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Executive Summary

This report describes the results of a December 2001 survey to provide a baseline inventory of
native, non- indigenous and cryptogenic marine species within the Port of Picton.

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 a range
of habitats within the Port of Picton. Fouling assemblages were scraped from hard
substrata by divers, benthic assemblages were sampled using a benthic sled, and a gravity
corer was used to sample for dinoflagellate cysts. Mobile predators and scavengers were
sampled using baited fish, box, starfish and shrimp traps.

e The distribution of sampling effort in the Port of Picton 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 215 species or higher taxa was identified from the Picton Port survey. These
consisted of 148 native species, 9 non-indigenous species, 25 cryptogenic species (those
whose geographic origins are uncertain) and 33 species indeterminata (taxa for which
there is insufficient taxonomic or systematic information available to allow identification
to species level).

e Fourteen species of marine organisms collected from the Port of Picton had not previously
been described from New Zealand waters. These consisted of a newly-discovered non-
indigenous species (the ascidian, Cnemidocarpa sp.), a cryptogenic amphipod
(Meridiolembos sp. aff. acherontis) and 12 species of sponge that did not match existing
species descriptions and which may be new to science.

e The nine non-indigenous organisms described from the Port of Picton included
representatives of five phyla. The non-indigenous species detected (ordered alphabetically
by phylum, class, order, family, genus and species) were: (Annelida): Dipolydora armata,
Dipolydora flava and Polydora hoplura (Bryozoa): Bugula flabellata and Watersipora
subtorquata, (Phycophyta): Undaria pinnatifida and Griffithsia crassiuscula (Porifera):
Halisarca dujardini and (Urochordata): Cnemidocarpa sp.

e The only species from the Port of Picton on the New Zealand register of unwanted
organisms is the Asian kelp, Undaria pinnatifida. This alga is known to now have a wide
distribution in southern and eastern New Zealand.
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e Most non-indigenous species located in the Port are likely to have been introduced to New
Zealand accidentally by international shipping or through domestic translocation or
natural spread from other locations in New Zealand.

e Approximately 56 % (five of nine species) of NIS in the Port of Picton are likely to have
been introduced in hull fouling assemblages and 44 % (four species) could have been
introduced by either ballast water or hull fouling vectors. Ballast water was not attributed
as a definite introduction vector for any of the NIS encountered in the Port of Picton.

e The predominance of hull fouling species in the introduced biota of the Port of Picton (as
opposed to ballast water introductions) is consistent with findings from similar port
baseline studies overseas.
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Introduction

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, Leppidkoski et al 2002).

Biosecurity' is important 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 else in 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 SURVEYS FOR NON-INDIGENOUS MARINE 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 surveys in 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.

The port surveys have two principal objectives:

' Biosecurity is the management of risks posed by introduced species to environmental, economic, social, and cultural values.
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i. To provide a baseline assessment of native, non-indigenous and cryptogenic” species,
and

it 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.
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Figure 1: 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 Whangarei in 2002/2003.

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 Port of Picton survey and provides an inventory of
species detected in the Port. It identifies and categorises native, introduced (“non-
indigenous”) and cryptogenic species. Organisms that could not be identified to species level
are also listed as species indeterminata.

DESCRIPTION OF THE PORT OF PICTON

The Port of Picton is located at the head of the sheltered Queen Charlotte Sound, on the north-
eastern tip of the South Island of New Zealand (14° 17°S, 174° 00’E). The head of Picton
Harbour is divided into two bays by Kaipupu Point, with the Port of Picton including facilities
in both bays. The main port activity takes place at Picton, situated at the head of the eastern
bay where there are a number of finger wharves including three ferry terminal berths and the

* “Cryptogenic:” species are species whose geographic origins are uncertain (Carlton 1996).
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Waitohi Wharf (Fig. 2). The Waimahara Wharf located at the head of the adjacent, western
bay (Shakespeare Bay) was not sampled during this survey.
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Figure 2: Port of Picton map

Picton was first established as Te-Wera-a-Waitohi by Te Atiawa Maori. When Europeans
sailed up Queen Charlotte Sound for the first time they found a well established village which
was an important trading point with North Island Maori, with a population of around 200. In
December 1844 Francis Dillon Bell, representing the New Zealand Company, and Sir George
Grey, the Governor, purchased the site. By 1850 Picton was fully established and had begun
servicing the antimony, copper and coal mines in the area as well as gold mining up the
Pelorus valley, although mining had ceased by 1953. As the population and farming increased
a number of processing units set up to service the town. Eventually the railway linking Picton
to Blenheim and the rest of the country was built. This resulted in Picton becoming the main
inter-island travel port for New Zealand (www.marlboroughonline.co.nz) with terminal
facilities established at the port in 1962 (www.teara.govt.nz).

In 2000, the new deep water port facility, Waimahara Wharf, opened in Shakepseare Bay.
This new development complements the port’s existing facilities. The 200 m long Waimahara
Whart is designed as a multi purpose berth with the ability to be expanded northwards if
required. With a depth alongside of 15.3 m at low tide the wharf provides deep-water access.
The addition of mooring dolphins will allow Panamax vessels to be accommodated. With
quayside storage of 10 ha the wharf area is ideally suited to activities such as the current log
handling shipping. The Port of Picton is currently run by Port Marlborough NZ Ltd
(www.portmarlborough.co.nz), established in 1988.

PORT OPERATION AND SHIPPING MOVEMENTS

The Port of Picton is a relatively small shipping port, but has berths serving both road and rail
traffic for the Cook Strait inter-island ferry services. The port also has wharves for water
taxis, commercial launches, vessels at anchor, and large visiting recreational vessels. No. 1
berth caters for vehicle-carrying high-speed ferries. No. 2 berth services road and rail-carrying
conventional ferries. On the eastern side of No. 2 whart is a larger wharf (No 3. berth) for
vehicle-carrying conventional vessels. Waitohi Wharf is a general-purpose finger wharf

Biosecurity New Zealand Port of Picton: baseline survey for non-indigenous marine species ® 5



providing berths and facilities for overseas and coastal cargo vessels — mainly those involved
in coastal trading (salt loading, cement discharge), fishing and those which sail the Cook
Strait. The wharf also serves as the berth for passenger cruise ships, accommodating vessels
up to 265 m long. Berth construction is predominantly concrete deck on a mixture of steel
casing (concrete internally) and precast concrete piles with wooden fendering piles. Further
details of the dimensions of each berth, the adjacent draught and the cargo each berth handles
are provided in Table 1.

There is one recreational marina adjacent to the Port of Picton. The Picton Marina has 232
floating concrete pier/wooden pile berths for vessels 8-35+ m in length. Waikawa Marina is
just five minutes drive from the port and has 600 floating concrete pier/wooden pile berths for
vessels 8-20 m in length.

Recent analyses of international shipping arrivals to the Port of Picton showed that there was
a total of eight international ship visits during 2002/2003 (3 merchant, 3 pleasure and 2
passenger vessels) with 37.5 % arriving from Australia and the remainder not resolved in
terms of country of origin (Campbell 2004). The majority of vessel visits to the port are from
within New Zealand. In 2000, there were 69 registered fishing vessels in the Port of Picton
(Sinner et al 2000).

The Port of Picton facilitates a significant interisland passenger/freight service involving two
companies: The Interisland Line and Strait Shipping. Each year Interislander vessels
accommodate over one million passengers, 230,000 domestic vehicles and operate over 5,700
sailings (http://www.interislander.co.nz), while Strait Shipping runs 1,300 return trips
between Picton and Wellington annually (www.strait.co.nz).

In 2004, timber loaded at Waimahara wharf totalled 332,745 tonnes, a 5 % decrease in
volume from the previous year. Salt made a significant contribution to cargo volume with a
record 73,878 tonnes shipped through the port. Cement and fish totalled 12,101 and 13,910
tonnes shipped respectively. This gave a total of 432,634 tonnes in non-ferry cargo shipped
during 2004. In 2004, there were 12 visits from passenger cruise vessels
(www.portmarlborough.co.nz).

Vessels unable to be berthed immediately in the port may anchor inside the Sound west of
Mabel Island (41°16°S, 174°00.7°E) in 25 m of water. Pilotage is compulsory on vessels over
500 GRT unless with Pilot exemption (www.portmarlborough.co.nz; accessed 16/06/05).

Vessels are expected to comply with the Voluntary Controls on the Discharge of Ballast
Water in New Zealand (http://www.fish.govt.nz/sustainability/biosecurity/: accessed
07/06/05); 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. A
total volume of 6,956 m’ of ballast water was discharged in the Port of Picton in 1999, with
the largest country-of-origin volumes of 1,618 m’ from Japan, 154 m’ from Australia, and
5,184 m’ unspecified (Inglis 2001).

Within the port, there is no on-going maintenance dredging. Scouring by vessel thrusters and
propellers ensures the berths are kept free from sedimentation (Robin Boyce, Port
Marlborough NZ Ltd, pers comm.). The inner part of the Sound is generally over 20 m in
depth. The minimum depth in the main channel west of Long Island is 13.4 m, whilst the
alternative channel to the east of Long Island has a minimum water depth of 19.2 m. Neap
tidal range is 0.6 m and spring tidal range 1.7 m.

6 o Port of Picton: baseline survey for non-indigenous marine species Biosecurity New Zealand



A proposal is underway to develop a new ro-ro berth on Westshore in the north western
corner of Picton Harbour. This development would include provision of a support area for the
marshalling of vehicles and cargo, and will relieve berth and marshalling activity on Waitohi
wharf. The proposal also includes extension of sheetpiling to provide a wharf for commercial
fishing vessels to load and discharge and, as a second stage the construction of floating berths
for fishing and commercial vessels. Port Marlborough is also developing a 7 ha reclamation
alongside the existing Havelock marina as a marine industrial cluster with additional berthing
(220 new berths for vessels up to 30 m in length) (www.portmarlborough.co.nz).

EXISTING BIOLOGICAL INFORMATION

We are not aware of any existing biological studies that describe marine communities in the
immediate environment of Picton Harbour, although impact assessment studies were
conducted for the Shakespeare Bay port development (Duckworth 1987) and the Cawthron
Institute has been involved in on-going studies of the flora and fauna of the new port facility
in Shakespeare Bay.

The invasive kelp Undaria pinnatifida was identified in the Marlborough Sounds in 1991, and
this area is deemed in the optimal temperature zone for this macroalga (Sinner et al 2000).

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

In 2004, Port Marlborough NZ Ltd spent $44,000 on environmental monitoring and attempted
to eradicate the ascidian Didemnum vexillum, a nuisance species that fouls marine habitats
(www.portmarlborough.co.nz).

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 a workshop in September 2001 to assess their feasibility for surveys in 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 sampling
effort used for the Picton survey. The survey was undertaken from the 10™ to 13" of
December 2001. Most sampling was concentrated on three main berths: Ferry terminal 2,
Ferry terminal 3 and the Waitohi Wharf. Because of existing survey work for introduced
marine species undertaken by the Cawthron Institute, no sampling was done on the
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Shakespeare Bay terminal. A summary of sampling effort within the Port is provided in
Tables 3a,b.

DIVER OBSERVATIONS AND COLLECTIONS ON 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 -
0.5 m, -1.5 m, -3.0 m and -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 " 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 I-mm mesh collection bag, attached to the base of the
quadrat (Fig. 3). 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.

Figure 3: Diver sampling organisms on pier piles.

BENTHIC INFAUNA

Benthic infauna was sampled using a Shipek grab sampler deployed from a research vessel
moored adjacent to the berth (Fig. 4), 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
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grab is generally more efficient at retaining samples intact than conventional VanVeen or
Smith MclIntyre grabs with double jaws (Fenwick, NIWA, pers obs). Three grab samples are
typically taken at haphazard locations along each sampled berth. Sediment samples are then
washed through a 1-mm mesh sieve and animals retained on the sieve were returned to the
field laboratory for sorting and preservation. However, during the survey of the Port of Picton
the grab was broken and benthic samples could not be obtained using this sample method.

y

e

P&O0 Nedl

Figure 4: Shipek grab sampler: releasing benthic sample into bucket

EPIBENTHOS

Larger benthic organisms were sampled using an Ocklemann sled (hereafter referred to as a
“sled”). The sled 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. 5). The mouth of the sled
partially digs into the sediment and collects organisms in the surface layers to a depth of a few
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.
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Samples collected
in mesh container

Figure 5: Benthic sled

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. 6). The corer consists of a 1.0-m long x 1.5-cm
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 (1.2 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 -poi'nt

g

Sample core within
removable tip section

Directional Fins

&

Figure 6: Javelin corer
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MOBILE EPIBENTHOS

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

Opera house fish 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. 7). 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).

Box traps

Fukui-designed collapsible box traps (63 cm x 42 cm x 20 cm) with a 1.3-cm mesh netting
were used to sample mobile crabs and other small epibenthic scavengers (Fig. 7). A central
mesh bait holder containing two dead pilchards was secured inside the trap. Organisms
attracted to the bait enter the traps through slits 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. 8). 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.

SAMPLING EFFORT

A summary of sampling effort within the Port of Picton is provided in Tables 3 a,b. 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 level of quadrat scraping replication on each pile from 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 berthing sites within
the area. Total sampling effort was constrained by the costs of processing and identifying
specimens obtained during the survey.
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Figure 7: Trap types deployed in the port.

The spatial distribution of sampling effort in the Port of Picton is indicated in the following
figures; diver pile scraping sites (Fig. 8), benthic sledding sites (Fig. 9) box, starfish and
shrimp trapping sites (Fig. 10), opera house fish trapping (Fig. 11) and Javelin coring sites
(Fig. 12). Malfunction of the Shipek grab sampler in the port of Picton meant that grab
samples were not obtained. 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 for the sixteen locations surveyed nationwide are summarised in Table 3c.
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Figure 9: Benthic sledding sites
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Figure 10:  Box, starfish and shrimp trapping sites
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Figure 11:  Opera house trapping sites
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Figure 12.  Javelin core sites for dinoflagellate cysts
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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
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 also
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 SPECIES CATEGORIES

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 still 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 transport.

Non-indigenous species (NIS)

Non-indigenous species (NIS) are known or suspected to have been introduced to New
Zealand as a result of human activities. They were determined using a series of questions
posed by Chapman and Carlton (1991, 1994), as exemplified by Cranfield et al (1998).

Has the species suddenly appeared locally where it has not been found before?
Has the species spread subsequently?

Is the species’ distribution associated with human mechanisms of dispersal?

Is the species associated with, or dependent on, other non-indigenous species?
Is the species prevalent in, or restricted to, new or artificial environments?

Is the species’ distribution restricted compared to natives?

AN e

The worldwide distribution of the species was tested by a further three criteria:
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7. Does the species have a disjunctive worldwide distribution?

8. Are dispersal mechanisms of the species inadequate to reach New Zealand, and is
passive dispersal in ocean currents unlikely to bridge ocean gaps to reach New
Zealand?

9 Is the species isolated from the genetically and morphologically most similar species

elsewhere in the world?

In this report we distinguish two categories of NIS. “NIS” refers to non-indigenous species
previously recorded from New Zealand waters, and “NIS (new)” refers to non-indigenous
species first discovered in New Zealand waters during this project.

Cryptogenic species Category 1

Species previously recorded from New Zealand whose identity as either native or non-
indigenous is ambiguous. In many cases this status may have resulted from their spread
around the world in the era of sailing vessels prior to scientific survey (Chapman and Carlton
1991, Carlton 1992), such that it is no longer possible to determine their original native
distribution. Also included in this category are newly described species that exhibited
invasive behaviour in New Zealand (Criteria 1 and 2 above), but for which there are no
known records outside the New Zealand region.

Cryptogenic species Category 2:

Species that have recently been discovered but for which there is insufficient systematic or
biogeographic information to determine whether New Zealand lies within their native range.
This category includes previously undescribed species that are new to New Zealand and/or
science.

Species indeterminata

Specimens that could not be reliably identified to species level. This group includes: (1)
organisms that were damaged or juvenile and lacked morphological characteristics necessary
for identification, and (2) taxa for which there is not sufficient taxonomic or systematic
information available to allow identification to species level.

Survey results

A total of 215 species or higher taxa was identified from the Port of Picton survey. This
collection consisted of 148 native (Table 6), 25 cryptogenic (Table 7), nine non-indigenous
species (Table 8) and 33 species indeterminata (Table 9, Fig. 13). The biota included a diverse
array of organisms from 12 phyla (groups of organisms), with Annelid worms and
Phycophyta being the most diverse phyla sampled (Fig. 14). Fourteen species from the Port of
Picton have not previously been described from New Zealand waters. For general descriptions
of the main phyla encountered during this study refer to Appendix 2.

NATIVE SPECIES

A total of 148 native species was identified from the Port of Picton (Table 6). Native species
represented 68.8 % of all species identified from this location, and included highly diverse
assemblages of annelids (32 species), bryozoans (13 species), crustaceans (21 species),
molluscs (26 species), phycophyta (15 species) and urochordates (12 species). Native species
from a number of other less diverse phyla including cnidarians, echinoderms, porifera,
pyrrophycophyta and vertebrates were also sampled from the Port (Table 6).
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Figure 13:  Diversity of marine species sampled in the Port of Picton. Values indicate
the number of species in native, cryptogenic, non-indigenous and species
indeterminata categories.
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Figure 14:  Marine Phyla sampled in the Port of Picton. Values indicate the number
of species in each of the major taxonomic groups.
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CRYPTOGENIC SPECIES

Twenty-five cryptogenic species were discovered in the Port of Picton during this survey.
Cryptogenic species represent 11.6 % of all species or higher taxa identified from the Port.
The cryptogenic organisms identified included 12 Category 1 and 13 Category 2 species as
defined in Section 2.8 above. Cryptogenic organisms included two bryozoan species, one
cnidarian, one crustacean, one mollusc, 16 sponges and four ascidians (Table 7). Many of the
Category 1 cryptogenic species have been present in New Zealand for more than 100 years,
but have distributions outside New Zealand that suggest non-native origins (e.g. the ascidians
Astereocarpa cerea, Botrylloides leachii, Corella eumyota, the cnidarian Plumularia setacea,
and the mussel Mytilus galloprovincialis; Cranfield et al. 1998). The thirteen species listed as
cryptogenic Category 2 include twelve sponges and an amphipod (Table 7), have not been
described previously in New Zealand.

NON-INDIGENOUS SPECIES

Nine non-indigenous species (NIS) were recorded from the Port of Picton (Table 8). NIS
represent 4.2 % of all identified species from this location. One of these species, the ascidian
Cnemidocarpa sp., was not previously known from New Zealand waters. The other NIS
included three spionid polychaete worms (Polydora hoplura, Dipolydora armata and D.
flava), two bryozoans (Bugula flabellata and Watersipora subtorquata), two algae (Undaria
pinnatifida and Griffithsia crassiuscula), and one sponge (Halisarca dudjardini).

A list of Chapman and Carlton’s (1994) criteria (see Section 2.9.2) that were met by the non-
indigenous species sampled in this survey is given in Appendix 3. Below we summarise
available information on the biology of each of these non-indigenous species. We provide
images where available, and indicate what is known about each species’ distribution, habitat
preferences and impacts. This information was sourced from published literature, the
taxonomists listed in Appendix 1 and from regional databases on non-indigenous marine
species in  Australia (National Introduced Marine Pest Information System;
http://www.crimp.marine.csiro.au/nimpis) and the USA (National Exotic Marine and
Estuarine Species Information System; http://invasions.si.edu/nemesis). Distribution maps for
each NIS in the port are composites of multiple replicate samples. Where overlayed presence
and absence symbols occur on the map, this indicates the NIS was found in at least one, but
not all replicates at that GPS location. NIS are presented below by phyla in the same order as
Table 8.

Dipolydora armata (Langerhans, 1880)
No image available.

Dipolydora armata is a small (up to 8 mm) burrowing spionid polychaete worm. It is a
cosmopolitan species known from both temperate and tropical waters including the
Mediterranean, Belize, Brazil, Taiwan, and Vietnam. It can burrow into calcareous substrata
such as corals, calcareous hydrozoans, coralline algae and bivalves. Adult worms have a
mixed feeding mode (suspension feeding and deposit feeding). The life history of the species
includes a period of asexual reproduction by fragmentation beginning soon after settlement,
and once mature, individuals probably reproduce only sexually and can breed over an
extended period, with larvae developing entirely inside egg capsules. Its impacts are
associated with burrowing behaviour, for instance this species can weaken millepore corals by
boring in high densities at the bases of branches and weakening the corals’ structure. It could
also act as a pest in temperate waters where it may burrow into oysters and other bivalves.
Considerable damage can be caused by infestations of polydorid worms on shellfish beds
(Lewis 1998).
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D. armata has been present in New Zealand since at least 1900 and is known from Otago and
Wellington Harbours and the Marlborough Sounds (Cranfield et al. 1998). During the port
baseline surveys it was recored from Picton and Wellington Harbours. In the Port of Picton,
D. armata occurred in pile scrape samples taken from the Ferry Terminal 3 berth (Fig. 15).
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Figure 15:

Dipolydora flava (Claparéede, 1870)

No image available.

Dipolydora armata distribution in Picton

Dipolydora flava is a spionid polychaete worm that occurs in subtidal muds and in the shells
of molluscs. Like other species in this genus, D. flava burrows into the shells of oysters,
mussels and other bivalves causing blistering on the internal surfaces. It can be a significant
pest of mollusc aquaculture. The type specimen for this species was recorded from the Gulf of
Naples, Italy (Claparede, E. 1870), but it is distributed widely in temperate and warm
temperate seas, occuring in Japan, Indonesia, Sri Lanka, Uruguay, Argentina, and southern
Australia (Australian Faunal Directory 2005). During the baseline port surveys, D. flava was
recorded from the ports of Picton and Tauranga (Table 10). In the Port of Picton it occurred in
pile scrape samples taken from Ferry Terminal 2 (Fig. 16).
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Figure 16:

Dipolydora flava distribution in Picton
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Polydora hoplura (Claparede, 1870)
No image available.

Polydora hoplura is a spionid polychaete worm that bores into the shells of molluscs. It is a
common pest of shellfish mariculture as its burrows cause blisters in the shells of farmed
oysters, mussels and abalone (Pregenzer 1983, Handley 1995, Lleonart et al. 2003). The type
specimen for this species was recorded from the Gulf of Naples, Italy (Claparéde, E. 1870).
Its native range is thought to be the Atlantic coast of Europe and the Mediterranean (Cranfield
et al. 1998). P. hoplura has also been recorded from South Africa, southeastern Australia
(Bass Strait and Victoria, central east coast, southern Gulf coast and Tasmania; Australian
Faunal Directory 2005) and New Zealand where it is thought to have been introduced. It is
not known when P. hoplura first arrived in New Zealand. In Europe and New Zealand, P.
hoplura is often associated with shells of the introduced Pacific oyster Crassostrea gigas
(Handley 1995).

Polydora hoplura had previously been recorded from Wellington and the Marlborough
Sounds (Cranfield et al. 1998) and was recorded from Whangarei, Tauranga, Wellington,
Picton, and Dunedin during the baseline port surveys (Table 10). In the Port of Picton it
occurred in pile scrape samples taken from the Ferry Terminal 3 (Fig. 17).
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Figure 17:  Polydora hoplura distribution in Picton

Bugula flabellata (Thompson in Gray, 1847)

Image and information: NIMPIS (2002a)
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Bugula flabellata is an erect bryozoan with broad, flat branches. It is a colonial organism and
consists of numerous ‘zooids’ connected to one another. It is pale pink and can grow to about
4 cm high and attaches to hard surfaces such as rocks, pilings and pontoons or the shells of
other marine organisms. It is often found growing with other erect bryozoan species such as
B. neritina or growing on encrusting bryozoans. Vertical, shaded, sub-littoral rock surfaces
also form substrata for this species. It has been recorded down to 35 m. Bugula flabellata is
native to the British Isles and North Sea and has been introduced to Chile, Florida and the
Caribbean and the northern east and west coasts of the USA, as well as Australia and New
Zealand. It is cryptogenic on the Atlantic coasts of Spain, Portugal and France. Bugula
flabellata is a major fouling bryozoan in ports and harbours, particularly on vessel hulls,
pilings and pontoons and has also been reported from offshore oil platforms. There have been
no recorded impacts from B. flabellata. During the current baseline surveys it was recorded
from Opua marina, Whangarei, Auckland, Tauranga, Napier, Taranaki, Wellington, Picton,
Nelson, Lyttelton, Timaru, Dunedin and Bluff. In the Port of Picton, B. flabellata occurred in
pile scrape samples taken from Ferry Terminals 2 and 3, and from the Waitohi Wharf (Fig.
18).
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Figure 18:  Bugula flabellata distribution in Picton

Watersipora subtorquata (d'Orbigny, 1842)

Image: California Academy of Sciences.
Information: Gordon and Matawari (1992)
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Watersipora subtorquata is a loosely encrusting bryozoan capable of forming single or
multiple layer colonies. The colonies are usually dark red-brown, with a black centre and a
thin, bright red margin. The operculum is dark, with a darker mushroom shaped area
centrally. Watersipora subtorquata has no spines, avicularia (defensive structures) or ovicells
(reproductive structures). The native range of the species is unknown, but is thought to
include the wider Caribbean and South Atlantic. The type specimen was described from Rio
de Janeiro, Brazil (Gordon and Matawari 1992). It also occurs in the north-western Pacific,
Torres Strait and north-eastern and southern Australia. It is an important marine fouling
species in ports and harbours. It occurs on vessel hulls, pilings and pontoons. This species can
also be found attached to rocks and seaweeds. It forms substantial colonies on these surfaces,
typically around the low water mark. Watersipora subtorquata is also an abundant fouling
organism and is resistant to a range of antifouling toxins. It can therefore spread rapidly on
vessel hulls and provide an area for other species to settle onto which can adversely impact on
vessel maintenance and speed, as fouling assemblages can build up on the hull. During the
baseline port surveys, W. subtorquata was recorded from Opua marina, Whangarei harbour,
Gulf Harbour marina, Tauranga, Gisborne, Napier, Taranaki, Wellington, Picton, Nelson,
Lyttelton, Timaru, Dunedin and Bluff. In the Port of Picton, W. subtorquata occurred in pile
scrape samples taken from Ferry Terminals 2 and 3 (Fig. 19).
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Figure 19:  Watersipora subtorquata distribution in Picton

Undaria

pinnatifida (Harvey) Suringer, 1873

Image and information: NIMPIS
(2002b)
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Undaria pinnatifida is a brown seaweed that can reach an overall length of 1-3 metres. It is an
annual species with two separate life stages; it has a large, “macroscopic” stage, usually
present through the late winter to early summer months, and small, “microscopic” stage,
present during the colder months. The macroscopic stage is golden-brown in colour, with a
lighter coloured stipe with leaf-like extensions at the beginning of the blade and develops a
distinctive convoluted structure called the “sporophyll” at the base during the reproductive
season. It is this sporophyll that makes Undaria easily distinguishable from native New
Zealand kelp species such as Ecklonia radiata. It is native to the Japan Sea and the northwest
Pacific coasts of Japan and Korea and has been introduced to the Mediterranean and Atlantic
coasts of France, Spain and Italy, the south coast of England, and parts of the coastline of
Tasmania and Victoria (Australia), southern California and Argentina. It is cryptogenic on the
coast of China.

Undaria pinnatifida is an opportunistic alga that has the ability to rapidly colonise disturbed
or new surfaces. It grows from the intertidal zone down to the subtidal zone to a depth of 15-
20 metres, particularly in sheltered reef areas subject to oceanic influence. It does not tend to
become established successfully in areas with high wave action, exposure and abundant local
vegetation. Undaria pinnatifida is highly invasive, grows rapidly and has the potential to
overgrow and exclude native algal species. The effects on the marine communities it invades
are not yet well understood, although its presence may alter the food resources of herbivores
that would normally consume native species. In areas of Tasmania (Australia) it has become
very common, growing in large numbers in areas where sea urchins have depleted stocks of
native algae. It can also become a problem for marine farms by increasing labour costs due to
fouling problems. U. pinnatifida is known to occur in a range of ports and marinas throughout
eastern New Zealand, from Gisborne to Stewart Island. In the Port of Picton U. pinnatifida
was observed by divers and occurred in pile scrape samples from Ferry Terminals 2 and 3,
and from the Waitohi Wharf (Fig. 20).
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Figure 20:  Undaria pinnatifida distribution in Picton
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Griffithsia crassiuscula (C. Agardh, 1824)

Image and information: Adams
(1994)

Griffithsia crassiuscula is a small filamentous red alga. Plants are up to 10 cm high,
dichotomously branched, with holdfasts of copious rhizoids. This species is bright rosy red to
pink and of a turgid texture. Its native origin is thought to be southern Australia. Griffithsia
crassiuscula is found subtidally and is mainly epiphytic on other algae and shells, but can also
be found on rocks and pebbles. It has no known impacts. During the port baseline surveys, G.
crassicuscula was recorded from Taranaki, Wellington, Picton, Lyttelton, Timaru and Bluff.
In the Port of Picton it occurred in pile scrape samples taken from the Waitohi Wharf (Fig.
21).
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Figure 21:  Griffithsia crassiuscula distribution in Picton
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Halisarca dujardini (Johnston, 1842)
No image available.

Halisarca dujardini is an encrusting cold-water sponge. It is a cosmopolitan species with a
wide distribution that includes the Arctic and Antarctic, the Subantarctic Islands, Australia,
New Zealand, Chile, England, the Atlantic and the Mediterranean. It occurs from the shallow
subtidal to a depth of 450 m. It has no known impacts. During the port baseline surveys H.
dujardini was recorded from Auckland, Taranaki, Wellington, Dunedin and Bluff. In the Port
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of Picton it was collected in pile scrape samples taken from Ferry Terminal 2 and the Waitohi
Wharf (Fig. 22).
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Figure 22:  Halisarca dujardini distribution in Picton

Cnemidocarpa sp. (Kott, 1952)
No image available.

This ascidian is in the family Styelidae. It appears to be a new species that is closely related to
C. nisiotus, but varies from this species in gonad structure, the number of branchial tentacles
and shape of rectal opening. It is not similar to any species described in Australia, Japan or
South Africa. Its native distribution, habitat preferences and impacts are unknown. Specimens
matching this description were also recovered from Gulf Harbour marina, Auckland,
Tauranga, Gisborne, Taranaki, Wellington, Lyttelton and Timaru during the port baseline
surveys. In the Port of Picton it was collected in pile scrape samples taken from Ferry
Terminals 2 and 3, and from the Wiatohi Wharf (Fig. 23).
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Figure 23:  Cnemidocarpa sp. distribution in the Port of Picton
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SPECIES INDETERMINATA

Thirty-three organisms from the Port of Picton were classified as species indeterminata. If
each of these organisms is considered a species of unresolved identity, then together they
represent 15.3 % of all species collected from this survey (Fig 13). Species indeterminata
from the Port of Picton included seven Phyla with the following numbers of species for each;
14 Annelida, one Bryozoa, two Cnidaria, 12 Phycophyta, one Platyhelminth, one Urochordata
and two Vertebrates (Table 9).

NOTIFIABLE AND UNWANTED SPECIES

Of the nine non-indigenous species identified from the Port of Picton, only the Asian
seaweed, Undaria pinnatifida, is currently listed as an unwanted species on the New Zealand
register of unwanted organisms (Table 5a). This seaweed is also listed on the ABWMAC list
of pest species in Australian (Table 5b). Further detail on this widespread non-indigenous
species is given in section 3.3.6 above.

PREVIOUSLY UNDESCRIBED SPECIES IN NEW ZEALAND

Fourteen species collected and identified from the Port of Picton during this study had not
previously been described from New Zealand waters. These species are classified either as
Category 2 cryptogenic species in Table 7, or are marked as new records in the non-
indigenous species list (Table 8). Previously undescribed cryptogenic species included one
amphipod crustacean (Meridiolembos sp. aff. acherontis) and 12 species of sponges that may
be new to science (Adocia n. sp. 1, Adocia n. sp. 2, Chalinula n. sp. 2, Dysidea n. sp. 1,
Dysidea n. sp. 3, Esperiopsis n. sp. 1, Euryspongia n. sp. 1, Halichondria n. sp. 1, Haliclona
n. sp. 1, Haliclona n. sp. 2, Haliclona n. sp. 5, Haliclona n. sp. 6; Table 7). The previously
undescribed non-indigenous ascidian Cnemidocarpa sp. was also discovered in the Port of
Picton (Table 8).

CYST-FORMING SPECIES

Cysts of six species of dinoflagellate (Phylum Pyrrophycophyta) were identified from the Port
of Picton. These are listed as Pyrrophycophyta in Table 6. The motile form of one of these
species (Lingulodinium polyedrum) can potentially cause diarrhetic shellfish poisoning and
blooms can cause problems for aquaculture and recreational harvesting of shellfish.

POSSIBLE VECTORS FOR THE INTRODUCTION OF NON-INDIGENOUS
SPECIES TO THE PORT

The non-indigenous species located in the Port are thought to have arrived in New Zealand
via international shipping. Table 8 indicates the possible vectors for the introduction of each
NIS recorded from Picton. Likely vectors of introduction are largely derived from Cranfield et
al (1998) and indicate that approximately 56 % (five of the nine NIS) probably arrived via
hull fouling. Forty-four percent (four species) probably were introduced to New Zealand via
either hull fouling or ballast water.

COMPARISON WITH OTHER PORTS

Sixteen locations (13 ports and three marinas) were surveyed during the summers of
2001/2002 and 2002/2003 (Fig. 1). The total number of species identified in these surveys
varied from 336 in the Port of Wellington to 56 in Whangarei Marina (Fig. 24a). The number
of species recorded in each port or marina reflects sampling effort (Table 3c) and local
patterns of marine biodiversity within the locations surveyed nationwide. Sampling effort
alone (expressed as the total number of registered samples in each port), accounted for
significant proportions of variation in the numbers of native (linear regression; F; 14 = 33.14,
P<0.001, R* = 0.703), Cryptogenic 1 (F1.14 = 5.94, P = 0.029, R* = 0.298) and Cryptogenic 2
(F114=7.37,P =0.017, R* = 0.345) species recorded in the different locations (Fig 25).
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However differing sampling effort between locations did not explain differences in the
numbers of NIS found there (F; 14 = 0.77, P = 0.394, R? = 0.052). Largest numbers of NIS
were reported from the ports of Lyttelton and Whangarei, but significantly more Cryptogenic
1 species were recorded in Whangarei Port than in other surveyed locations (Fig 25c,
Studentised residual = 3.87). When we allow for differences in sampling effort between
locations, the Port of Picton had an above-average number of native species, a below-average
number of NIS, an average number of Cryptogenic 1 species, and an above-average number
of Cryptogenic 2 species relative to the other ports and marinas surveyed nationwide (Fig 25a,
c, d).

Native organisms represented over 60 % of the species diversity sampled in each surveyed
location, with a minimum contribution of 61.0 % in the Port of Lyttelton and a maximum of
68.8 % in the Port of Picton (Fig. 24b). Species indeterminata organisms represented between
10.6 % and 25.2 % of the sampled diversity in each location. Non-indigenous and category 1
and 2 cryptogenic species were present in each port and marina, although their relative
contributions differed between locations (Fig. 24b). The port of Picton’s nine NIS was the
lowest number of non-indigenous species recorded from any of the locations surveyed
(Whangarei Marina also had nine NIS). NIS comprised 4.2 % of the total sampled diversity in
the Port of Picton (Fig. 24b), ranking it third lowest in percentage composition of NIS from
the sixteen locations surveyed nationwide.

Assessment of the risk of new introductions to the port

Many NIS introduced to New Zealand ports, through hull fouling, ships’ sea chests, or ballast
water discharge; do not survive to establish self-sustaining local populations. Species that do
survive often come from coastlines with similar marine environments to New Zealand. For
example, approximately 80% of the marine NIS known to be present within New Zealand are
native to temperate coastlines of Europe, the North West Pacific, and southern Australia
(Cranfield et al. 1998).

The Port of Picton receives comparatively little international commercial shipping compared
with other New Zealand ports. Only eight commercial vessels were recorded arriving in the
Port of Picton from overseas in 2003 (Cambell 2004). Three of these vessels were from
Australia, with the other countries of origin not being identified (Campbell 2004). In 1999 the
total recorded volume of ballast water discharged in the Port of Picton was 6956 m’ (Inglis
2001). This figure is three orders of magnitude lower than the recorded ballast water
discharge into the Port of New Plymouth, and two orders of magnitude lower that the volumes
discharged in Lyttelton, Tauranga, Whangarei and Nelson Ports. Of the 6956 m’ of ballast
water discharged in 1999, 2% was known to have originated from Australia, 23% was from
Japan and the remaining 75% was from unspecified source countries. Shipping from both
these identified regions presents a low, but on-going risk of introduction of new NIS to the
Port of Picton.

Assessment of translocation risk for non-indigenous species in the
port

The Port of Picton is connected directly to the ports of Wellington and Nelson by regular
coastal shipping and, is indirectly connected to most other domestic ports throughout
mainland New Zealand (Dodgshun et al. 2004). Although many of the non-indigenous species
found in the Port of Picton survey have been recorded previously in New Zealand, there was
an exception. The ascidian Cnemidocarpa sp. was first described from New Zealand waters
during these port surveys, and was found to be present in Auckland, Gisborne, Gulf Harbour
Marina, Nelson, Picton, Tauranga, Taranaki, Timaru and Wellington. Little is currently
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known about this species, however it appears to be widely spread through New Zealand’s
shipping ports where it may be competing with native fauna for space in fouling assemblages.
The highly invasive alga, Undaria pinnatifida, has been present in the Port of Picton since
1991. It has been spread by shipping and other vectors to 11 of the 16 ports and marinas
surveyed during the baseline surveys (the exceptions being Opua, Whangarei Port and
Marina, Gulf Harbour Marina, Tauranga Port). A control programme in Bluff Harbour has
subsequently removed U. pinnatifida populations established there. Nevertheless, vessels
departing from Picton after having spent time at berth within the port may pose a significant
risk of spreading this species to ports within New Zealand that remain uninfested. The risk of
translocation for U. pinnatifida and other fouling species is highest for slow-moving vessels,
such as yachts and barges, and vessels that have long residence times in the port prior to
voyages. In the Port of Picton barges, recreational craft or seasonal fishing vessels that are
laid up for significant periods of time pose an increased risk for the spread of these species.

Management of existing non-indigenous species in the port

Most of the NIS detected in this survey appear to be well established in the Port of Picton. For
most marine NIS eradication by physical removal or chemical treatment is not yet a cost-
effective option. Many of the species recorded in the Port of Picton are widespread and local
population controls are unlikely to be effective. Management should be directed toward
preventing spread of species established in the Port of Picton to locations where they do not
presently occur. This may be particularly relevant to species with limited distributions around
the country such as the spionid worms, Dipolydora armata and Dipolydora flava, and the
invasive Japanese kelp Undaria pinnatifida discussed above. However, D. armata and D.
flava are perhaps more likely to be transported domestically, by the movement of shellfish
aquaculture stock. Such management will require better understanding of the frequency of
movements by vessels and other vectors from Picton and surrounding regions to other
domestic and international locations and improved procedures for hull maintenance and
domestic ballast transfer by vessels leaving this port.

Prevention of new introductions

Interception of unwanted species transported by shipping is best achieved offshore, through
control and treatment of ships destined for the Port of Picton from high-risk locations
elsewhere in New Zealand or overseas. Under the Biosecurity Act 1993, the New Zealand
Government has developed an Import Health Standard for ballast water that requires large
ships to exchange foreign coastal ballast water with oceanic water prior to entering New
Zealand, unless exempted on safety grounds. This procedure (“ballast exchange”) does not
remove all risk, but does reduce the abundance and diversity of coastal species that may be
discharged with ballast. Ballast exchange requirements do not currently apply to ballast water
that is uptaken domestically. Globally, shipping nations are moving toward implementing the
International Convention for the Control and Management of Ships Ballast Water &
Sediments that was recently adopted by the International Maritime Organisation (IMO). By
2016 all merchant vessels will be required to meet discharge standards for ballast water that
are stipulated within the agreement.

Options are currently lacking, however, for effective in-situ treatment of biofouling and sea-
chests. Biosecurity New Zealand has recently embarked on a national survey of hull fouling
on vessels entering New Zealand from overseas. The study will characterise risks from this
pathway (including high risk source regions and vessel types) and identify predictors of risk
that may be used to manage problem vessels. Shipping companies and vessel owners can
reduce the risk of transporting NIS in hull fouling or sea chests through regular maintenance
and antifouling of their vessels.
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Overseas studies have suggested that changes in trade routes can herald an influx of new NIS
from regions that have not traditionally had major shipping links with the country or port
(Carlton 1987). The growing number of baseline port surveys internationally and an
associated increase in published literature on marine NIS means that information is becoming
available that will allow more robust risk assessments to be carried out for new shipping
routes. We recommend that port companies consider undertaking such assessments for their
ports when new import or export markets are forecast to develop. The assessment would
allow potential problem species to be identified and appropriate management and monitoring
requirements to be put in place.

Conclusions and recommendations

The national biological baseline surveys have significantly increased our understanding of the
identity, prevalence and distribution of introduced species in New Zealand’s shipping ports
and selected marinas. They represent a first step towards a comprehensive assessment of the
risks posed to native coastal marine ecosystems from non-indigenous marine species.
Although measures are being taken by the New Zealand government to reduce the rate of new
incursions, foreign species are likely to continue being introduced to New Zealand waters by
shipping, especially considering the lack of management options for hull fouling
introductions. There is a need for continued monitoring of marine NIS in port environments to
allow for (1) early detection and control of harmful or potentially harmful non-indigenous
species, (2) to provide on-going evaluation of the efficacy of management activities, and (3)
to allow trading partners to be notified of species that may be potentially harmful. Baseline
inventories, like this one, facilitate the second and third of these two purposes. They become
outdated when new introductions occur and, therefore, should be repeated on a regular basis
to ensure they remain current. Hewitt and Martin (2001) recommend an interval of three to
five years between repeat surveys.

The predominance of hull fouling as a likely introduction vector for NIS encountered in the
Port of Picton (probably responsible for at least 56% of the NIS introductions) is consistent
with previous findings from a range of overseas locations. For instance, Hewitt et al (1999)
attributed the introduction of 77% of the 99 NIS encountered in Port Phillip Bay (Australia) to
hull fouling, and only 20% to ballast water. Similarly, 61% of the 348 marine and brackish
water NIS established in the Hawaiian Islands are thought to have arrived on ships’ hulls, but
only 5% in ballast water (Eldredge and Carlton 2002). However, ballast water is thought to be
responsible for the introduction of 30% of the 212 marine NIS established in San Fransisco
Bay (USA), compared to 34% for hull fouling (Cohen and Carlton 1995). The high
percentages of NIS thought to have been introduced by hull fouling in Australasia may reflect
the fact that hull fouling has a far longer history (~200 years) as an introduction vector than
ballast water (~40 years) (Hewitt et al 1999). However, the fact that some of New Zealand
and Australia’s most recent marine NIS introductions (e.g. Undaria pinnatifida, Codium
fragile sp. tomentosoides) have been facilitated by hull fouling suggests that it has remained
an important transport mechanism (Cranfield et al 1998; Hewitt et al 1999).

Non-indigenous marine species can have a range of adverse impacts through interactions with
native organisms. For instance, NIS can cause ecological impacts through competition,
predator-prey interactions, hybridisation, parasitism or toxicity and can modify the physical
environment through altering habitat structure (Ruiz et al 1999; Ricciardi 2001). Assessing
the impact of a NIS in a given location ideally requires information on a range of factors,
including the mechanism of their impact and their local abundance and distribution (Parker et
al 1999). To predict or quantify NIS impacts over larger areas or longer time scales requires
additional information on the species’ seasonality, population size and mechanisms of
dispersal (Mack et al 2000). Further studies may be warranted to establish the abundance and
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potential impacts of the non-indigenous species encountered in this port to determine the
threat they represent to New Zealand’s native ecosystems.
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Tables

Table 1: Berthage facilities in the Port of Picton.
Length
of Maximum  Maximum
Berth berth draught beam
Berth No. Purpose Construction (m) (m) (m)
Inter- 1 Vehicle-carrying high Concrete deck/wood and 120 7.5 26
island speed ferries steel casing piles +
ferry wooden pile fendering
terminal
2 Road and rail-carrying Concrete dec/steel 160 7.5 22
conventional ferries casing piles + wooden
pile fendering
3 Vehicle-carrying Concrete dec/steel 140 7.5 16
conventional vessels casing piles + wooden
pile fendering
Waihohi  East Overseas and coastal Concrete deck/concrete 210 10.3 32
Wharf cargo vessels, fishing, piles + wooden pile
bulk cargo and fendering
passenger cruise ships
West Concrete deck/steel 210 10.3 32

casing piles + wooden
pile fendering

Biosecurity New Zealand
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Table 2. Comparison of survey methods used in this study with the CRIMP protocols
(Hewitt and Martin 2001), indicating modifications made to the protocols
following recommendations from a workshop of New Zealand scientists. Full
details of the workshop recommendations can be found in Gust et al. (2001).

CRIMP Protocol NIWA Method
Survey Sample Survey Sample
Taxa sampled  method procedure method procedure Notes
Dinoflagellate Small hand Cores taken by TFO Gravity  Cores taken  Use of the javelin core eliminated
cysts core divers from core (“‘javelin” from locations the need to expose divers to
locations core) where unnecessary hazards (poor
where sediment visibility, snags, boat movements,
sediment deposition repetitive dives > 10 m). Itis a
deposition occurs method recommended by the
occurs WESTPAC/IOC Harmful Algal
Bloom project for dinoflagellate
cyst collection (Matsuoka and
Fukuyo 2000)
Benthic infauna Large core 3 cores close Shipek benthic 3 cores within  Use of the benthic grab eliminated
to (O m)and 3 grab 10 m of each  need to expose divers to
cores away sampled berth unnecessary hazards (poor
(50 m) from and at sites in visibility, snags, boat movements,
each berth the port basin repetitive dives > 10 m).
Dinoflagellates ~ 20pm Horizontal and Not sampled  Not sampled  Plankton assemblages spatially

Zooplankton and/
phytoplankton

Crab/shrimp

Macrobiota

plankton net

100 pm
plankton net

Baited traps

Qualitative

visual survey

vertical net
tows

Vertical net
tow

Not sampled

3 traps of each Baited traps
kind left

overnight at

each site

Visual
searches of
wh