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Executive Summary

This report describes the results of a November 2002 survey to provide a baseline inventory of
native, non indigenous and cryptogenic marine species within the Port of Whangarei, located near
the city of Whangarei, and shipping terminals at Marsden Point operated by Northport and the New
Zedland Refining Company.

e The survey is part of a nationwide investigation of native and non-native marine
biodiversity in 13 international shipping ports and three marinas of first entry for yachts
entering New Zealand from overseas.

e Sampling methods used in these surveys were based on protocols developed by the
Australian Centre for Research on Introduced Marine Pests (CRIMP) for baseline surveys
of non-indigenous species in ports. Modifications were made to the CRIMP protocols for
use in New Zealand port conditions.

e A wide range of sampling techniques was used to collect marine organisms from habitats
within the two Whangarei Harbour facilities. Fouling assemblages were scraped from hard
substrata by divers, benthic assemblages were sampled using a sled and benthic grabs, and
a gravity corer was used to sample for dinoflagellate cysts. Mobile predators and
scavengers were sampled using baited fish, crab, starfish and shrimp traps.

e The distribution of sampling effort in the Port of Whangarei and Marsden Point facility
was designed to maximise the chances of detecting non-indigenous species and
concentrated on high-risk locations and habitats where non-indigenous species were most
likely to be found.

e Organisms collected during the survey were sent to local and international taxonomic
experts for identification.

e A total of 207 species or higher taxa was identified from the Whangarei Port and Marsden
Point survey. They consisted of 128 native species, 19 non-indigenous species, 38
cryptogenic species (those whose geographic origins are uncertain) and 22 species
indeterminata (taxa for which there is insufficient taxonomic or systematic information
available to allow identification to species level).

e Eighteen species of marine organisms collected from the two Whangarei Harbour
facilities have not previously been described from New Zealand waters. One of these was
a newly discovered non-indigenous species of bryozoan (Celleporaria sp.1). Fourteen of
the other 17 newly recorded species do not match existing taxonomic descriptions within
New Zealand or overseas and may be new to science.

e The 19 non-indigenous organisms described from the Port of Whangarei and Marsden
Point facility included representatives of six phyla. The non-indigenous species detected
(ordered aphabetically by phylum, class, order, family, genus and species) were:
(Annelida) Ficopomatus enigmaticus, Polydora hoplura, Pseudopolydora kempi and
Pseudopolydora paucibranchiata, (Bryozoa) Bugula flabellata, Bugula neritina, Bugula
stolonifera, Tricellaria inopinata, Cryptosula pallasiana, Celleporaria sp.1, Schizoporella
errata and Watersipora subtorquata, (Cnidaria) Obelia longissima, (Crustacea) Jassa
datteryi and Pyromaia tuberculata, (Mollusca) Crassostrea gigas and Theora lubrica,
(Porifera) Vosmaeropsis cf macera and Cliona celata.
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None of the species from the Whangarel Harbour is currently listed on the New Zealand
register of unwanted marine organisms. Resting cysts of the cryptogenic toxin-producing
dinoflagellate, Gymnodinium catenatum was recorded in sediment samples taken from
Marsden Point. G. catenatum is one of four toxic dinoflagellates listed on the Australian
ABWMAC list of unwanted marine pests.

Most non-indigenous species located in the Harbour are likely to have been introduced to
New Zealand accidentaly by international shipping. Approximately 69 % (13 of 19
species) of NIS in the Whangarei Harbour are likely to have been introduced in hull
fouling assemblages, 5 % via ballast water and 26 % could have been introduced by either
ballast water or hull fouling vectors.

The predominance of hull fouling species in the introduced biota of the Port of Whangarei
and Marsden Point facility (as opposed to ballast water introductions) is consistent with
findings from similar port baseline studies overseas.
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Introduced (non-indigenous) plants and animals are now recognised as one of the most
serious threats to the natural ecology of biological systems worldwide (Wilcove et al. 1998,
Mack et al. 2000). Growing international trade and trans-continental travel mean that humans
now intentionally and unintentionally transport a wide range of species outside their natural
biogeographic ranges to regions where they did not previously occur. A proportion of these
species are capable of causing serious harm to native biodiversity, industries and human
health. Recent studies suggest that coastal marine environments may be among the most
heavily invaded ecosystems, as a consequence of the long history of transport of marine
species by international shipping (Carlton and Geller 1993, Grosholz 2002). Ocean-going
vessels transport marine species in ballast water, in sea chests and other recesses in the hull
structure, and as fouling communities attached to submerged parts of their hulls (Carlton
1985, 1999, AMOG Consulting 2002, Coutts et al. 2003). These shipping transport
mechanisms have enabled hundreds of marine species to spread worldwide and establish
populations in shipping ports and coastal environments outside their natural range (Cohen and
Carlton 1995, Hewitt et al. 1999, Eldredge and Carlton 2002, L eppékoski et al. 2002).

Biosecurity” isimportant to all New Zealanders. New Zealand' s geographic isolation makes it
particularly vulnerable to marine introductions because more than 95 % of its trade in
commodities is transported by shipping, with several thousand international vessels arriving
and departing from more than 13 ports and recreational boat marinas of first entry (Inglis
2001). The country’s geographic remoteness also means that its marine biota and ecosystems
have evolved in relative isolation from other coastal ecosystems. New Zealand’ s marine biota
Is as unique and distinctive as its terrestrial biota, with large numbers of native marine species
occurring nowhere elsein the world.

The numbers, identity, distribution and impacts of non-indigenous species in New Zealand’s
marine environments are poorly known. A recent review of existing records suggested that by
1998, at least 148 species had been deliberately or accidentally introduced to New Zealand's
coastal waters, with around 90 % of these establishing permanent populations (Cranfield et al.
1998). To manage the risk from these and other non-indigenous species, better information is
needed on the current diversity and distribution of species present within New Zealand.

BIOLOGICAL BASELINE SURVEYSFOR NON-INDIGENOUSMARINE SPECIES

In 1997, the International Maritime Organisation (IMO) released guidelines for ballast water
management (Resolution A868-20) encouraging countries to undertake biological surveys of
port environments for potentially harmful non-indigenous aquatic species. As part of its
comprehensive five-year Biodiversity Strategy package on conservation, environment,
fisheries, and biosecurity released in 2000, the New Zealand Government funded a national
series of baseline surveys. These surveys aimed to determine the identity, prevalence and
distribution of native, cryptogenic and non-indigenous species in New Zealand's major
shipping ports and other high risk points of entry. The government department responsible for
biosecurity in the marine environment at the time, the New Zealand Ministry of Fisheries
(MFish), commissioned NIWA to undertake biological baseline surveysin 13 ports and three
marinas that are first ports of entry for vessels entering New Zealand from overseas (Fig. 1).
Marine biosecurity functions are now vested in Biosecurity New Zealand.

! Biosecurity is the management of risks posed by introduced species to environmental, economic, social, and cultural values.
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Figure1: Commercial shipping ports in New Zealand where baseline non-
indigenous species surveys have been conducted. Group 1 ports surveyed
in the summer of 2001/2002 are indicated in bold and group 2 ports
surveyed in the summer of 2002/2003 are indicated in plain font. Marinas
were also surveyed for NIS in Auckland, Opua and Whangare in
2002/2003.

The port surveys have two principal objectives:

I To provide a baseline assessment of native, non-indigenous and cryptogenic? species,
and

ii. To determine the distribution and relative abundance of a limited number of target
species in shipping ports and other high risk points of entry for non-indigenous marine
Species.

The surveys will form a baseline for future monitoring of new incursions by non-indigenous
marine species in port environments nationwide, and will assist international risk profiling of
problem species through the sharing of information with other shipping nations.

This report summarises the results of the Whangarel Harbour survey and provides an
inventory of species present in Whangarel Port and at Marsden Point. It identifies and
categorises native, introduced (“non-indigenous’) and cryptogenic species. Organisms that
could not be identified to specieslevel are also listed as species indeterminata.

DESCRIPTION OF PORT WHANGAREI AND MARSDEN POINT

Whangarei Harbour is alarge drowned river estuary situated in Northland on the east coast of
the North Auckland peninsula (Fig. 1). There are three ports within the confines of the

2“Cryptogenic:” species are species whose geographic origins are uncertain (Carlton 1996).
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harbour: Marsden Point, Portland Cement Terminal and Port Whangarei. Port Whangarel is
located immediately south of Kissing Point in the upper Whangarei Harbour, while Marsden
Point is situated at the south-east mouth of the harbour (Fig. 2). These facilities are the most
northern multi-purpose ports in New Zealand and the closest ports to the majority of New
Zedand's international markets. Portland has one jetty which serves the Golden Bay Cement
Company cement works. Currently one specialised bulk cement vessel uses this facility on a
regular basis (www.northport.co.nz).
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Figure 2: Whangarel Harbour map

PORT WHANGAREI AND MARSDEN POINT OPERATIONS AND SHIPPING
MOVEMENTS

NorthPort Ltd is the port operating company for the ports of Whangarei and Marsden Point,
and is jointly owned by Northland Port Corporation and Port of Tauranga on a 50/50 basis
(www.northport.co.nz). Whangarei Port and Marsden Point both serve as a major
export/import hub for the forestry, horticulture and agricultural sectors of the region, and a
wide variety of cargoes can be handled at each facility. These include: coal, clinker, bagged
cement, bulk fertiliser, gypsum, kiwifruit, logs, meat, veneer, triboard, and woodchip. Port
Whangarei is served by road and rail whilst Marsden Point is a deep water port served by a
road connection.

Port Whangarei (35°45'S, 174°21'E) (Fig. 3) was largely developed during the 1920's to
1940's, and is currently a commercial port for cargoes other than those handled at Marsden
Point. The three main berths are constructed of reinforced concrete pilings with wooden
fenders. Details of the berthing facilities available in the Port of Whangarel are also provided
in Table 1. Port Whangarei is running out of space to dispose of dredgings needed to keep the
wharf basin and upper harbour channel deep enough for cargo vessels and the wharves are
ageing and do not have the load-bearing strength required for modern, efficient cargo-
handling machinery. In addition, the berthing basin and channel are too small to service the
larger ships now needed for the export trade. Hence, it is anticipated that further devel opment
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of the Marsden Point facility will replace the requirement for this facility when NorthPort’s
lease expiresin 2007.
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Figure 3: Whangarel Harbour: Whangarei Port map

Marsden Point (35°50'S, 174°30'E) (Fig. 4) has two il jetties which serve the New Zealand
Refining Company. Northport Ltd owns a three berth port facility at Marsden Point up
harbour of the two oil jetties, together with adjacent backup land. Construction on NorthPort’s
Marsden Point facility first commenced in 2000, and is on-going. Although primarily for the
export of forest products, the terminal is a flexible facility catering for large multi-purpose
vessels (www.horthport.co.nz) and has a turning basin of 45 ha. Vessels of greater than 180m
LOA and/or greater than 10m draft may be restricted to slack water arrivals or sailings at
Marsden Point. The main berths are comprised of a reinforced concrete deck on top-driven
steel pipe piles and 30 m deep rear retaining wall of 23 m long tie-back anchors and
continuous 7.5 m deep deadman (www.fcc.co.nz/project/80). The multipurpose wharf is an
old structure from the 1960’ s (originally associated with the Marsden Point Oil Refinery) with
reinforced concrete pilings and wooden fenders. Details of the berthing facilities available at
Marsden Point are provided in Table 1.

Recent analyses of shipping arrivals to Marsden Point and Port Whangarei show that these
two facilities received a combined 226 international ship visits during 2002/2003 (180
merchant, 40 pleasure, three fishing, two passenger, and one barge/tug vessels). Half of the
commercia vessels entering Marsden Point during 2002/2003 arrived from Australia (50%).
Other major vessel sources include the north-west Pacific (23%), and 5% each from the east
Asia and the south Pacific (Campbell 2004). During the same period, most vessels entering
Port Whangarel arrived from the north-west Pacific (39 %), the south Pacific (18 %),
Australia (12 %), east Asian (9 %), and Arabian seas(4 %) (Campbell 2004). In both facilities,
14 % of vessels arrived from unresolved locations. 1n 1998, Port Whangarei handled 600,000
tonnes of logs and forestry products alone, with this expected to rise to 2.4 million tonnes in
2004 (with a larger proportion of this forestry trade moving to Marsden Point), with a
capacity of 2.8 million tonnes with the full development of the Marsden Point deepwater port
(www.northlandportcorp.co.nz).
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Figure4: Whangarel Harbour: Marsden Point map

For large vessels anchoring outside of Port Whangarei and Marsden Point and awaiting
pilotage, there is an anchoring position one mile east-south-east of the fairway buoy
(35°53.24'S, 174°33.15'E). With the exception of the bulk cement vessel trading to Portland,
all vessels 100 GRT or over have compulsory pilotage.

Vessels are expected to comply with the Voluntary Controls on the Discharge of Ballast
Water in New Zealand (www.fish.govt.nz/sustainability/biosecurity/); vessels are requested to
exchange ballast water in mid-ocean (away from coastal influences) en route to New Zealand
and discharge only the exchanged water while in port. According to Inglis (2001), a total
volume of 294,656 m® of ballast water was discharged in the Port of Whangarei in 1999, with
the largest country-of-origin volumes of 66,087 m® from Japan, 26,218 m® from South Korea,
17,638 m*from Hong K ong, and 169,333 m® unspecified.

Within Whangarei Harbour, maintenance dredging of the main channel approaches in the
upper harbour adjacent to Port Whangarei requires the removal of up to 155,000 m® of spoil
per year. This material is pumped into NorthPort’ s dredge ponds at the rear of the port area by
cutter suction dredge (www.nrc.govt.nz/planning/documents/rcp22.pdf) and is planned to be
used for further reclamation development. Maintenance dredging of the lower harbour
channel isinfrequent, and methods for disposal vary.

The approach to the Marsden Point refinery jetties has a minimum depth of 14.7 m at chart
datum adjacent to Home Point south-east of Marsden Point. The minimum width of 190 m s
between No 3 and No. 6 buoys. Tidal streams are strongest in the area of No. 7 buoy (adjacent
to Home Point southeast of Marsden Point) where rates up to 3 knots may be experienced. For
vessels proceeding to NorthPort’s No 1 and No 2 Marsden Point cargo berths the controlling
depth is 12.6m at chart datum which is the dredged swinging basin off the berths. When
completed, this swinging basin will have a maximum width of 420m. For vessels proceeding
to NorthPort’s Marsden Point jetty berth, the controlling depth is 8.4m at chart datum. From
One Tree Point up to Port Whangarei the channel is shallower and narrower with a channel
minimum depth of 7.2 m. The minimum width for most of its length is 90 m. The minimum
charted depth to Portland is 4.6 m. Tidal streams at Port Whangarei are around 1 knot.
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In terms of future development, NorthPort Ltd is still developing its deep water general/bulk
cargo facility at Marsden Point. This is a 50:50 joint venture with the Port of Tauranga, with
the additional reclamation of 35 ha. With ever-increasing cargo volumes coming out of
Northland, and Port Whangarei unable to handle the large volumes of timber exports
expected, the decision was made in 1995 to commence development at Marsden Point when
initial resource consent applications were made. These applications were provisionally
granted resource consent in 1997 (www.nrc.govt.nz). Development of the new port is on-
going but the first two berths are operational and the resource consent process is underway for
additional berths to handle the balance of the existing business currently at Port Whangarei.
There is the potential for the Marsden Point facility to be equipped for large-scale container
traffic, which would provide Northland with a significant import/export alternative to
Auckland. For the land adjacent to the Marsden Point berthing facilities, there is development
of an industrial park, and also a proposal for a canal/residential development (Marsden Cove)
(www.northlandportcorp.co.nz) which, if it goes ahead would see an increase in recreational
vessel movements in the immediate area.

In terms of future expansion at Port Whangarei, a developer has recently purchased 85 ha on
Port Road, with plans to develop a “marine precinct” on the land with deep water access,
travel lift and extra berths for recreational vessels and super yachts, with marine servicing and
ship construction activities anticipated.

PHYSICAL ENVIRONMENT OF WHANGAREI HARBOUR

Whangarei Harbour is a large estuarine system, some 24 kilometres in length and 100 km? in
extent. It includes a diverse range of habitats including 54 km? of intertidal flats, 14 km? of
mangroves and 2 km? of saltmarsh. The main harbour channel enters from the open coast
between Marsden Point and Lort Point, with water depths of 15-31 m. The seafloor of the
harbour entrance and middle harbour are dominated by coarse sands and muddy sands. The
middle harbour is 4-5 km wide, with the main channel on the northern side, and extensive
intertidal flats to the south. The channel divides near Onerahi, with one arm going north along
the Hatea River channel, and the other going southeast into the Portland arm. From the 1920’ s
to the 1970's a major source of mud into the upper harbour was waste material from the
Portland cement works which were directly discharged into the Portland arm of the upper
harbour. The lower (south eastern end) of the harbour is generaly deeper, with wider
channels and small areas of intertidal flats. Sediments in this area of the harbour are mainly
fineemedium sands that have been deposited via the harbour entrance. Mean grain size
decreases up-harbour and away from the main channels, reflecting a decrease in dispersal
energy and current velocities (Millar 1980).

Whangarei Harbour has a mean tidal range of 1.7 m (neap tides) to 2.3 m (spring tides). The
residence times calculated for water masses in Whangarei Harbour range from 24 days in
winter to 120 days in summer. Residence times typically decrease with increasing freshwater
input into the harbour, although freshwater input is generally low due to the small size of the
surrounding catchment (Millar, 1980). Salinity increases up-harbour with only small vertical
variations, and the greatest salinity variations occur near the port area. During summer most
of the harbour is well mixed, while in winter the lower harbour is well mixed and the upper
harbour is partially mixed. High freshwater input causes a salt-wedge structure in the Port
Whangarei area and causes the lower harbour to become partially mixed. Current velocities
gradually decrease up-harbour from around 1 ms* at Marsden Point to 0.8 ms® at Limestone
Island (Millar 1980).
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EXISTING BIOLOGICAL INFORMATION

Over the last three decades a number of biological surveys have been carried out in
Whangarei Harbour, although none of these surveys has specifically focused on collecting
and identifying non-indigenous marine species. We briefly review these studies and their
findings below.

Bioresearches Ltd (1976) divided the harbour into seventeen zones based on the distribution
of dominant organisms, the nature of the surface sediment and the tidal height of the
substrate. For example they defined a “Macrophthalmus zone” as having abundant
Macrophthalmus hirtipes and an intertidal level ranging from low water neap to sub littoral
with soft sediments comprised of very fine sand and mud. The zone extends from below the
mangrove zone into the muddy channels of the inner harbour, and merges with the Chione-
Tellina zone in the middle harbour. Both Macrophthal mus hirtipes and Theora lubrica (a non-
indigenous species of bivalve) were common throughout the zone, while species such as
Nucula hartvigiana and Pleuromeris zelandica were noted as being generally common but
having awidespread distribution within the zone.

Mason and Ritchie (1979) carried out an ecological study of the benthos and fishes in
Whangarei Harbour for the Northland Harbour Board. They collected macrofauna samples at
intersections of a grid marked on a harbour map and conducted intertidal transects in areas of
different shore types. The data from each sample location were used to allocate it to one of the
seventeen zones previously described by Bioresearches Ltd (1976). They also conducted a
survey of the occurrence, distribution, feeding habits and reproductive state of fishes within
the Whangarei Harbour. They reported that the shallow upper harbour area with extensive
mangrove stands and mudflats had the highest overall utilisation by fish, the highest
abundance of commercially important fish, and was used by more species than the central and
outer harbour areas. It was also suggested that there was a higher degree of food selectivity in
the upper harbour areas and that many fish travel great distancesto feed in these areas.

These authors also discussed changes in the harbour ecology and noted for example, that
much of the original maritime marsh zone and mangrove zone had been destroyed by
drainage and reclamation. Recommendations for minimising damage to the ecology of the
harbour were given.

The Northland Harbour Board (1981) reported on the intertidal and sublittoral habitats at
Marsden Point as part of an environmental impact report for the proposed port devel opment.
Intertidal samples were collected at various distances ranging from 5-250m offshore along
five transects. A total of 61 species was recorded from the intertidal zone. The distribution of
intertidal biota was found to be patchy and diversity was highest at the eastern end of the
study area, and declined toward the west. Species were typical of organisms usually present
on intertidal sand flats. Populations of edible-sized shellfish were noted to have reached
moderate densities, but only in localised patches. Sublittoral samples were also taken 500 m
and 700 m offshore on all five transects and contained a diverse array of species typical of
sublittoral habitats with shell/gravel substrates. Generally the samples taken 500 m offshore
were characterised by hermit crabs, whereas turret shells and hermit crabs were equally
abundant at 700 m offshore. The 700 m samples also contained a higher diversity of sponge
species, although most species were found in low densities and with patchy distributions.

In a confidential client report for Environmental Quality Consultants, Hayden (1997)
compiled a breakdown of ballasted ship movements in Port Whangarei for the years 1992-
1996, estimating the ballast capacity of vessels visiting Whangarei as first port of call and
estimating the actual ballast discharge of those vesselsin Whangarei.

Biosecurity New Zealand ~ Whangarel Harbour (Whangarei Port and Marsden Point): baseline survey for non-indigenous marine speciese 9



Taylor and MacKenzie (2001) Port Whangarei for the presence of the toxic blooming
dinoflagellate Gymnodinium catenatum, but did not detect any resting cysts (sediment
samples) or motile cells (phytoplankton samples).

Morrison (2003) described the results of part of alarge scale, estuarine fish survey of northern
New Zeadand (FRST research programme CO1X022 - “Fish usage of estuarine and coastal
habitats’) that included survey sites in upper Whangarei Harbour. The survey used small
beach seines (9 mm mesh) deployed from intertidal flats. The muddier upper areas of
Whangarei Harbour tended to support a wider range of fish species than the sandflats of the
middle and lower harbour. Catches with the beach seine were dominated by anchovy
(Engraulis australis), yellow-eyed mullet (Aldrichetta forsteri), exquisite goby (Favinogobius
exquisitus), sand goby (F. lentiginosus), and juveniles of commercialy important species,
such as sole (Peltorhampus latus), flounder (Rhombosolea plebia and R. leporina) and
snapper (Pagrus auratus). A number of individuals of the non-indigenous bridled goby
(Arenigobius bifrenatus) were also captured in the upper harbour during the surveys.

In a confidential client report for Northland Regional Council, Cummings and Hatton (2003)
reviewed the suitability of severa sitesidentified by the council as potential sites for shellfish
reseeding. This report reviewed existing information on the intertidal benthic communities
(specifically shellfish) and habitat types at the identified sites, and conducted additional
quantitative work on these aspects. The review highlighted the importance as habitat for
various bivalves according to Mason and Ritchie (1979), Dickie (1984), Poynter and Kessing
(2002), and Cryer et al. (2003). Cummings et al. (2004) subsequently initiated a consultative
process with the Whangarel Harbour Kaitiaki Roopu, and conducted preliminary reseeding
trials with cockles (Austrovenus stutchburyi) at several sites.

Survey methods

SURVEY METHOD DEVELOPMENT

The sampling methods used in this survey were based on the CSIRO Centre for Research on
Introduced Marine Pests (CRIMP) protocols developed for baseline port surveys in Australia
(Hewitt and Martin 1996, 2001). CRIMP protocols have been adopted as a standard by the
International Maritime Organisation’s Global Ballast Water Management Programme
(GloBallast). Variations of these protocols are being applied to port surveys in many other
nations. A group of New Zealand marine scientists reviewed the CRIMP protocols and
conducted aworkshop in September 2001 to assess their feasibility for surveysin this country
(Gust et al. 2001). A number of recommendations for modifications to the protocols ensued
from the workshop and were implemented in surveys throughout New Zealand. The
modifications were intended to ensure cost effective and efficient collection of baseline
species data for New Zealand ports and marinas. The modifications made to the CRIMP
protocols and reasons for the changes are summarised in Table 2. Further details are provided
in Gust et al. (2001).

Baseline survey protocols are intended to sample a variety of habitats within ports, including
epibenthic fouling communities on hard substrata, soft-sediment communities, mobile
invertebrates and fishes, and dinoflagellates. Below, we describe the methods and samE)Iing
effort used for the Whangarei survey. The survey was undertaken between November 11" and
18" 2002. Most sampling was concentrated on the following key berths: Main Wharves 1 and
2 at Port Whangarei, and Wharf 1 and the oil refinery wharf at Marsden Point. A summary of
sampling effort within the harbour is provided in Tables 3a,b.
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DIVER OBSERVATIONSAND COLLECTIONSON WHARF PILES

Fouling assemblages were sampled on four pilings at each berth. Selected pilings were
separated by 10 — 15 m and comprised two pilings on the outer face of the berth and, where
possible, two inner pilings beneath the berth (Gust et al. 2001). On each piling, four quadrats
(40 cm x 25 cm) were fixed to the outer surface of the pile at water depths of approximately -
0.5m,-1.5m, -3.0 mand -7 m. A diver descended slowly down the outer surface of each pile
and filmed a vertical transect from approximately high water to the base of the pile, using a
digital video camera in an underwater housing. On reaching the sea floor, the diver then
ascended slowly and captured high-resolution still images of each quadrat using the photo
capture mechanism on the video camera. Because of limited visibility, four overlapping still
images, each covering approximately ¥4 of the area of the quadrat were taken for each
quadrat. A second diver then removed fouling organisms from the piling by scraping the
organisms inside each quadrat into a 1 mm mesh collection bag, attached to the base of the
quadrat (Fig. 5). Once scraping was completed, the sample bag was sealed and returned to the
laboratory for processing. The second diver also made a visual search of each piling for
potential invasive species and collected samples of large conspicuous organisms not
represented in quadrats. Opportunistic visual searches were also made of breakwalls and rock
facings within the commercial port area. Divers swam vertical profiles of the structures and
collected specimens that could not be identified reliably in the field.

Figure5: Diver sampling organismson pier piles.

BENTHIC INFAUNA

Benthic infauna was sampled using a Shipek grab sampler deployed from a research vessel
moored adjacent to the berth (Fig. 6), with samples collected from within 5 m of the edge of
the berth. The Shipek grab removes a sediment sample of ~3 | and covers an area of
approximately 0.04 m? on the seafloor to a depth of about 10 cm. It is designed to sample
unconsolidated sediments ranging from fine muds and sands to hard-packed clays and small
cobbles. Because of the strong torsion springs and single, rotating scoop action, the Shipek
grab is generally more efficient at retaining samples intact than conventional VanVeen or
Smith Mclntyre grabs with double jaws (Fenwick pers. obs.). Three grab samples were taken
at haphazard locations along each sampled berth. Sediment samples were washed through a 1
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mm mesh sieve and animals retained on the sieve were returned to the field laboratory for
sorting and preservation.

Figure6: Shipek grab sampler: releasing benthic sampleinto bucket

EPIBENTHOS

Larger benthic organisms were sampled using an Ocklemann sled (hereafter referred to as a
“ded”). The ded is approximately one meter long with an entrance width of ~0.7 m x 0.2 m.
A short yoke of heavy chain connects the sled to a tow line (Fig. 7). The mouth of the sled
partialy digsinto the sediment and collects organisms in the surface layers to a depth of afew
centimetres. Runners on each side of the sled prevent it from sinking completely into the
sediment so that shallow burrowing organisms and small, epibenthic fauna pass into the
exposed mouth. Sediment and other material that enters the sled is passed through a mesh
basket that retains organisms larger than about two mm. Sleds were towed for a standard time
of two minutes at approximately two knots. During this time, the sled typically traversed
between 80 — 100 m of seafloor before being retrieved. Two to three sled tows were
completed adjacent to each sampled berth within the port, and the entire contents were sorted.

Samples collected
in mesh container

Figure7: Benthic sled
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SEDIMENT SAMPLING FOR CYST-FORMING SPECIES

A TFO gravity corer (hereafter referred to as a “javelin corer”) was used to take small
sediment cores for dinoflagellate cysts (Fig. 8). The corer consists of a 1 m long x 1cm
diameter hollow stainless steel shaft with a detachable 0.5 m long head (total length = 1.5 m).
Directional fins on the shaft ensure that the javelin travels vertically through the water so that
the point of the sampler makes first contact with the seafloor. The detachable tip of the javelin
is weighted and tapered to ensure rapid penetration of unconsolidated sediments to a depth of
20 to 30 cm. A thin (1 cm diameter) sediment core is retained in a perspex tube within the
hollow spearhead. In muddy sediments, the corer preserves the vertical structure of the
sediments and fine flocculant material on the sediment surface more effectively than hand-
held coring devices (Matsuoka and Fukuyo 2000). The javelin corer is deployed and retrieved
from a small research vessel. Cyst sample sites were not constrained to the berths sampled by
pile scraping and trapping techniques. Sampling focused on high sedimentation areas within
the Port and avoided areas subject to strong tidal flow. On retrieval, the perspex tube was
removed from the spearhead and the top 5 cm of sediment retained for analysis. Sediment
samples were kept on ice and refrigerated prior to culturing. Culture procedures generally
followed those described by Hewitt and Martin (2001).

Attachment point

-

Directiond Fins Sample core within
: - removabletip section

&

Figure8: Javelin corer

MOBILE EPIBENTHOS

Benthic scavengers and fishes were sampled using a variety of baited trap designs described
below.

Operahousefish traps

Opera house fish traps (1.2 m long x 0.8 m wide x 0.6 m high) were used to sample fishes and
other bentho-pelagic scavengers (Fig. 9). These traps were covered in 1 cm? mesh netting and
had entrances on each end consisting of 0.25 m long tunnels that tapered in diameter from 40
to 14 cm. The trap was baited with two dead pilchards (Sardinops neopilchardus) held in
plastic mesh suspended in the centre of the trap. Two trap lines, each containing two opera
house traps were set for a period of one hour at each site before retrieval. Previous studies
have shown opera house traps to be more effective than other types of fish trap and that
consistent catches are achieved with soak times of 20 to 50 minutes (Ferrell et al. 1994,
Thrush et al. 2002).
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Box traps

Fukui designed box traps (63 cm x 42 cm x 20 cm) with a 1 cm mesh netting were used to
sample mobile crabs and other small epibenthic scavengers (Fig.9). A centra mesh bait
holder containing two dead pilchards was secured inside the trap. Organisms attracted to the
bait enter the traps through dlits in inward sloping panels at each end. Two trap lines, each
containing two box traps, were set on the sea floor at each site and left to soak overnight
before retrieval.

Starfish traps

Starfish traps designed by Whayman-Holdsworth were used to catch asteroids and other large
benthic scavengers (Fig. 9). These are circular hoop traps with a basal diameter of 100 cm and
an opening on the top of 60 cm diameter. The sides and bottom of the trap are covered with
26 mm mesh and a plastic, screw-top bait holder is secured in the centre of the trap entrance
(Andrews et al. 1996). Each trap was baited with two dead pilchards. Two trap lines, each
with two starfish traps were set on the sea floor at each site and left to soak overnight before
retrieval.

Shrimp traps

Shrimp traps were used to sample small, mobile crustaceans. They consisted of a 15 cm
plastic cylinder with a 5 cm diameter screw top lid in which a funnel had been fitted. The
funnel had a 20 cm entrance that tapered in diameter to 1 cm. The entrance was covered with
1 cm plastic mesh to prevent larger animals from entering and becoming trapped in the funnel
entrance. Each trap was baited with a single dead pilchard. Two trap lines, each containing
two scavenger traps, were set on the sea floor at each site and left to soak overnight before
retrieval.

Figure9: Trap types deployed in the port.

SAMPLING EFFORT

A summary of sampling effort within the Whangarel Port and Marsden Point facility is
provided in Tables 3 ab. We particularly focused sampling effort on hard substrata within
ports (such as pier piles and wharves) where invasive species are likely to be found (Hewitt
and Martin 2001), and increased the number of quadrats sampled on each pile relative to the
CRIMP protocols, as well as sampling both shaded and unshaded piles. The distribution of
effort within Ports aimed to maximise spatial coverage and represent the diversity of active
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berthing sites within the area. Total sampling effort was constrained by the costs of
processing and identifying specimens obtained during the survey.

The spatial distribution of sampling effort for each of the sample methods in the Port of
Whangarei and Marsden Point is indicated in the following figures: diver pile scrapings and
javelin cyst coring (Figs. 10 and 11), benthic sledding and Shipek grab sampling (Figs. 12 and
13), box, starfish, shrimp and opera house fish trapping (Fig. 14 and 15). Sampling effort was
varied between ports and marinas on the basis of risk assessments (Inglis 2001) to maximise
the search efficiency for NIS nationwide. Sampling effort in each of the 13 ports and three
marinas surveyed over two summersis summarised in Table 3c.
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Figure10: Diver pile scrape sitesand dinoflagellate cyst sample sitesat Whangarei
Port
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Figure1ll: Diver pile scrape sites and dinoflagellate cyst sample sitesat Mar sden
Point
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Figure 12

Benthic sled and benthic grab sitesat Whangarei Port
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Figure 13:
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Figurel4: Sitesat Whangare Port trapped with box (crab), shrimp and starfish
traps and opera housefish traps
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Figure1l5:  Sitesat Marsden Point trapped with box (crab), shrimp and starfish traps
and opera house fish traps

SORTING AND IDENTIFICATION OF SPECIMENS

Each sample collected in the diver pile scrapings, benthic sleds, box, starfish and shrimp
traps, opera house fish traps, Shipek grabs and javelin cores was allocated a unique code on
waterproof labels and transported to a nearby field laboratory where it was sorted by a team
into broad taxonomic groups (e.g. ascidians, barnacles, sponges etc.). These groups were then
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preserved and individually labelled. Details of the preservation techniques varied for many of
the major taxonomic groups collected, and the protocols adopted and preservative solutions
used are indicated in Table 4. Specimens were subsequently sent to over 25 taxonomic
experts (Appendix 1) for identification to species or lowest taxonomic unit (LTU). We aso
sought information from each taxonomist on the known biogeography of each species within
New Zealand and overseas. Species lists compiled for each port were compared with the
marine species listed on the New Zealand register of unwanted organisms under the
Biosecurity Act 1993 (Table 5a) and the marine pest list produced by the Australian Ballast
Water Management Advisory Council (Table 5b).

DEFINITIONS OF NATIVE, NON-INDIGENOUS AND CRYPTOGENIC SPECIES

Each species recovered during the survey was classified into one of four categories that
reflected its known or suspected geographic origin. To do this we used the experience of
taxonomic experts and reviewed published literature and unpublished reports to collate
information on the species biogeography.

Patterns of species distribution and diversity in the oceans are complex and still poorly
understood (Warwick 1996). Worldwide, many species <till remain undescribed or
undiscovered and their biogeography is incomplete. These gaps in global marine taxonomy
and biogeography make it difficult to reliably determine the true range and origin of many
species. The four categories we used reflect this uncertainty. Species that were not
demonstrably native or non-indigenous were classified as “cryptogenic” (sensu Carlton 1996).
Cryptogenesis can arise because the species was spread globally by humans before scientific
descriptions of marine flora and fauna began in earnest (i.e. historical introductions).
Alternatively the species may have been discovered relatively recently and there is
insufficient biogeographic information to determine its native range. We have used two
categories of cryptogenesis to distinguish these different sources of uncertainty. In addition, a
fifth category (“species indeterminata’) was used for specimens that could not be identified to
species-level. Formal definitions for each category are given below.

Native species
Native species are known to be endemic to the New Zealand biogeographical region and have
not been introduced to coastal waters by human mediated tra