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Executive Summary

Since European settlement, many deliberately ioired plants and animals have altered New
Zealand’'s freshwater ecosystems. In particular,jouar introduced fish species have reduced
populations of native fish, plants and water qugicDowall 1984; 1987; Hanchet 1990; de Winton
et al. 2003; Rowe 2007). It is crucial that New [Zed takes a proactive approach in preventing the
introduction of any new pest fish species becalugempacts can be severe and, in many places, may
be irreversible. A key tool for the managementnifdduced fish is a method of predicting which
introduced species can be expected to cause uriableenvironmental impacts. A comprehensive
environmental impact assessment that includes @k and field trials can provide this but is not
always possible, feasible or desirable. A modellapproach is therefore required as a preliminary
screening tool to identify the species posingdittsk as against those requiring a more stringéMt
This report provides such a modelling tool.

Overseas risk assessment methods were reviewetentfy the optimal structure and design for a
New Zealand risk assessment model. Historicallsk assessments have been based on terrestrial
plant and animal species and therefore focusetd@pdtential ‘invasiveness’ of an alien species,(i.

its ability to establish and then spread both dgpahd widely). However, this approach is not usefu
for freshwater fish (Ricciardi & Cohen 2006). Fresiter fish are generally confined to river
catchments and/or lakes and natural spread to emnaituatic ecosystem is restricted mainly to
diadromous species. Because of the restrictionsatural movement between freshwater ecosystems,
most fish do not spread rapidly throughout a newthmuntry. Hence ‘invasiveness’ is not as
important as the potential to cause an environrhénzact. We therefore designed the New Zealand
risk assessment model to focus firstly on the oEkstablishment in New Zealand, and secondly on
the risk of causing an adverse environmental impact

The questions developed for a freshwater fishasdessment model for Australia (Bomford & Glover
2004) and for the United Kingdom (Copp et al. 200f&)vided a comprehensive starting point for the
development and customisation of a New ZealandhWater Fish Risk Assessment Model (FRAM).
In general, the former addressed invasivenesshanthtter impact assessment. The FRAM model is
divided into two parts. Part A assesses the likelthof the species establishing in the wild and Bar
evaluates the size and potential severity of enwirental impacts should an alien fish species become
established in the wild. Most risk assessment nsodeleloped to date have been constructed from
knowledge of the characteristics of known invadigh species and few are subsequently ground-
truthed using existing knowledge of the impactsalién species in the host country. We therefore
tested FRAM using the 21 alien fish species alrgamygent in New Zealand. The scores for these
species were used to develop threshold scoresafor™Pand B as well as overall to assist in deaisio
making. The threshold scores were incorporated antbecision support system for assessing the
overall risk of a new species either becoming & pedlew Zealand, or of an existing alien species
spreading further and creating greater environnh@ntdolems.

Fish risk assessment model for the introductioalieh freshwater fish to New Zealand iv



—NIWA_—

Taihoro Nukurangi

1. Introduction

11

Background

The introduction and spread of alien (i.e., noriveatspecies is a major threat to
global biodiversity and hence to ecological susthility (Vitousek et al. 1997; Kolar
& Lodge 2001; Sakai et al. 2001; Lee 2002; Dudgebral. 2006). In particular,
studies of fish introductions to freshwater ecomyst in theNorthern hemisphere
have shown that some fish species can reduce rivpopulations, degrade aquatic
habitats, compromise gene pools, and increaseiskemnd spread of exotic diseases
and parasites. The introduction of alien fishea imajor cause of biodiversity decline
in freshwater ecosystems (Courtenay 1989; Courtén&yauffer 1990; Courtenay &
Moyle 1992: Fuller et al. 1999; Canonico et al. 200and on a global basis, fish
introductions are the prime cause of the extinctimh many indigenous fish
populations (Sala et al. 2000).

It is crucial that New Zealand takes a proactivgprepch in preventing the

introduction and spread of alien fish species bseahe potential impacts can be
severe. Species extinction is irreversible and eabe justified by any benefits that
stem from the importation of fish. Furthermore, fettempts have been made to
eliminate pest fish in New Zealand (Rowe & Champit®94; Dean 2003) and

removal is expected to be difficult or impossiblece alien species become
established, especially in riverine ecosystems @2003).

A key tool for the management of alien fish is athmod of predicting which
introduced species can be expected to cause unablepnvironmental impacts. A
comprehensive environmental impact assessmentrtblaides tank, pond and field
trials can provide this but is not always possitiéasible or desirable. A modelling
approach is therefore required as a preliminargesting tool to identify the species
posing little risk as against those requiring aenstringent EIA. This report provides
such a modelling tool for use by agencies with oaspbility for the management of
alien fish.

Three government agencies are responsible forgmubhrising from the introduction
of alien freshwater fish in New Zealand. The Ennimmntal Risk Management
Authority (ERMA) makes decisions on the introduntiof any new species not
already present in New Zealand; Biosecurity Newlaiwh (MAFBNZ) deals with the
quarantine of species and the control of pest epettiat are present and causing
problems of national significance (including theesponsible for disease transmission
and health issues); the Department of ConservdDDQ@C) carries out management of

A fish risk assessment model for the introductibfreshwater fish to New Zealand 1
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alien species affecting native biodiversity angiosing a risk to the habitat of native
species. Regional Councils also have a respongilidr the control of alien fish
species where they are a significant regionaldifmational) pest. Decision-making by
all these agencies requires an objective methodlétermining the risk of new or
existing alien species harming biodiversity, th@iemment, amenity values, public
health, or aquaculture. Such a tool would also seful to fisheries management
agencies contemplating the spread of such spec@®vide angling. Risk assessment
methods have now been developed in a number oftesinto assist in the
management of alien fish species (e.g., Coatesawuil995; Kolar & Lodge 2002;
Clunie et al. 2002; Marchetti et al. 2004; Kola020Van Eenennaam & Olin 2006;
Webb 2006) and they have been shown to producebinetconomic benefits to
countries possessing them (Keller et al. 2007)isk assessment model is therefore
needed for New Zealand.

This report examines the risk assessment methogls$ g others for determining
whether the introduction of an alien fish speciesld result in environmental damage
and it presents a risk assessment model adaptddewn Zealand conditions. It
contributes to two of the three primary goals & Mew Zealand Biosecurity Strategy
(NZBS Goals 1 & 2) — “Preventing the entry and bBsament of pests and
unwanted organisms” and “early detection, iderdifiien and assessment of pests and
unwanted organisms”. The NZBS strategy identifiedear need for more proactive
assessment of emerging threats to enable idenmitiicaf potential pests and pathways
and implementation of measures to prevent thenyeapread and establishment. The
production of a risk assessment protocol for fretlwfish helps achieve this.

This report is also relevant to the managemenhwbduced fish that are already in
New Zealand be they established in the wild ortgebe released. For example, the
process of prioritising species for control or figtt research will benefit from a desk-
top method for assessing the potential risk oftdistament in the wild, or of impacts
occurring should an alien species spread further.

12 The problem with introduced fish in New Zealand

Since European settlement, a number of deliberat¢tgduced plants and animals
have altered New Zealand'’s freshwater ecosysteimmani@ion et al. 2002; Closs et al.
2004). Although problems with introduced plantgj(egorse, blackberry) and animals
(e.g., possums, deer, stoats) are highly publicesed well known, the effects of
introduced aquatic plants and fish on freshwatesgstems have received much less
attention. Up to 50% of the aquatic plant species38% of freshwater fish species in

A fish risk assessment model for the introductibfreshwater fish to New Zealand 2
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our lakes and rivers are not native (Champion e2@02), and whereas some alien
species have provided a benefit (e.g., trout), nteawe become unwanted pests.

Trout (Salmo trutta andOncor hynchus mykiss) have done well as game fish since their
introduction to New Zealand in the early 1900s (Mull 2003). Brown trout are
now widespread throughout the South Island androccthe North Island (south of
Auckland). Rainbow trout are less widespread bathehigh densities in lakes and
rivers of the central North Island where they fommjor freshwater fisheries.
Although both species of trout are responsiblevimiuable fisheries in inland lakes
and rivers throughout the country, this has nonbeghout some environmental cost.
In particular, a number of endemic galaxiid fiske@ps have declined in rivers and
lakes because of predation by trout (McDowall 20@8)rthermore, trout are now
present in a number of lakes and streams where ih&o angling but where the trout
are affecting native species (Rowe & Graynoth 2002)

Although some introduced salmonids (e.g., brownraitbow trout, chinook salmon)
have created valuable fisheries that help offseiremmental impacts, many other
alien fish have few redeeming features. For examipdé carp Cyprinus carpio)
create turbidity problems in shallow lakes becanfsthe high densities reached and
their feeding habit of digging into lake beds aamks to feed on vegetation (Hanchet
1990). Hicks (2004) reported that densities of ikoparts of the Waikato catchment
exceeded 2000 kg/ha and comprised about 90% digheiomass. Similarly, high
densities of gambusiaGambusia affinis) have resulted in the decline of native
galaxiids in some North Island waters (Rowe 2008wR et al. 2007), and rudd
(Scardinius erthythrophthalmus) interfered with angling success, degrading a
recreational fishery in a small Auckland lake (Row€hampion 1994). Because of
such documented environmental impacts, gambusigaindarp are now designated
as ‘unwanted species’ in New Zealand. Along witkfish, rudd and perch, they are
priorities for control in New Zealand (Chaddertdrak 2003).

But not all alien fish cause problems. Althoughdjish have established widely, there
is little evidence to suggest that this speciesha@ban adverse impact on ecosystems,
or other fish (Rowe & Graynoth 2002). Similarlyags carp cannot breed within New
Zealand and their distribution is tightly contrallby stocking permits. Although they
can eradicate all weeds in lakes and so potent@llyse an increase in turbidity,
stocking is only permitted where removal of exatieed species is required, so they
do not pose a significant risk of environmental acip Furthermore, some alien
species are a problem in some locations but nothiars. For example, percRefca
fluviatilus) rudd and tenchT{nca tinca) can provide ‘coarse’ fishing in some waters
(e.g., quarry pits, farm ponds) with little adversavironmental effect, but such

A fish risk assessment model for the introductibfreshwater fish to New Zealand 3
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species may cause problems in other waters (Roweradynoth 2002; Dean et al.
2003).

It is clear from the New Zealand experience witkrafish that the nature and scale of
adverse impacts can vary widely and between lagatdepending on both the alien
species and its behaviour. Predicting the pestisttd overall value of an alien fish
species is therefore complex. It is the function BRMA to weigh all the
environmental and socio-economic factors (positwvel negative) and this is not
attempted here. The focus of this report is on deeessment of the risk of an
environmental impact occurring should an alien §pkcies be introduced and become
established in the wild in New Zealand.

A fish risk assessment model for the introductibfreshwater fish to New Zealand 4
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2. Predicting invasiveness

Introduced species that spread widely and rapmiignfthe point of release and reach
high densities are termed invasive species (Kolakafige 2001). The impact an
invasive species has on ecosystems and peoplagiihes the most undesirable
invasives. Kolar and Lodge (2001) described foapstin the invasion process for an
introduced fish species. First the species neettansport pathway to reach a new
country or region. This may be deliberate (e.gpaned aquarium fish) or accidental
(e.g., fish eggs on aquatic plants, or fry in dolge water). For the fish that survive
transport, introduction to a natural stream or lisklhe second step and often involves
human intervention (e.g., deliberate or accidesttatking). At the third step, fish need
to establish in the receiving environment and teiguires suitable habitat for that
species as well as an adequate release effortaguég pressure) to allow breeding to
occur. How favourable the habitat is and how thecss interacts with the resident
species (i.e., predators and prey) will determimetiver the introduced fish survives
in the ecosystem into which it has been releasééreas the breeding behaviour and
life cycle of the species will determine whetherdproduces or not. The fourth step
requires its spread to different catchments (oedakagain mainly through human
intervention. Invasion of a country by a new figlecies may fail at any particular
step, but is likely to be given many opportunig®ach step. Nevertheless, Kolar and
Lodge (2001) expected a progressively smaller piapo of species to reach
sequential steps in the process, owing to a cuivaltdilure rate.

Information for predicting the establishment of&len fish species in New Zealand
(defined as the occurrence of a naturally breegioulation in at least one natural
waterbody) requires data on the risk of all fowapst occurring. The initial release-
effort (how many fish are released into the wildhene and how often) is an important
determinant of whether a fish will successfullyaidish in the wild (Kolar & Lodge
2001; Bomford & Glover 2004), but useful data ois tare not generally available.
Some characteristics peculiar to certain specieg pradispose them to a higher
release effort (e.g., popularity as a game fisluserin biocontrol), but, apart from this
generality, it is not possible to predict the wilitielease effort.

Predicting whether a fish will become establishatteo released into a natural
waterbody is a more useful approach. Two schoothaight have emerged on what
determines the success of fish once released.imhasfthat the success of a species
(assuming it survives introduction) will be detened by its competitive advantage
over the fish already present (Vila-Gispert et28l05; Olden et al. 2006). If there are
vacant niches, or the niches are occupied by lesspetitive species, then the
introduced fish is expected to be invasive. Vacécties may be natural where species

A fish risk assessment model for the introductibfreshwater fish to New Zealand 5
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diversity is low, or created where people have iinedliithe environment (Olden et al.
2006). New Zealand's streams are considered moseeptible to the effects of
introduced fish because of the relatively depaupermdigenous fish fauna
(McDowall 1984) and the now extensively modifiedotements. Niche gaps and
competitive advantage no doubt play a part in hoecassful an introduced fish will
be and its invasiveness. However, competitive adggnis hard to predict because it
requires a detailed understanding of the ecologyefintroduced species and that of
the receiving environment (including the entiregamf ecosystem types). It could be
argued that predicting the density of a specied (harefore its invasiveness) within
an ecosystem that it has never encountered is gossible task.

The second school of thought, suggested by ressarctuch as Moyle and Light
(1996), is that introduced fish can establish, réigas of native fish diversity,
provided the habitat is suitable. Clearly, factsush as hot water temperatures, a lack
of connectivity to the sea for diadromous speciegetddant on a marine phase for
completion of their life cycle, or the absence péafic spawning/rearing habitats can
prevent some species from becoming establishednie svaterbodies. However, such
limitations aside, a new species can be expecteduteive and breed in a new
environment provided that; (1) it can tolerate én@ironmental conditions determined
principally by the local climate and (2) that prgpge pressure is high enough to allow
the survival of enough fish to breed.

Determining the physical habitat requirements ofimmnoduced species, and their
likely match with habitats found in New Zealancdeigpected to be simpler and more
reliable than predicting niche availability. Pretieg importation of all alien species
that are likely to establish in New Zealand exposgésaquatic ecosystems to much
less risk than only stopping the importation of gee that could produce an
environmental impact. Climate matching, especiddly the more vulnerable life
history stages is therefore likely to prove a ulstfol for predicting establishment.

The prediction of establishment risk is useful dedsible, but the prediction of
invasiveness is more problematic. Invasivenesgherrapid spread to and among
many environments, is a poor indicator of potengalironmental impacts for
freshwater fish (Closs et al. 2004; Ricciardi & @oh2006). It provides a good
indicator of potential problems related to alierarl and vertebrate species in
terrestrial or marine environments because ‘in&species are able to spread rapidly
in such environments. In contrast, most freshwhsér populations are confined to
catchments and or lakes and the lack of connegtiviitween such environments
means that invasiveness is less relevant to ‘séatis than the impact they may have
within the confines of a waterbody.

A fish risk assessment model for the introductibfreshwater fish to New Zealand 6
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The first consideration for introducing a new spscshould be ‘can the species
become established in a New Zealand waterbody®rAftreening out those species
unlikely to establish, any attempt to predict pstatus then needs to focus on the risk
of the species causing an adverse impact in therlbadies where it can become
established. There might be cases where a spsgmsmitted entry to New Zealand,
despite a high risk of establishment, because very unlikely to create significant
impacts (e.g., species such as goldfSarassius auratus). Conversely, there may be
species of fish with such a high risk of potentiapact on aquatic ecosystems that
even a low risk of establishment is unacceptahlg.,(specialised piscivores such as
the piranha). The two factors, risk of establishivaerd risk of impact, therefore need
to be distinguished but considered together in @rgrall risk assessment model for
freshwater fish

3. Overseasrisk assessment tools and their applicability to New Zealand

Many screening methods have been developed to egahe traits and characteristics
of alien fish that would predispose them to becagnasts outside their natural habitat
(see review by Webb 2006). These methods are tjpisabjective and are often
based on past experience with species that hawerteeinvasive elsewhere.

Two methods for the risk assessment of non-nateghfvater fish, originating from
the United Kingdom and Australia (Copp et al. 208®mford & Glover 2004)
showed more promise for application in New Zealtmah others. For example, the
Australian import risk analysis method for aquarifish (Kahn et al. 1999) only deals
with quarantine issues (i.e., unintentional releafsdiseases and parasites associated
with fish). Similarly, Bomford (2003) developed &k assessment procedure for
vertebrates entering Australia, but this dealt prity with terrestrial vertebrates not
aquatic ones. The Australian weed risk-assessmetiian of Pheloung et al. (1999)
has influenced other methods and it was adaptepldot pests entering New Zealand.
However, the concepts developed specifically fesliwater fish by Bomford and
Glover (2004) in Australia and Copp et al. (200%)he United Kingdom are more
relevant for New Zealand and provided a comprekeraind well-considered starting
point for a New Zealand risk assessment method.

A fish risk assessment model for the introductibfreshwater fish to New Zealand 7
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4. Adapting over seas methods for New Zealand

41 Conceptual changes

The U.K. method (Copp et al. 2005) focused on ifigng species that are potentially
invasive and that will create impacts, whereas Alstralian method (Bomford &
Glover 2004) focused primarily on whether an akpecies can establish in the wild.
The general approach taken by Bomford and Glov@d4 for Australia was adopted
here, with the primary objective of identifying fiatiuced fish that could potentially
establish in New Zealand. Fish that become invagiee, spread widely and reach
high numbers) are a subset of those that havedtential to establish, and fish that
will have major adverse impacts on the environnaeata further subset. We therefore
focus initially on establishment and secondarily tre risk of creating an
environmental impact. This approach provides a widafety-net that is less
dependent on our ability to predict the degredrnfdsiveness’.

The Australian approach (Bomford & Glover 2004) vaaopted as a basis for the
New Zealand model, but with the questions adapteh the U.K. method (Copp et

al. 2005). The questions used in the Australianhogkt(Appendix 2) are more

specialised and are based on an Australian climaiel. New Zealand’s climate is

more uniform and has a narrower longitudinal rangmpared to Australia’s (i.e.,

New Zealand lacks tropical and continental clinedaes), so it is appropriate to use
the more generalised U.K. questions on establishmeéhe New Zealand model.

The U.K. model (Appendix 3) considers the impadtiweasive species primarily in
terms of the effects on primary natural resoureggidculture, fisheries, etc.). For the
New Zealand model we have shifted to a more ecesyblsed impact assessment.
Potential impacts on aquaculture and fishing (corcralrecreational) are still
addressed because the model considers the pofereatts of an introduction on fish
and other biota. The New Zealand model also ingatps risks to biodiversity, to the
habitats of other fauna or flora and to water quadis alien fish have now been shown
to cause a decline in all of these ecosystem atash

The U.K. method has two parts. The first is anahigcreening tool to identify which
species are potentially invasive and is calledRisé Invasiveness Screening Kit (or
FISK). Species that are deemed to be either patbniinvasive, or of unknown risk,
trigger a second stage risk assessment that ggeada ‘desk-top’ assessment (IFRA
— Invasive Fish Risk Assessment). A full Environt&isk Assessment (ERA) is
required when there is uncertainty over a speanesaan ERA may require specific
tank and pond trials to better identify specieermhces and interactions with other
biota. Only the part one assessment (FISK) of tkemibdel was adapted for New
Zealand.

A fish risk assessment model for the introductibfreshwater fish to New Zealand 8
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4.2 Structure and questions

The New Zealand risk assessment model for fresiiate (Appendix 1) is divided
into two parts. Part A assesses the likelihood sifecies establishing in New Zealand.
Part B evaluates the risk of it causing an enviremi@ impact, irrespective of its
ability to establish. However, Part B also includes assessment of its potential
invasiveness in order to capture the geographaaé of any impact. In this context,
invasiveness is an analogue for the potential spreh the species after its
establishment and hence the potential magnitud@yfmpact.

The questions are based on the UK model but areroised to the New Zealand
environment and are supplemented by additional tounss more relevant to New
Zealand. For example, New Zealand lacks both ndiambivorous fish and pelagic
piscivores. As these fish can affect the base efftdod web and native fish species
respectively, questions were added to the New BAdaitssk assessment method in
recognition of these niche gaps that potentialtyéase the risk of impacts. Similarly,
planktivorous fish are known to exert top-down effeon water clarity in some
locations, and are also included. Conversely, thgact of many introduced fish in
New Zealand may be limited because they cannosadubitat above barriers such as
culverts and waterfalls. Poor swimming ability aadinability to penetrate upriver is
a factor limiting the potential spread and henceasiveness of an alien species.
Questions have therefore been added to accourthi®rand other key factors that
influence the risk of an environmental impact ocay.

Overall, the questions related to establishmeralieh fish in New Zealand cover the
history of establishment in other countries, theeptal risk of being released into the
wild (accidentally or deliberately) and the podé#iof reproduction occurring in the
wild in New Zealand. Questions related to the o$lan impact occurring cover the
history of impacts in other countries, the repotatdf congenitors or similar species,
the scope for competition with native fish, the gqemece of natural controls, the
likelihood of rapid reproduction, the probabilitywide dispersal and any nuisance or
health issues.

4.3 Scoring System

The scores for the various questions are cumulativd that a species with a high
score is more likely to establish in New Zealandenzodies and/or cause an adverse
environmental impact. Accordingly, the scoring systis based on the following:

A fish risk assessment model for the introductibfreshwater fish to New Zealand 9
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e questions are mostly scored as -1, 0 or +1 depgrafinvhether the attribute
reduces the likelihood or establishment or imphats no effect, or increases
it;

« higher or lower scores (ranging from -4 to +4) wegiren to attributes that, on
their own, significantly increase/decrease the liked of species
establishing &/or causing adverse environmentaots$f

e scores for unknown responses default to the higbmore where the
consequences of increased risk are high, or ddfaaltiower score where the
consequences are low.

A draft risk assessment method was initially depetband this was tested on the 21
species of alien fish already present in New Zehléy three Department of
Conservation fish specialists (N. Grainger, B. [DaVi. Chadderton). The scores for
these species were compared to identify any obwonissions based on the known
impacts of these fish species in New Zealand. kamgle, scores for herbivorous fish
were weighted upward because such species camaharegor effect on the food base
and fish habitat. The questions were extended, firddand clarified in response to
reviews by both DoC and BSN.

The scores for all questions were then re-weighteehsure a wider spread between
the known benign and pest species. The scorehéonlien fish species present in
New Zealand for Part A, Part B and in total werenttre-calculated are shown in
Table 1 in descending order of overall risk to éngironment.

Overall, the scores for establishment risk andrfgract risk were well correlated (r =
0.66, P < 0.01). Species known to cause problemssnme New Zealand waters (e.g.,
perch, carp, catfish) had high scores for the dkkoth establishment and impact,
whereas species causing no problems (e.g., gumpiesdtails and sailfin molly) had
low scores for both establishment and impact. Harmegome exceptions to this
general relationship were apparent (Figure 1).éxample, grass carp had a relatively
high risk of environmental impact but a low risk eftablishment in New Zealand
because this species does not breed in the wilNkim Zealand. Similarly, goldfish,
tench and brook char all had a high risk of essaiotient, but a relatively low risk of
ecological impact.

A fish risk assessment model for the introductibfreshwater fish to New Zealand 10
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Relationship between the risk of establishment twedrisk of causing an ecological
impact for alien freshwater fish species in NewlZed.

The overall FRAM score (establishment + environraknisk) provides a measure of
the potential ecological risk of introducing a nspecies to New Zealand. In general,
the composite scores for the alien species alrpaelsent in New Zealand provide a
good fit to the documented impact these speciekrayen to have had in this country.
Perch and koi carp had the highest overall scéoeywed by catfish, gambusia, trout,
orfe and rudd (Table 1). Most species with ovesalbres of 37 or more have been
associated with ecological impacts in New Zealahén@as those with scores of less
than 32 have not (McDowall 1984, 2006; Rowe & G@yn2002; Closs et al. 2004;
Rowe 2004, 2007; Rowe et al. 2008).

A fish risk assessment model for the introductibfreshwater fish to New Zealand
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Scores for the risk of establishment and of ecelgmpacts for alien fish species

already present in the wild in New Zealan®rfe are not known to cause impacts in
New Zealand but this is because they are recomad dnly one location and this has
not been subjected to any study).

Species name

Common name

FRAM scores

Comment on

_ _ species
Establl_shment _Ecologlc_:al Over:_alll groups
risk impact risk ecological
(max. 16) (max. 61) risk (max. 77)
Perca fluviatilis Perch 14 33 a7 Species that
Cyprinus carpio Koi carp 13 33 46 have caused
Ameiurus nebulosus Bullhead catfish 15 30 45 environmental
Gambusia affinis Gambusia 13 27 40 impacts in NZ*
Salmo trutta Brown trout 13 26 39
Leuciscus idus® Orfe 13 25 38
Oncorhynchus mykiss Rainbow trout 13 24 37
Scardinius erythrophthalmus Rudd 14 23 37
Tinca tinca Tench 13 19 32 No impacts
Carassius auratus Goldfish 13 17 30 reported, but
Oncorhynchus nerka Sockeye salmon 11 19 30 wide potential
Salvelinus fontinalis Brook char 13 16 29 distribution
Oncorhynchus tshawytscha Chinook salmon 9 20 29 No impacts
Ctenopharyngodon idella Grass carp 3 25 28 known
Salmo salar Atlantic salmon 8 20 28 because
Salvelinus namaycush Mackinaw 6 20 26 distribution
restricted

Phallocerus caudimaculatus Caudo 6 16 22 No impacts
Hypophthalmichthys molitrix Silver carp 3 17 20 known and
Xiphophorus helleri Swordtail 3 12 15 very restricted
Poecilia latipinna Sailfin molly 3 12 15 distribution
Poecilia reticulata Guppy 3 11 14

The highest score for perch was not surprisinghdlgh this species does not have
the same global reputation for ecological impastarp, gambusia and trout, it has
had a significant impact on native fish and crayfis Australia (Rowe et al. 2008) and
in New Zealand has been shown to affect indigenelestrid and galaxiid fish
(Ludgate & Closs 2003; Rowe & Smith 2003) as wellfacilitating algal blooms in
eutrophic lakes (Smith & Lester 2007).

Species with overall scores of 26-32 formed twaugso Those with overall scores of
29-32 all had a relatively high risk of establisimhdout a lower risk of impact
compared with those scoring between 26 and 29 €THbIThe converse was true for
this latter group. They all had lower establishmsetares because of constraints on
reproduction, but a higher risk to the environmelpecies scoring 22 or less have
even more constraints on reproduction and so hawe nestricted distributions.
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The model provides a good fit to the known impaxt21 alien fish species already
present in New Zealand, including a range of sgeiciehe Salmonidae, Cyprinidae,
Percidae, Poecilidae and Ictaluridae familieghla respect, it can be expected to be
robust and work for other fish species in differiamhilies.

4.4 Threshold scores and decision-making

Threshold scores for triggering decisions on imgiosh or management are required
because there is no simple pass/fail score foeegistablishment or environmental
risk. Part B assesses the risk of impact (how nafichproblem a species could be if it
did establish) and threshold values are set ferahsessment depending on the risk of
establishment (Part A). If the results of Part Awlthat the risk of establishment is
low and the Part B assessment indicates a lowofigpact, then the species can be
considered a safe import from an ecological pointiew (although not necessarily a
socio-economic one). Many tropical aquarium fisattonly survive in warm waters
are likely to fit into this category. Conversellgetimportation of a species with a high
risk of both establishment and impact would be fmitéd or very tightly controlled so
there is no risk of release into the wild. The msgd importation of large-mouthed
bass WMicropterus salmoides) to New Zealand as a warm-water game fish provides
good example of a species with a high risk of bestablishment and ecological
impact (McDowall 1968).

If the risk of establishment is low and the riskiwifpact is high, then importation
would need to be prohibited because a speciesaantsnes acclimatise outside its
natural climate range. In particular, the increadiékelihood of warmer water
temperatures from climate change scenarios need® toonsidered. Alternatively,
conditions on importation would need to be impose@nsure a full ERA is carried
out. Even a small risk of establishment cannotrger&ined if there is a high risk of
impact as the future consequences could prove t@heexpensive. A full ERA was
carried out for the importation of grass carp iN®ew Zealand and indicated that the
risk of establishment was very low (Rowe & Schipp@85).

If the risk of establishment is high and the rigkiropact is low, then a full ERA is
required to confirm the low risk of impact. The ianfation of channel catfish (for
aquaculture) falls into this category. A more rdbarsalysis of its potential to impact
other fish eventually resulted in a ban on its ingtion (Glover 1989; Townsend
1991).

The FRAM model indicates that if the total scomar @stablishment plus impact risk)
is 35 or more, the species has a high probabifityoth establishing and becoming a
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pest species in New Zealand. The importation ohsachigh risk species should
therefore be prohibited unless it is confined toseld systems within secure facilities
(e.g., aquariums, zoos, research laboratories)r&\the total score is 25 or less then a
species could theoretically be introduced witheifear of it becoming a pest species,
but the final decision on this may depend on oswio-economic factors that may
form part of the overall ERMA evaluation procespe@ies whose scores lie between
these thresholds would require a fuller environmkenisk assessment (ERA),
potentially involving tank and pond trials undemsiated New Zealand conditions to
better determine tolerances and interactions véttva biota.

Overriding decision ‘triggers’ are provided by respes to individual questions in
both Part A and Part B. If the answer to Questidnir2 Part A is ‘no’, then clearly the
species will not establish in New Zealand, but ttegs not mean its release into the
wild will not result in an impact and that its dibution does not need to be controlled
through stocking permits. In Part B, Question 9radsges taxonomic uncertainty and
the risk associated with importation of alien paessand pathogens. Both issues
require a more stringent approach to quarantinegolares and therefore need to be
flagged irrespective of their contribution to thigkrof establishment and impact. All
fish importations are expected to go through quaran- the risk assessment
procedure is not intended to replace this. Howeaéyes’ response to Question 9.1
would trigger an alert, requiring consideratiomudre rigorous quarantine procedures
to allow taxonomic clarification. Similarly, if ash species has traits that may result in
an increased risk to human health (e.g., internbedhast for parasites, or sharp spines
causing injury, or capable of inflicting injury thugh biting) it needs to be flagged. A
‘yes’ response to Questions 9.2, 10.1, 10.2 an8l\WOuld also raise flags.

The decision-support system and threshold levelsdores from the risk assessment
protocol are shown in Figure 2. The model presehie is intended as an initial
screening test for the potential of alien fish stablish and become invasive in New
Zealand. More in-depth assessments (e.g., labgraiod pond-scale trials) can be
used to provide a more reliable assessment of &mpaonents of the risk assessment,
particularly for species close to the thresholdswelver, the need for and scope of this
is ultimately a decision for ERMA. Importers wilgnto make the extra investment
could be given this option to demonstrate the aet®lty of a new fish, but guidance
or standards for such tests would need to be drébumalised and audited.
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Establishment risk score Impact risk score Decision options

High (> 22) Prohibit entry

High (> 11) »| Medium (16-22) Prohibit entry if total score >34,

otherwise full ERA required

L Low (< 16) =I Full ERA required |

High (> 22) Prohibit entry if total score >34,

otherwise full ERA required

Medium (6-11) »| Medium (16-22) Full ERA required |

J d :
» Low (<16) » Full ERA required |

=|| High (> 22) |—>| Full ERA required |
Low (< 6) > Full ERA required |
L— 3| Low (< 16) > Allow entry

Figure 2: Decision support system for interpreting the scpresluced by the New Zealand alien

fish species risk-assessment (NB. A total scoré8®mfor more indicates that the

potential risk of an environmental impact is ungtably high, whereas a score of 20
or less indicates minimal or very restricted imgact
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5. Discussion

A model is provided for assessing the risk of aanafreshwater fish establishing and
becoming a pest in New Zealand waters. The mogeltential applications include
preliminary border-screening of imported fish tlaa¢ destined for the aquarium or
ornamental pond trade, or for aquaculture andfcbntrol. The method also assists
the management of alien fish species already ésitaiol in the wild (e.g., by
prioritising the risk of establishment beyond theuwrrent range, or the risk of
environmental impact should they spread). Screeafritgsh already present in New
Zealand but not present in the wild (e.g., someadgm fish species), may also be
undertaken to determine what threat these mighg pasl whether management (e.g.,
restricting sale and distribution) is required.

The scores produced by this model provide a gddd the known impacts of existing

alien fish species in New Zealand. However, it $thdne noted that many ecological

processes, especially aquatic ones, are still relt understood and there is no
coherent invasion theory that explains why someoéhtced species succeed and
others do not. No ecological models are thereffmtesafe.

The assessment of habitat suitability in New Zedlaas simplified to focus on the
two main environmental factors affecting large-ectish species distributions (e.g.,
temperature and salinity). This is because New &fehloffers a range of physical
habitat conditions in terms of water depth, velpciwvater types and hydrological
disturbance regimes and suitable hydrological halitr any given species will often
be present somewhere in New Zealand. However, thergoom for future
development and refinement of this approach. Cemadtching and habitat suitability
offer many avenues for more robust and objectichnigues. For example, the River
Environment Classification network provides compmdive information on the
habitat provided by individual streams in New ZedlaT his information was recently
used to develop a risk map of potential habitabseciNew Zealand for the invasive
algae Didymosphenia geminata. Such an approach could be used to assess habitat
suitability of New Zealand rivers and streams faraduced fish. The availability of
habitat preference data would be a limiting fadtmrmany exotic species of fish, but
climate matching still offers a promising avenuerisearch.

Predicting the potential impacts of introduced #cis the focus of much
international research. In time, this researchxigeeted to support more advanced
tools for managing biosecurity, including the ef§eof existing invasive species. This
risk assessment model provides a tool that canppdied until better predictive
methods become available. In this respect Baygsiahability theory, wherein the
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scores for the questions are replaced by a protyakdlue and the overall risk of
establishment and environmental impact is calcdlabsing a Bayesian Belief
Network approach (e.g., Pollino et al. 2006), magvgle scope for improvement.
However, selecting a probability value may provéb¢éomore subjective than a score
within a limited range.
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8. Appendix 1. New Zealand Freshwater Fish Risk Assessment Model
(FRAM)
Part A - Establishment risk in New Zealand
RESPONSE
NO YES UNSURE
1 History of spread and climate match
11 Has the species a history of establishment outside its natural 0 . 1
range?
Is it native to, or established in regions with similar climates to
12 New Zealand? 0 ! !
1.3 |Does it tolerate a wide climate range? 0 1 1
Is there a good climate match or overlap with waterways that Score 1to 3 fora
4 are common in New Zealand? 0 H/M/L match *
2 Reproduction possible in NZ
Score -4 for overall
01 Can imported stocks produce viable gametes (e.g., sterile or assessment. Note . 1
triploid fish do not)? that establishment
risk is zero
Does the species have specific reproductive requirements to if requirements rare
2.2 |complete its life cycle (e.g., spawning habitat types or 1 score -1; if absent 1
conditions) that are rare/absent in NZ? score -4
2.3 |Is its reproductive habitat present within New Zealand? 0 1 1
Score -3 if highly
2.4 |Is its reproductive habitat widespread in New Zealand? localised, -2 if rare, - 1 1
1 if scarce
2.5 |Does the species have a long (>10 years) life-span? Score -1if< 2y, 1 1
otherwise 0
" ]Ei):)he: mating involve few (i.e., 1:1 mating) as against many 0 . 1
3 |Vectors and propagule pressure
Is it likely to be readily introduced to natural waters. Probability Score l 03
3.1 |will be higher for species used in some way (e.g., bait, 0 deple'ndlng on 0
aquaculture, biocontrol, angling, by-catch, ornamental)? probability (/ML) of
spread
Can large numbers of adult fish readily escape confinement or
3.2 |be easily transported to natural waterways because of either 0 1 1
pelagic larvae or small size of adults?
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RESPONSE
NO YES UNSURE
4 Reported impacts in other countries
score1to 3
] ] ) depending on
4.1 |Are there reported impacts on other fish species? 0 ) 2
severity (L/M/H) of
impacts
score1to 3
] ) ] depending on
4.2 |Are there reported impacts on aquatic fauna other than fish? 0 ) 2
severity (L/M/H) of
impacts
score 1to 3
] ) depending on
4.3 |Are there reported impacts on aquatic plants? 0 ) 2
severity (L/M/H) of
impacts
score -1 if positive
effect, or 1 to 3
4.4 |Are there reported impacts on water quality or fish habitats? 0 depending on 2
severity (L/M/H) of
negative impacts
5 Feeding & Competition
) ] ) ) small part of diet =
Does the species eat aquatic plants (excluding planktonic ]
5.1 ] 0 1; voracious 1
algae and plant detritus)? ]
herbivore = 3
small part of diet =
5.2 |Does it eat or kill other fish? 0 1; voracious 1
piscivore= 3
) ) ] small part of diet =
5.3 |Are adults planktivores (feeding on Daphnia)? 0 ) 2
1; major part=3
4 Is it likely to compete with any native fish species for food or 0 score 1, 2, 3 for )
' space? L/M/H overlap
Does its feeding or other behaviour reduce habitat quality for
) ) score 1, 2, 3 for
5.5 |native species (e.g., change substrate, suppress 0 2
L/M/H overlap
macrophytes)?
no major predators
] ] ) score =2; some
5.6 |Are its main natural predators present in New Zealand? ) 0 2
major predators
score =1
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Does it have a reputation for aggressive, agonistic behaviour

>’ to other fish? 0 !
cg Is its feeding strategy widely adaptable (opportunistic 0 .
omnivores are typically more adaptable)?
6 Reproductive rate
Does it have a plastic reproductive strategy (e.g., low age-at-
6.1 |maturity, flexible spawning habitat, adaptable larval feeding 0 1
strategy)?
Does it have the potential to hybridise with native species (or
62 uses males of native species to activate eggs)? 0 !
6.3 |Is the species able to change sex? 0 1
64 Is fecundity high (e.g., >10,000 eggs/kg, multiple spawnings 0 .
per year)?
If it matures at age 2
6.5 |Does it mature at an age of 1+ or less? 0 to 3 score 1, if older
score 2
Does it produce live young (e.g., poeciliids) or exhibit parental
6.6 |care of eggs and/or young (e.g., mouth brooding, egg 0 1
guarding)?
7 Dispersal mechanisms
Are any life stages hardy and prone to unintentional release 1 for low risk, 2 for
= from boat bilge water, nets, trailers etc? 0 high risk
Are life stages likely to be dispersed intentionally by people 1 for low risk, 2 for
72 (e.g., potential game fish, biocontrol, baitfish)? 0 high risk
3 Are eggs able to disperse widely (e.g., buoyant eggs or eggs 0 .
attached to weeds, boats)?
Are larvae/juveniles able to disperse widely (e.g., pelagic
4 larvae, juvenile migrations)? 0 !
Are juveniles or adults known to move large distances (e.qg.,
7.5 |spawning/feeding migrations, diadromous species, prone to 0 1
displacement by floods)?
6 Are juveniles or adults able to climb or jump migration barriers 0 .
(e.g., culverts and weirs)?
7.7 |Are eggs likely to be dispersed by other animals (e.g., birds)? 0 1
Score 0 for little
Does the fish have a wide salinity tolerance (e.g., can it tolerance. 1 for
7.8 |survive estuarine or marine conditions to reach other moderate tolerance, 2

catchments)?

2 for good tolerance
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—NIWA_—

Taihoro Nukurangi

8 Physical and chemical tolerances
survives in mud &/or
) ) ) wet ground score=1;
Are any life stages able to survive extended periods (days) out ] ]
8.1 survives in shaded
of water? )
&/or humid
conditions score=2
8.2 Is the species tolerant of a wide range of water quality .
" |conditions (low oxygen, high temperature, low pH)?
Can the species occupy a wide range of habitat types (e.g.,
8.3 |slow and fast water; deep and shallow water, weed/silt/rock 1
substrates)?
8.4 |Does it tolerate or benefit from environmental disturbance? 1
9 Invasive relatives and special quarantine require ~ ments
) _ _ _ i 1 (Flag the need for
Does its taxonomic family or genus include any pest species, ] ]
o ] ] ) special quarantine
races, varieties, transgenics, or sub-species? (NB. if very N
9.1 | ] o ] conditions to allow
difficult for quarantine staff to distinguish from target species )
) ] ) ] taxonomic
then include all variants in evaluation) ] )
confirmation)
1 (Flag the need for
0.2 Does it have a reputation for hosting and/or transmission of special quarantine
' parasites and pathogens that may affect other fish or humans? conditions for
disinfection)
10 |Undesirable traits
1 (Flag the need for
101 Is the species poisonous or does it pose other risks to human a more careful
" |nealth (e.g., poison spines, toxic substances)? appraisal of potential
harm to humans)
1 (Flag the need for
102 Is it likely to reduce people’s use of waters (e.g., recreation, a more careful
" Ifishing, water abstraction)? appraisal of potential
impacts)
1 (Flag the need for
103 Is it a host and/or vector for undesirable pests and pathogens special quarantine
' affecting humans or other fish (and not already present)? conditions for
disinfection)
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Appendix 2. FRAM scoresfor alien freshwater fish in New Zealand.

Question No.

9.
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-2

-4
-3

-4
-3

13 |15 |13 |13 |13 |14 |13 |13 |11 |13 13

14

Establishment risk

11
1.2
13
1.4
2.1
2.2
2.3
2.4
2.5
2.6
3.1
3.2
score
41
4.2
4.3
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4.4 3 (3 |2 |1 |o |2 |0 |1 o |1 |o |2 |o |o |o 1
51 o [3 |o |o |o |1 [3 o o |1 |o |3 |o |o |o 0
52 4 o |o |4 |4 |o |0 |4 1 o |1 |o |4 |4 |a 0
53 3 /1 o |o |o |2 |1 |o 3 |1 |o Jo |o |o |o 3
5.4 2 |2 [3 |1 |2 |2 |1 |2 o |2 |1 |o [1 |2 |1 0
55 o [3 |3 |o |o |1 [3 o o |1 |o |3 |o |o |o 0
5.6 2 |2 |2 |2 |2 |1 |1 |2 2 |1 |2 |2 |2 |2 |2 2
57 o [o |o |1 |12 |o |0 o o o |o Jo |o |1 |o 0
58 1 o |1 |1 |1 |1 |1 |1 1 (o |1 |o |1 |1 |1 0
6.1 1 /1 |1 |1 o |1 |1 |o o |1 |o |o [0 |o |o 0
6.2 o |o |o |o |o [0 |o |o o |o |o |o |o |o 0 0
6.3 o |o |o |o |0 |o |o |o 0o |o 0 0o |o 0 0 0
6.4 o [1 o |o |o |o [0 o o o |o |1 |o |o |o 1
6.5 2 |2 [2 o |2 |2 |2 |2 2 12 |2 |2 |2 |2 |2 2
6.6 o |o |1 |1 |o [0 |o |o o |o |o |o |o |o 0 0
71 o [1 |2 |2 |o |1 |1 |o 0o |1 0 0o |o 0 0 0
12 2 |1 |1 |2 |2 |1 |2 |2 1 |1 1 |2 |1 |1 |1 2
73 1 |1 |o o o |1 |1 |o o [1 Jo |1 |o |o |o 1
.4 o [o |o |o |1 |o |0 |1 1 (o |1 |1 |1 o |1 1
75 o [1 o |o |12 |o |0 |1 1t o |1 |1 |1 o |1 1
7.6 o |o |o o |1 o |o |1 1 |o |o Jo |1 |1 |12 0

A fish risk assessment model for the introductibfreshwater fish to New Zealand

29



[ o [o |o |1 |o |o |o o |o |o |o |o |o o |o |o |o |o |o |o Jo
8 1 |o o |1 |2 |1 o |2 o |2 |o |12 |o |2 |12 |2 |o |o |o |o |o
8.1 o o |2 |o |o |o o |o |o |o |o |o |o |o o |o |o |o |o |o |o
8.2 1 |1 |1 |1 o |12 |12 |o |2 o |1 |o |z |o |o Jo |1 |1 |12 |1 |2
8.3 o o |o |o |12 o o |2 o |z |o |2 |2 |2 |2 |2 o |2 |o |o |o
8.4 1 |1 |1 |1 o o |z |o |12 o |12 |o |12 |o |o Jo |1 |1 |12 |1 |2
91 o |1 |o |12 |2 o o |2 o |o |2 |12 Jo |o |o |o |12 |o |12 |1 |1
92 1 |1 o o o |12 |12 o |2 o |12 |o |o |o o |o |o |o |o |o |o
10.1 1 |o |1 o o o |o |o |o |o |o |o |o o |o |o o |o |o |o |o
10.2 o |1 |1 o o o |2 [o o o o |o |o o |o |o |o |o |o |o Jo
10.3 1 |o |o o |1 o |o |12 |o o |o |12 |o o |o |o |o |o |o |o |o
Impact risk score 33 |33 |30 |27 |26 |25 |23 |24 |19 |19 |17 |16 |25 |20 |20 |20 |16 |17 |12 |12 |11
Overall ecological

risk score 47 |46 |45 |40 |39 |38 |37 |37 |32 |30 |30 |29 |28 [29 |26 |28 |22 |20 |15 |15 |14
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