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Summary

The biosecurity risks associated with sea containers are acknowledged by a number of countries. This paper summarises available evidence for the biosecurity risk associated with movement of sea containers around the world. The primary source of information is records of organisms intercepted during the course of routine entry processes or targeted surveys. Despite the limitations of these data, they indicate that there is a wide range of biosecurity contamination on sea containers. Some of the most significant hazards are discussed.
Introduction

Understanding the pathways by which invasive species enter new countries and become established is an important step in developing strategies to mitigate the risk from these species (Andow, 2003; Hulme, 2009). This paper summarises available evidence for the biosecurity risk associated with movement of sea containers around the world.

The risk associated with an exotic species establishing in a new location will vary between countries. For this reason, this paper is focused only on organisms that have the potential to cause harm in a new location and are likely to be associated with sea containers. It doesn’t assess specific risks in detail. 

Commodities and conveyances, as well as associated material such as packaging, are pathways for introduction of exotic organisms. Disentangling the components can be difficult. This paper is restricted to risks associated with containers rather than those associated with the commodities or their packaging including wood packaging. This paper assumes that containers are constructed from steel. Wooden crates the same size as sea containers are considered to be wood packaging. Trade patterns mean that both empty and full sea containers are moved around the globe. 

The biosecurity risks associated with sea containers are acknowledged by a number of countries. For instance New Zealand, Australia and the Cook Islands 2008 have imposed measures to manage these risks (Australian Quarantine and Inspection Service, 2009; Ministry of Agriculture Cook Islands, 2008; MAF Biosecurity New Zealand, 2009).

What is the biosecurity risk?

Organisms associated with sea containers have an opportunistic rather than a biological host relationship with the sea container. We use the term hitchhiker to describe these organisms, which the IPPC call contaminating pests. The opportunistic nature of hitchhikers means that it can be difficult to understand their association with pathways. For organisms associated with biological commodities such as live animals or plant products, sources of evidence include the scientific literature, the Terrestrial Animal Health Code (World Organisation for Animal Health, 2009) and country of origin ‘pest lists’. These sources are rarely useful as sources of evidence for the association of hitchhiker organisms with pathways; the most useful information is records of organisms intercepted during the course of routine entry processes or targeted surveys (collectively termed interception records) (Toy and Newfield, 2010). Information from some of these sources is summarised below.

Interception records from sea containers

Australia internal floors of sea containers
The floors of 3001 empty sea containers, in storage after de-vanning, were surveyed in 1996. The main aim of the survey was to investigate the likelihood of harmful exotic timber insects entering Australia in the wooden component of sea containers, but all intercepted insects, both live and dead, were identified. Insects were found in 39% of the surveyed containers. Live insects accounted for 19% of the total intercepted and were found in 6% of containers. The results demonstrate that containers are regularly exposed to economically important exotic insects including timber pests (bostrichids, curculionids, cerambycids, siricids and termites), agricultural pests (including Adoretus sinicus, Carphohilus obsoletus and Philaenus spumarius), and other pests (vespids and Solenopsis sp.). The authors note that inspection is not likely to be an effective measure in preventing establishment of exotic pests, because containers arrive in high volumes and only a very small proportion of associated organisms will ever be intercepted (Stanaway et al, 2001).

New Zealand 1997-1998 external surfaces of sea containers

A sample of 3681 sea containers entering New Zealand were placed on a frame and all six surfaces were examined for the presence of soil, plant, animal and inorganic matter. 23% of surveyed containers carried quarantinable contaminants. The main factor which put containers in the quarantinable category was contamination by soil containing fungi which belong to genera which include pathogenic species. Two egg masses of Asian gypsy moth Lymantria dispar were also found.  Most of the contaminants were found on the bottom or top of the container (Gadgil et al, 2000).

New Zealand 2003 Sea container review

A survey of biosecurity contamination of about 10 000 loaded and 920 empty sea containers entering New Zealand was undertaken in 2001. This amounted to about 4.5% of loaded containers imported into New Zealand at the time and 0.9% of empty containers. Only the four lateral sides were inspected. Soil was the most frequent external contaminant and was found on 3.6% of loaded and 1.3 % of empty containers. 21% of loaded and 18% of empty containers had internal contamination. Approximately 6.1% of loaded containers and 1.6% of empty containers contained live regulated organisms inside. The movements of a sample of the surveyed containers were tracked throughout New Zealand, until the containers were re-exported. The tracked containers remained an average of 41 days in New Zealand.  Approximately 32% of the tracked containers remained within the urban area surrounding the port of arrival. Some 26% were sent to rural areas for packing prior to export, while the rest (42%) were transported between major centres through rural areas (Ministry of Agriculture and Forestry, 2003). 
New Zealand 2006 sea container survey

A survey of biosecurity contamination was undertaken in 2006 at various points in the import pathway for loaded and empty containers. It included internal and external inspection, but six sided inspection was not always possible. Approximately 14% of loaded and 24% of empty containers entering New Zealand were found to have external biosecurity contamination most of which was found on the underside or lower ledges. Of the loaded containers surveyed, 18% had internal bioecurity contamination. Soil, plant material, seeds and feathers were the most common external biosecurity contaminants found.  Live hitchhiker organisms were the most common internal contaminants, found in 10% of both loaded and empty containers (Whyte et al, 2007).

New Zealand Freight of all kinds (FAK) sea container survey 2008

Approximately 3% of sea containers arriving in New Zealand are designated as FAK containers, carrying multiple Less than a Container Load (LCL) consignments that belong to a number of importers. The 2006 sea container survey did not assess risk on these kinds of containers. In this survey, no external contamination was found although the top and underneath were not inspected. Only 4.4 % of the 366 containers surveyed had internal contamination (Rowsell et al, 2008).
Key points from the surveys

These surveys indicate that there is a wide range of contamination on sea containers. Some factors relevant to consideration of the biosecurity risk of these contaminants include: 

1.
While interception records provide direct evidence of association between a hitchhiker organism and a pathway, they do not provide a complete list of potential hazards, and they cannot be used quantitatively because:

· Even in surveys only a sample of containers are inspected;
· interceptions recorded over a short period reflect only that season or set of import conditions;
· many interceptions are not identified taxonomically to the species level;
2.
Species that are introduced in larger numbers, or more frequently, are more likely to become established than those that are introduced in smaller numbers or less frequently (Lockwood et al, 2005). The likelihood of any one container being infested with a particular risk organism is low, but the high volume of sea containers multiplies the risk.

3.
Most external contamination occurs on the top and undersides of containers.

4.
A major factor for the transport of hitchhiker organisms is the conditions in which the associated commodities or containers were used and stored prior to export (MAFBNZ, 2008).

5.
Biosecurity contamination may occur inside as well as outside a container. 

6.
The risks associated with empty containers may be different from loaded containers.

7. 
The likelihood of establishment will depend on the likelihood of transmission of the contaminating organisms from the sea container to a susceptible host/habitat. This will depend on the destination of the sea container in relation to susceptible hosts or suitable environments and contact between the contaminating organisms on a sea container and susceptible hosts. Most sea containers do not remain permanently within a country and the opportunities for risk organisms to reach vulnerable hosts or habitats may be fewer than some on some other pathways. However the New Zealand evidence indicates that many containers remain sufficiently long for exposure to occur and are transported widely within the country after arrival.

8.
Many of the organisms intercepted from sea containers and other hitchhiker pathways have common traits;

· an attraction to features of anthropogenic habitats (e.g. Asian gypsy moth attracted to lights);
· the ability to complete their entire life cycle in anthropogenic environments or highly disturbed habitats (e.g. widow spiders, many ant species);
· a life stage that seeks sheltered areas in order to avoid extreme conditions or to escape detection (e.g. giant African snail);
· a life stage or life stages with dormancy that allows them to survive extended periods in transit (e.g. aestivating giant African snail, praying mantis egg masses)

· an association with common contaminants of imported goods, such as soil or plant material (e.g. red imported fire ant) (Toy and Newfield, 2010)
Hazards associated with sea containers

Hazards are organisms that could be introduced into a new country via sea containers and are capable of, or potentially capable of, causing harm. The hazards associated with sea containers are organisms that become associated with the containers during storage or possibly in transit on a ship. Some examples of well-known, high consequence species, which have a clear association with sea containers are discussed. There are many additional hazards associated with sea containers. 
Ants

There is increasing evidence that human transportation is a major explanation for the spread of invasive ant species within and between regions (Suarez et al, 2005). A number of different ant species have been regularly intercepted in New Zealand and Australia on sea containers (Stanaway et al, 2001; Ward et al, 2006). Ants are social insects, with colonies dependent on a queen. The key life stages from a biosecurity perspective are colonies and mated queens, as entry of these can potentially result in an established population. Queens and nests for example of the Singapore ant, Monomorium destructor, have been intercepted on sea containers entering New Zealand (Harris, 2005). Individual worker ants are not themselves a biosecurity risk, but they may indicate that presence of a concealed nest that is not readily detectable. A risk assessment of yellow crazy ant Anoplolepis gracilipes entering New Zealand identified empty containers as a high risk pathway, because storage on the ground in countries where it is prevalent offers numerous opportunities as nest sites for budding colonies (Abbott et al, 2005). Colonies of some species may be more likely to be associated with soil.

Invasive ants have been reported to cause significant and complex impacts on native ecosystems. Impacts identified in a review by Holway et al (2002) include predation of native invertebrates and vertebrates. The consequences of establishment would depend on the resulting ant density. Where densities are high and populations of predated organisms are small and isolated, such consequences may be serious and long lasting. Some invasive ants tend scale insects, which may have repercussions such as higher susceptibility and exposure to phytopathogens. Other possible impacts on ecosystem functioning include disruption to pollination systems and seed dispersal. Other serious economic, medical and social impacts have been reported particularly from ants such as red imported fire ant, Solenopsis invicta. The estimated cost of damage caused by S. invicta in the USA was estimated as US$1 billion in 2005 (Pimentel et al, 2005).

Other insects

Asian gypsy moth (Lymantria dispar), carried on vehicles, sea containers and ships, is one of the most well-known pests of plants transported as a hitchhiker (MAFBNZ, 2008). The likelihood of contamination of a sea container by L. dispar is related to when and where that container has been stored. Storage near areas with moth populations during the moths’ active seasons (especially the adult flight season) is higher risk since females lay diapausing egg masses on inanimate objects. The eggs can readily survive transfer to a new location and the habit of ballooning by hatching larvae increases the chance of finding a suitable host plant (MAFBNZ, 2008). NAPPO (2009) also notes that egg masses have been documented transported on a range of outdoor articles and that risk mitigation for these articles may be more important than the regulation of conveyances such as ships. This is because the volume of cargo from infested areas is high and its movement is often further inland and closer to vulnerable forested habitats. 

Asian gypsy moth is a major pest of forest and amenity trees, it has a wide host range. In most areas and in most years, it occurs at low densities and causes little damage. Occasionally, populations reach high densities and may completely defoliate host trees. This can result in reduction in tree growth, crown dieback and tree mortality. Tree mortality is often associated with other insects and pathogenic fungi that attack stressed trees. In extreme situations, nearly 100% tree mortality may occur over large areas (USDA, 2009).
Many other plant pests have a biology that facilitates transport around the world on sea containers, but the available evidence from interceptions on containers is limited. This is likely to be a reflection of the limitations of the records. An example is the lymantriid moth, painted apple moth (Teia anartoides). This moth has crossed the New Zealand border multiple times and been detected in pheromone traps. However, it has only ever once been detected at the border, on the exterior of a sea container (MAFBNZ, 2008). The pentatomid bug, brown marmorated stink bug (Halyomorpha halys) has recently spread from its native range in Asia to North America and parts of Europe (Hoebeke and Carter, 2003; Wermelinger et al, 2008). It is polyphagous and damages a wide range of ornamental and horticultural plants by feeding on the fruit and leaves. Adults are the over-wintering life stage; they aggregate in buildings or crevices, where they enter diapause. This behaviour is likely to facilitate transport on pathways such as containers which have suitable crevices and are stored outside. Although the pathway by which H. halys entered North America is not known, it has been suggested that it may have arrived with bulk freight containers since it has reportedly been intercepted at the American border on a range of cargo (Hoebeke and Carter, 2003).

Molluscs

Giant African snail, Achatina fulica, is one of the most obvious invasive snails due to its size.  However, they are still likely to be difficult to see if they are on the underside of sea containers. Smaller snails are less likely to be delectated. A.fulica is infrequently intercepted on sea containers entering New Zealand, with most interceptions being from Pacific Island sea containers (MAFBNZ, 2009). Many Pacific island ports have resident populations in and around the edges of fences, drains and boundaries in the vicinity of container storage areas.  Robinson (1999) lists a large number of additional ‘travelling snails’ that are regularly intercepted at the U.S. border. 16% of all gastropods intercepted by inspectors during the period 1993 to 1998 were found on containers. This was the third most important pathway after tiles and horticultural plants. Robinson notes that whilst the containers themselves do not provide good snail habitat, the containers often remain for long periods of time in their country of origin and slugs and snails are attracted to the cooler, more humid conditions under the containers. Many gastropods can survive extended periods of time in a state of aestivation which enables them to survive transfer to a new country (Robinson, 1999).
A. fulica, like many other snails, feeds on a wide range of plants. It has been recorded feeding on more than 500 different kinds of plants from a wide range of families including eucalyptus and most species of vegetables, as well as feeding on the bark of relatively large trees such as citrus. The potential economic, social and environmental impacts associated with introduced snails are therefore large. The spread of many snails and the scale of associated impacts are increased by the capacity of many species for rapid population growth in new localities (Smith, 1989).

Snails are also vectors of a range of diseases. For instance, A. fulica can vector the rat lungworm parasite, Angiostongylus cantonensis (Alicata, 1991). 

Organisms associated with soil

Soil commonly occurs on sea containers, especially the undersides which are often not inspected (Whyte et al, 2007). 63 (34%) the soil samples intercepted in a 2007 survey were sent for nematode extraction. Nematodes and fungi have life stages capable of surviving unfavourable conditions. Approximately 30% of these samples had nematodes or other live organisms, none of which could be identified to species level (Whyte et al, 2007).  In another study, a comparison of Pseudomonas bacteria isolates from soil entering New Zealand on sea containers with isolates from soils in eight geographically distinct locations in New Zealand, suggested that pseudomonad species have the ability to survive in soil through lengthy transportation times, and that species not present in New Zealand were present in the soil on shipping containers (Godfrey and Marshall, 2002). The Pseudomonas genus includes plant, animal and human pathogens. Weed seeds are often contaminants in soil. Similar difficulties in identifying seeds to species level and determining viability to those for micro-organisms arise.

The difficulty in determining what organisms are associated with soil on sea containers and their viability makes the associated risks difficult to assess. Nonetheless a number of high consequence species are known to be associated with soil, and importation of soil is widely considered to present a serious quarantine risk. 

Amphibians & reptiles

Amphibians and reptiles generally fall outside the remit of the IPPC since they are rarely pests of plants. Nonetheless, they can pose significant biosecurity risks. They often occur in the vicinity of ports (they are frequently nocturnal and strong port lighting is an attractant for insects that subsequently act as a food source). Sea containers (interior and exterior) provide suitable shelter from adverse environmental conditions and are often in close proximity to lighting/ food sources. Numerous species have been intercepted on sea containers entering New Zealand (MAFBNZ, 2009). Kraus (2007) identifies that hitchhiking on cargo has been one of the main pathways of introduction of alien reptiles and amphibians, but the proportion directly associated with cargo rather than containers is not clear.
Amphibians and reptiles can have impacts both as invasive species and as vectors of parasites and diseases. The range of impacts associated with alien reptiles and amphibians is reviewed by Kraus (2007). The Asian house gecko, Hemidactylus frenatus and the cane toad, Bufo marinus have naturalised in the Pacific region within the last 80 years, from southern Asia and Central/South America, and they are still expanding their ranges there by inadvertent dispersal probably with cargo and containers. The impact of the brown tree snake, Boiga irregularis on Guam is well reported. At least 12 native terrestrial species are thought to have been extirpated by it (Rodda et al, 1999). One of the less obvious but important risks associated with introduced amphibians and reptiles, is the transport of parasites and disease (Burridge, 2001). This risk is illustrated by the colonisation of NZ by the chytrid fungus, Batrachochytrium dendrobatidis in 1999. The consequences of its spread to New Zealand’s endemic native frog populations are of major concern (Waldman et al, 2001).
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