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Abstract: Nonindigenous species (NIS) are those that have been intentionally or unintentionally 

introduced outside of their native range as a consequence of human activity. If these species then 

threaten indigenous species and biodiversity, and/or cause economic damage, they are referred to 

as “invasive.” Biological invasions are not only one of the greatest threats to indigenous marine 

biodiversity, but they can also cause massive economic and ecological damage. Their presence 

could also lead to a water body failing to achieve good environmental status under the forth-

coming EU Marine Strategy Framework Directive. As the rate of invasion to Great Britain and 

European waters continues to increase, particularly in light of climate change, the emphasis by 

member states is on prevention rather than on control or eradication an NIS once an invasive NIS 

has become established. This paper reviews NIS biosecurity planning for the marine environ-

ment, including the most current legislative background, pathway identification and highlights 

the main issues with the current risk assessment processes. The potential impacts of marine NIS, 

practical biosecurity measures from Great Britain and internationally are also reviewed. The aim 

of this paper is to draw attention to the challenges associated with preventing the introduction of 

marine NIS and to highlight the urgent need for concerted action across the EU member states 

and marine industries to produce robust biosecurity plans to protect indigenous species.

Keywords: biosecurity, marine, non-indigenous invasive species, planning, indigenous, 

protection

Introduction
Nonindigenous species (NIS) are those that have been intentionally or unintentionally 

introduced outside their native range, as a consequence either directly or indirectly 

of human activity.1 Once established, if these species then threaten biodiversity 

and/or cause economic damage, they are referred to as “invasive”.1,2 Biological inva-

sions are not only one of the greatest threats to marine indigenous biodiversity,3 second 

only to habitat destruction,2 but they can also cause massive economic and ecological 

damage.4,5 Increased international trade has caused an exponential increase in the 

spread of NIS around the world over the last few decades,6,7 and this trend has been 

observed in Great Britain (GB).8,9

The estimated cost of NIS to the economy in GB is £1.7 billion a year.10 The annual 

cost of “marine-based” industries (eg, shipping and aquaculture in GB) is estimated to 

be £39.9 million, although this is probably an underestimate, as there is little distinc-

tion made between native and NIS during pest control operations.10

More than 90 NIS have been identified from British and Irish (including Republic 

of Ireland and Northern Ireland) marine and brackish environments.8,11 Their arrival 

has been principally due to shipping, including ballast waters and sediments, fouling 
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biodiversity can cause significant changes to the functioning 

of a particular environment or system. For example, Levin 

et al30 showed that an invasion by the NIS Spartina hybrid 

in the US, caused a shift in the system from an algae based 

to a predominantly detritus-based system. Furthermore, it 

changed the hydrodynamic regime in the estuary, which led 

to reduced survivorship of key species that supported higher 

trophic levels, such as migratory shorebirds.30 In addition, the 

lionfish, Pterois volitans, and Pterois miles were most likely 

introduced to Florida coastal waters in the mid 1980s by either 

releases or escapes from marine aquaria.31 Pterois volitans 

has dramatically expanded its range in the last 30 years, 

throughout the Caribbean, Gulf of Mexico, and as far south 

as Brazil.32 These species are highly efficient predators and 

their rapid increase in abundance in the Bahamas coincided 

with a 65% decline in the biomass of native prey species over 

2 years, raising concern that this will have a serious deleterious 

impact on the structure and function of reef communities.33 

Consequently, P. volitans has been recognized as one of the 

main species for conservation concern.34

Disease and parasite introduction
There are many cases of intentional movements of stock 

introducing NIS, including parasites and disease. For exam-

ple, the trematode, Gyrodactylus salaris, was transported 

with Atlantic salmon, Salmo salar, from Swedish hatcher-

ies to Norway and resulted in serious salmon mortalities 

in the recipient region.35 The importation of the Japanese 

eel, Anguilla japonica, for cultivation trials in Europe also 

released a nematode, which has gone on to spread and to 

cause significant damage to other eel species, such as the 

native eel Anguilla anguilla.36 In addition, the copepods 

Mytilicola orientalis, a gut parasite of bivalves; and Myicola 
ostreae, a parasite that lives on the gills of the Pacific oyster, 

C. gigas, have both been found in Ireland,37 France,38 and the 

Netherlands.39

Genetic impacts
Genetic impacts can occur either through the selection or 

modification of specific genetic traits linked to performance 

between native and NIS species or through the inter-breeding 

of NIS escapees from aquaculture facilities with natural popu-

lations. In the case of the former, the Japanese Yesso scallop 

Patinopecten (Mizuhopecten) yessoensis was intentionally 

hybridized with the smaller native species Chlamys farreri 
in People’s Republic of China to improve growth perfor-

mance.40,41 This can result in a significant fraction of genetic 

variation residing at a higher organizational level (among 

populations) in aquaculture species compared with natural 

populations, where all variation resides below the family 

level.42 Genetic complexes will develop with a population 

often relating to the environment in which the population 

resides. Aquaculture practices of both inbreeding and selec-

tion of individuals for specific traits, however, can magnify the 

development of these genetic complexes in a population.

Aquaculture (and potentially marine aquaria) escapees 

can also breed with natural populations. This hybridization 

and subsequent introgression can then lead to a breakdown 

of the genetic complexes, and forcing a reduced fitness in the 

hybrid individuals.43 For example, evidence has been found 

in the introgression of the Mediterranean mussel, M. gallo-
provincialis, genes into native Australian population.44

Legal drivers and legislative context
This section is not intended to be a comprehensive review 

of the complex set of acts, directives, and regulations cover-

ing NIS in the marine environment. Instead, it provides an 

example of the main UK legal and regulatory drivers, which 

although there is no explicit legal or regulatory require-

ment for maritime operators and developers to produce 

biosecurity plans for NIS, do consist of several existing laws 

and regulations that set a strong context for preparing and 

implementing these plans. These include; section 14 of the 

Wildlife and Countryside Act (2011) and the accompany-

ing Code of Practice On NonNative Species,15 which have 

significantly strengthened the law, particularly in Scotland, 

where NIS legislation is now viewed as the most progressive 

in Europe.45 Specifically, the strengthening of the existing 

offense of releasing a nonnative animal from captivity and 

including two further offenses; allowing an animal to escape 

from captivity outwith its native range; and causing an animal 

to be in a place outwith its native range.

The Scottish offences in relation to NIS plants and ani-

mals are “strict liability offenses” so intention, recklessness, 

or negligence do not have to be proved. A legal defense that all 

reasonable steps were taken to prevent the offense and that all 

due diligence was exercised to avoid committing the offense 

that can be made. The Code of Practice on Non-native Species 

sets out in broad terms what “reasonable steps” mean in this 

context and the advice includes; adopting a precautionary 

approach and not carrying out operations that might lead to 

the spread of NIS until there is a clear understanding of the 

situation; carrying out risk assessments to understand the 

risk of spreading NIS, setting out how to avoid it happening; 

seeking advice and following good practice; and reporting the 

presence of NIS. Although the code stops short of specifying 
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There are also a number of species where their introduc-

tion into British waters was likely to be a result of secondary 

spread, where a species is transferred from the initial point of 

introduction by various more localized vectors (eg, coastal 

or local shipping, fisheries, stock movements, or by natural 

mechanisms). For example, the Japanese skeleton shrimp 

Caprella mutica (Figure 1)63,64 and the non-indigenous bryo-

zoan, Tricellaria inopinata,65 were first recorded in mainland 

Europe prior to their appearance in the UK and secondary 

spread via hull fouling and aquaculture activities is likely to 

have contributed to the rapid expansion of their distribution 

throughout the region.

Major vectors currently identified for marine NIS include 

vessels (ballast water and hull fouling – particularly slow-

moving vessels, such as barges, semi-submersible oil rigs, or 

vessels berthed in one place over long periods); aquaculture 

activities, including intentional stock transfer and unintentional 

introductions via escapes and hitchhikers;66–68 the aquarium 

trade69 and canals, such as the Suez Canal, which are a major 

conduit for the spread of alien species between separate 

biogeographical regions.70,71 In British waters, where only a 

single vector was identified, vessels and aquaculture activities 

were considered responsible for at least 47% and 30% of NIS 

introductions, respectively.8 Where the mode of arrival could 

have been via more than one vector, then vessels and aqua-

culture activities were still cited as major vectors along with 

other modes of transmission. The natural spread of NIS, can 

also be an important vector for the dispersal of certain species 

(eg, Japanese wireweed, Sargassum muticum) (Figure 2) 72,73 

and nonindigenous plankton species, although this vector has 

received significantly less attention to date than ballast water 

and hull fouling, with the exception of monitoring for the 

nonindigenous phytoplankton, Karenia mikimotoi.74

The majority of studies to date have identified the high-

risk pathways for a particular geographical region, rather than 

on a site or operational level, based on literature reviews and 

expert knowledge. A study identifying the high-risk pathways 

for the introduction and establishment of marine NIS across 

the UK and Ireland demonstrated the application of pathway 

analysis at this wider scale.62 It is critical, however, that the 

pathways and vectors are identified and prioritized, based 

on their potential for transferring NIS, at a site and opera-

tion level, so that the high-risk pathways can be reduced or 

intercepted to remove any NIS.

Risk analysis
Risk is the likelihood of a harmful event (or impact) occur-

ring, multiplied by the magnitude of the consequences if the 

event occurs (eg, economic loss, ecosystem damage etc).75 

Conventional risk analysis typically involves three stages, 

which culminate in risk calculation and evaluation. Each 

stage includes measures of uncertainty in its results;

1.	 Likelihood of introduction – Based on the intensity of 

pathways/vectors previously identified and previous 

knowledge on major pathways/vectors of introduction 

for particular groups of NIS, if known.

2.	 Likelihood of establishment and spread – Based on 

environmental parameters and the suitability of available 

substrate in the recipient environment and natural and 

anthropogenic means of dispersal.

3.	 Potential impacts – Based on the potential harm that the 

NIS could cause in the recipient environment.

Risk can be estimated using a variety of methods, from 

inexpensive qualitative assessments, which can produce sub-

jective results to more expensive semi- and qualitative meth-

ods, which focus on specific routes or taxa with known harmful 

characteristics and require detailed information that does not 

always exist.76 The following sections highlight some of the 

problems experienced in performing these assessments.

Likelihood of introduction
The greatest “likelihood of introduction” or highest risk 

is typically where the vector has arrived from another 

ocean basin in the same hemisphere8 or from another 

port/aquaculture site where NIS have been previously 

identified.77,78 For example, in the case of the later, the move-

ment of mussel “seed” from an area known to contain the 

slipper limpet Crepidula fornicata in the UK, resulted in the 

transfer of this nonnative limpet in to an important seabed 

lay mussel producing region of North Wales.79 A major issue 

with this, however, is the lack of baseline data throughout 

Europe to provide reliable evidence of the presence and 

distribution of NIS for this analysis.75 At present, only ten 

European ports out of 1,200 from 22 coastal Member States 

have been surveyed and most of these have been comprised 

of a single survey, which provides an insufficient basis for 

pathway-risk analysis.75

It has also been suggested that regions with experience 

large volumes of shipping movements (eg, cross-channel fer-

ries, commercial, and recreational vessels) and importation 

of stock for aquaculture purposes, over many years, are likely 

to be high-risk sites for NIS introductions.8 However, a study 

of 16 large bays in the US, found that there was no relation-

ship between the quantity and frequency of ballast water 

discharges from foreign vessels and the number of NIS.80 

The volume of ballast water discharges was, therefore, not 
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of certain conditions that undesirable species can tolerate. 

Applying this type of information to the control measures 

included as part of the biosecurity plan greatly strengthens 

its effectiveness. HACCP has already been used as the basis 

for pathogen biosecurity and NIS in mariculture.58 It could 

be simplified and combined with pathway management to 

become the basis for marine biosecurity planning at a site 

and operation level.

Contingency and rapid response 
plans
The need to be prepared to act if biosecurity measures 

for NIS fail has been widely acknowledged and should 

be included in biosecurity plans. Rapid response and 

contingency plans have been produced, drawing partly on 

experience from the response to pathogen threats, such as 

foot and mouth disease and avian influenza, and environ-

mental threats such as oil spill planning. In practice, most 

rapid responses to the discovery of NIS are actions which 

get under way immediately and planning the activity only 

follows at a later stage if the process starts to stretch into 

the longer term.91–93

Practical marine biosecurity 
measures
Various practical measures have been undertaken to reduce 

the likelihood of a NIS being introduced or spreading from a 

site of introduction. These measures have predominantly used 

freshwater as either a preventative measure or as a control (ie, 

through washing of structures). However, aerial exposure, 

chemicals, smothering, and mechanical-based measures have 

also been used, depending on the particular activity.

Freshwater source
The proximity of the site/operation to a freshwater source 

can significantly influence the likelihood of the successful 

establishment of a marine NIS. Studies have shown that 

many marine NIS have a broad tolerance to temperature, 

but will only tolerate a much smaller salinity range.94 For 

example, the Japanese skeleton shrimp, C. mutica, has been 

found to tolerate temperatures ranging from 2°C to 20°C, 

whereas high mortalities are experienced when salinities fall 

to 16 PSU.95 It is, therefore, likely that a large proportion 

of marine NIS associated with shipping (ie, transported 

either in ballast water or as hull fouling), will be excluded 

from sites with high freshwater input.95 In a survey of 88 

UK marinas which contained NIS, high freshwater input 

into the marina basin was highlighted as a significant fea-

ture in reducing the likelihood of NIS establishment. More 

specifically marinas located within 20 m of a freshwater 

source had significantly fewer NIS than those sited over 

1 km away.96

Removal and prevention of biofouling
NIS are highly opportunistic and robust, surviving for 

extended periods of time in the hostile environment of a 

ballast tank97 or out-competing native species in highly 

disturbed environments on a wide variety of artificial 

structures, as native species are often poorly adapted to 

the altered physical and biological environment both on 

and around these man-made objects.98 Ballast water, ves-

sel hulls, floating pontoons, navigation buoys, fin- and 

shell-fish cultivation infrastructure are particularly prone 

to inoculation by NIS,99 as they all provide a unique habitat 

for a variety of reasons, including isolation from surround-

ing waters or seabed, novel materials (eg, plastics), and 

shading.100 The Japanese skeleton shrimp, C. mutica, for 

instance, occurs in exceptionally high densities on artificial 

structures such as pontoons and aquaculture infrastructures, 

which are raised from the seabed where they are able to 

avoid benthic predation pressure.95 The likelihood of the 

successful establishment of a NIS, therefore, would be 

significantly increased by a reduction in the duration of 

the passage time or the presence of artificial structures. 

Therefore, any design features or maintenance practices 

that prevent the survival of NIS in ballast water and the 

accumulation of bio-fouling or can remove fouling from 

these artificial structures, without causing unintentional 

dispersal of the NIS, would reduce the risk of NIS estab-

lishment and spread.45,52,101

Aerial exposure
Aerial exposure is a practical measure that has been shown 

to successfully remove biofouling, including NIS from 

a wide variety of artificial structures for many years.102 

Novel designs, such as rotating pontoon floats are currently 

being trialed in North Wales, which would allow surfaces 

exposed above the water line to be air dried in sections for 

prolonged periods, thus killing the any fouling organisms 

attached to the floats.52 Locking pontoons are also in the 

conceptual phase. These could be “locked” at the top of high 

tide, exposing the underside of the pontoon surface to the 

air when the tide drops.52 In addition, modular structures, 

which can easily be removed for air drying would also 

provide a practical solution for reducing the risk of NIS 

establishment.
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