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Executive summary

A quantitative, detailed-level risk assessment approach for evaluating the likelihood of
invasion and impacts of aquatic invasive species in Ontario. The framework follows a
guestionnaire-style format complete with detailed guidance and examples to
comprehensively address all stages in the invasion process: arrival, survival,
establishment, spread, and impacts. Answers follow a standardized rating system,
require selection of an associated uncertainty level, and are justified through detailed
documentation of supporting scientific evidence. A probabilistic modelling approach
(i.e., Bayesian risk assessment tool) is applied to integrate answers and uncertainty
ratings, combine the questions for all invasion stages, and obtain an overall estimate of
risk (presented as probability distribution for the likelihood of invasion and impacts). This
approach increases the likelihood that risk assessments are objective, transparent,
reproducible, and easily updatable in light of new information.

Résumeé

Outil bayésien d’évaluation des risques pour quantifier la probabilité d’invasions
aquatiques en Ontario — Manuel de I'utilisateur

Méthode quantitative détaillée d’évaluation des risques d’invasions aquatiques et de
leurs effets en Ontario. Le cadre suit un document qui prend la forme d’un questionnaire
comprenant des directives détaillées et des exemples qui touchent a toutes les étapes
du processus d’invasion : arrivée, survie, établissement, propagation et effets. Les
réponses s’appuient sur un systéme de cotation normalisé, demandent la sélection d’'un
niveau d’incertitude associé et sont justifiées par une documentation détaillée des
données scientifiques a I'appui. Une méthode de modélisation probabiliste (c.-a-d. I'outil
bayésien d’évaluation des risques) est appliquée pour intégrer les réponses et les
coefficients d’incertitude, combiner les questions concernant toutes les étapes
d’invasion et obtenir une estimation d’ensemble des risques (présentée comme une
distribution des probabilités d’invasion et de dommages). Cette méthode augmente les
possibilités que les évaluations des risques soient objectives, transparentes,
reproductibles et facilement mises a jour a la lumiére de nouveaux renseignements.
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Overview

This document provides detailed instructions for the risk assessment tool developed to
evaluate the probability of invasion and impacts of non-native aquatic species in
Ontario. Specifically, the tool is applicable for fish, aquatic invertebrates, and aquatic
plants. It has not been calibrated or tested for aquatic parasites, viruses, or other
diseases that may be incidentally introduced along with other non-native taxa.

For ease of use and interpretation, the approach is divided into three sections:

e Background information
e Detailed-level risk assessment
e Probabilistic modelling of invasion risk

In the first section, the reason for conducting the assessment is identified and a
summary of relevant background information on the species is compiled. The second
section is a detailed-level risk assessment for the species that is guided by a
guestionnaire. The questionnaire comprises a series of 24 questions, divided into 5
subsections representative of the 5 stages in the invasion process (arrival, survival,
establishment, spread, and impacts). For each question one standardized answer and
its associated uncertainty level are selected. Detailed guidance and numerous
examples are provided to assist answer selection. General guidance for selecting
uncertainty ratings is provided with more specific guidance included within the
document where warranted.

Information required to complete sections 1 and 2 is acquired through a comprehensive
review of available published sources on the species being evaluated. Uncertainty
ratings will reflect variability in the quality and quantity of information available for
different species. In addition, it is important to identify significant knowledge gaps or
controversial findings in the published literature that constitute major sources of
uncertainty in the assessment.

The final component is a quantitative evaluation of the probability of widespread
invasion and impacts. A probabilistic modelling tool based on a Bayesian network has
been developed to: 1) combine the factors influencing invasion using conditional
probabilities, and 2) incorporate and propagate uncertainty in risk estimations. The
answers and uncertainty ratings selected in the questionnaire are entered as input and
the modelling tool generates probability distributions for the likelihood that the species



arrives, survives, establishes, spreads, and has impacts in Ontario. Detailed instructions
for the installation and use of the modelling tool are provided.

Detailed background documentation of the underlying structure and mathematical
foundations of the model are presented in a companion document (Nienhuis and
Haxton 2016) along with model testing results for several case study species.

Section 1. Background information

Rationale

Provide rationale for conducting the current risk assessment for the species in question.
Identify if a screening-level risk assessment has recently been performed for the
species being assessed, and if it poses a potential risk of becoming invasive in Ontario.

Note: A screening-level assessment may be warranted before continuing with the
detailed-level assessment if one hasn’t been conducted.

Time horizon

Identify the time horizon for which the current risk assessment applies (i.e., the time
frame over which the risk of widespread invasion and impacts is being evaluated). This
typically falls somewhere between 5-10 years and warrants being explicitly stated.

Species identification

Identify the species for which the current assessment is being conducted.
e Indicate organism type/taxa (e.g., fish, aquatic invertebrate, aquatic plant, etc.),
list its scientific name, taxonomic classification, and common or trade names.

Species description

Provide a brief physical description of the species.
¢ Include description of distinguishing features (general shape, colour, number of
fins/appendages, shape/number of leaves, flowers, seeds, etc.).
e Note if sexual dimorphism exists.
¢ Include an accurate line drawing/photo/image of the species if possible.



Distribution

Identify the native range of the species.
e Describe geographical region, list countries, or copy and paste a map of native
range.

Identify current global distribution of the species (excluding Ontario).
e List continents, regions, and/or countries.
e Include list of North American states or provinces if applicable.
e Include a map of global distribution if available.

Indicate the current distribution of the organism in Ontario.

Biology and life history

Habitat

e Describe broad habitat (i.e., freshwater/brackish/marine, lentic/lotic,
benthic/pelagic etc.).

e Identify type of water bodies inhabited (e.qg., lakes, rivers, streams, ponds,
canals, ditches, floodplains, backwaters, etc.).

¢ Indicate general habitat preferences (i.e., depth, substrate or vegetation types,
water clarity, water flow) as well as physiological tolerance to water quality
conditions (i.e., preferences and lethal limits for temperature, salinity, dissolved
oxygen, pH, alkalinity, nutrient concentrations, pollution, etc.).

e Note whether the species displays different habitat use for different life stages or
activities (e.g., spawning, adult/juvenile, feeding, overwintering, etc.) and
describe the habitat, as appropriate.

¢ Include information from both native and introduced range (if applicable).

Diet

Note: For animal taxa only

e Describe general feeding strategy (omnivore, herbivore, filter feeder, piscivore)
and diet breadth (specialist, generalist/opportunist).

¢ Include list or range of common diet/prey items in native and invaded range, if
this information is available, as well as differences in diet across life stages
(ontogenetic changes).

e Describe feeding behaviours, including any specialized adaptations that allow for
efficient hunting or foraging, or successful exploitation of novel food resources.



¢ Include information on diurnal or seasonal changes in feeding activity, noting
temperature dependency of feeding rates/activity.

Reproduction

Describe key features of the species’ reproductive strategy:

Growth

Note whether asexual reproduction is possible.

For animal taxa include information on age/size at maturity (and whether
there are differences between sexes), generation time, frequency of sexual
reproduction, fecundity (# of eggs per female, size of eggs), noting any
differences that may exist between native and invaded range.

For plant taxa include information on the size and number of
seeds/propagules produced, description of reproductive organs, identify
whether any life stage can remain dormant/viable over extended periods to
create a seed bank, etc.

Highlight timing of reproductive events, including temperature requirements
for oogenesis, initiation of spawning behaviours, egg incubation/seed
germination, seed maturation, etc.

Describe mating/spawning behaviour, and specify whether the species
displays parental care (mouth brooding, nest guarding, etc.).

Identify whether the species is dependent on other organisms (pollinators,
hosts, incubators) for successful reproduction to occur.

e For animal taxa, describe size at hatch, growth rates, maximum sizes achieved
(length/weight), typical and maximum life span (note if different between sexes).

e Note if differences exist between sexes, or between native and invaded range.

e For plant taxa, identify whether the species is annual, biennial, or perennial,
describe growth rates, mechanism of growth, typical/maximum seasonal
biomass, typical life cycle, and seed viability.

¢ Identify whether dormancy period exists.

e For all taxa, describe temperature requirements (min/max/ideal) for growth.

Movement/dispersal

e Describe known mechanisms for movement/dispersal.

¢ Identify which life stage(s) have the capacity for movement/dispersal, and
whether movement is active or passive.

e Specify whether the species is migratory and describe seasonal or diurnal
changes in movement patterns.



Identify typical/maximum dispersal distances of various life stages, and
range/population expansion rates if available.

Note whether movement of the organism is impeded by natural or anthropogenic
barriers.

In addition to natural dispersal, identify and describe any known or documented
human-assisted dispersal mechanisms.

Parasites and disease

Identify, or list, known bacterial, fungal, parasitic and/or viral pathogens to which
the species is susceptible, or can carry, noting in particular whether any are
listed by World Organization for Animal Health (OIE) as reportable diseases
(aie.int/animal-health-in-the-world/oie-listed-diseases-2016/).

Specify whether the species is known to have transmitted novel diseases and/or
parasites to areas outside of its native range where it has been introduced.

Section 2: Detailed-level risk assessment

The model requires that one standardized answer rating and its associated uncertainty
be selected for all questions (unless otherwise stated, and unless the answer is
unknown in which case no uncertainty rating is required). For transparency and possible
future re-evaluation of the risk assessment it is also important that justification in text be
provided for all answers and associated uncertainty ratings (i.e., summary and citation
of all sources of information used as evidence to support the answer rating). Guidance
for answer selection is included for all questions with general guidance for uncertainty
ratings provided in Table 1 below.


http://www.oie.int/animal-health-in-the-world/oie-listed-diseases-2016/

Table 1. Guidance on selection of uncertainty rating

Interpretation

Uncertainty /meaning Examples to justify the uncertainty rating Certainty
e There is direct relevant evidence to support the
assessment
There is little | ® There is substantial/extensive and reliable
doubt about scientific/systematic information (e.g., multiple,
the independent peer-reviewed data sources/information) .
Low assessment | ® The situation can be easily predicted High
and therisk | ® The interpretation of data/information is straightforward
rating e Datal/information are not controversial or contradictory
e Personal communication is from experts regarded as
specialists on the question raised
e There is some evidence to support the assessment
e There is a moderate level of scientific information, but this
There is some could include first hand, unsystematic observations
doubt about | ® Some evidence for the prediction of the situation is
] the available, but this prediction may be unreliable )
Medium assessment | © Some information is indirect (e.g., data from another Medium
and the risk phylogenetically or functionally similar species has been
rating used as supporting evidence)
e The interpretation of the data is to some extent ambiguous
or contradictory
e There is no direct evidence to support the assessment
(e.g., only data from other species have been used as
There is supporting information)
considerable | ® Thereiis little or limited scientific information (e.g.,
doubt about circumstantial evidence)
High the e The situation cannot be readily predicted because the Low
assessment evidence is poor and difficult to interpret (e.g., it is strongly
and the risk ambiguous)
rating ¢ The information sources are considered to be of low

quality or contain information that is unreliable (e.g., it is
strongly contradictory)

Modified From: Therriault et al. 2010; Chan et al. 2011; MacLeod 2011; Blackburn et al.

2014

Stage 1: Probability of arrival

Introduction: The first point to consider in a risk assessment for a potentially invasive
species is whether the organism has the potential to arrive in Ontario and subsequently
be introduced into the natural environment. It is therefore necessary to consider the

pathways or vectors through which the species could potentially be introduced to

Ontario waters.

The intent of this section is to identify whether at least one potential pathway for live
transport of the species into Ontario exists or is proposed. At this stage, an evaluation of




the likelihood or frequency of transfer from the pathway to the natural environment is not
considered (this is subsequently addressed in Q.2.04).

1.01 Arrival status in Ontario

1.01 Does the species currently exist in the natural environment in Ontario?
Answer options: no, yes

Note: This question aims to identify whether the species (e.g., a single individual,
several individuals, a single population, or multiple populations) has been documented
in the natural environment in Ontario. For the purpose of this question, consider
currently exists to mean that reports of its presence have been confirmed within the last
5 years. This does not include consideration of whether the species can survive year-
round or reproduce in the wild in Ontario (this is evaluated elsewhere). Answer no if
uncertainty exists, or if there are no reputable sources confirming/documenting the
presence of individuals in the natural environment in Ontario.

1.02 > 1.04 Potential pathways for arrival

1.02 Is the species known to be in an existing or proposed pathway through
which any life stage of the organism could be transported live into Ontario, either
intentionally or unintentionally?

Answer options: no, yes, unknown
Level of uncertainty: low, medium, high

Note: Identify all relevant potential pathways of arrival. This can include either
intentional or unintentional transport/movement of live individuals into Ontario.

Examples of intentional pathways include existing or proposed:
e Sale or trade of the species at aquarium/pet/water garden stores in Ontario, or by
online or mail order
e Commercial culture of the species in Ontario
e Deliberate stocking/planting of the species in Ontario
e Import into and sale of species at markets or wholesalers in Ontario as part of the
live food trade

Examples of unintentional pathways include:
e Occurrence of species near (<100 km) or within waterbodies connected to
Ontario waters by natural or anthropogenic corridors/channels/canals



e Transport of species into Ontario as a result of entrainment in ballast water or
hull fouling

e Transport of species into Ontario through other anthropogenic vectors, i.e.,
boats, fishing gear, tire treads, etc.

1.03 Has the species been introduced elsewhere, intentionally, or unintentionally,
through at least one of the pathways identified above?

Answer options: no, yes, unknown
Level of uncertainty: low, medium, high

1.04 Is the species known to be a fellow traveller accompanying other species or
products that are in an existing or proposed pathway?

Answer options: no, yes, unknown
Level of uncertainty: low, medium, high

Note: This would include species that contaminate shipments of other goods or are
transported along with other species.

Examples

e Aquatic plants can contaminate other plants sold in the aquarium/water garden
industry (e.g., hydrilla has been found in shipments of water hyacinth in the
United States because it is harvested from areas where they co-occur [Francine
MacDonald, personal communication]).

e Aguatic plants can also contaminate water used to transport fish from
aquaculture facilities or fish hatcheries

e Plant seeds can be transported as contaminants of soll

Stage 2: Probability of survival

Introduction: After identifying potential pathways for introduction, it is necessary to
evaluate survival probability. Temperature is typically the most important climate
variable dictating whether a species will survive year-round if it is introduced outside of
its native range. For the risk assessment area under consideration (i.e., freshwater
environments in Ontario) salinity requirements could also influence survival. The timing
and state of health of organisms upon release into the natural environment are also
relevant to consider.



The purpose of this section is to evaluate the likelihood that the species could survive in
Ontario waters if introduced. Consider only survival not growth or reproduction (these
are evaluated in subsequent stages).

2.01 Survival status in Ontario

2.01 Is the species already known to survive year-round in the natural
environment in Ontario?

Answer options: no, yes

Note: This question aims to identify whether the species (e.g., a single individual,
several individuals, a single population, or multiple populations) has been
documented/observed to survive year-round in the natural environment in Ontario. This
does not include consideration of whether the species can reproduce in the wild in
Ontario (this is evaluated elsewhere). To answer yes, reputable
evidence/documentation of its survival year-round in Ontario is required. Answer no if
uncertainty exists, or if there are no reputable sources confirming/documenting the
species’ year-round survival anywhere in the natural environment in Ontario.

2.02 Temperature tolerance

2.02 Can any life stage of the species (e.g., eggs, adult, larvae, resting stage,
seeds, turions/over-wintering buds) tolerate/survive temperatures <5.5°C?

Answer options: no, yes, unknown
Level of uncertainty: low, medium, high

Note: This question is meant to assess whether or not any life stage of the organism
could overwinter in Ontario (based on the general temperature criterion for year-round
survival of aquatic organisms in the Great Lakes [Kolar and Lodge 2002; Rixon et al.
2005]). Consider thermal requirements for survival only (i.e., not for growth or
reproduction). To answer this question, identify the lower lethal temperature limit or
minimum temperature tolerance reported for the species, accounting for potential
thermal plasticity. If relevant information is not available for the species, answer
unknown.

2.03 Salinity requirements
2.03 Can the species survive in freshwater environments?

Answer options: no, yes, unknown



Level of uncertainty: low, medium, high
Suggested rating guidance:

No: Species is strictly marine (i.e., it is associated only with marine habitats) and can
therefore be ruled out as posing an invasion risk in freshwater environments in Ontario.

Yes: The species occupies freshwater or brackish habitats or is known to be euryhaline
(adapted to a wide range of salinities).

Unknown: Relevant information is not available for the species.

2.04 Survival during transfer from a pathway and introduction to the
natural environment

2.04 Is the species likely to survive transfer from a pathway and introduction to
the natural environment?

Answer options: no, yes, unknown
Level of uncertainty: low, medium, high

Note: Whether release is accidental or intentional, survival will depend upon the timing
of the event and on the state of health of individuals. Consider the season when
accidental or intentional release would be most likely, the life stage(s) being released,
and whether climate and habitat conditions at the time of release would promote
survival.

Suggested rating guidance:

No: Examples would include individuals intentionally released or discarded owing to
disease, high mortality levels in shipments, or which are otherwise stressed or
moribund. This answer would also apply to cases where release events are expected to
occur only in the winter and individuals or life stages subject to release are intolerant to
winter climate conditions or in cases where other habitat requirements of the organism
are not met.

Yes: Species/individuals that: 1) actively escape or disperse into Ontario waters through
connected waterways; 2) are intentionally released in good health; 3) are capable of
surviving out of water for significant periods of time; 4) are released during periods of
hospitable climate and into suitable habitats; or 5) are known to have successfully
survived introductions via pathways identified above in regions with similar climate to
Ontario.



Unknown: Relevant information is not available for the species.

Stage 3: Probability of establishment

Introduction: Beyond an ability to successfully arrive and survive introduction in a new
environment, a species must also be able to establish in order to become invasive.
Established invasive species are those with self-sustaining populations (Kolar and
Lodge 2001) that persist in a new area over some period of time after arrival (Jerde and
Lewis 2007).

In order for establishment and population growth to occur, the introduced species must
be able to increase in abundance in the invaded locality (Marvier et al. 2004). Most
introduced species that fail to establish do so as a result of mortality or reproductive
failure (Vélez-Espino et al. 2010). Consequently, both abiotic and biotic interactions at
any new location have the potential to increase or decrease the probability of
establishment (Jules et al. 2002; Von Holle 2005).

A number of factors or biological traits can predispose a species to becoming
established if introduced outside of its native range. For example, species are more
likely to become established in areas where climate and habitat conditions match those
of their native range (Bomford et al. 2010). In addition, species must be able to find food
or other necessary resources, overcome competition or predation by native species,
and successfully reproduce in the introduced environment. A species’ history of
establishment success elsewhere can also be an important predictor of establishment
success in novel environments (Bomford et al. 2010), serving as a proxy to estimate
human affiliation and propagule pressure (Jeschke and Strayer 2006; Garcia-Berthou
2007).

The purpose of this section is to evaluate the likelihood that the species could establish
self-sustaining populations in Ontario waters. The following set of questions was
compiled to reflect the current understanding of important drivers of establishment
success.

3.01 Establishment status in Ontario

3.01 Is the species already known to have become established in the natural
environment in Ontario?

Answer options: no, yes

Note: This question aims to identify whether the species has been
documented/observed to have become established in the natural environment in



Ontario. To answer yes, reputable evidence/documentation of its ability to reproduce
and establish at least one self-sustaining population in Ontario is necessary. Answer no
if uncertainty exists, or if there are no reputable sources confirming/documenting an
established population of the species in the natural environment in Ontario.

3.02 > 3.03 Climate and habitat suitability

It is well-recognized that environmental suitability is a critical driver of establishment
success. Environmental suitability “invokes the concept of the species’ niche and uses
information about a species’ known environmental tolerances to predict whether that
species will establish in a given region” (Bradie and Leung 2015). Consequently, nearly
all predictive models of establishment probability consider the similarity of
environmental conditions between an organism’s existing range and areas of potential
introduction (e.g., Howeth et al. 2015), and the physiological tolerance limits/ range of
the species.

3.02 How similar are the climatic conditions that would affect establishment of the
species in Ontario to those in the species’ current (native and introduced)
geographical range?

Answer options: Not similar, Somewhat similar, Moderately similar, Largely
similar, Completely similar, Unknown

Level of uncertainty: low, medium, high

Note: When comparing climates in a species’ current distribution with those in Ontario,
ensure that the variables being compared are relevant to the species’ ability to
successfully grow and reproduce. Consider that the species’ current distribution may be
poorly known or uncertain, and that climate as measured by weather stations may not
reflect the microclimate inhabited by the species. Account for these factors when
selecting the level of uncertainty associated with the answer rating.

To answer this question, identify the current distribution of the organism (includes both
native and invaded range) and compare climatic conditions therein to the climate in
Ontario. This can be done in one of two ways: 1) through visual comparison of climate
zone maps, or 2) through quantitative comparison of climate data using climate-
matching software. Several options for conducting climate comparisons are provided in
Appendix 1.



Suggested rating guidance:

Not similar: None of the climatic conditions in the native or introduced range of the
species are at all similar to those in Ontario.

Examples:

e The current distribution of the species is only in equatorial (Group A) or arid
(Group B) climate zones with desert (M) or monsoonal (m) precipitation patterns
(Koppen-Geiger map), or the species is currently distributed only in plant
hardiness zones 10-13.

e Climate match (i.e., Climatch) scores for all Ontario stations are less than 4 (such
low levels represent unsuitable habitats where establishment is unlikely [Bomford
et al. 2010]), or Climate 6 ratio is 0.000 (see Appendix 1).

Somewhat similar: Few of the climatic conditions in the native or introduced range of
the species are similar to those in Ontario.

Examples:

e Climate zones defining the species’ current distribution do not include Group D,
and only a limited area of the species’ distribution is represented by Group C; or
species’ distribution is largely represented by plant hardiness zones 8-10.

e Most of the province has Climatch scores less than 4, some stations have
climate match scores between 4-5, none with a score of 7 or greater. Climate 6
ratio <0.005.

Moderately similar: Several of the climatic conditions in the native or introduced range
of the species are similar to those in Ontario.

Examples:
¢ World hardiness zones in species’ current distribution are close to, but not
exactly, those represented in Ontario (i.e., Koppen-Geiger classifications Dfa,
Cfb, or Cfa; plant hardiness zones 7 or 8).
¢ Numerous stations in Ontario with Climatch scores greater than 5; at least 20%
of scores at level 6 or higher (Bomford et al. 2010; Mandrak et al. 2013). Climate
6 score 0.005-0.103.

Largely similar: Most of the climatic conditions in the current native or introduced range
of the species are similar to those in Ontario.



Examples:

e Climatic similarity is indicated if Ontario shares a Képpen-Geiger climate
classification or world hardiness zone with any of those represented by the
species’ current distribution.

e Mean Climatch score (across all stations in Ontario) of at least 7 (Britton et al.
2010). Climate 6 score >0.103.

Completely similar: All of the climatic conditions in the species’ current native or
introduced range are similar to those in Ontario.

Examples:

e Indicated if Ontario shares more than one Kdéppen-Geiger climate classification
or world hardiness zone with those represented within the species’ current
distribution.

e All stations in Ontario have climate match scores greater than 7 (Britton et al.
2010). Climate 6 score = 1.

3.03 How similar are abiotic factors that would affect establishment of the species
in Ontario to those in the species’ current geographical range?

Answer options: Not similar, Somewhat similar, Moderately similar, Largely
similar, Completely similar, Unknown

Level of uncertainty: low, medium, high

Note: This question evaluates the suitability of habitats in Ontario based on important
abiotic factors. Consider the physical and chemical characteristics of the aquatic habitat
(e.g., temperature, pH, salinity, nutrient concentrations, water clarity, current or flow
rate, depth, water level fluctuations, substrate composition, etc.), as well as disturbance,
environmental pollution (i.e., eutrophication, heavy metal contamination, organic
pollutants, etc.), topography, and/or land use. Focus on factors that define the species’
habitat requirements for survival, development, and reproduction. By extension, this
guestion pertains to the physiological tolerance limits and/or adaptability of the species
to various abiotic conditions.

Suggested rating guidance:

Not similar: None of the species’ critical abiotic habitat conditions are similar to those
characteristic of aquatic habitats in Ontario. The species is a habitat specialist, is not
considered to be highly adaptable, has only a narrow physiological tolerance range, and
is intolerant of anthropogenic or natural disturbance.



Examples:
e Species that require saltwater/marine habitats for spawning or to complete their
lifecycle.
e A species that thrives only in highly alkaline conditions (such as the highly
specialized Alcolapia cichlids that live in the extreme environment of Lake Natron
in Kenya).

Somewhat similar: Certain abiotic habitat conditions in Ontario are similar to those
required by the species while others are not (or are very rarely occurring). The organism
is not considered to be highly adaptable, has only a narrow physiological tolerance
range, or is intolerant of natural or anthropogenic disturbance.

Example:

e Arriverine species that would find appropriate temperature conditions for survival
and growth in southwestern Ontario, but requires clean, silt-free riffle habitat
devoid of pollutants or agricultural impacts (continued degradation and limited
occurrence of these habitats is currently a limiting factor for the recovery of a
number of fish and mollusc species at risk in Ontario).

Moderately similar: The species’ physiological tolerance to various abiotic factors is
somewhat broad (reported to survive in wide range of temperature, salinity, oxygen, or
nutrient levels). Abiotic habitat conditions in Ontario fall within physiological tolerance
range of the species, but are not commonly within the physiological optima for feeding,
growth, or reproduction.

Largely similar: Most of the necessary abiotic habitat conditions for successful feeding,
growth, and reproduction of the species occur in waterbodies in Ontario. Some
conditions may fall outside of the reported physiological optima for the species, but
evidence suggests that it is highly adaptable. The species is considered a habitat
generalist or has very broad physiological tolerance to a wide range of abiotic factors.

Completely similar: All necessary abiotic habitat conditions for successful feeding,
growth, and reproduction of the species are common across waterbodies in Ontario.
The species is considered a habitat generalist capable of inhabiting a variety of aquatic
habitat types, is tolerant of or benefits from natural or anthropogenic disturbance and
has very broad physiological tolerance to a wide range of abiotic factors (i.e., reported
to survive and reproduce across a wide range of temperature (0-30°C), salinity (0—16
ppt), oxygen (0 mg/L — saturated) and nutrient (oligotrophic-eutrophic) levels).



3.04 > 3.06 Biotic interactions/ecological suitability

Establishment success is not only determined by environmental or climatic suitability, it
is also influenced by ecological context. The underlying community structure of the
receiving environment (i.e., the identity and abundance of species that already exist
within it) can play an equally important role in promoting or preventing the successful
establishment of an introduced species. Existing species not only represent potential
food resources or hosts, but also potential competitors or predators. The ecological
factors that govern biotic interactions in natural communities are complex and difficult to
qguantify a priori. As a result, estimates of the role that they will play in determining
establishment success will likely be associated with a significant degree of uncertainty.

3.04 How likely is it that the species would find other organisms necessary for its
survival, growth and reproduction within the natural environment in Ontario?

Answer options: very unlikely, unlikely, moderately likely, likely, very likely,
unknown

Level of uncertainty: low, medium, high

Note: This question is meant to ascertain whether the species is likely to find suitable
plant or animal resources in waterbodies in Ontario. This includes all organisms
necessary for food, habitat, or as hosts or pollinators. Consider the feeding habits and
diet preferences, breadth and plasticity of the species in its current range, and evaluate
the likelihood that it will find suitable food resources in Ontario. Identify whether it is
obligately dependent upon specific species for food or prey, as habitat, hosts, root
symbionts, or for pollination, egg incubation, etc., and whether these organisms are
likely to be encountered in Ontario.

Suggested rating guidance:

Very unlikely: Species is a dietary specialist with a limited and inflexible diet that feeds
only on plant or animal species that do not currently exist in natural waters in Ontario.
The species’ survival or reproduction requires the presence of specific host plants or
animals, specific pollinators, or other symbiotic or mutualistic species that do not
currently exist in Ontario.



Examples:

e Unionid mussels that require specific fish hosts that are not native to or present
in Ontario in order to successfully develop from larvae (glochidia) to adults and
thereby complete their lifecycle.

e A plant taxon that is obligately dependent on a specialist pollinator taxon for
sexual reproduction, and that pollinator is not present in Ontario.

Unlikely: Species is largely a dietary specialist with limited or inflexible diet. Potential
food resources, prey organisms, or host species are scarce and/or search time is high
in Ontario.

Example:
e A species that preferentially feeds on or otherwise requires the presence of
another specific non-native species that has been introduced in Ontario but has
only a very limited occurrence or distribution.

Moderately likely: Potential food resources, prey organisms, or host species exist in
moderate abundance and/or search time is moderate in Ontario. Species is considered
a dietary generalist to some degree with a broad, assorted or flexible diet.

Example:

e The Bitterling Rhodeus sericeus cannot reproduce unless a suitable freshwater
mussel is present in which to incubate its eggs. While the species displays a lack
of specificity or discrimination for the type of mussel host that can be used, the
distribution of freshwater mussels in Ontario is declining and is generally limited
to cleaner waters.

Likely: Most nutritive items available in Ontario waterbodies could be considered
potential food resources, prey organisms, or host species. These are abundant and/or
search time is low in most waterbodies in Ontario. Species displays diet breadth in its
current range or is an autotroph that is not dependant on specific pollinators.

Example:
e A plant taxon that is pollinated by generalist pollinators, such as flies or
honeybees.

Very likely: All potential food items are highly abundant and/or could be easily found in
any waterbody in Ontario. The species is a dietary generalist or opportunistic feeder
capable of shifting its diet or prey base in order to exploit abundant or novel plant or
animal resources or is an autotroph with no dependencies on other specific organisms
for growth or reproduction. It is a highly efficient forager/hunter that has highly refined



adaptations to allow for successful detection and capture of prey under a wide range of
conditions. Species displays diet or isotopic niche plasticity across its current range.

Examples:

e Plant taxa that reproduce without pollinator assistance (i.e., wind pollinated) and
do not otherwise require specific symbionts for growth.

e Round goby (Neogobius melanostomus) have been shown to have a broad and
plastic diet (and isotopic niche) across invaded ranges in North America and
Europe (Pettitt-Wade et al. 2015) allowing for exploitation of locally abundant
food sources in invaded locations. In addition, this species also has a well-
developed sensory system that enhances its ability to detect water movement,
allowing it to feed in complete darkness and giving it an advantage over other
fish in the same habitat.

3.05 How likely is it that the species could establish in Ontario despite potential
competition from existing species?

Answer options: very unlikely, unlikely, moderately likely, likely, very likely,
unknown

Level of uncertainty: low, medium, high

Note: This question evaluates whether the species would be capable of survival,
successful growth, and reproduction if introduced within natural communities in Ontario,
considering the presence of any or all pre-existing species that might compete for
limiting food or habitat resources. Consider the potential for both direct (e.g.,
interference) competition, and indirect (e.g., apparent) competition between the
organism and other species in Ontario that could result in reduced survival, recruitment,
and/or per-capita growth rate. Take into account both the species’ competitive ability
within its existing range, as well as the existence of strong native competitors in Ontario
that would share a similar niche. It is also important to note whether shared or common
resources are, in fact, limited.

Suggested rating guidance:

Very unlikely: The species is a very poor competitor for limiting resources in its existing
range and is known to have strong competitors that are very widely distributed and very
abundant in Ontario, or another species is already very widely distributed in Ontario that
occupies the same niche as the organism.



Example:
e A small, timid benthic fish species that would occupy the same niche and be
dependent on the same habitats as those occupied by the highly aggressive and
widespread round goby.

Unlikely: The species is a poor competitor for limiting factors in its existing range, and
is known to have competitors that are widely distributed and abundant in Ontario or
another species is already widely distributed in Ontario that occupies the same niche as
the organism.

Example:

e A slow-growing, small submerged aquatic plant that only exists in small, sparse
patches in its existing range and requires significant light penetration throughout
the growing season (i.e., it could only establish in areas devoid of faster growing,
or canopy forming taxa).

Moderately likely: The species is known to have competitors that are locally distributed
and occasionally common in Ontario or another species is locally distributed in Ontario
that occupies the same niche as the organism.

Likely: The species is a good competitor in its existing range. Even if the species has
potential competitors in Ontario, these are rare or are unlikely to prevent establishment.
Other species present in Ontario occupying the same niche are rare.

Examples:

e A species that (while not necessarily competitively dominant in its existing range)
is taxonomically distinct from existing species in Ontario and occupies a unique
niche, or is able to exploit a novel resource that is present but currently unused
by other species in Ontario.

e Plant taxa that can survive in oligotrophic conditions or flourish in eutrophic
conditions.

Very likely: The species is aggressively competitive for limiting factors in its existing
range. Even if the species has potential competitors in Ontario, or if other species are
present that occupy a similar niche, these are very rare and very unlikely to prevent
establishment. The species can exploit resources that are not used by other species, or
resources that would potentially be shared with existing species in Ontario are abundant
and not limiting. For plant taxa, those that can fix nitrogen, are allelopathic, display fast
growth, or form large dense canopies, floating mats, or monospecific stands that
prevent light penetration for other aquatic plants would have a competitive advantage.



Examples:

e Hoydrilla (Hydrilla verticillata) is highly competitive with most other aquatic plants,
and is able to outcompete native submerged plants for light and nutrients as a
result of its aggressive growth habit which intercepts sunlight and excludes other
plants.

e The round goby (Neogobius melanostomus) is a highly aggressive competitor
that has been shown to successfully outcompete other benthic fish species (such
as sculpins) for food, space and spawning sites, resulting in the displacement
and population declines of other species.

3.06 How likely is it that the species could establish in Ontario despite the
presence of natural enemies (i.e., predators/herbivores/parasites or pathogens)?

Answer options: very unlikely, unlikely, moderately likely, likely, very likely,
unknown

Level of uncertainty: low, medium, high

Note: The purpose of this question is to identify whether the species would be capable
of survival, successful growth, and reproduction if introduced within natural communities
in Ontario, considering the presence of any or all pre-existing species that might feed
upon/parasitize or be pathogenic to it (any such species are broadly defined here as
natural enemies). Take into account the number of potential enemy species in Ontario,
their population densities, and their effectiveness as herbivores, predators or parasites.
Consider predator-avoidance or herbivore-deterrent adaptations, or disease resistance
possessed by the species in its existing range, as well as the life-stages of the species
that would be susceptible to natural enemies.

Suggested rating guidance:

Very unlikely: The ability of one or more natural enemies to prevent establishment (or
limit population sizes) of the species where it is native or introduced is well-documented
and this enemy is very abundant and widespread in Ontario. The species is not known
to possess adaptations for predator or herbivore avoidance, and all life stages are
highly susceptible to predation/herbivory. The species is naive to piscivores or other
common predators in Ontario. The species possesses no immunity to, and is highly
vulnerable to common parasites or pathogens.

Unlikely: The ability of one or more natural enemies to prevent establishment (or limit
population sizes) of the species where it is native or introduced is suggested in the
literature and this enemy is abundant in Ontario.



Moderately likely: There have been only a few cases reported of an existing natural
enemy preventing or limiting the establishment of the species elsewhere, or known
natural enemies have low abundance in Ontario. Potential natural enemies exist in
Ontario, but these have not been conclusively shown to effectively prevent
establishment or limit population size of the species.

Likely: The species has few natural enemies capable of preventing establishment or
limiting population size, and these or similar species are rare in Ontario. The species is
unpalatable to or is unrecognized as a food source by most grazers in Ontario. The
species can attain large sizes, thereby reaching a size refuge from most potential gape-
limited piscivorous predators (i.e., the period of vulnerability to predation is relatively
short).

Very likely: Owing to effective predator-avoidance, herbivore-deterrent adaptations, or
immunity to common pathogens or parasites, the species has very few natural enemies
capable of preventing establishment or limiting population size in its existing range, and
these or similar species are not present in Ontario. The species is unpalatable or toxic
to existing predators or grazers. The species grows quickly to attain very large sizes
thereby reaching a size refuge from all existing gape-limited piscivorous predators (i.e.,
the period of vulnerability to predation is very short).

3.07 Reproduction

Life history characteristics will directly influence a species’ ability to reproduce and
establish a self-sustaining population in a new area. Consequently, knowledge of the
species’ reproductive strategy is critical in order to evaluate its potential for
establishment.

3.07 How likely is it the reproductive strategy of the species to aid or promote its
establishment in Ontario?

Answer options: very unlikely, unlikely, moderately likely, likely, very likely,
unknown

Level of uncertainty: low, medium, high

Note: Consider reproductive characteristics that would enable the species to reproduce
effectively in a new environment. This does not include consideration of the species,
dependence on other species or on specific habitat features for successful reproduction
(these factors were evaluated previously in questions 3.0 and 3.04).



Answer the following 10 sub-questions either yes or no (some may not be appropriate
for the taxon being considered; these should be identified and do not need to be
answered). These sub-questions aim to ascertain whether the species possesses
reproductive strategies/traits associated with establishment success for various taxa.

1) Can the species produce viable seeds/spores/offspring?

Consider whether individuals are likely to be sterile as a result of chromosome set
manipulations, etc.

2) Could the species establish or maintain a viable population with a relatively low
number of founding individuals or inoculums?

Allee effects, environmental or demographic stochasticity, competition and natural
enemies may prevent population survival if only a small number of individuals are
present. Conversely, the production of long distance attraction substances (i.e.,
pheromones) would considerably improve the probability of finding a mate even when
densities are low (Vélez-Espino et al. 2010).

3) Does the species exhibit parental care (i.e., nest guarding, mouth brooding, live
bearing)?

4) Is the species known to reduce age-at-maturity in response to environment?

5) Is the species capable of sexual reproduction at least once per year?

6) Is the species iteroparous (i.e., capable of more than one reproductive event in its
lifetime), or does it have an extended spawning season?

7) Is the species highly fecund (fish: >10,000 eggs/kg [Copp et al. 2005]; freshwater
molluscs: >162 offspring/female/yr [Keller et al. 2007]; plants: >1,000 seeds or
spores/yr [Heffernan et al. 2001])?

8) Is the species’ known generation time (i.e., time from hatching to full maturity) one
year or less?

9) Is asexual reproduction (e.g., vegetative reproduction/fragmentation, self-
fertilization, self-crossing, parthenogenesis) an important aspect of the species’
reproduction?

10) Does the species have a resting or dormant stage during its life cycle that can be
used to survive environmental conditions that are unsuitable for growth and
development?

Consider whether the species create a persistent seed bank (i.e., seeds remain
highly viable for >3 years) or an offspring bank (e.g., resting eggs of the spiny
waterflea).



Suggested rating guidance:

Very unlikely: no to all questions
Unlikely: yes to only one question
Moderately likely: yes to two questions
Likely: yes to three questions

Very likely: yes to four or more questions

Unknown: Insufficient information to answer yes or no to any of the questions
3.08 History of introductions/establishment/invasiveness elsewhere

Invasion history consistently emerges as one of the strongest predictors of
establishment success in new environments (e.g., Gordon et al. 2008; Hayes and Barry
2008; Koop et al. 2012). If successful establishment outside of the species’ native range
has happened even once before, it is important evidence that the species has the ability
to pass through most of the stages in the invasion process (i.e., association with the
pathway at origin, survival in transit, transfer to the habitat at arrival, and successful
establishment). If this has occurred often, it suggests an aptitude for transfer and
establishment.

Propagule pressure (i.e., the number of individuals introduced) is also an important
determinant of establishment success (Blackburn et al. 2015; Lockwood et al. 2009;
Bradie and Leung 2015). In the absence of precise measures of propagule pressure for
most taxa, a species’ history of introductions/ establishment/ invasiveness elsewhere
can serve as a proxy (e.g., Bomford et al. 2010; Garcia-Berthou 2007; Jeschke and
Strayer 2006). This can be quantified as the number of continents/countries/states/
provinces where introduction and establishment (or invasion) has occurred (Kolar and
Lodge 2002, Copp et al. 2005, Moyle and Marchetti 2006, Bomford et al. 2010; Howeth
et al. 2015).

3.08 How widely has the species been introduced and become
established/invasive in areas outside of its native range?

Answer options: never, not widely, moderately widely, widely, very widely,
unknown

Level of uncertainty: low, medium, high



Note: If possible, identify the number of instances (e.g.,
continents/countries/states/provinces) where the species has been reported to be
successfully introduced and established or invasive.

Consider the species’ distribution within the eleven biogeographic realms shown in
Figure 1 (Nearctic, Panamanian, Neotropical, Palearctic, Saharo-Arabian, Afrotropical,
Sino-Japanese, Oriental, Australian, Madagascan, and Oceanian realms).
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Figure 1: The eleven large biogeographic realms. Map by: University of Copenhagen.
Suggested rating guidance:

Never: There have been no reports of the species having been introduced to or
becoming established or invasive anywhere outside of its native range.

Not widely: The species has been reported as being introduced to/established or
invasive in 1-2 countries/states/provinces outside of its native range, but within its
native biogeographic realm.

Moderately widely: The species has been reported as being introduced to/established
or invasive in 3-5 countries/states/provinces outside of its native range, but within its
native biogeographic realm.

Widely: The species has been reported as being introduced to/established or invasive
in 6-8 countries/states/provinces and/or in 1 or 2 biogeographic realms outside of its
native realm.

Very widely: The species has been reported as having been introduced to/established
or invasive in at least nine countries (Bomford et al. 2010), states, or province and/or
has become established in 3 or more biogeographic realms outside of its native realm.



Stage 4: Probability of spread

Introduction: A species’ ability to disperse or spread from its original area of
introduction is a primary determinant of invasive ability (McAlpine and Jesson 2007);
invasion rate is directly related to dispersal (Ruesink 1995). The more extensively an
invasive species can expand its distribution, the greater its capacity for ecological
impacts. The potential for widespread invasion ultimately depends on the extent of
suitable habitat for the species, but is further governed by its ability to reach these
habitats. Species can move to new areas through natural dispersal ability (which can be
either active or passive) and/or through human-assisted transport (which can be either
intentional or unintentional). The purpose of this section is to evaluate the likelihood that
the species could become widespread in waterbodies across Ontario.

4.01 Maximum potential distribution in Ontario

4.01 How extensive is the distribution of aquatic habitats that would be suitable
for the survival and establishment of the species in Ontario? (Based on the general
habitat preferences of the organism described in SECTION 1, and the climate, habitat,
and resource requirements of the organism considered in Stage 3)

Answer options: very limited, limited, moderately extensive, extensive, very
extensive, unknown

Level of uncertainty: low, medium, high

Note: This question aims to delimit the overall potential area for establishment of the
species in Ontario, i.e., the maximum distribution of suitable habitats in the province. Do
not consider whether the species could spread/be introduced across all available
habitats, as this will be evaluated in subsequent questions.

Consider the abundance, distribution and connectivity of waterbodies with suitable
climate/habitat/resources within the province. For parasitic/symbiotic species consider
the distribution of potential host species.

The proportion of waterbodies in areas with suitable climate for the species can be
coarsely estimated by visual estimation of the percent of the total area of the province
with Climatch scores greater than 7. Knowledge of the distribution or abundance of
waterbodies having more specific habitat requirements for the species can refine
estimates of available habitat. Select an uncertainty rating according to the degree of
relevant habitat data available.



Suggested rating guidance:

Very limited: Less than 1% of the waterbodies in the province would provide suitable
climate, habitat, and/or other necessary resources for the species. Less than 1% of the
province has Climatch scores of at least 7, or species requires specific host or prey
species whose distribution is limited to less than 1% of the province. Coarse-level
climate comparison may reveal that none of the province provides suitable climatic
conditions for the organism, though there may be climatic refugia in some locations (but
these are extremely localized and/or rare).

Example:

e Most tilapia spp. cannot survive below 8—-12°C such that climate (i.e.,
temperature minima) in Ontario would not be considered suitable for survival or
establishment. Thermal refugia for these fish may exist but are rare and limited to
very localized areas (e.g., heated water/thermal effluent plumes discharged from
power plants on Lake Ontario, Lake Erie, Lake Huron, and the St. Clair River).

Limited: Only 1-5% of waterbodies in the province would provide suitable climate,
habitat and/or other necessary resources for the species. Only 1-5% of the province
has Climatch scores of at least 7, or, broad climate match exists throughout the
province but the species requires highly specialized habitat to fulfill certain life stages
that are rarely occurring in the province or species requires specific host or prey species
whose distribution is limited to 1-5% of the province

Example:
e Species has sufficient climate matching with southern Ontario, but requires long
stretches of large, unimpounded river reaches to complete its life cycle
(unimpounded rivers are largely restricted to northern Ontario).

Moderately extensive: 5-10% of waterbodies in the province would provide suitable
climate, habitat and/or other necessary resources for the species. Only 5-10% of the
province has Climatch scores of at least 7, or, species requires specific host or prey
species whose distribution is limited to 5-10% of the province.

Extensive: 10-25% of waterbodies in the province would provide suitable climate,
habitat and/or other necessary resources for the species. 10-25% of the province has
Climatch scores of at least 7 and the species displays broad physiological tolerance or
is a habitat generalist, or, broad climate match but other factors would limit distribution
to 10—-25% of the province



Example:
e Zebra mussel (Dreissena polymorpha) distribution is limited to lakes with pH >6.9
and calcium ion concentrations greater than 10.0 mg/L , which in Ontario are
generally limited to the region south of the Canadian Shield.

Very extensive: More than 25% of waterbodies in the province would provide suitable
climate, habitat, and/or other necessary resources for the species. Climate matching
analysis reveals that more than 25% of the province has a high climate match (e.g.,
Climatch scores of at least 7) and species displays broad physiological tolerance and/or
is a habitat generalist capable of thriving in a variety of aquatic habitat types.

Example:

e Shield lakes in Ontario share similar climates and water chemistry to those in
northern Europe where the spiny water flea (Bythotrephes longimanus) is highly
prevalent. It has therefore been hypothesized that many thousands of these
lakes in Ontario have the potential to support this species.

4.02 Natural dispersal

4.02 What is the species’ capacity to disperse within Ontario by natural means?
Answer options: very low, low, moderate, high, very high, unknown

Level of uncertainty: low, medium, high

Note: Natural means for dispersal include active dispersal (via the organism’s own
capacity for movement; e.g., natural migration or rhizomal growth/vegetative spread)
and passive dispersal (e.g., via water currents, wind, or through attachment or ingestion
by insects, birds, or other animals). For plant taxa, spread by stem or stolon fragments
would only be considered natural dispersal if the plant has a natural mechanism for
fragmentation (i.e., fragmentation does not occur solely as a result of anthropogenic
activity).

Consider dispersal modes and maximum dispersal distances for all life stages of the
species (for animals: eggs, larvae/veligers, juveniles, adults; for plants: seeds, fruits,
other plant structures). The likelihood of spread via natural dispersal will also be
determined by the intrinsic rate of increase of the species (fecundity, survivorship, and
development rate).

Consider the degree of isolation of breeding sites, the presence of natural or man-made
barriers to movement, and/or whether suitable water bodies (or connected habitats) are
subject to regular periodic flooding events that would promote natural routes of



dispersal. Finally consider whether the species inhabits open fast flowing water bodies,
or closed water bodies.

The species’ capacity for natural dispersal can be assessed in terms of reported
dispersal distances, or population growth rates. Several types of data can be used,
including field dispersion data (i.e., records of known migration distances), local reports
of new populations or expansion within the species’ current range (i.e., apparent rate of
dispersal), or information on the time required for the species to successfully double its
number in a discrete population or an affected area.

Suggested rating guidance:

Very low: Species has very minimal ability to spread naturally. Individuals have only
been known to disperse or cover distances less than 50 m per year and/or populations
expand at a rate of less than 10 m per year (D’hondt et al. 2014). This is more likely the
case for immobile species (e.g., plants) that do not have life stages or structures that
can be dispersed passively.

Example:
e Plant with large heavy seeds that are negatively buoyant, and have never been
documented to attach or be ingested and dispersed by other organisms.

Low: Local dispersal only, not able to spread beyond original water body or current area
(Government of Alberta 2008). Individual dispersal distances 50-500 m per year and/or
population range expansion of 10—100 m per year (D’hondt et al. 2014).

Example:
e Plants that do not produce seed and spread only by creeping rhizomes.

Moderate: Individual dispersal distances 500 m-5 km per year and/or population range
expansion of 100 m to 1 km per year (D’hondt et al. 2014). Infrequent or inefficient long-
distance dispersal or adaptations exist for long-distance dispersal, but studies report
that most individuals (90%) establish territories within 5 miles (i.e., ~8 km) of natal origin
or within a distance twice the home range of the typical individual, and tend not to cross
major barriers such as dams and watershed divides (Jordan et al. 2008).

Example:

e Despite the large body size of adult wels catfish (Silurus glanis), this species is
non-migratory and individuals tend to remain highly localized within core areas or
home ranges. The maximum distance travelled from resting places of individuals
in the Ebro River was 736 m upstream and 767 m downstream, although such
excursions were rare and of limited duration (Carol et al. 2007).



High: Regional dispersal; species has the potential to invade neighboring water bodies
or spread up to 100 km in a single dispersal event (Government of Alberta 2008).
Typical individual dispersal distances range from 5-50 km per year and/or population
range expansion of 1-10 km per year (D’hondt et al. 2014).

Very high: Ability to spread beyond neighboring waterbodies and over very broad
distances, including (but not limited to) the ability to cross major barriers such as dams
(both upstream and downstream) and watershed divides. Species has nhumerous
opportunities for and adaptations exist for long-distance dispersal or movement (e.g.,
species undergoes long-range migrations, or has adaptations such as hooked fruit-
coats that allow for attachment to migratory birds etc.). Individual dispersal distances
reported are >50 km per year and/or distance covered by the front of the organism’s
range (i.e., range expansion) is >10 km per year (D’hondt et al. 2014).

Examples:

e After the removal of critical barriers in potential invasions corridors (i.e., Main-
Danube canal), the invasion of the killer shrimp (Dikerogammarus villosus)
towards Western Europe was estimated to occur at an average spread speed of
112 km per year (Leuven et al. 2009).

e Plant taxa that are dispersed over long distances by birds or that can disperse
over broad distances via wind-dispersed seed.

4.03 Human-assisted dispersal

4.03 What is the species’ potential to be spread within Ontario by human
activities?

Answer options: low, moderate, high, unknown
Level of uncertainty: low, medium, high

Note: Human-assisted spread or dispersal can occur both directly and indirectly.
Consider all potential vectors for human-assisted spread that may occur in Ontario,
including both direct (e.g., use as bait, aquaria release, deliberate illegal stocking or for
pest control, deliberate release for cultural practices) and indirect vectors
(entrainment/attachment on recreational or commercial boats or gear, entrainment in
ballast water, aquaculture escapes, escape from garden ponds, contamination of bait
buckets or of live bait catch). For all potential vectors, consider the frequency, timing,
and numbers of individuals likely to be transported. It is also important to take into
account the ease with which various life stages of the species can be transported, and
the likelihood that these may be transported undetected or disguised. Indicate the



species’ potential to disperse from (an) established population(s) within the province to
vacant habitat patches, through human-mediated pathways.

This question is answered on a 3-point rather than a 5-point scale because it requires
consideration of human behavioural patterns making it less straightforward to
guantify/estimate than natural dispersal. A 3-point scale makes answer ratings more
distinct (i.e., discrimination between answer options at a higher level of resolution would
be difficult).

Suggested rating guidance:

Low: Human dispersal of the species to new areas occurs almost exclusively by direct
means and is infrequent or inefficient. The probability that human-mediated dispersal
could take any life stage of the species >50 km is expected to occur no more than once
per decade (D’hondt et al. 2014). Individuals are not available for purchase (i.e., notin
trade) and therefore very unlikely to be used as bait, or be released intentionally by
aquarists or for cultural purposes. No life stages of the species have characteristics that
would facilitate entrainment or attachment on recreational or commercial boating or
fishing vehicles or equipment, or in ballast water and the species cannot survive out of
water for any length of time. It is highly unlikely that the species would be present in
areas where bait harvesting is conducted. The species is large and/or distinctive, is
difficult to transport, and is very unlikely to be dispersed accidentally with other
commodities.

Moderate: Human dispersal to new areas could occur by direct and indirect means to a
moderate degree. Human-mediated dispersals events that could take any life stage of
the species >50 km are expected to occur 1-9 times per decade (D’hondt et al. 2014).

High: Opportunities for human dispersal to new areas by direct and indirect means are
numerous, frequent, and successful. Human-mediated dispersal events that could take
any life stage of the species >50 km are expected to occur more than 10 times per
decade (D’hondt et al. 2014). The species possesses characteristics that make
entrainment or attachment on recreational or commercial boating or fishing vehicles or
equipment highly probable and is capable of surviving out of water for extended periods
of time. The species is inconspicuous and/or easily mistaken for other native species
and is therefore likely to be dispersed accidentally with other commodities such as with
harvested bait.



Stage 5: Magnitude of ecological impacts

Introduction: Non-native species can cause significant and sometimes irreversible
impacts on recipient communities and ecosystems. Impact is defined as “a measureable
change in the state of an invaded ecosystem that can be attributed to the [introduced]
species” (Ricciardi et al. 2013). Ecological impacts can be measured across different
scales: at the individual organism level (effects on growth, fitness, or mortality),
population level (abundance, genetics), community level (composition, species diversity,
richness, evenness, trophic structure), or ecosystem level (physical habitat, nutrient
cycling, energy flow) (Ricciardi et al. 2013).

A predictive understanding of when, how, or where impacts of an introduced species
are likely to occur has yet to be achieved (Kumschick et al. 2014). Relatively few studies
have explicitly quantified the effects of non-native species on recipient communities
(see Nienhuis et al. 2014) and very little empirical data on the ecological impacts of
aquatic invasive species are available (reviewed in Jeschke et al. 2014; Garcia-Berthou
2007). As a result, the impacts of invasive species on native populations, communities
and ecosystems remain largely unknown or poorly understood.

The type and direction of many impacts can be forecasted from a species’ history of
impacts elsewhere, but estimates of the magnitude of projected impacts are likely to be
associated with a significant amount of uncertainty. To support estimates of potential
impacts it is preferable to cite published impact reports from areas that are climatically
and ecological similar to Ontario or from nearby geographic regions. If these do not
exist, evidence of impacts from other areas of the species’ invaded range (or at the very
least from its native range) can be used, but with a higher degree of uncertainty.

To assess potential impact, consider the impact of the species if it were to become
abundant or widespread in Ontario. In this section, the difference between actual or
potential distribution is not considered; the estimated magnitude of impact is area- or
scale-independent (van der Veer and Nentwig 2015; Nentwig et al. 2010).
Establishment and spread potential are assessed in previous sections, and these
ratings are combined with the estimated magnitude of potential impacts using the
accompanying modelling tool (SECTION 3).

For the purpose of this risk assessment, only ecological impacts are considered. Neither
socio-economic impacts nor potential benefits of an introduction are assessed or
evaluated.

The rating criteria defined here largely conform to the unified classification system
outlined in Blackburn et al. (2014), which is based on the Generic Impact Scoring



System (GISS [Nentwig et al. 2010, Kumschick et al. 2012]). This system aligns with the
impact scheme of the Global Invasive Species Database (GISD) implemented by the
International Union for Conservation of Nature (IUCN) Species Survival Commission
(SSC) Invasive Species Specialist Group (Blackburn et al. 2014). Five broad but
discrete impact mechanisms are defined: competition, predation/herbivory/parasitism,
hybridization, disease/parasite transmission, and impacts to ecosystem
structure/function.

For each impact mechanism, one of five sequential categories of impact is selected:
Minimal, Minor, Moderate, Major, and Massive. These categories reflect increasing
magnitudes of impact from the level of individual fitness, to the population level, and to
the community level. Impact criteria for the different categories are based on the
following general definitions, as presented in Blackburn et al. (2014):

Minimal: no effect on fitness of individuals of native species

Minor: causes reductions in individual fitness, but no declines in native population
densities (or size)

Moderate: causes declines in population densities (or size), but no changes in
community composition

Major: causes changes in community composition, which are reversible if the
(introduced organism) is removed

Massive: causes at least local extinction of species, and irreversible changes in
community composition; even if the (introduced organism) is removed the system does
not recover its original state.

In the more specific guidance provided below, higher impact ratings are selected if the
species has the potential to negatively affect species or ecosystems that are of
conservation concern, e.g., provincially or federally listed species at risk, or globally
outstanding ecoregions (Ricketts et al. 1999).

If any of the impact mechanisms do not apply to the species being assessed, score the
impact as Minimal with Low uncertainty.

Notes on impact scoring and uncertainty ratings:

It is important to explicitly note the type of evidence used to inform the answers and
uncertainty levels. The following information is relevant to include in answer justification:



The breadth and level of documentation of available impact studies

Studies reporting quantitative information for widespread invasive species are
often conducted in only a small portion of the species' invaded range (Kulhanek
et al. 2011). This could hinder generalization to other invaded regions, (given
substantive spatial variation in observed impacts [Ricciardi and Kipp 2008]). Data
from multiple invaded sites across environmental gradients would be more useful
for predicting particular types of impact (Ricciardi et al. 2013).

The local physical (climate, habitat) and ecological (species identity, community
composition) context of any cited reports or impact studies

A species’ impacts in one region cannot necessarily be predicted from impacts in
another.

The outcome of invasions often depends on the diversity of functional groups in
the receiving, native community. The presence of functionally similar native
species (i.e., that share morphological or physiological traits) can be important in
invasion resistance (Pokorny et al. 2005). Conversely, functional distinctiveness
of an introduced species can enhance its impact “through novel resource use
and exposure to ecologically naive residents or by introducing new ecosystem
functions” (Kumschick et al. 2014). Taxonomic or phylogenetic distinctiveness of
the introduced species may serve as proxy parameters of functional
distinctiveness (Ricciardi and Atkinson 2004; Strauss et al. 2006).

The experimental design and study location

Well-designed and replicated experimental studies (e.g., before-after-control-
impact design) provide more rigorous and scientifically defensible findings than
correlational or simple observation studies.

Experiments conducted in controlled or laboratory environments may not fully
reflect variation in impact severity under natural conditions (Kulhanek et al.
2011).

The time period and spatial scale over which impact studies elsewhere were conducted

Impact studies conducted at small scales or over long periods of time are likely
to show stronger impacts than those conducted at larger spatial scales, and over
shorter time periods (e.qg., Gaertner et al. 2009).

An introduced species can been present in an area for decades with no
observable impact. A lag phase following introduction or ecosystem changes as
a result of other stressors can mean that impacts may only become apparent at
a later time (Sakai et al. 2001, cited by Wittmann et al. 2014).



5.01>5.05 Potential mechanisms of ecological impact

5.01 What impact is the species having or likely to have as a result of competition
with native species in Ontario?

Answer options: minimal, minor, moderate, major, massive, unknown
Level of uncertainty: low, medium, high

Note: Consider the potential for both direct (e.g., exploitative or interference) and
indirect (e.g., apparent) competition for one or more limited resources (e.g., food,
sunlight, nutrients, habitat/space, pollinators, hosts, etc.). Competition also includes the
release of chemical compounds that have antagonistic (or allelopathic) effects on other
species.

Assess whether competition could result in reduced individual fitness (e.g., growth,
reproduction, defence), survival or recruitment, cause population declines or extinction
of native species (or valued naturalized species), and/or alter community composition
(e.g., species diversity, evenness, dominance, etc.) in Ontario. Select higher impact
ratings if there is evidence that the organism could have negative impacts on species of
conservation concern (i.e., a provincially or federally listed species at risk).

Do not consider subsequent impacts to habitats or ecosystem processes (these are
addressed separately in Q.5.05).

Competition among species is complex and ecosystem-specific. Predictive indicators of
competitive success can be difficult to identify, corresponding to a higher level of
uncertainty.

Suggested rating guidance:

Minimal impact: Negligible level of competition with native species is anticipated; no
detectable reduction of fitness of native individuals is likely.

Minor impact: Competition has the potential to affect fitness of native individuals, but is
not likely to cause a decline in their populations.

Example:
¢ While population declines were not noted, measurable declines in yellow perch
(Perca fluvescens) growth in western Lake Michigan have been attributed to
exploitative and competitive interference from round goby for food and habitat
resources (Houghton 2015).



Moderate impact: Competition is likely to result in a decline in population size of at
least one native species (that is not of conservation concern), but would not result in
changes in community composition.

Example:

e Recruitment of brown trout (Salmo trutta) in Norwegian lakes has been
negatively affected by competition with introduced common minnow (Phoxinus
phoxinus) (Borgstram et al. 1996), resulting in population declines (Museth et al.
2007).

Major impact: Competition is likely to result in local or population extinction of at least
one native species (that is not of conservation concern) leading to changes in
community composition, but changes would be reversible if the non-native organism
was removed or competition could result in population decline of a species of
conservation concern.

Examples:

e Allelopathic weeds often have a competitive advantage and are more likely to
cause longer term ecosystem and community alterations (Pheloung et al. 1999,
cited by Carlson et al. 2008).

e The local extinction of mottled sculpin (Cottus bairdi) in Calumet Harbor,
southern Lake Michigan as a result of recruitment failure has been attributed to
competition (i.e., spawning interference) with the invasive round goby
(Neogobius melanostomus) (Janssen and Jude 2001).

e Eastern mosquitofish (Gambusia holbrooki) has been shown to negatively impact
the survival of two native toothcarp species through exclusion interference (i.e.,
competition for food resources), and its introduction is presumed to be the
principle cause of population declines of these two species (one of which is
categorized as endangered) in the Iberian Peninsula (Caiola and Sostoa 2005).

Massive impact: Competition is likely to result in replacement or local extinction of one
or more native species and lead to irreversible changes in community or would result in
local extinction of at least one species of conservation concern.

Example:

e Throughout its invasive range in northeastern North America, the European
water chestnut has been documented to be replacing native macrophytes and
their associated foodwebs (Ding and Blossey 2005). In the tidal Hudson River,
the invasion of European water chestnut has been implicated in the loss of
several other native, submerged macrophyte species (Kiviat 1993; Hummel and
Findlay 2006).



5.02 What impact is the species having or likely to have as a result of predation,
herbivory, and/or parasitism upon native species in Ontario? This question could
also be applied to cases where the species is expected to have impacts through
poisoning or toxicity.

Answer options: minimal, minor, moderate, major, massive, unknown
Level of uncertainty: low, medium, high

Note: Assess whether predation/herbivory/parasitism could result in reduced individual
fithess (e.g., growth, reproduction, defence), survival or recruitment, cause population
declines or extinction of native species (or valued naturalized species), and/or alter
community composition (e.g., species diversity, evenness, dominance, etc.) in Ontario.
Predation/herbivory could be direct or indirect (e.g., through mesopredator release,
whereby the removal of top predators causes increased populations of medium-sized
predators). Select higher impact ratings if there is evidence that the organism could
have negative impacts on species of conservation concern (i.e., a provincially or
federally listed species at risk).

Consider whether the species would predate native species previously subjected to low
(or no) predation, whether native species possess predator-avoidance or herbivore-
deterrent adaptations, and which life-stages of native species would be susceptible.
Also consider whether predators are specialists or generalists. The effects of generalist
predators on a community are generally greater than that of specialists (Symondson et
al. 2002), although in some cases “a strong dependence on specific prey species could
be a risk to food web stability following invasion” (Ricciardi 2001). In the case of
parasites, consider whether they are specialists (i.e., dependant on specific host
species) and whether native species in Ontario would be vulnerable.

Do not consider subsequent impacts to habitats or ecosystem processes (these are
addressed separately in Q.5.05).

Suggested rating guidance:

Minimal impact: There is likely to be no or only a negligible level of
predation/herbivory/parasitism on native species; reduction of fithess of native
individuals is not likely to be detectable.

Example:
e Most plant taxa would have no impact on native species through predation or
herbivory (unless it is a carnivorous aquatic species (e.g., bladderworts
Utricularia sp. or the waterwheel plant [Aldrovanda vesiculosa)).



Minor impact: Predation/herbivory/parasitism has the potential to affect fithess of
native individuals, but is not likely to cause a decline in their populations.

Moderate impact: Predation/herbivory/parasitism is likely to result in a decline in
population size of at least one native species (that is not of conservation concern), but
would not result in changes in community composition.

Major impact: Predation/herbivory/parasitism is likely to result in local or population
declines/extinction of at least one native species (that is not of conservation concern)
leading to changes in community composition, but changes would be reversible if the
non-native species was removed or competition could result in population decline of a
native species of conservation concern (i.e., a provincially or federally listed species at
risk). If the species acts as a major predator on native species with few natural
predators, this would also be a significant impact (Copp et al. 2005).

Examples:

e Direct predation on larval yellow perch by invasive alewife (Alosa
pseudoharengus) contributed to reduced recruitment of the native species
throughout the 1990s in Saginaw Bay, Lake Huron. Following the collapse and
disappearance of alewife in 2003, perch reproduction and age-0 abundance
increased. However, small perch then become forage for increasing populations
of walleye which has prevented the abundant juvenile perch from surviving.
Thus, owing to the complex ecological changes brought about by the invasion
and collapse of alewife, the fundamental role of native perch in the food web has
changed from that of a secondary predator to primarily that of a forage fish, a
shift that has changed yellow perch abundance and growth throughout the bay.

e Norwegian lakes to which common minnow (Phoxinus phoxinus) has been
introduced have experienced a marked decline in benthic invertebrate diversity
through predation (Neestad and Brittain 2010).

Massive impact: Predation, herbivory, or parasitism is likely to result in replacement or
local extinction of one or more native species (i.e., species vanish from communities at
sites where they occurred before the organism arrived), and lead to irreversible changes
in community or would result in local extinction of at least one species of conservation
concern.

Example:

e The parasitic, invasive sea lamprey (Petromyzon marinus), was a major cause in
the collapse of lake trout (Salvelinus namaycus), lake whitefish (Coregonus
clupeiformis), and chub populations in the Great Lakes during the 1940s and
1950s and has also led to the extinction of three endemics in the Great Lakes:



the longjaw cisco (Coregonus alpenae), the deepwater cisco (C. johannae), and
the blackfin cisco (C. nigripinnis).

5.03 What impact is the species having or likely to have as a result of
hybridization with native species in Ontario?

Answer options: minimal, minor, moderate, major, massive, unknown
Level of uncertainty: low, medium, high

Note: Hybridization or introgression with non-native species can impact the genetic
integrity, individual fitness, and/or population size of native species. Hybrid offspring
could have genetic benefits relative to non-hybrids allowing them to outcompete native
populations. This could lead to population declines or the replacement of native
genotypes. Hybrid progeny could also reproduce with non-hybrids, reducing and diluting
the presence of native alleles within the population (Rhymer and Simberloff 1996).

Evaluate whether hybridization could result in reduced individual fithess (e.g., growth,
reproduction, defence), survival or recruitment, cause population declines or extinction,
and/or alter community composition (e.g., species diversity, evenness, dominance,
etc.). Higher impact ratings should be selected if there is evidence to suggest that the
organism will have negative impacts on species of conservation concern (i.e., a
provincially or federally listed species at risk).

Suggested rating guidance:

Minimal impact: Very little or no hybridization with native species likely; reduction of
fitness of native individuals is not likely to be detectable.

Example:
e The species has no taxonomically close relatives in Ontario.

Minor impact: Hybridization has the potential to affect fithess of native individuals, but
is not likely to cause a decline in their populations. Hybridization events between the
introduced and native species may occur, but only rarely. Hybrids would be weak and
would not be expected to reach maturity (reduced hybrid viability), with no decline of
pure native populations (Blackburn et al. 2014).

Moderate impact: Hybridization would cause a decline in population size of at least
one native species (that is not of conservation concern), but would not result in changes
in community composition.



Hybridization is likely to occur, and hybrids are vigorous but sterile (reduced hybrid
fertility), with limited gene flow between introduced and native populations. This could
cause local declines in populations of pure native species, but pure native species
would still persist (Blackburn et al. 2014).

Major impact: Hybridization is likely to result in local or population declines or extinction
of at least one native species (that is not of conservation concern) leading to changes in
community composition, but changes would be reversible if the non-native organism
was removed or competition could result in a decline in population size of a native
species of conservation concern (i.e., a provincially or federally listed species at risk).
Hybridization between the introduced and native species is likely to occur in the wild
and F1 hybrids are vigorous and fertile, but offspring of F1 hybrids are weak and sterile
(hybrid breakdown, limiting gene flow between introduced and native populations
(Blackburn et al. 2014). Individuals of introduced species and hybrids would be
discernible from pure natives, and pure native populations could be recovered by
removing introduced individuals and their offspring (Blackburn et al. 2014).

Massive impact: Hybridization is likely to result in replacement or local extinction of
one or more native species (i.e., species would vanish from communities at sites where
they occurred before the introduced species arrived), and lead to irreversible changes in
community or would result in local extinction of at least one species of conservation
concern. Hybridization between the introduced organism and native species would
occur commonly in the wild, and hybrids are fully vigorous and fertile (Blackburn et al.
2014). Pure native species could not be recovered by removing the introduced species,
resulting in replacement or local extinction of native species by introgressive
hybridization (genomic extinction) (Blackburn et al. 2014).

Example:

e The hybrid watermilfoil is capable of reproducing both vegetatively and sexually
(LaRue et al. 2013a). LaRue et al. (2013a) demonstrated that several
populations of hybrid watermilfoils in Michigan produced seed that successfully
germinated under laboratory conditions. Hybrid watermilfoils are more aggressive
and invasive than either of the parental lineages, and exhibit faster and denser
growth than the exotic parent Eurasian watermilfoil (Myriophyllum spicatum)
(LaRue et al. 2013Db). It is difficult to manage this species, as herbivory is altered
in hybrid populations and biocontrol may be less effective (Moody and Les 2007),
and the hybrid watermilfoils exhibit tolerance to several popular aquatic
herbicides (Berger et al. 2015).



5.04 What impact is the species having or likely to have as a result of
transmission of diseases/pathogens or parasites to native species in Ontario?

Answer options: minimal, minor, moderate, major, massive, unknown
Level of uncertainty: low, medium, high

Note: Evaluate the potential for impacts from disease or parasite transmission on native
animal or plant species in Ontario that could result in reduced individual fitness (e.g.,
growth, reproduction, defence, immunocompetence), survival or recruitment, or that
could cause population declines or extinction, and/or result in changes in community
composition (e.g., species diversity, evenness, dominance, etc.). Higher impact ratings
should be selected if there is evidence to suggest that the species will have negative
impacts on species of conservation concern (i.e., a provincially or federally listed
species at risk).

Identify diseases/pathogens or parasites that the species is known host, and whether
these would be likely to affect individuals or populations of native species in Ontario.
Pathogens or parasites may be of viral, bacterial, fungal or animal origin, and may either
be endemic (i.e., already present in Ontario) or emerging (new or novel). Note if the
species is a host or vector for notifiable diseases on the list maintained by the World
Organisation for Animal Health (OIE) (oie.int/animal-health-in-the-world/oie-listed-
diseases-2016 ).

Consider whether the species acts as a host or vector of existing or emerging pests. As
a host, the introduced species could provide additional resources on which a known
pest may feed, live and/or reproduce, potentially allowing existing pests to expand in
range or population size (Government of Alberta 2008). As a vector, the introduced
species could promote transfer of existing pathogens and parasitic organisms and
increase the likelihood of exposure of native species to existing pests (Government of
Alberta 2008).

Suggested rating guidance:

Minimal impact: The species is known to host various pathogens or parasites, but
none are known or suspected to be shared with a native species in Ontario (i.e., the
species is not a host of diseases or parasites that are suspected to be transmissible to
native species or level of transmission is expected to be very low). A reduction in the
fithess of native individuals is not likely to be detectable.


http://www.oie.int/animal-health-in-the-world/oie-listed-diseases-2016/
http://www.oie.int/animal-health-in-the-world/oie-listed-diseases-2016/

Minor impact: The species shares at least one known pathogen or parasite with one or
more native species and transmission may affect fitness of native individuals, but would
not be expected to cause declines in their populations.

Moderate impact: The species shares at least one known pathogen or parasite with
one or more native species and transmission is likely to result in a decline in the
population size of at least one native species (but not a species of conservation
concern), but no changes in community composition are expected.

Example:

e (From: Great Lakes Aquatic Nonindigenous Species Information System 2015)
“[The Topmouth Gudgeon] Pseudorasbora parva has 84 parasite
species...typically zoosporic fungi...parasites such as Diplostomum
spataceum...and viruses such as fry rhabdovirus (PFR)...The PFR virus, which
causes acute disease of Esox Lucius fry, has been isolated from P. parva. The
two most severe parasites found associated with P. parva in its invasive range
are Anguillicola crassus and rosette agent Sphaerothecum destruans...These
parasites if carried over after introduction could have destructive impacts on
similar native Great Lakes species.”

Major impact: The species shares at least one known pathogen or parasite with one or
more native species and transmission is likely to result in local or population extinction
of at least one native species (but not a species of conservation concern), leading to
changes in community composition, but changes would be reversible if the non-native
species was removed or transmission of disease could result in a decline in population
size of a native species of conservation concern (i.e., a provincially or federally listed
species at risk).

Massive impact: The species shares at least one known pathogen or parasite with one
or more native species and transmission of shared pathogens or parasites to native
species is likely to result in replacement or population extinction of at least one native
species (which could include a species of conservation concern) leading to irreversible
changes in community composition.

5.05 What impact is the species having or likely to have in Ontario as a result of
alteration of habitats or ecosystem processes?

Answer options: minimal, minor, moderate, major, massive, unknown

Level of uncertainty: low, medium, high



Note: Consider the species’ potential to cause changes in the chemical, physical and/or
structural characteristics of aquatic habitats as well as its potential to alter ecosystem
processes (e.g., nutrient cycling or sedimentation rates), energy flow, disturbance
regimes and/or natural succession, or cause regime shifts. These changes could arise
through one or more of the impact mechanisms considered above (e.g., competition,
predation, hybridization, transmission of disease).

Assess whether potential habitat or ecosystem changes could result in reduced
individual fitness (e.g., growth, reproduction, defence), survival, or recruitment, cause
population declines or extinction, and/or result in changes in community composition
(e.g., species diversity, evenness, dominance, etc.) in Ontario. Higher impact ratings
should be selected if there is evidence to suggest that the species will have negative
impacts on species of conservation concern (i.e., a provincially or federally listed
species at risk).

Impacts of an introduced species on habitats and ecosystem processes can often be
difficult to quantify or disentangle from other interacting factors and may be reported far
less frequently in the literature than more obvious/recognizable impacts (Hayes and
Sliwa 2003). The uncertainty level selected for the answer to this question should reflect
these types of knowledge gaps.

Suggested rating guidance:

Minimal impact: Changes in chemical, physical and/or structural habitat
characteristics, nutrient cycling, disturbance regimes, or natural succession caused by
the species are not likely to be detectable, or changes would small with no apparent
reduction of fitness of native individuals (Blackburn et al. 2014).

Minor impact: Changes in chemical, physical and/or structural habitat characteristics,

nutrient cycling, disturbance regimes, or natural succession caused by the species are
expected to be detectable, affecting the fithess of native individuals but without causing
population declines (Blackburn et al. 2014).

Example:

e Potamogeton crispus growth contributes to the depletion of water nutrients
(Catling and Dobson 1985) and affects the internal loading of a water body
(Bolduan et al. 1994). When the spring foliage dies off in midsummer, the oxygen
demand created by decomposition may severely deplete the levels of dissolved
oxygen (Catling and Dobson 1985).

Moderate impact: Changes in chemical, physical and/or structural habitat
characteristics, nutrient cycling, disturbance regimes, or natural succession caused by



the species are expected to cause declines in population size of at least one native
species, but without resulting in changes to community composition (Blackburn et al.
2014).

Major impact: Changes in chemical, physical and/or structural habitat characteristics,
nutrient cycling, disturbance regimes, or natural succession caused by the species are
expected to result in local extinction of at least one native species leading to changes to
community composition, but changes would be reversible if the non-native organism
was removed (Blackburn et al. 2014) or such changes could result in a decline in
population size of a native species of conservation concern (i.e., a provincially or
federally listed species at risk).

Examples:
e Invasive carp (generalist herbivores) have been shown to cause lake-wide
changes in water quality and macrophyte and macroinvertebrate abundance
(reviewed in Miller and Provenza 2007).

e Helicorophium curvispinum (a species of amphipod crustacean) renders river bed
substrates inaccessible to mussels and other taxa, with cascading effects on
diving ducks that prey on them (Leewis et al. 2013).

e Egeria densa eliminates native species through nutrient limitation and shading
(Chagas et al. 2008), and may affect seed banks of native macrophytes by
preventing germination (Yarrow et al. 2009). While they overwinter, Egeria densa
plants and fragments can cover the bottom of lakes from winter to spring (Jacobs
1946; Kadono 2004), and hinder the growth of native plants which are dormant in
winter (Kadono 2004).

Massive impact: The species is expected to cause many changes in chemical,
physical and/or structural habitat characteristics, nutrient cycling, disturbance regimes,
or natural succession. These changes are likely to result in replacement or local
extinction of native species (which could include one or more species of conservation
concern) leading to irreversible changes in community composition (Blackburn et al.
2014).

Examples:

e Dreissenid mussels (i.e., zebra and quagga mussels) have had significant
deleterious effects on local ecosystems within the Great Lakes basin. As filter
feeders capable of reaching very high densities, they reduce the amount of
phytoplankton available for other organisms (e.g., Diporeia) and increase
water clarity causing changes to the ecological structure of the lake
community. Dreissenids have also rendered Great Lakes mussel beds



unsuitable for native unionid mussels and may have facilitated the invasion of
other non-native species such as round goby. Consequently, these invasive
species have caused massive, ecosystem-wide changes throughout all of the
Great Lakes, particularly in Lakes Michigan and Huron (University of Michigan
2011).

e (Excerpts taken from: Nienhuis 2015)
By virtue of its dominating growth form and ability to attain extremely high
densities in shallow wetland habitats, water chestnut (Trapa natans) has
dramatic impacts on the structure and function of these ecosystems. The
species significantly reduces incident light below the canopy, increases local
sedimentation, and reduces turbidity. Water chestnut stands also influence
nutrient dynamics, are a source of organic matter, and cause significant
reductions in dissolved oxygen concentrations. As an extremely successful
competitor, introduced T. natans has caused dramatic changes to local
macrophyte communities and their associated macroinvertebrate food webs.

Section 3: Quantitative modelling

Introduction

The final component of the risk assessment is a quantitative evaluation of the probability
of widespread invasion and impacts. This is accomplished by incorporating the answers
and uncertainty ratings to all questions in SECTION 2 as input into a probabilistic
modelling tool. This model takes the form of a Bayesian network, which was built in and
runs using the open source software package GeNle Modeler available from
BayesFusion, LLC (bayesfusion.com ). Detailed installation instructions for GeNle are
provided in Appendix 2.

Opening the Bayesian risk assessment tool

¢ Download and install GeNle software (see Appendix 2)

e Open the [GeNlIe] Risk Assessment Tool file (.xdsl file from e-mail or USB
key)

e Note: Final tool file may have a different name than that shown below (i.e.,
RiskModellingTool)


http://www.bayesfusion.com/
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e The GeNle program will open to the RA tool

e The following screen will appear, showing the full model partitioned into 4
submodels (created to make viewing output more user friendly)
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5. Impacts

=1 Nn svidence F K tarnste

Entering input

e Select the View menu from the main task bar

e From the drop down menu, select Case Manager



™ GeNle - [FINAL: main model] NI T W

®) File Edit [View| Tools Network Node Learning Layout Window Help

=2 = A Toolbars > -..fA|€§v(e)|"
© Adal v Status Bar ] S S~ v|=v |8 22 f | ‘.&’ £ ]
Tree View v Tree Ctrl+T
ftwork2 (FINAL) Output Ctrl+U
% A"m Case Manager Ctrl+Alt+C
3. Establis
4. Spread Temporal Beliefs Ctrl+Alt+B vive
5. Impacts ¢ | Names .
Identifiers BN
Full Screen F11
. ) 3. Establish
Fit to Window F12
Zoom 100% Ctrl+F12
ZoomIn Ctrl+Plus L
Zoom Out Ctrl+Minus
e The Case Manager window will appear
®) File Edit View Tools Metwork Mode Leaming Layout Window Help
DEE& R #hLoocomeD /A Fm R F nmyRmBw -
sl (o [ W AIEE ¥ IR A ¥ SRR R = N
_CaseManager h
QX » & I - F |7 |E
| Name | Category | Descrpts | Targets | 1015 [ 10w [ 1oes | 102w | 103 | 103w | 1es [ 2ms | 2ow [ 2025 |
b |Oriental weathedish Test | Mo Medum  Yes  low  Yes  jlow  [Unknown Yes low [ iYes [l
S
Tree View X
E}'G Metwork2 (FULLMODEL dec
= Arrive and Survive
& © Establish ) .
e Click Add new case icon at far left of the Case Manager task bar
®] File Edit View Tools Metwork Node Learning Layout Window Help
FE & R ARLoOOme®D f AF 2|TF =)
[Asial - s zr|=SS|d-LA-=kEa|F
K ol
QX | » & BN
|Cdagou)'| Descripion | Tagets | 1015 | 10 | 1025 |
Add new caselish Test e N o MEdUM (Vs Lo
Science and Research Technical Manual TM-02 Page | 46



e When prompted, give the risk assessment a name: (Species name__ date)

e In Category field enter Risk Assessment

e In Description field enter Completed by:[risk assessor's name]

e Click on Okay

ERREEY )

= Add Case -

Mame:
|invasivefish_Jan2D1 &

Category:
|stkAssessmerrt

Description:

Cancel | IJ

e The small black arrow indicates that you are entering input in a new case for

your selected species

e Always ensure that your are entering your input in the correct row

®] File Edit View Tools MNetwork Node Leaming Diagnosis Layout Window Help

DZW &

[Anal

~lfe

~Br|EE=Eb-LA~ =
Case Manager

WX | » @ - 7 || @

Pl hLoOComeD f A |2 F

")y B

[0 <l||F $ B

Name, | Category |  Descrition | Targets | 1015 1.01U 1025 | 1020 | 1038 1.03U 1.045 1.04U 2015
| | Orienta - Test : : ‘No - Medum Yes Low Yes Low Unknown  © Yes
Wi stut Test Yes Low Yes Low Yes Low Yes Low Yes
catfish Test Mo Medsum Yes High Yes Low Mo Low Yes

» |invasivefish_Jan2.... RiskA...

e Click in first box (1.01S) and select appropriate answer from the drop down
list (i.e., no, yes or unknown) according to your selection in the questionnaire

in Section 2



= G

®) File Edit View Tools Network Node
FER&E 2R ALMLooomeD f Al F W@

[ _”s SBrEE=Ed-L-A =

Learning Layout Window Help

Case Manager
QX | » 5 M| | X |V I
Name | Categoryl Description | Ta

|| Onental weatherfish Test =
[ ¥|invasivefish  TTest T

101s | 1010
. Medum

|

-‘.‘vi;tual}
No

Yes
Unknown

=l
Do the same for selected uncertainty level (1.01U) (i.e., select either Low,
Medium or High)

b d Gt

®) File Edit View Tools Network Node Learning Layout Window Help
EEH&E TR MAKOLOOOCHE®O f AW
Jf -8 Z[EEE > L A=k

) -
Case Manager

QX|» & m| % |7 @

Name | Catego:y| Description | Targets [ 1.01S 1.01U |
Oriental weatherfish | Test i _ No -
S o Yes &2

z Invasive fish Test
(virtual)
Low
< Medium
: High 3

Tree View Xl - -
Click in each of the rest of the boxes and select appropriate answer as per

the completed questionnaire from Section 2

Note: if the answer is Unknown, leave the associated uncertainty box blank

(see below)
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®] File Edit View Tools Metwork Mode Learning Layout Window Help
DE & " =2raahLoocomeD f A §w |F(mpE@Eer -]

|Anal ~l B I |=EEE d-L-A~ =D Lol o8
Case Manager
QX »r e <% | V@

Name | Category | Descripti | Tagets | 1015 | 10w | 102 020 | 1eas | 1w | 1oes | 2ms | 200 |
| | Oriental weatherish’ Test | | No | Medium | Yes | | Yes | Low | Unknown | Yes | Low N
| »| Invasive fish Test i | | Yes | Medium  Unknown | Yes fiLow | =J
€

e Complete answers for all questions (Score and Uncertainty ratings)

e Use scroll bar at bottom of Case Manager window to move to other questions:

®] File Edit View Toocls Metwork Node Learning Layout Window Help

DFEH & ' DR AkRLocoomen fA w2 FinaR@or: -+
[Avial -|3 B 5 | EER O LrAISe B AT R e & | B
Case Manager
@¥ » 5™ ~

Hame | Categuey | Descigton | 1035 | 1030 | s | 2ms | 20w 2020 2035 20 | 3ams [ 3ow | 3es [ 3ow [ a3ms
|| Overtal weatherfish Test | Yos Low Unknown  Yes | lLew | Lew | Yes Low | Largsly | Medum Modernt..  Medum Wery Bk
T¥] invasive fsh Test Yos Lo |

e When all questions are answered select Network menu from the main task
bar

e From the drop down menu select Algorithm

e From Algorithm menu select Likelihood sampling

®] File Edit View Tools | Network | Node Leaning Layout Window Help ' '
DEE & ! 4 Network Properties A w2 F mHpR 100%
JjAsal € | UpdateBeliefs B hTISr|Ee 5 &7 s e |G|
Case Manager ‘ Update Immediately Ctrl+F5
D x| » '.‘ M i Invalidate Values
Name | Categony Clear All Targets | 4020 | 4035 | 4030 | 5015
| | Orental weatherfish ' Test Clear All Evidence | High . Medium . High | Minor
» | Invasive fish Test ; Low Medium Medium Moderate
= o i Clear All Decisions
7A'Igorit'hm » | ¢ Clustering
< 1=
x Dynamic Models » Relevance-based Decomposition —]
= |
Tree View Continuous Models » Polytree
ER Network2 (FULLMQDEL_ Probability of Evidence COloE EPIS Sampling
- @ Arrive and Survive AIS Sampling
: Annealed MAP
@-@ Establish Logic Samplin
®- @ Impacts Value of Information 9 Pling -
& @ Spread Strength of Influence { Sackwent Ssmping —
Obfuscates: | Likelihood Sampling
Self-Importance
Enable Diagnosis
¢ Policy Evaluation
Find Best Policy
*  Hybrid LW
Hybrid EPIS -
Hybrid LBP
Hybrid Logic Sampling
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e From File menu in main task bar select Save As

e Rename the file with species and date and save to an appropriate folder or
location (i.e., desktop for ease of access)

e Save as .xdsl file

"®)[Fie) Edt View Took MNetwork Node Lesming Dugnoss layout Window Help e e is T
C New Network CiesN PO f A Fo0 2 F @ =
[f=  OpenNetwork. 0 P B-AvI=vlE: s Sevorn: [ B Desitop 5] ~momr
o o 1.5 o
g | e
" -
o Q.
Survive Desidop ,
Save Crle§ o =
- AgenaRisk
Save As... == Il Fietoise
Open File Locat
c<aton
},k | ecotypes
Print... Cunep 3.E i Fde folde
Computer
Priet Preview
Prot Setup.. @ OkderGenle
Network
1 FULLMODEL decision2_uncentCPTs (2)
b RAFrameworkProject
Fle name [Soeou-‘kne_m ;] Save I
Saveastpe.  [GeNie 20 Fie (xce) ~ Cancel

e After saving, click Apply case icon in Case Manager window (small play
button arrow):

&
&] Flle Edit View Tools Network Node Learning

ZH &S - E"M[},,OOO
|Ana| _||3 - B 7|

Case Manay
""" || EFANE

M|I|I|I 0

u X[

N ' egory Description 4,
L Mal?gﬂly:ase‘ YT T Mediu
b|invasivefish ~ ‘Test ~ © ~ low_

e Next click Update applied case with network evidence icon that is no longer
greyed out:
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®) File Edit View Tools Network Node Learning Layc

D& 2R AhLoo e m
|[pes _l18 EERICEEIE
_CaseManager
X » M| _,J 7 (@

N | = | 55 |

o 401U
Oriental weathd Update applled case wnth network evudence}—

7o
:
:
i‘
§

.......................................................................................................................................................................

e The following window will pop up. Select yes

m_ .. Modemte ' High Medium  ‘High Minor (High ' Minor (High . Minimal
(Hgh  Tlow  Medum  [Medum  'Moderste low  Moderate High | Minimal
e
GeNle u
Survive

4 15\ Update case 'Invasive fish' with evidence currently set in the network?

EESES — . | e |
f ]

e Next, click Update icon (lightning bolt) from top icon tool bar:

| File Edit View Tools Network Node Learning Layout Window Hel

FEH & L R ARLoOomeD f A FW R |F »;,El.[‘
3 WAL IO TGt il -
se Manager
| X | > G M| X | 7@
Name | Category | Descipton | 4010 | 4025 [ 4020 | 4035 | 403u |
Oriental weathedfish Test o Medium  Moderate High  Medium ' High M
Invasvefish  [Tet 1 low  [Hgh Low [Medum [ Medum M

e The model is now updated with the input for your species, and all calculations
for conditional probabilities have automatically been performed

e You can now view the model output
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Viewing and saving model output

e Double click on the 1. Arrive and 2.Survive submodel box in the main window:

I_lcm«u westhedich Taet Ne Mt Yon Low You Lo Unknawn Yo Teme Yo T Yos
‘ m

Tree View *
=18 Network2 (FULLMODEL dec
=@ 1. Arrive and 2. Survive
= 3. Establish
D 4. Spread 1. Arrive and 2. Survive
= O 5. Impacts

3. Establish

4. Spread
a il o
5. Impacts
a o =}

e You will see the components and probability distributions for Arrival and
Survival submodels:

e NOTE: Do not click inside coloured boxes

[ s i M Rt (2 i i i o (i R T e [T T
< »
Tree View x
stwork2 (FINAL)
1. Arrive and 2. Survive
3. Establish
4. Spread
5 Impacts Already here In pathway O Introduced elsewhere| Felow «ravene Temperature | [ Saimty | [© Transfer
Very uniik ... 50% ]I Very unlik .. 0%] [Very_unik .. 0%] Very unlik ... 20%]l] Very unlik .. 0%] Very uniik .. w, Very unlic .. 0%)
Unikely  35%| Unikely Uniikety Uniikely Uniikely Unlikely Uniikely
13%|] 0%| 0% ml Woderately . 0%] Moderately . 0% Moderately . 0%
Likely 2% Likely 10%]] Likely 10%| Likely 20% 1 Likely 10%]] Likely 10%| Likety 10%]]
Very_iikely 0%, w:/, tikely 0% ([ |[Very_ikely s0% IR |Very_ikely 20%|] [very_tiely oo | [Very_iikely c0% [ |Very ikey 90%
[ \‘ Indirect'/ 3 /
[Very_uniik . 0%]
Uniikely 0% - Probability of Survival
Moderately... 2%
Likely 19%
[veny_likely  79%|

(] Probability of Arrival

Very_tow 0%
« (I ' lLow 0%

VIR RN

e To see a full page view of the output close Case Manager window (click on
small box with X in upper right hand corner of the case manager window or
deselect this window from the View menu in the main toolbar)

e You should now be able to view the full screen (e.g.):



™| File Edit View Tools Network Node Leamning Layout Window Help - =]
DiFE|S| [P cocmeo s A|gw|2 \'-\.»Jm.mn -
Aiel -2 | BI|EE=E|(S-dA =]
Tree View x
Frwork2 (FINAL)
1. Arrive and 2, Survive
3. Establish
4. Spread
Felowtraveler | (O Temperatwre | |©  Salnty [ O  Transfer
5. Impacts
Very unik su%l] Very unllk n% Very unlk .. 0%) Very unik .zu%| Very unik .. n% Very uni . u% Very unik ... 0%)
Unikely  35%| Unikely 0%, Uniicely 0% Unikely  20%| Uniikely 0%| Unikely 0%, Uniikely
13%|] 0% Moderately . 0%)| Moderately ... 20% ] Moderately . 0%)] Moderately .. 0% Moderately .. 0%)]
Likely 2% Likely 10%]] Likely 10%| Likely 20%|1 Likely 10%]] Likely 10%]] Likely 10% ||
Very_likely 0% & [Very_liely 0% | [Very_likely 90%) o [veryliely 20%[] [Very_likely  90%| R |Very_likely 90%) | |Very_likely 50%| &
=) Indirect ¥ /
X [Veny_uniic .. 0%]
Uniikely 0%, o Probability of Survival
WModerately .. 2%
Likely 19% |l
[Very_likely
C Probability of Arrival
’
Readv 1 43 evidence nodes F3 No taraets

Take a screen capture of this page (hold Function (fn button on keyboard) +
Print Screen (home/prt sc key) and then Paste into a word document for
future reference and inclusion in the Risk Assessment report

You can also print this page by selecting Print from the main File menu
Next, view the Establish submodel output
Double click on 3.Establish in left hand menu (Tree View)

You will see the following (Note: distributions will vary from those shown
depending on input)



®) File Edit View Tools Network Node Learning Layout Window Hel

ZHd &
Adal

Tree View X

-« Network2 (FINAL
+- 1. Arrive and
¥ 3. Establish

#-@ 4. Spread
+-@ 5. Impacts

v 8

- | B 1|E

&

2 aaflLooomeo f A

vo=divi A=

(Saes

(O  Already here

In pathway

Likely

Vefy_unit
Unlikely
Moderately... 0%

0%
0%

10%]
Very_likely 90% "

®) File Edit View Tools

DS H| &

Network Node Learning Layout Window Help

[ #[FLcoecmeO # A Fw|E|[F|(RaEB 0w -

el -t -(BI|[EEES-d- A S| | [E \
Tree View x
Hwork2 (FINAL)
1. Arrive and 2. Survive
3. Establish @ @ @
4. Spread
5. Impacts
Reproduction History
Hot_simiar Usmiar  1%] Very nikely 0%) vEry mery 0%] \lery nlikely  0%) [Very_unikely 0%] Never 0%]
|somewhat_. 5%\ Somewhal .24%| | Uniikely Uniikefy 5%| Uniikely Unlikety 0%| Not_widely 0%
Moderately ... 28% ] Moderatety_... 50% [ ... 0% .. 28% ] . T%) Modersately_ .. 0%| Modersately_. 0%
Largety_sim.. 50% [l Largely_sim... 24% [ Likely 10%|| Likely 50% Il Likety s0% [N Likely 10%| Widely 10%)|
Completety_... 17% ] [ [completety_.. 1%| Very_likely  90% I [verylikely 7%l & [Veryikey  3%| & (Very_likely  90%)] Very_widely 90%
Ecology /
& Environmental sutabity [very_uniiety 19| ® Grommor
[Wery_unsuita... 5%]| Unlikely 9% Very_umikely 2] N N N
Unsuitable 28%| | Moderatety_1... 32% (Il [ {uniely 11%)] O Suwrvival given Arrival
Moderatety_s.. 44% [IT] Likely ag%|Hl i 3%l
|Suitable 20%(l ey liey 9% [ - e —|
e e | Very_ikely  14% |
O Environment and Organism
Very_low 11%[]
Low k=27
Moderate 29% ]
High 16% [l
Very_high 2% |
| ——(

e Again, save a screen capture and paste into appropriate word file (and/or
print this screen)
¢ Repeat the steps noted above for Spread (double click on 4. Spread

submodel name) as well as for Impacts. Examples are shown below:



®) File Edit View Tools Netv
> B | #

DEzE &)
Anal

Tree View

v 8

X

-« Network2 (FINAL
+-@ 1. Arrive and
+-{ 3. Establish

+-@ 4. Spread’

+-@ 5. Impacts

hd

L
Vi
Ur

e Spread submodel view:

= o~ LrA|="]

X
(FINAL
ve and
iblish
zad
iacts

Low

High

Very low 23%[I0]

Moderate 25%|0

Very high 2% %

a%ll |
9%l

e Impacts submodel view:

) potential distribution L] Natural dispersal (O  Human-assisted dispersal
[Very_limited 17% |l wery_low 7%l very_low 7%l
Limited s0%(F Low 2% | Low 6% |
Moderately_ext... 28% [l Moderate 35% [ Woderate 35% [
Extensive 5%l|| High 26% (Il High 26% [l
[Very_extensive 0% = Very_high 7% I [ [Very_high 7% I =

] Spread potential

ery_low 1%]

Low 8%| |

Moderate 30% (]

High 1% (I

Very_high 20% Il =

- Probability of Spread

Establishment given Arrival

i ) S

Very low 2%

M ow 13%| |
IModerate 9% |
IHigh v

Very high10%




N X
Network2 (FINAL
D 1. Arrive and
D) 3. Establish
D 4. Spread
D) 5. Impacts
Competition () Predationiherbivory/parasitism Hyhru‘]lzatmn Diseasesiparasites () Ecosystem patterns/processes.
Minimal  21% (] Minimal  21%[[] Winimal  20% | | [Minimal 21%[l] Winimal  17% [l
Minor 5% Minor 35%| Minor 10% Minor 35%| Minor 50%|
Moderate 28% Moderate 28%| Moderate 0% Moderate 28%| MDdEraIEZS%-]
Major  14% [l Major  14% (Il Major 0% Major  14% (Il Major s%l
Massive 2%, 7] |Massive 2% = Massive 0% [7 |Massive 2% 7] |Massive 0% =
Spread given
Esiablrshmem/Survwa!/Amval
Very low 27%|[
Mow 39%
h J Moderate 25% ||
Magnitude of Impact High 8%l
linimal  2%]] Very_high 1%
linor  15%
oderate 38% (0|
or 4% I \ Probability of Widespread Invasion and
ve 10% B Impacts
ery low 3% |
Low 39%
Moderate 19% (I
High 7%l
Very_high 2%]] =
L3
e Ensure that you copy and paste screen captures for all submodels for

inclusion in risk assessment document

Confirming model input values

Arel
Tree View x
== Netwerk2 (FINAL
7@ 1. Arive and
@ 3. Establish
@ 4. Spread
@ 5. Impacts

Confirm that the answer distributions reflect your selection of

answers/uncertainty levels from the questionnaire. This can be done in one of

two ways:

Hover mouse over individual yellow boxes within a submodel (which comprise
the answers and uncertainty levels selected for each question) and right click:

8 Y |[BI|E==|d~2 A |="| |

o o -

5.0¢ 5 5.035
Node Properties

w Rename
[ Change Type » |nherbivoryiparasttism
Minimal 21 Marginalize [ Minimal  90%
Minor 35 Delete %) Minor  10%
Moderate 28 A Moderate 0%
aor 14 Set Evidence v bl vapr 0%
Massive 2 Control Value v Befl = Massive 0%

Clear Evidence

Set Target

Clear Target

Sensitivity Tomado |

Layout > |

View as » = Magn

Resize to Fit Text Minimal 2%

S— R IMinor  15%
38%|

Locate Child » Wojor  34%)|

Anntation... |Massive 10%



e Hover mouse over Set Evidence to see the answer that was selected (it will
be in bold)

Tree View X
BQg Metwork2 (FINAL
- 1. Arrive and o =]
= i' Emb‘;h 5015 m @
- . Sprea ) =]
-0 5. Impacts . Node Properties
Rename
TrrraThs , Iherbivory/parastism |O Hybrid
Minimal  21% o [ W] inimal  90% (I
Marginalize .
35% | Minor  10%| |
Moderate 28% Delete | Woderate 0%
14% 0%
Set Evidence 3 Minimal
Massive 2% 0%
Control Value ] Minor
Clear Evidence Moderate
Set Target Major
Clear Target Massive
Sensitivity Tornado Untovzrm
- ¥
ey 5 Virtual Evidence... 5
View as 3
Resize to Fit Text
Locate Parent 3
Locate Child 3
Annotation...

e Click anywhere on blank background to get out of drop down menu

e Re-open original Case Manager window (select from View menu in main tool
bar)

EI File Edit [‘u"iew] Tools Metwork Mode Learning Layout Window |
Dﬁn“ Toolbars 3 -'.l:lfA|
Arial v | Status Bar -| Ay - i - é vl
Tree View v Tree Ctrl+T
E"‘t.) Networ Output Ctrl+U
"D LA Case Manager Cirl+Alt+C
- 3. Es
--D 4.5¢ Temporal Beliefs Ctrl+Alt+B
w-@ 5., Marnes
Identifiers ) Predation/herbiv
Full Screen F11 ::::::al j;:g
Fit to Window F12 Moderate 28% T
Zoom 100% Ctrl+F12 oE
Zoom In Ctrl+Plus
Zoom Out Ctrl+Minus




Ch

e Double check and confirm answers selected for each question in Case
Manager window

anging or updating input

e If you need to change an answer, do so from the Case Manager window.

e As when originally entering input, click in the cell that you want to change and
select answer/uncertainty rating from drop down menu

e NOTE: confirm that your species is the case in question (working case file will
be highlighted in grey, and will be indicated by the small black play button

arrow)
®] File Edit View Tools MNetwork MNode Leaming Layout Window Help
DR & Pl#MhLooomeD f A G T (maEB0 <
|a S S Bzl==E=E LA = : - & |
Case Manager
QX[» ¥ Jr|vm@
Name | Category | Descriph [ 10w [ 1ws | 10w | 2ms 2010 2005 | 2000 [ 203
Oriental weatherfish Test P Low No : Yes Low Yes Low Yes
| Yes | Medium Yes Low Yes | Medium Yes

| » | Invasive fish Test ] Low] ]
irtual
= Low
Medium

h

Tree View X
| Endc I | E nan | | Enle | I E Ao | | Enre | | o | m

[P — L3 FE1I L KAANEL Ans

e If you change an answer(s)/uncertainty rating(s) you will have to re-update
the model

e Click Apply case icon in Case Manager window (small arrow/play button)

™] File Edit View Tools Network Node Learning Layout
Ded T ARLOOOmeC
[Anal ~lg B ZI|I|EEEDL
Case Mangger
QX » &M ~E|v|@

NApply case|Category | Descipton [ 103U |
|| Oriental weatherish Test } Low i No
| » | Invasive fish Test ‘ Medium A R

e A pop up menu will appear. Select yes.



GeNle

. Network has currently 43 node(s) with evidence.
_J; Do you want to replace the evidence in the network?

Next click Update applied case with network evidence icon in Case Manager
(square with circular arrow)

®] File Edit View Tools Network Node Learning Layc

e & LR A RNLOOCOOm

[Avial [~ B Z|EEEd

Case Manager

QX » W [ & |V @
Name [y d;tea lied lcastf: with network evidlencel_‘mu

|| Oriental weath R T AL T oW

TL Invasive fish | Test i Medium

e Another pop up menu will appear. Again, select yes

GeNle

l'-: Update case 'Invasive fish' with evidence currently set in the network?

e Finally, click Update icon in top icon tool bar (lightning bolt)

B) File Edit View Tools Network Node Learning Layout Window Help

Dzd & P A RKMKLOCOODO®D f A 2 F mHpR
Aial ~g ~ABIriEE=Ed-4L-A —', 2 |55 & 0
-ase Manager
AX|» @ Em > ¥ | V||
Name | Categoy |  Desciption | 103U | 1045 | 1040 [ 2015 2011
Low No i Yes Low

Oriental weatherfish : Test i i
Invasive fish | Test i __ Medium | Yes

[Medium [ Yes | Low

|v

Take new screen captures (and copy into word file) to reflect change in model
outcomes, as described above (i.e., close Case Manager and Output

windows to view full screen)

e Save updated model, close all GeNle windows to end session



Re-opening model

view the original screen of the overall model:

If you have previously saved and closed your file, and then re-open it you will

DEE &% B

Anial Sz FlprllEE=E=d-LdrA-=

®] File Edit View Tools Network Node Learning Diagnosis Layou

L PocoocmeO fAFmE F maEEe - FsO

t Window Help

i

T %

x

Tree View
=-#2 Network2 (FULLMODEL dec
© 1. Amive and 2. Survive
© 3. Establish

@ 5.Impacts

O 4. Spread 1. Arrive and 2. Survive

Ready

3. Establish

select the case for your species

4. Spread

o o
5. Impacts
=] o
No evidence No targets

Select Case Manager in the View menu from the main tool bar to find and

NOTE: The case for which the model will run is indicated with a small black
arrow; if you want to change the species, click on the name of the desired

species in the name box and the arrow should move to the newly selected

species

ﬂ File Edit View Tools MNetwork MNode Learning Layout Window  Help
D& & Moo 0oomeD f A Fw| 2 |F "yl
|Arial ~g B I EEESLL =
Case Manager
L3 | » EM =

MName Categary Description | Targets 1015 101U 1025 102
b | Invasive fish Test Yes Medium Unknown

Orental weatherfish : Test No Medium Yes Low

e Change input if necessary, or run model with existing input



e NOTE: Each time the program is closed and re-opened the sampling
algorithm reverts to the default Clustering algorithm. Therefore to run a saved
case again, you must first change the algorithm back to Likelihood sampling
(i.e., from the Network menu from the main task bar select Algorithm, and

then Likelihood sampling)

e Click Apply case (play arrow), then Update applied case with network
evidence (select yes to any popup menus), and then the Update icon (see
instructions above), view and copy submodel output as instructed above

Troubleshooting

e If you accidentally change values by clicking in coloured box:

e (this would require first highlighting (clicking on) a box, and then double
clicking inside of it)

] File Edit View Tools Network Node Leaning Layout Window Help ™) File Edit View Tools Network Node Learnin g Layout Window Help

DEE & e A RLCOOHO®OD /A FW R DEE & L& A hLoOOCOmeD s A

Aol ~e FB7z | EERO-L-AS Aol Ve YlBZ  EERO-L-AIS

Case Manager Case Manager

Qx »ra@m[ @ axir»a:  Sxivie

[] _MNeme [Cwogwy| Desowton [ Tops| 1015 | 10W [ [T Mame [ Comegoy|  Descwon | Tawets | 1015 | 100 | 1

| » | vasive fish Test Yes Medum Unke [y Tivasive feh Test Yes Medum Unkn
Medum Yes

Orertal weathedfish  Test No Medum Yes Overtal weathedish Test No

< <

Tree View x| Tree View x|
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e There is no undo button in GeNle.

e Either close program without saving and reopen it, or go back to Case
Manager and reapply set evidence for your species (play button, yes to popup
menus, update with evidence, update button)
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Appendix 1. Options for conducting climate

comparisons.

Visual comparison of climate zone maps

Examples:

Map of Koppen-Geiger Climate Zones available from: koeppen-geiger.vu-
wien.ac.at/present.htm

World Map of Koppen—Geiger Climate Classification  Mainclimates  Precipitation  Temperature

updated with CRU TS 2.1 temperature and VASCEmO v1.1 precipitation data 1951 to 2000 A: equatorial Wi desert h: hot arid F: polar frost

B: arid St steppe k: cold arid I': polar tundra
_ | [ l _ - C: warm temperate 1: fully humid a: hot summer
Af  Am  As  Aw BWK BWh BSKk BSh Cfa Ch Cfc Csa Csb Csc Cwa D: snow st summer dry b: warm summer
I T ‘7 E: polar wi winter dry <t cool summer
Cwb Cwe Dfa DM Dfc Dfd Dsa Dsb Dse Dsd Dwa Dwh Dwe Dwd EF  ET m: monsoonal d: extremely continental

Resolution 0.5 deg latdon PP o 5 e S fersion of April 2006

F Kottek, M

\\ 8 1 Grieser, C. Beck,

NG sl B Rudodf, and F. Rubel

) e 2006 d Map of Koppen-

http.//gpes dwd de 55 e ieiger Clmase Classification

Geig
hizp //koeppen- geiger viwien ac at wpdated. Mereoml. Z 18, 259-263

W00 120 140 160

e The global Képpen-Geiger climate zones (Kottek et al. 2006) take into account
average minimum winter temperatures and summer maxima (as well as rainfall
amount and pattern)

e The climate classification scheme divides climates into five main groups (A, B, C,
D, E), each having several types and subtypes. Each particular climate type is
represented by a two- to four-letter symbol (with subsequent letters indicating
precipitation patterns, and degree of summer heat/winter cold)
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e Ontario has three different climate zones (Dfa, Dfb, and Dfc) and is dominated by
Dfb.

Map of Global Plant Hardiness Zones based on average annual extreme minimum
temperatures (Magarey et al. 2008)

Global Plant Hardiness Zones 10 year (2002-2011).
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e Hardiness zones, which range from 1-13, represent geographically defined
areas in which a species is capable of growing, as characterized by long-term
climatic conditions including the ability to withstand minimum temperatures within
the zone (McKenney et al. 2001).

e Long-term climatic conditions refer to both aquatic and terrestrial environments.
¢ Climate data used to generate the map span a ten-year period.

e Hardiness zones are variable within a latitudinal zone and reflect a more
accurate description of longterm climatic conditions.

e Hardiness zones in Ontario range from 2 (coldest) to 6 (warmest).



Quantitative comparison of climate data using climate-
matching software

Examples:

Climatch climate matching software, available
from:data.daff.gov.au:8080/Climatch/climatch.jsp or agriculture.gov.au/abares/data
(click on Climatch link)

e Climatch is a climate-matching algorithm interface that provides regional climatic
scores from a global climate database comprising data from weather stations
around the world.

e Software tool determines climatic similarity between a Source region (e.g.,
current global distribution of organism) and Target region (e.g., Ontario).

e User manual available: Crombie, J., Brown, L., Lizzio, J. and Hood, G. (2008).
Climatch user manual. Australian Bureau of Rural Sciences.

e Climate match scores range from 0 (poorest match) to 10 (highest level match).

e Scores can be analyzed by calculating Climate 6 ratio (Bomford et al. 2008).
Climate 6 = (sum of counts for Climate Scores 6-10)/(Sum of all Climate Scores).

GARP (Genetic Algorithm for Rule Set Production), available from:
nhm.ku.edu/desktopgarp/UsersManual.html

Stockwell, D. R. B. 1999. Genetic algorithms Il. Pages 123-144 in A. H. Fielding, editor.
Machine learning methods for ecological applications. Kluwer Academic Publishers,
Boston

Stockwell, D. R. B., and D. G. Peters. 1999. The GARP modelling system: Problems
and solutions to automated spatial prediction. International Journal of Geographic
Information Systems 13:143-158

e A computer program based on genetic algorithm that creates ecological niche
models for species.

e The generated models describe environmental conditions (precipitation,
temperatures, elevation, etc.) under which the species should be able to maintain
populations. As input, local observations of species and related environmental
parameters are used which describe potential limits of the species' capabilities to
survive.


http://data.daff.gov.au:8080/Climatch/climatch.jsp
http://www.agriculture.gov.au/abares/data
http://www.nhm.ku.edu/desktopgarp/UsersManual.html

Appendix 2. Guidance on installation of GeNle

software tool
NOTE: For MNRF computers, Administrative Privileges will first be required in order to
download and install this software.

The tool is available as a free download from: bayesfusion.com

e From the BayesFusion webpage select Downloads

e Under the heading Academic versions of our software click the link to “the
following page”

¥ | [3 www.bayesfusion.com/#!downloads/rxu9q & e
BAYES , LLC 6o
Data Analytics, Mathematical Modeling, Decision Support Phone: +1-412-444-5476
Home What We Offer Academia Resources News FAQ Contact

Download our software

Our software can be downloaded for the purpose of evaluation from the following page. If you are interested in
h y
purchasing our software, please contact us for price list and licensing terms.

Academic versions of our software

Academic users of our software can download free unrestricted editions of our software from the following page.

e Select “Login”

e Login using one of the options (e.g., Log in with Google)


http://www.bayesfusion.com/

1sion.com/files html?category=~Academia

BayesFusion Downloads Login

g Log in with Google

f Log in with Facebook

i Log in with Linkedin

e When prompted, select Allow

e You will be re-directed to the main downloads screen:

lusioncomtiles it Acadernia®
MO v Dayesiusion com n 38 PUbECat0ns hat ae Dased O Our products
et Py "

genie_academic_setup exe
SeMie 2.1 ALademe nstader (32:00)

Ze 4 0MB. moofed on Jan 15, 20%

genle_changelog txt
Ths & 3 changeiog for GeNe

e 11,4 KB, moafied on Dec 2, 2015

e Select “genie_academic_setup.exe”

e The file download is an executable file

e Once downloaded click the icon shown below to initiate setup

L

| .j:fl genie_academic_set....exe

—r —

¢ If prompted with the following pop-up screen to run the file, select Run
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Do you want to run this file?

’l‘q Name: ... ™Downloads\genie_academic_setup.exe
——!  Publsher. BavesFusion, LLC

Type: Application

From: C\Usersiisnionta®am\Downloads\genie_acade...

| CAn ] (o)

i (V] Always ask before opening this file

Whie files from the intemet can be useful, this file type can
W8 potentially ham your computer. Only run software from publishers
= youtrust, What's the nsk?

e In the Setup Wizard, select Next

2 Setup - GeNle 2.1 Academic

Welcome to the GeNle 2.1
Academic Setup Wizard
This will install GeNle 2.1 Academic on your computer,

Itis recommended that you dose al other applications before
continuing.

Click Next to continue, or Cancel to exit Setup.

e To finalize installation select | accept the agreement and Next

p
) Setup - GeNle 2.1 Academic ==

I License Agreement
Please read the following important information before continuing.

Please read the following License Agreement. You must accept the terms of this
agreement before continuing with the installation.

BayesFusion Software Academic License Agreement

&

BY CLICKING THE "I ACCEPT”BUTTOM OR INSTALLING ANY VERSION OF THE
SOFTWARE OR ANY MODIFICATIONS AND/OR. UPDATES PROVIDED BY OR ON
BEHALF OF LICENSOR TO LICENSEE ("SOFTWARE"), YOU AGREE TO BE BOUND
BY THE TERMS OF THIS SOFTWARE LICENSE AGREEMENT ("AGREEMENT”). IF
'YOU DO NOT AGREE TO ACCEPT THE TERMS OF THIS AGREEMENT, YOU MUST
MNOT INSTALL THE SOFTWARE. PLEASE READ THIS AGREEMENT CAREFULLY,
"LICENSEE” OR ™fOU" MEANS THE INDIVIDUAL INSTALLING OR USING THE
SOFTWARE ON YOUR OWN BEHALF OR,, IF THE SOFTWARE IS DOWNLOADED
OR INSTALLED OMN BEHALF OF AN ORGANIZATION SUCH AS AN EMPLOYER, e

accept the agreement

(7)1 I do not accept the agreement I

[ < Back ]I Mext > I[ Cancel ]

—_— —

e You will be prompted to select destination location.
e Use folder identified or select a different folder.
¢ Note location of destination folder for future reference.

e Select Next
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—_— e
) Setup - GeNle 2.1 Academic- l_-v =L

I Setup will install GeNle 2.1 Academic into the following folder.

To continue, click Next. If you would like to select a different folder, dick Browse.

C: \Program Files\GeNIe 2.1 Academic] Browse...

At least 12.9 MB of free disk space is required.

Select Destination Location
Where should GeNle 2. 1 Academic be installed?

[ <Bak [ nMext> | [ cancel

e Select Install

r
‘L) Setup - GeNle 2.1 Academic L= —

Ready to Install
Setup is now ready to begin instaling GeNIe 2.1 Academic on your computer,

Click Install to continue with the installation, or dick Back if you want to review or
change any settings.

Destination location:
C:\Program Files\GeNle 2.1 Academic

[ <Bak ][ meml | [ cancel

e Select Finish

i b
2} Setup - GeNle 2.1 Amdemi(- I ‘-:-\-:-.M
:

Completing the GeNIe 2.1
Academic Setup Wizard

Setup has finished installing GeNle 2. 1 Academic on your

computer. The application may be launched by selecting the
installed icons. II
Click Finish to exit Setup, |

Launch GeNle

L = = -—

e GeNle will open automatically and you will see the following:
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T e S —— B b P TT

#] File Edit View Tools Network Node Leaming Layout Window Help [-[=]x]

DEE & = nfocoomen s algm e FEaemEw: -

il -8 - BIB=E=Eo-F-A = ke [FEl 0w L% %

Tree View %]
5 Networkl (Netw

e Close GeNle.

e Itis now installed and you can open and use the Risk Modelling Tool.
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