digital files
copied to CD. In addition, the fish photographs were loaded into an ACCESS database.

Examples of some of the specimen photography are given in Figure 4.

Camera stations

The headline camera unit (Figure 5) was regularly deployed with the orange roughy net during the first
half of the survey. On the second half, the frame was rebuilt after severe damage on tow 59. It required
several tows to get the angle of the unit, and the focal length set correctly, after which the camera gave
good information. The camera automatically fired at a preset interval (10—30 seconds) after nearing the
bottom. Useable photographs were obtained from 19 stations. These have not yet been examined in
detail, but should give data on bottom sediments and macro-benthic faunal composition. Examples of
the type of photographs obtained from the system are given in Figure 5.

The vertical-drop camera stations yielded higher resolution photographs. Nine drops were made, at
sites 3 (2 drops), 6, 7, 8, 12, 13, 14, and 15. The vessel drifted slowly during each drop, and transect
lengths ranged from 0.1 to 0.9 n.mile. The camera set-up, and examples of images, are given in Figure
6.

Bathymetry

Bathymetric data were collected from 3 sources during the survey:

(1) The Tangaroa’s EM 300 multibeam system ran almost continuously. Data were logged on transit
lines when  steaming  between sites, and given the settled weather, the



Figure 4: Examples of specimen preparation
and photography, together with the header page
of the photographic database.
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Figure 5: The headline camera unit deployed on the orange roughy trawl, and examples of photographs of the
sea floor and trawl net.



Figure 6: The drop-camera system, and examples of seafloor photographs.



data quality was acceptable at speeds up to 12-13 knots. A more detailed survey pattern at a speed of
about 8 knots was instituted at each site. The coverage varied between only a few transect lines where
the bottom was sloping gently and was relatively uniform, to a larger number if an entire seamount or
cluster of small pinnacles needed surveying.

The existing charts of the region proved to be adequate on a large scale, indicating the approximate
position of ridge or seamount structures. However, on the smaller scale of an individual feature, the
depth, size, and shape of a seamount were often poorly charted. The seafloor features were often hard,
rugged, and contorted, and the multibeam output proved essential to the success of fishing several of
the sites. The width of seafloor swept was 6 times the water depth, and so at 1000 m depth the
bathymetry was determined 3 km either side of the vessel. This enabled rapid evaluation of the shape
of the seabed. This information, combined with the backscatter intensity acting as an indicator of
substrate hardness, was used to plan trawling operations with less risk to the trawl gear. It also gave us
data on the type of sediment and habitat which may be used later in analyses of community structure.

Examples of the multibeam output are given in Figure 7, showing a true scale Digital Elevation Model
of Site 7, the backscatter imagery, and the location of various types of sampling on the seamount.

Bathymetric data were collected continuously from the vessel’s other echosounders, and logged in the
Tangaroa Data Acquisition System, filed in Seaplot software on the main navigation computer, and
acoustic data were downloaded from the Simrad ES60 sounder.

Oceanographic data were collected from 15 CTD/SVP casts. These were made at each site to calibrate
the multibeam system, and give data on the water mass characteristics.

Conclusions

The survey was very successful. The original plan to cover such a large area was ambitious, but was
achieved. The original plan of 6 tows per seamount at each of the 14 sites was often exceeded — a total
of 139 tows was completed with faunal sampling gear.

The diversity of fish and invertebrate fauna will not be fully known for several years to come. Samples
need to be examined, new species described and published, and taxa updated and revised. The
preliminary list including over 500 fish species and 1300 macro-invertebrates is high, but not
surprising. Many of these are either new records for the Tasman Sea area, New Zealand, Australia, or
completely new species to science.
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Figure 7: Multibeam maps
from Site 7, showing the relief,
the backscatter, and the
location of sampling.




There were several key factors that significantly contributed to the overall success of the survey:

e Collaboration: There was very strong, cooperation between all parties involved in NORFANZ.
The joint funding by MFish and NOO, and the shared scientific input from NIWA, CSIRO, and
the New Zealand and Australian universities and museums, saw unprecedented trans-Tasman
cooperation at political, managerial, and scientific levels. A strong international team of
specialists, including scientists from France and the USA was assembled, with a wide range of
skills and experience, that was openly shared.

e Range of sampling gear: A wide variety of gear types was deployed from Tangaroa during the
survey. Bottom trawls, a midwater trawl, a beam trawl, epibenthic sleds, rock and pipe dredges
each sampled different assemblages, and gave a much greater appreciation of faunal diversity
than would be gained from using just one or two types of gear. Camera drops to the seafloor,
and the headline camera unit further added to information on the nature of benthic habitats, and
instruments were deployed to sample the oceanographic characteristics. The research
cooperation extended to equipment sharing as well, and several institutes contributed expensive
trawls, sleds or camera gear, in the knowledge that they could be damaged or lost.

o Seafloor mapping: Multibeam data have commonly been used to determine bathymetry, and to
investigate geological structures. This was an important use of the swath data during
NORFANZ as well, but in addition, interpretation of backscatter with bathymetry enabled
successful trawling in rough terrain.

e Database development: Substantial effort by NIWA went into the establishment of onboard
databases. A completely new system was required for this type of survey, to capture catch
composition, and track the allocation of specimens to institutes. As well as the station-catch
data, a new database was established to hold the photographic record. The use of upgradable
photographic guides proved invaluable during the survey, providing an immediate record of
every fish and invertebrate species with fresh colouration, and ensuring consistency of
identification between different sites, scientists, and shifts. The sharing of ideas and methods
between staff on the survey also resulted in the entry of the fish images into a database to allow
rapid and easy searches to be made.

A short survey of this nature will not fully describe the biodiversity of the Norfolk Ridge and Lord
Howe Rise. However, it will provide an important overview of the fauna and its biogeographic
structure enabling more informed marine planning decisions to be taken. A preliminary examination of
the data suggests that the Norfolk Ridge and Lord Howe Rise elements of the fauna differ to an extent,
and may need to be managed as separate biogeographic units. Also, several seamounts appear to have
endemic elements. This survey and its outputs will also provide an invaluable biological and physical
baseline for generating hypotheses and for planning and conducting further surveys in the region.








