
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=tnzm20

Download by: [203.118.170.61] Date: 23 February 2017, At: 01:17

New Zealand Journal of Marine and Freshwater Research

ISSN: 0028-8330 (Print) 1175-8805 (Online) Journal homepage: http://www.tandfonline.com/loi/tnzm20

Emergency surveillance for marine pests after the
grounding of the container vessel, MV Rena

M Smith, GJ Inglis, S Wilkens & S McDonald

To cite this article: M Smith, GJ Inglis, S Wilkens & S McDonald (2016) Emergency surveillance
for marine pests after the grounding of the container vessel, MV Rena , New Zealand Journal of
Marine and Freshwater Research, 50:1, 42-55, DOI: 10.1080/00288330.2015.1127828

To link to this article:  http://dx.doi.org/10.1080/00288330.2015.1127828

Published online: 27 Apr 2016.

Submit your article to this journal 

Article views: 195

View related articles 

View Crossmark data

http://www.tandfonline.com/action/journalInformation?journalCode=tnzm20
http://www.tandfonline.com/loi/tnzm20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00288330.2015.1127828
http://dx.doi.org/10.1080/00288330.2015.1127828
http://www.tandfonline.com/action/authorSubmission?journalCode=tnzm20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=tnzm20&show=instructions
http://www.tandfonline.com/doi/mlt/10.1080/00288330.2015.1127828
http://www.tandfonline.com/doi/mlt/10.1080/00288330.2015.1127828
http://crossmark.crossref.org/dialog/?doi=10.1080/00288330.2015.1127828&domain=pdf&date_stamp=2016-04-27
http://crossmark.crossref.org/dialog/?doi=10.1080/00288330.2015.1127828&domain=pdf&date_stamp=2016-04-27


RESEARCH ARTICLE

Emergency surveillance for marine pests after the grounding
of the container vessel, MV Rena
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aNational Institute of Water and Atmospheric Research Ltd, Auckland, New Zealand; bNational Institute of
Water and Atmospheric Research Ltd, Christchurch, New Zealand; cNational Institute of Water and
Atmospheric Research Ltd, Wellington, New Zealand; dMinistry for Primary Industries, Wellington, New
Zealand

ABSTRACT
The grounding of the MV Rena in 2011 necessitated urgent entry of
salvage vessels into New Zealand. Two, a cargo barge and tug, had
been idle in Australia before mobilisation and had well-developed
biofouling assemblages that included non-indigenous species new
to New Zealand. Surveillance for the species was initiated in
Tauranga harbour, Astrolabe Reef and Mōtītī Island, where the
vessels had operated. Response personnel were trained to
recognise and report the organisms and active surveys were
implemented, including reinspection of the vessels after treatment
of the biofouling, dive and shoreline searches, and trapping.
Although none of the risk species was detected, the biosecurity
risk from the vessels changed during the response, from initially
acting as a vector for species new to New Zealand to later
transporting non-indigenous species from coastal ports to the
arena of operations. The study highlights a need for better
integration of biosecurity risk management into forward planning
for maritime incidents.
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Introduction

The grounding or sinking of a vessel presents a range of threats to marine environments.
These can include the direct mechanical impacts of the grounding and associated debris
on marine habitats and organisms (Marshall & Edgar 2003; Work et al. 2008; Lirman
et al. 2010); liberation of oil (Edgar & Barrett 2000; Peterson et al. 2003; Yamamoto
et al. 2003) and other contaminants from the ship’s cargo (Brondi et al. 1981; Dollar &
Grigg 1981; Hawkins et al. 1991) or its antifouling coatings (Negri et al. 2002; Smith
et al. 2003); and the effects of clean-up efforts themselves on ecological assemblages
(Pezeshki et al. 2000).

An often overlooked risk is the inadvertent release of stowaway pest organisms.
Although the phenomenon of ‘rat spill’—the introduction of rodents to isolated islands
from shipwrecks—is relatively well known (Ebbert et al. 2007), response and recovery
plans for serious maritime accidents rarely consider the potential for the introduction
of other types of risk organism such as non-indigenous weeds, insects or marine
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organisms, despite their association with shipping (Carlton & Geller 1993; Stanaway et al.
2001; Mack 2003; Work et al. 2005).

Non-indigenous marine organisms are spread by shipping, within ballast water and as
biofouling attached to submerged surfaces of vessels (Ruiz et al. 1997). Foundering of a
vessel can increase the risk that these organisms will establish local populations. Organ-
isms attached to or within the stricken vessel may be released or shed offspring into the
surrounding environment (Wotton et al. 2004; Wanless et al. 2010). Other vessels
brought in to assist with the response can, themselves, transport risk organisms to the
site from overseas or elsewhere within the region. Over time, the surfaces of wrecks can
also be important beach-heads for the proliferation of non-indigenous species and their
spread to surrounding natural habitats (Clapin & Evans 1995; LaValle et al. 1999;
Sheehy & Vik 2010; Sampaio et al. 2012).

The grounding of the 38,788 GT container vessel, MV Rena, on Astrolabe Reef (Otaiti),
New Zealand on 5 October 2011 triggered a whole-of-government response to manage the
environmental effects of the incident (Schiel et al. 2016). Vessels mobilised to the site
during the course of the response and salvage included offshore supply ships and tugs,
a bunkering tanker, a naval fuel tanker, shear leg and cargo barges, oil recovery vessels,
mussel barges, naval patrol vessels and a heavy crane ship (Murdoch 2013). Some
entered New Zealand waters under urgency to assist. During this phase, the Ministry
for Primary Industries (MPI) provided support to assess biosecurity risks from the
vessels arriving from overseas (McDonald et al. 2012). Two in particular were identified
as potentially high risk: a cargo barge and its support tug, which were brought in to
remove containers from the stricken Rena. Slow-speed service vessels, such as barges
and tugs, can accumulate heavy biofouling because they spend long periods at anchor
or laid-up. Their slow steaming speed also means that many organisms can survive the
relatively low sheer stress experienced during voyages (Lewis et al. 2006; Coutts et al.
2010; Hopkins & Forrest 2010).

The barge and tug were mobilised from Port Curtis, Australia (23°49′48′′S, 151°
15′10′′E) on 15 October 2011. Prior to that, they had been idle and heavily ballasted in
Port Curtis for up to 2 years (McDonald et al. 2012). Based on the information provided
to MPI on the antifouling coatings and dry docking history, MPI advised that the vessels
be inspected for macrofouling upon arrival to New Zealand. Here, we describe the inspec-
tion and attempted treatment of these vessels to mitigate biosecurity risks and surveys
implemented in environments surrounding the incident site to determine if non-indigen-
ous species associated with them established local populations.

Materials and methods

Inspection and treatment of the barge and tug

The tug (length 29 m, beam 9 m, GRT 254 mt) and cargo barge (length 85.3 m, beam
24.4 m, DWT 6000 mt, GRT 2772 mt) arrived in the Port of Tauranga on 27 October
2011 and remained there until 16 November 2011, when containers began to be
removed from the Rena. During salvage operations, the vessels moved between the
Port of Tauranga, Astrolabe Reef and Mōtītī Island (Figure 1), where they occasionally
anchored during unfavourable weather or down-time.
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Figure 1. A, Area of operations of the barge and tug in Tauranga harbour, Mōtītī Island and Astrolabe Reef denotes the locations of pitfall trapping; B, Location of
dive searches at Astrolabe Reef in May (▴) and October (●) 2013. The shaded area depicts the bow and stern sections of the Rena. The debris zone is shown as
stipple; C, Locations of dive (●) and shoreline searches at Mōtītī in May (▴) and October (○) 2013.

44
M

SM
ITH

ET
A
L.



Inspections of the vessels’ hulls were undertaken in the Port of Tauranga shortly after
their arrival (28 October 2011), with the primary focus being an inspection of the barge.
Divers surveyed four longitudinal transects along the port side of the barge’s hull, from
stern to bow. Each transect was c. 4 m wide and spaced c. 2 m apart. Safety concerns pre-
vented divers inspecting the starboard side of the barge while it was secured to the wharf.
Video was taken along two transects and representative samples were collected of biofoul-
ing encountered. No samples were obtained from the mid-point transect as water currents
were too strong to retain the specimens safely. A full bow-to-stern transect (3 m width)
was also surveyed above the waterline, in a visible zone of biofouling that had been sub-
merged when the barge was ballasted (the ‘boot top’; Figure 2). Samples were also collected
from heavily fouled ‘niche’ areas that included the footholds located towards the stern. An
opportunistic visual inspection along the waterline was also made of the tug and any
visible biofouling was collected. Fourteen bulk samples were removed from the barge
and a single specimen of red alga was collected from the tug. Each sample was preserved
and identified by taxonomic experts.

The red alga was provisionally identified as a non-indigenous species from the genus
Grateloupia that had not previously been reported fromNew Zealand. This genus contains
a number of invasive species (D’Archino 2011). MPI subsequently commissioned treat-
ment of the tug using low-pressure hot water and manual removal of the alga by divers
(Stratford 2011). To minimise the impact of the treatment on salvage operations, the treat-
ment occurred on 12–13 December 2011, when the tug was not required for operations.
No treatment was undertaken of the barge.

The tug was reinspected on 24 August 2012 to evaluate the effectiveness of the heat
treatment on the biofouling on the hull. Five transects were surveyed along the length
of the hull. Transects were located at the waterline on both sides of the vessel, and at inter-
vals of 1 m below the starboard waterline (along the vertical hull), 2 m below the waterline

Figure 2. Zone of barnacle fouling where the barge was previously ballasted, taken from stern to bow.
Footholds are visible on the side of the barge. This zone was sampled during the horizontal waterline
transect.
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(along the hull and bilge keel) and 3 m below waterline (along the keel). In addition, the
propeller, rudder and sea chest gratings were each inspected. A separate visual inspection
was also made of the portside waterline of the barge. Strong currents prevented divers
from undertaking a full inspection. Six samples were removed from the tug by hand
and a single sample was collected from the barge.

Surveillance for marine pests

Because non-indigenous species were found on the tug and barge, it was decided to
implement additional monitoring. This included enhanced passive surveillance, extending
existing surveillance, trapping within Tauranga harbour and dive surveys at the locations
where these vessels were active. This included within Tauranga harbour, at Astrolabe Reef
and Mōtītī Island, where the barge was often moored during salvage operations. Details of
each are described below.

Enhancing passive surveillance
A workshop on 20 September 2012 provided training in identification of high-risk marine
pests to contractors and volunteers involved in the salvage and environmental recovery.
Preserved specimens, colour images and identification guides were used to demonstrate
key diagnostic features of species that are the target of the National Marine High Risk
Site Surveillance (NMHRSS, see below) and five risk species identified from inspections
of the barge and tug. These were the mangrove crabs, Metopograpsus latifrons and
M. frontalis, the bivalves, Patro australis and Neotrapezium sublaevigatum, and the red
alga Grateloupia sp. filicina-type. Identification guides developed for these species were
disseminated to all participants. The workshop also outlined procedures for preserving
and reporting suspect specimens encountered during the clean-up and recovery.

Extending the NMHRSS
The NMHRSS is undertaken every 6 months in Tauranga harbour. Its primary objective is
to detect incursions to New Zealand of five non-indigenous organisms listed on the New
Zealand Unwanted Organisms Register: the Northern Pacific seastar, Asterias amurensis;
European shore crab, Carcinus maenas; the marine aquarium weed, Caulerpa taxifolia;
Chinese mitten crab, Eriocheir sinensis; and Asian clam, Potamocorbula amurensis. It is
also tasked with detecting incursions by other non-indigenous organisms not known to
be present in New Zealand and detecting range extensions by species that have already
established populations in parts of New Zealand (Morrisey et al. 2013). The surveys use
a risk-based sampling design, with sample effort allocated from a survey grid relative to
the distribution of suitable habitat and likely locations of first arrival for the five
primary target species (Inglis et al. 2006; Morrisey et al. 2013). Sampling includes a com-
bination of baited crab traps (n = 240 sets per survey), unbaited crab shelters (n = 24 sets),
benthic sled tows (n = 100), visual searches by divers (n = 30 sites) and shoreline searches
(n = 25 sites).

NMHRSS surveys of Tauranga harbour in September 2012 and January 2013 were also
tasked with detecting the five risk species recorded from inspections of the barge and tug
(described above). An extra 15 sites were also surveyed by divers within the Port of Taur-
anga and Mount Maunganui Mātaitai (a reserve surrounding Mount Maunganui that
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recognises traditional Māori fishing grounds that are important for customary food gath-
ering) and 20–31 additional shoreline sites were searched on each survey. The shoreline
searches were of intertidal habitats close to the port that were suitable for the five risk
species found on the vessels; namely, mangroves, intertidal oyster reefs, shell debris and
artificial structures (wharf piles, pontoons and breakwalls).

Trapping for M. frontalis and M. latifrons
Grapsid mangrove crabs can be difficult to sample because they are very mobile and may
be cryptic or in burrows when inactive. Pitfall traps are the most effective way to estimate
their abundance and diversity (Salgado-Kent & McGuinness 2006). We established two
trapping grids, each containing five pitfall traps, at four mangrove sites in Tauranga
harbour: Matua, Otumoetai, Fraser Cove and Welcome Bay (Figure 1a). The sites were
chosen for their proximity to areas where the barge and tug had operated in the Port of
Tauranga. The traps were constructed of plastic plant pots (c. 15 cm diam. × 17 cm
deep) with a 1 mm mesh attached to the bottom to allow drainage. Funnels were fitted
to the tops to prevent escape. Each trap was buried so that the rim was flush with the
surface of the mud. Traps were deployed after spring tides when the crabs are most
active (Frusher et al. 1994). They were cleared after 24 h and 48 h. Captured crabs were
removed, identified in situ (where possible) and any specimens resembling M. frontalis
or M. latifrons were photographed and retained for expert identification.

Two trapping surveys were implemented: between 31 October and 2 November 2012
and between 11 and 13 March 2013. On each occasion, timed visual searches (10 min)
were also undertaken within the mangrove fringe for any tree-climbing crabs that
resembled M. frontalis and M. latifrons.

Surveys of Astrolabe Reef and Mōtītī Island
Surveys of Mōtītī Island were targeted at locations and habitats where the barge and tug
had operated or moored. They included artificial structures (pilings, jetties and a fishing
boat wreck) and natural reef habitats. Sites for survey were chosen after consultations
with Te Ahikaaroa o Mōtītī who provided advice on the anchoring locations and areas
of concern for kaimoana. A hui at the island’s marae before implementation of the
surveys outlined the purpose of the surveys and provided training in identification of
the species. Members of the Mōtītī Island community accompanied the field team
during the surveys to assist with access to sites and the shoreline searches.

Searches of the shoreline were made at six intertidal locations between 11 April and 10
May 2013 and again on 3 October 2013 (Figure 1c). Two of the intertidal sites were
searched by divers in April 2013 because of unfavourable tides. Dive searches were also
undertaken at six subtidal locations during each survey period.

Dive searches were made at three locations near the wreck site on Astrolabe Reef in
May 2013 and in October 2013. The sites were chosen in consultation with the salvors
to ensure they were close to the wreck site, but would not jeopardise the divers or interfere
with ongoing salvage operations. The locations varied slightly between the two surveys
because of restrictions around the operating salvage vessel. In May, all sites were
located on rocky reef at the edge of the debris field. Each site was searched for 20 min
by a pair of divers (Figure 1b). Transects (20 m) were laid along the contours of the
reef at depths of 10–15 m and at 25 m. A 10 min search was also completed in macroalgal
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habitats near the reef top (c. 5 m depth). In October, the sites were located at 5 m, 15 m
depth and in the debris field at 20 m depth. Two 30 m transects were surveyed in the
debris field and scoured reef top. Wreck debris (aluminium ingots, scrap metal, wire,
steel) was also inspected for the target species and recent settlement of biofouling.

Results

Inspection and treatment of the barge and tug

During the initial survey in October 2011, biofouling covered c. 90% of the ‘boot top’ on the
portside of the barge. The fouling consistedmostly of dead barnacles, mussels (Modiolus sp.
and Mytilus sp.) and oysters (principally Crassostrea gigas). However, organisms located
closer to the unballasted waterline and/or in the recessed footholds were still alive at the
time of the survey. This area also contained encrusting bryozoans, hydroids andAnomiidae
oysters. Biofouling on the submerged hull of the barge was patchy and covered <5% of the
available surface. It consisted mostly of small patches of hydroids and acorn barnacles.
Fourteen taxa were identified from the samples (Table 1). These included 11 non-indigen-
ous taxa, only one of which (C. gigas) was known to be established in New Zealand waters.
Six of the taxa had not previously been recorded in New Zealand (Table 1).

Biofouling along the waterline of the tug consisted predominantly of filamentous green
algae and small patches of a non-indigenous species ofGrateloupia that had not previously
been recorded from New Zealand and which was subsequently identified as
G. subpectinata (Nelson et al. 2013; Table 1).

The barge remained heavily fouled when it was reinspected in August 2012. Biofouling
along the waterline comprised mostly algae, barnacles, encrusting bryozoans and bivalves
(Table 1). None of the non-indigenous species recorded in the initial survey was recorded.
Instead, the assemblage was dominated by native New Zealand species (seven taxa) and
two non-indigenous species—the kelp Undaria pinnatifida and bryozoan Tricellaria cat-
alinensis—that are established in New Zealand ports and harbours (Table 1).

Reinspection of the tug 8 months after the hot-water treatment revealed patches of fila-
mentous green algae, dead/decomposing hydroids and goose barnacles at the waterline
(Table 1). Grateloupia subpectinata was still present in patches along both sides of the
vessel, as were large U. pinnatifida sporophytes. The hull was also fouled with hydroids,
oysters and mussels, particularly along the dry dock support strips on the keel (Table
1). The assemblage was dominated by native taxa (13 species) and six non-indigenous
species that are present in New Zealand ports (Table 1). The bilge keel on the starboard
side was heavily fouled with decomposing hydroids and algae, living barnacles and hun-
dreds of the native crab, Guinusia chabrus (Table 1). The sea chest was also heavily fouled
with hydroids and mussels. Following the detection of G. subpectinata on the tug during
the August 2012 inspection, MPI undertook a second response assessment and appropri-
ate action was subsequently taken (in this case in-water cleaning using a contained system
whereby all biofouling material removed was captured).

Additional surveillance in Tauranga

The two NMHRSS surveys of Tauranga harbour were completed in September 2012 and
January 2013. None of the NMHRSS primary target species nor any of the five risk species
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Table 1. Species recorded during inspections of the barge and tug in October 2011 and August 2012. Species that are first records for New Zealand are highlighted
in bold.

Barge Tug

October 2011
August
2012

October
2011 August 2012

Phylum Species Biosecurity status in NZ
Boot-
top Hull Niche* Boot-top Boot-top

Boot-
top Hull Niche†

Annelida Nereis sp. Unknown ✓
Arthropoda Amphibalanus reticulatus (Utinomi, 1967) NIS-N ✓ ✓

Amphibalanus variegatus (Darwin, 1854) Ind. ✓
Balanus trigonus Darwin, 1854 Ind. ✓
Caprella equilibra Say, 1818 Crypt. ✓
Guinusia chabrus (Linnaeus, 1758) Ind. ✓ ✓ ✓ ✓
Halicarcinus innominatus Richardson, 1949 Ind. ✓
Lepas sp. Crypt. ✓ ✓ ✓
Metopograpsus latifrons (White, 1847) NIS-N ✓
Metopograpsus frontalis Miers, 1880 NIS-N ✓
Striatobalanus amaryllis (Darwin, 1854) NIS-N ✓ ✓ ✓

Bryozoa Bugula flabellata (Thompson, in Gray, 1848) NIS-Est. ✓
cf. Conopeum seurati NIS-N ✓
Hippopodina feegeensis (Busk, 1884) NIS-N ✓
Schizoporella errata (Waters, 1878) NIS-Est. ✓
Scruparia ambigua (d’Orbigny, 1841) Crypt. ✓
Tricellaria catalinensis (Robertson, 1905) NIS-Est. ✓ ✓ ✓

Cnidaria Aglaophenia sp. Unknown ✓
Ectopleura larynx (Ellis & Solander, 1786) NIS-Est. ✓ ✓ ✓ ✓
Obelia dichotoma (Linnaeus, 1758) Crypt. ✓
Obelia longissima (Pallas, 1766) NIS-Est ✓

Chlorophyta Cladophora sp. Unknown ✓
Ulva sp. Unknown ✓ ✓

Chordata Asterocarpa humilis (Heller, 1878) Crypt. ✓
Didemnum maculatum (Nott, 1892) Ind. ✓ ✓ ✓
Pyura trita (Sluiter, 1900) Ind. ✓

Mollusca Crassostrea gigas (Thunberg, 1793) NIS-Est. ✓ ✓
Dicathais orbita (Gmelin, 1791) Ind. ✓
Hiatella arctica (Linnaeus, 1767) Ind. ✓ ✓
Modiolus sp. (cf. trailii) NIS-N ✓
Mytilus sp. (cf. planulatus) Crypt. ✓ ✓
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Table 1. Continued.
Barge Tug

October 2011
August
2012

October
2011 August 2012

Phylum Species Biosecurity status in NZ
Boot-
top Hull Niche* Boot-top Boot-top

Boot-
top Hull Niche†

Neotrapezium sublaevigatum (Lamarck, 1819) NIS-N ✓
Ostrea chilensis Philippi, 1844 Ind. ✓ ✓ ✓
Perna canaliculus (Gmelin, 1791) Ind. ✓
Patro australis (Gray in Jukes, 1847) NIS-N ✓
Siphonaria australis Quoy & Gaimard, 1833 Ind. ✓

Ochrophyta Dictyota kunthii (C.Agardh) Greville, 1830 Ind. ✓ ✓
Petalonia binghamiae (J.Agardh) K.L.Vinogradova, 1973 Ind. ✓
Hincksia sp. Unknown ✓
Undaria pinnatifida (Harvey) Suringar, 1873 NIS-Est. ✓

Rhodophyta Ceramium sp. Unknown ✓
Chondracanthus chapmanii (J.D.Hooker & Harvey) Fredericq,
1994

Ind. ✓

Dasya sp. Unknown ✓
Grateloupia subpectinata Holmes, 1912 NIS-N ✓ ✓
Grateloupia cf. turuturu Yamada, 1941 NIS-Est. ✓
Polysiphonia sp. Unknown ✓ ✓ ✓ ✓
Rhodophyllis sp. Unknown ✓

Tracheophyta Zostera muelleri Irmisch ex Ascherson, 1867 Ind. ✓

Ind., indigenous to New Zealand; NIS-Est., a non-indigenous species that is known to be established in New Zealand; NIS-N, a non-indigenous species that is not known to be established in New
Zealand; Crypt., of uncertain geographic origins (‘cryptogenic’); Unknown, specimen could not be identified to species.

*Portside footholds.
†Propellor, rudder, keel.
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from the vessels was detected. Undaria pinnatifida was recorded at two dive sites at the
western end of the Port of Tauranga in September 2012 and at three dive sites and two
shore search locations in this area in January 2013.

Pitfall trapping for mangrove crabs

The pitfall traps were effective at capturing mangrove crabs, with an average of between 16–
80 crabs caught per trap in each survey. In total, more crabs (n = 2404 individuals) were
caught during the sampling in March 2013 than in November 2012 (n = 1812; ANOVA:
F1,4 = 12.3, P = 0.003). This was due mostly to greater abundance of the native stalk-eyed
mud crab, Hemiplax hirtipes, in March (ANOVA: F1,4 = 39.8, P = 0.0001). All of the crabs
caught were native species, with the most abundant being the burrowing mud-crab, Austro-
helice crassa (67% of individuals caught) and H. hirtipes (29%). NoMetopograpsus frontalis
or M. latifrons were observed in the traps or during timed searches.

Targeted dives and shoreline surveys

None of the NMHRSS target species or the five risk species from the barge or tug was
found in dive surveys and shoreline searches of Mōtītī Island and Astrolable Reef. Six
suspect samples of red alga collected during the surveys of Mōtītī were subsequently ident-
ified as native species: Pterocladia lucida, Melanthalia abscissa, Gigartina clavifera, Ploca-
mium costatum andDelisea elegans. Two samples of red alga collected from Astrolabe Reef
in May 2013 and a single red alga collected in October 2013 were identified as Plocamium
costatum and Pterocladia lucida, respectively.

Discussion and conclusions

Numerous recent studies have highlighted the potential for invasive species to be intro-
duced into sensitive marine environments by maritime accidents. For example, Wanless
et al. (2010) described the stranding of a heavily fouled decommissioned submersible pet-
roleum platform on the remote island of Tristan da Cunha. At least 62 taxa recorded from
the platform were not indigenous to the archipelago. In New Zealand, the invasive alga
U. pinnatifida was successfully removed from a fishing trawler that sank at the
Chatham Islands (Wotton et al. 2004). More recently, debris from a vessel wrecked in
the Pacific that drifted close to the northern coastline of New Zealand in 2007 contained
up to 76 taxa, including 28 non-indigenous species (Williams et al. 2008). Comparable
reports of the transport of non-indigenous species by vessel debris have also occurred
on the west coast of North America following the 2011 Japanese tsunami (Calder et al.
2014). In the Galapagos Islands, Marshall & Edgar (2003) observed dense blooms of fila-
mentous algae and the fouling hydroids Ectopleura media and Pennaria disticha surround-
ing the grounded coastal tanker, Jessica. Although it was initially feared that E. media had
been introduced by the accident, it was subsequently shown to be indigenous to the Gala-
pagos. Its rapid proliferation on the wreckage and surrounding bare substratum was,
however, characteristic of opportunistic biofouling organisms.

Our study shows that the biosecurity risks associated with maritime accidents are not
restricted to the prone vessel. Salvage and support vessels brought into the arena of
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operations may, themselves, bring unwanted species. The barge and tug surveyed on
arrival in New Zealand contained a range of species that were not present in New
Zealand waters. This included the mangrove crabs Metopograpsus latifrons and
M. frontalis and the red alga Grateloupia subpectinata.

Although the mangrove crabs have a largely tropical, Indo-Pacific distribution, it is
possible they may be able to survive in northern New Zealand. Neither species has a
track record of invasion and, to our knowledge, this is the first time they have been
recorded outside their natural geographic range. Their potential impacts on New
Zealand native species and environments are unclear. Both are opportunistic omnivores
although Poon et al. (2010) suggested that M. frontalis may be an important predator
within mangrove ecosystems of Hong Kong. Unlike native New Zealand mangrove
crabs, both species are tree climbers. Metopograpsus latifrons is a specialised climber
that often climbs into the mangrove canopy during high tide (Fratini et al. 2005),
whereas M. frontalis is more likely to occur among the roots and lower trunk.

Grateloupia subpectinata is probably a native of the northwest Pacific (Japan, Korea
and China) and appears to have been introduced to Britain, France and Australia
(Nelson et al. 2013). The variable morphology of this genus, particularly the finely
branched forms, makes identification difficult and as a consequence, the biology and
ecology of individual species is not well resolved. Grateloupia species have formed nui-
sance blooms in the past. On exposed coasts in Japan, G. subpectinata tends to grow in
tide pools in the mid to lower intertidal, whereas in calm coastal environments it is
restricted to the lower intertidal (Faye et al. 2004).

Because of the size of the salvage barge, there were few options available to remove the
biofouling from it once it had entered the country. An attempt to remove biofouling from
the tug using low-pressure hot water did not eliminate G. subpectinata. Repeat surveys of
the vessels also showed how the nature of the biosecurity risk to environments in the area
of salvage operations changed over the course of the response as the composition of the
biofouling assemblage on them changed. When the vessels were inspected after almost
a year of operations, biofouling assemblages on their hulls were dominated by native
taxa and by non-indigenous species (U. pinnatifida, Grateloupia turuturu and Tricellaria
catalinensis) that were already present in some New Zealand ports, but which had not yet
invaded offshore islands and reefs surrounding the wreck site. Establishment of
U. pinnatifida on natural reefs is often mediated by disturbances that remove the existing
canopy of native algae or grazers (Valentine & Johnson 2003). Scouring of the reef top at
Astrolabe Reef by the bow of the Rena could provide an opportunity for these species to
gain a foothold. Given the longevity of the gametophyte stage of U. pinnatifida (Schaffelke
et al. 2005), continued monitoring of the wreck site is recommended to guard against this
eventuality.

Active surveillance in Tauranga harbour, Mōtītī Island and Astrolabe Reef over 12
months did not detect any of the species of concern. However, given the size of the
arena of operations for the vessels, the level of surveillance effort that could be achieved
in that time was modest and we would encourage ongoing vigilance. While implement-
ing the surveys, we also sought to increase the knowledge and capability of others
involved in the Rena response to enhance passive surveillance for the potential pests.
However, by itself, surveillance cannot prevent unwanted species from becoming estab-
lished and efforts to remove them once they have arrived are technically difficult and
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costly. Provisions need to be made to include the assessment of biosecurity risk within
the emergency response planning for similar transportation accidents so that risks can
be identified early and mitigation strategies put in place. These should include provisions
for vessels operating in the response zone to have effective biofouling and ballast water
management plans (IMO 2009) to ensure that the environmental consequences of the
accident are not compounded by the introduction of harmful species from other
coastal or international locations. In the time since these inspections were undertaken,
MPI has released a Craft Risk Management Standard (CRMS) for vessel biofouling,
which sets the permissible level of hull fouling and acceptable measures for meeting
the requirements for vessels entering New Zealand waters. This standard will become
compulsory in 2018.
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