Risk Analysis, Vol. 33, No. 8, 2013

DOI: 10.1111/).1539-6924.2012.01896.x

Revisions of the Fish Invasiveness Screening Kit (FISK) for

its Application

in Warmer Climatic Zones, with Particular

Reference to Peninsular Florida

Larry L. Lawson, Jr.,"* Jeffrey E. Hill,! Lorenzo Vilizzi,” Scott Hardin,’

and Gordon H. Copp*

[Correction added after online publication on October 4, 2012: In the title, “Scoring” was changed to

“Screening”.]

The initial version (v1) of the Fish Invasiveness Scoring Kit (FISK) was adapted from the
Weed Risk Assessment of Pheloung, Williams, and Halloy to assess the potential invasive-
ness of nonnative freshwater fishes in the United Kingdom. Published applications of FISK
vl have been primarily in temperate-zone countries (Belgium, Belarus, and Japan), so the
specificity of this screening tool to that climatic zone was not noted until attempts were made
to apply it in peninsular Florida. To remedy this shortcoming, the questions and guidance
notes of FISK vl were reviewed and revised to improve clarity and extend its applicability
to broader climatic regions, resulting in changes to 36 of the 49 questions. In addition, up-
grades were made to the software architecture of FISK to improve overall computational
speed as well as graphical user interface flexibility and friendliness. We demonstrate the pro-
cess of screening a fish species using FISK v2 in a realistic management scenario by assessing
the Barcoo grunter Scortum barcoo (Terapontidae), a species whose management concerns
are related to its potential use for aquaponics in Florida. The FISK v2 screening of Barcoo
grunter placed the species into the lower range of medium risk (score = 5), suggesting it is
a permissible species for use in Florida under current nonnative species regulations. Screen-
ing of the Barcoo grunter illustrates the usefulness of FISK v2 as a proactive tool serving to
inform risk management decisions, but the low level of confidence associated with the assess-
ment highlighted a dearth of critical information on this species.
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1. INTRODUCTION

Risk identification tools are the front line of the
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risk analysis process, assisting environmental man-
agers in identifying which nonnative species are more
likely to be invasive and are therefore amenable to
detailed risk analysis. Building on the Weed Risk
Assessment (WRA) of Pheloung et al.,!) the Fish
Invasiveness Scoring Kit (FISK) was adapted for
use in the United Kingdom.>3) As with the WRA,
FISK consists of 49 questions within two main sec-
tions (Biogeography/History and Biology/Ecology),
and eight categories (Domestication/Cultivation;
Climate and Distribution; Invasive elsewhere; Unde-
sirable traits; Feeding guild; Reproduction; Dispersal
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mechanisms; Persistence attributes). The outcome
scores range from —11 to 53, and these have
been calibrated® into three levels of potential
risk of a species being invasive: low (score <1),
medium (1-19), high (>19). FISK and its “sister”
tools> were developed for the United Kingdom,
a temperate-zone country, and subsequent applica-
tions have been in other temperate-zone countries
including Belarus,® Belgium,-® and Japan,® with
additional applications completed or in progress
for Australia,(!9 Brazil, ') Iberia (D. Almeida
et al., unpublished data), Finland (M. Lehtiniemi
et al., unpublished data), and the Balkan states
of Serbia, Macedonia, Montenegro, and Bulgaria
(P. Simonovi¢ et al., unpublished data).

The specificity of FISK to the temperate zone
was not appreciated until attempts were made to ap-
ply this screening tool in peninsular Florida (LLL,
JEH, SH, and GHC, unpublished data) and Mexico
(R. Mendoza, V.S. Aguirre, and L.G. Bertimen, un-
published data). To address this shortcoming, the aim
of this study was to improve FISK in terms of its cli-
matic applicability, in particular to regions with trop-
ical/subtropical environments, and of its user inter-
face. The specific objectives of this study were to:
(1) complete a review and revision of FISK ques-
tions and related guidance; (2) undertake improve-
ments to the FISK software graphical user interface
(GUI) and therefore produce FISK v2; and (3) carry
out a trial application of FISK v2 on a nonnative fish
species of relevance to peninsular Florida. The re-
sulting new version of FISK (v2) is applicable over
a wider range of environmental conditions, is more
user friendly and, ultimately, replaces its predecessor
for use as an invasiveness screening tool.

2. METHODS
2.1. Question and Guidance Refinement

Questions and guidance in FISK vl were crit-
ically reviewed with regard to peninsular Florida
south of the Suwanee River, which has a subtropical
climate. Particular attention was directed to charac-
teristics that are considered to facilitate the invasions
of tropical/subtropical environments by freshwater
fishes, with the following criteria used in the revi-
sion process: (1) improved clarity, where changes
reduced ambiguous terminology or uncertainty in
interpretation of questions; (2) increased climatic
suitability, where changes allowed for increased flex-
ibility of climate-match source information or direct
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incorporation of physiological tolerances; and (3) en-
hanced ecological applicability, where modifications
addressed a wider range of ecological characteristics.

FISK question amendments were discussed and
executed during a two-week meeting in August 2011,
with four of the co-authors at the University of
Florida (LLL, JEH, SH, GHC) and one (LV) via
electronic correspondence. During this review pro-
cess, each of the four co-authors explained his inter-
pretation of the questions, the guidance, and their
likely response under different hypothetical scenar-
ios, with insights from GHC into the intent of
each question derived from the original adaption
of FISK® from the WRA.(!) Once consensus was
reached, the question and guidance were revised ac-
cordingly, and each of the previously listed criteria
was discussed to determine whether or not additional
changes were necessary. As a control measure, two
project collaborators assessed the same two species,
discussed the outcomes, and made final revisions to
the questions and guidance.

2.2. Software Improvements

FISK consists of an electronic toolkit written
in Excel® for VBA code.'® The code was origi-
nally developed by Pheloung et al.(!) for their WRA
toolkit and later adapted for use with FISK (includ-
ing its Spanish version S-FISK) to accommodate all
necessary changes for application to freshwater fish,
and eventually to freshwater invertebrates (FI-ISK),
marine invertebrates (MI-ISK), amphibians (AM-
PHISK), and marine fish (M-FISK). The software
architecture of the FISK family of programs is that of
a “dictator application” (sensu Bovey et al.!?)). This
represents an advanced level of Excel® application
development in which virtually all features are con-
trolled by the application itself. In the case of FISK,
the user interface consists of tightly controlled data
entry user forms that separate the user interface from
the underlying data storage layer, resulting in a fully
functional application that involves a high degree of
control over user interaction.

Although FISK v1 already contained all essential
features for species listing, questionnaire-based user
input, and report generation, an upgrade to FISK v2
was deemed essential to improve overall computa-
tional speed as well as to provide for a higher level
of flexibility and user friendliness, with special em-
phasis on the “interaction design”!¥) of the two main
user forms (or dialogs), namely: the Species Assess-
ment Menu and the Q&A dialog. Programming was
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done in Microsoft Visual Basic for Applications 7.0
for Excel® 2010 for Windows® by LV under ongo-
ing advice and feedback from the rest of the project
team, who also participated in the beta testing phase
along with an external expert (E. Tricarico, Univer-
sity of Florence, Italy).

2.3. Application

An example species was screened for peninsular
Florida by SH using FISK v2. The Barcoo grunter
Scortum barcoo (McCulloch & Waite, 1917), family
Terapontidae, is a freshwater species endemic to the
Lake Eyre basin in interior Australia and has been
increasingly used in aquaculture as a food fish.(!>)
This species has been marketed as the jade perch for
aquaponics (i.e., integrated fish and plant crop cul-
ture), and was chosen for assessment in this study
because of the recent emergence of small-scale com-
mercial and noncommercial aquaponics in Florida.
Currently, there are no regulations governing the
possession of Barcoo grunter in Florida, so FISK was
used to determine whether a full risk assessment is
warranted. The FISK assessment was reviewed by
JEH to simulate a typical management agency sce-
nario, where an assessment is produced and then re-
viewed by either an internal or external taxonomic
expert. Thus, screening the Barcoo grunter serves to
illustrate the process of assessing a fish species using
FISK v2, provides real-world answers to FISK ques-
tions, and demonstrates its potential use as a practi-
cal tool for proactive management in warmer climate
zones.

Relatively little is published on the Barcoo
grunter in its native range; however, there is a grow-
ing body of literature on its husbandry. With a maxi-
mum size of about 35 cm standard length, the Barcoo
grunter in its native range is found in low-gradient
rivers subject to extreme flooding and drying,(!®)
extending over a temperature range of about 10-
30°C.") An omnivorous forager, the Barcoo grunter
feeds on a wide variety of plant material, detri-
tus, invertebrates, and, occasionally, small fish,(13:1%)
Spawning occurs during high-water periods.?

3. RESULTS
3.1. Question Refinement

Alterations were made to 36 of the 49 FISK ques-
tions and/or guidance notes in accordance with the
revision criteria (Table I): 27 revisions to improve
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clarity, 3 to increase climatic suitability, and 14 to
enhance ecological applicability. Some questions re-
quired multiple changes and were placed into more
than one revision criterion.

3.1.1. Domestication/Cultivation (Table I,
Section Al)

Domestication is considered to have the po-
tential of enhancing the fitness of some freshwater
fishes (i.e., increased growth rate, mating success,
and/or fecundity) over wild strains,*") and commer-
cial production of ornamental species may also in-
crease the intensity of introductions (i.e., propag-
ule pressure).*?) However, commercially produced
ornamental fish are often small-bodied (e.g., vari-
able platyfish Xiphophorus variatus and swordtail
Xiphophorus hellerii) and selected for bright col-
oration (e.g., transgenic zebra danio Danio rerio) or
increased fin length (e.g., long-finned zebra danio va-
rieties). This has been shown to increase their vul-
nerability to predation and decrease their likelihood
of establishment in nonnative environments.?*24)
Therefore, guidance for question (henceforth “Q”)
1.01 was modified to include an exception for orna-
mental and commercially produced species that have
been selected for traits that are likely to reduce their
fitness.

To reduce subjectivity, the term “naturalised”
was replaced with “established self-sustaining pop-
ulations” for Q 1.02 and throughout FISK v2. The
term “naturalised” is a broad term that encompasses
several phases of the invasion process, including es-
tablishment, colonization, and a measure of persis-
tence through time,*> and also implies some level of
human acceptance of the nonnative fish into the na-
tive fish community. The term “established” reflects
the definition from Shafland et al.,*® i.e., nonnative
fishes that have been consistently collected from pub-
lic waterways, are unlikely to be eliminated, and that
have persisted for an extended period of time relative
to their life span.

3.1.2. Climate and Distribution (Table I, Section A2)

Climate matching models use computer analy-
sis to match temperature and rainfall from a species’
native range with conditions of the recipient envi-
ronment. FISK vl recommended the use of climate
matching software to respond to the climate and dis-
tribution section with the highest level of certainty.®)
The certainty response modifies the score given for
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Revisions of the Fish Invasiveness Screening Kit

climate questions and weights other questions re-
lated to impact and invasion history.”) Climate mod-
els use data from terrestrial locations and may
not be accurate for predicting water temperatures.
Moreover, spatial gaps and differences in elevation
between weather station locations and species occur-
rences may limit usefulness. The lower lethal tem-
perature is often the most important environmental
factor limiting the distribution and spread of non-
native tropical fish outside their native range, and
this has been determined for several nonnative fresh-
water fishes in Florida.?”?® We modified Qs 2.01—
2.04 to allow the FISK assessor to respond to the
climate matching section with high certainty with-
out requiring climate matching software (see also
Onikura et al.”)) and opted to allow for the use of
expert knowledge (e.g., laboratory-determined lower
lethal temperature) or matching climate categories of
the Koppen-Geiger climate maps. )

3.1.3. Invasive Elsewhere (Table I, Section A3)

A detailed and accurate account of a species’ in-
troduction and invasion history may be unavailable
in popular databases as a result of poor data qual-
ity, e.g., limited or outdated collection data, species
misidentifications, or conflicting reports.**3!) There-
fore, Qs 2.05-3.05 relating to invasive history were
changed to allow assessor judgment in determin-
ing what constitutes reliable data detailing a nonna-
tive species’ introduction and status. For Q 3.05, the
term “serious pest” is more commonly used to de-
scribe invasive plants®*? and was therefore changed
to “known to exert moderate to severe impacts”
because, by definition, an invasive aquatic species
must be known to cause or likely to cause negative
impacts.(?

3.1.4. Undesirable (or Persistence) Traits (Table I,
Section B4)

Minor modifications were made to the termi-
nology used in Qs 4.01, 4.02, 4.06, 4.08, and 4.09.
Q 4.06 was amended to include a “Yes” response for
a species that may act as a novel predator in a new
environment even where other predators are already
present. For example, flathead catfish Pylodictus oli-
varis is a large-bodied piscivorous catfish. The intro-
duction of flathead catfish into Georgia has been im-
plicated in the decline of native bullhead Ameiurus
spp. and redbreast sunfish Lepomis auritus popula-
tions, even though those species were not predator-
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naive.®¥ For Q 4.07, the large body size categoriza-
tion was increased from 10 to 15 cm total length (TL).
Although fish whose ultimate body length exceeds
10 cm TL have an increased likelihood of being re-
leased, the majority of nonnative fish established in
Florida typically reach an ultimate length > 15 cm
TL.(35’36)

3.1.5. Feeding Guild (Table I, Section B5)

In FISK v1, species accrued an increase in score
if categorized as a piscivore, omnivore, planktivore,
or benthivore irrespective of whether the species’
feeding strategy is associated with impacts within
the risk assessment area. Therefore, a modifier was
added to each of the feeding guild questions in FISK
vl (Qs 5.01-5.04), so that it is now explicitly stated
that a species must have a feeding behavior that is
“likely to cause an adverse impact in the RA (risk
assessment) area” to receive a “Yes” response.

A “Yes” response for Q 5.01 is worth two points
(more than the other feeding guild questions) be-
cause piscivorous fishes are often associated with
impacts.®>3”) However, there was no similar con-
sideration given for herbivorous fishes that primar-
ily feed on aquatic macrophytes. In many tropi-
cal/subtropical environments, aquatic macrophytes
are essential habitat features and herbivorous fish
have the potential to alter this habitat with pro-
found consequences for native species and ecosys-
tem services. For example, the herbivorous grass carp
Ctenopharygodon idella can cause dramatic changes
to aquatic ecosystems.’®) Because of the magni-
tude of these potential impacts, we included herbiv-
orous fishes in Q 5.01. In peninsular Florida, fishes
that are primarily algivorous or detritivorous (e.g.,
blue tilapia Oreochromis aureus and Orinoco sailfin
catfish Pterygoplichthys multiradiatus) have been
successful in establishing populations; therefore, we
included these categories in Q 5.03 to allow for the
possibility of impacts within the risk assessment area
for these types of fishes.

3.1.6. Reproduction, Dispersal, and Tolerance
Attributes (Table I, Sections B6-8)

Q 6.01 was changed to include specific examples
of parental care that are exhibited by fishes that have
successfully established in Florida. The guidance for
Q 6.02 now explicitly defines “produces viable ga-
metes” and gives clear direction for assigning a “Yes”
or “No” response.
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Q 7.02 was amended to include “cultural
releases” as an example of human-related disper-
sal of nonnative fishes. Cultural release is the sus-
pected vector of introduction for multiple non-
native species,?**? including Asian swamp eels
Monopterus albus in Florida.*!)

The terminology in Q 8.02 was changed from
“high temperature” to “temperature extremes” be-
cause the lower temperature tolerance of some
species (especially tropical fishes) is a limiting factor
in their ability to establish and spread in new envi-
ronments.?”) Q 8.03 was modified because virtually
every species is susceptible to piscicides at high con-
centrations. However, some species are resistant to
piscicides at legally permitted use levels or capable of
limiting exposure because of behavior; these species
should receive a response of “No.” Chemical control
agents are regulated differently in different regions
and countries so no specific chemicals were listed.

3.2. Software Improvements
3.2.1. Species Assessment Menu

The new, improved interface of the Species As-
sessment Menu dialog was created (Fig. 1) with new
features that include:

(1) Five additional columns, so that for each
species in the list the following information
is reported: (i) Answered: number of an-
swered questions from the Q&A dialog out
of the total set of 49 questions making up the
FISK tool; (ii) Score: final, in case of a com-
plete assessment, or partial otherwise; (iii)
U.K. (1; 19): risk level outcome (i.e., “Low,”
“Medium,” “High”) relative to U.K. calibra-
tion thresholds® (only upon completion of
the assessment, that is, all 49 questions an-
swered); (iv) Japan (1; 19.8): same but rela-
tive to Japan calibration thresholds;® and (v)
U-D (--): same but relative to user-defined
(UD) calibration thresholds.

(2) Possibility to Edit details of any species in the
list, including its scientific and common name
as well as the assessor’s name.

(3) Possibility to Delete any species in the list.

(4) Indication of the Total number of species as-
sessed and/or under assessment along with the
number of species Selected for (multiple) re-
port generation.

(5) Possibility to Sort (in ascending order) the
species in the list by any of the eight columns

Lawson et al.

therein (hence, excluding the unique species
ID identifier).

(6) Possibility to set UD thresholds to distinguish
between “Low,” “Medium,” and “High” risk
species (e.g., as derived from a new calibration
study).

(7) Ability to generate a Report for one or more
species selected from the list. If the assess-
ment has not been completed for any of
the selected species, then the user is warned
whether a report for that species is still re-
quired.

322 Q&A

The Open Q& A button in the Species Assessment
Menu dialog opens up the Q&A dialog (Fig. 2). New
features in this dialog include:

(1) A title bar indicating: (i) the question being
answered, (ii) the species name, (iii) the com-
mon name, (iv) the assessor’s name, and (v)
the section and corresponding category for
the question.

(2) A Go to Question combo-box control to move
directly to any question in the assessment.

(3) A Clear button to erase all question informa-
tion in the editable fields (i.e., Response, Cer-
tainty, and Justification).

(4) A Close no Save button to quit all changes be-
ing made to the species’ assessment.

(5) Context-sensitive coloring, with the editable
fields (as per above) marked in light green for
answered questions, light red for unanswered
questions, and light yellow for questions being
answered.

3.3. Application

The FISK score for Barcoo grunter placed the
species into the lower range of medium risk of
being invasive (score = 5; Table II). Factors in-
creasing the score included use in aquaculture, a cli-
mate match between its native range and peninsu-
lar Florida, broad climate suitability and tolerance of
temperatures between 10 and 30 °C, parental care,
and a likelihood for introduction and dispersal by
humans. Barcoo grunter lacks a history of invasive-
ness and has few undesirable attributes, character-
istics that increase FISK scores. Whereas a FISK
score >19 would indicate unsuitability of a species for
aquaponics, the medium risk score of Barcoo grunter
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1 Abramis ballerus blue bream L. Vilizzi i Medium
[0 2 Adpenser baeri Siberian sturgeon L. Viizzi 49/49 12 High Medium
] 3 Adpenser ruthenus sterlet L. Viizzi 49/49 24 High High
[0 4 Alburnoides bipunctatus spiriin L. Viizzi 49/49 7 Medium Medium
[0 5 Amblopltes rupestris rock bass L. Viizzi 49/49 23 High High
[0 6 Ameiurus melas black bullhead L. Viizzi 49/49 27 High High
[0 7 Ameiurus nebulosus brown bulhead L. Viizzi 49/49 22 High High
[1 8 Aristichthys nobiis bighead carp L. Viizzi 49/49 30 High High
] 9 Aspius aspius asp L. Viizzi 49/49 27 High High
[J 10 Carassius auratus goldfish L. Viizzi 49/49 40 High High | |
[J 11 Catostomus commersoni white sucker L. Viizzi 49/49 24 High High
[0 12 Chalcalburnus chalcoides Danubian bleak L. Viizzi 49/49 17 Medium Medium
[0 13 Channaargus northern snakehead L. Viizzi 49/49 21 High High
] 14 Channa micropeltes giant snakehead L. Viizzi 49/49 20 High High
[0 15 Chondrostoma genei lasca L. Viizzi 49/49 15 Medium Medium
[0 16 Chondrostoma nasus nase L. Viizzi 49/49 10 Medium Medium
[0 17 Chondrostoma toxostoma sofie L. Viizzi 49/49 7 Medium Medium
[0 18 Coregonus lavaretus maraenoides Peipsi whitefish L. Viizzi 49/49 21 High High
] 19 Ctenopharyngodon idela grass carp L. Viizzi 49/49 30 High High
[J 20 Cydeptus elongatus biue sucker L. Viizzi 49/49 3 Medium Medium
[0 21 Cyprinela lutrensis red shiner L. Viizzi 49/49 14 Medium Medium
1 22 Cyprinus carpio common carp L. Viizzi 49/49 40 High High
] 23 Esox niger chain pickerel L. Viiizzi 49/49 12 Medium Medium
[0 24 Gambusia holbrooki eastern mosquitofish L. Viizzi 49/49 34 High High ~|
Spedies Sortby: Options
§ Total: 55 Ploase Select
Edit Delete bl ase Sel 2 uD Thresholdsl Report I Open Q &A | Close

Fig. 1. New and improved interface of the Species Assessment Menu dialog in FISK v2 (data from Vilizzi and Copp19).

purposes?

the spedies highly domesticated or widely cultivated for commerdial, angling or ornamental

Question Helpl

Yes

-]

— Justification (References and/or Other Information)

Certainty
( Mostly Certain j Advice |

Several references in Chinese aquaculture literature (e.g., Journal of Fsheries Sciences of China
http://en.cnki.com.cnfArtide_en/CIFDTOTAL-ZSCK200706023.htm); Australian aquaculture references (e.g.,
http://www.aquaculturequeensland.com/jade_perch.htm); popular aquaponics fish (e.g.,
http://farmingwithfish.com/?p=249)|

— Go to Question:

I 1 - Is the spedes highly domesticated or widely cultivated for commerdal, angling or ornamental purposes?

S | < Previous

Next = | >>| Clear

Completed 1 of 49

Close no Save

Fig. 2. New and improved interface of the OQ&A dialog in FISK v2 (Q 1 for Barcoo grunter Scortum barcoo).
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suggests the need for further examination of the risk
factors in Florida to determine whether mitigation
(e.g., restrictions on location, system design, and de-
velopment of best practices, as well as education and
outreach) is required.

Barcoo grunter was assigned broad climate suit-
ability based on an Australian reference,*” where its
distribution overlapped three Képpen-Geiger zones.
However, there is uncertainty over the extent of the
species’ native range in Australia. Barcoo grunter
probably is endemic to the Lake Eyre drainage,
a large region in central Australia. Although com-
monly listed from northern regions draining into the
Gulf of Carpentaria (e.g., Unmack®)) these records
likely are misidentifications of the gulf grunter Scor-
tum ogilbyi.***) The taxonomy of terapontids is dif-
ficult and confused. FishBase lists S. ogilbyi as a ju-
nior synonym of S. hillii, but The Catalog of Fishes
lists S. ogilbyi as valid.“®) Davis et al.*7) recently used
the name S. ogilbyi in ecological studies of terapon-
tid fishes in northern Australia, and among the co-
authors are noted experts on Australian fishes. No-
tably, Barcoo grunter is not included in the latter
study even though the study area included the dis-
puted range in Australia. Using the more conser-
vative range distribution, Barcoo grunter would be
found in only one K&ppen-Geiger zone and its FISK
score would be reduced. Furthermore, reproductive
tolerance of Barcoo grunter was considered suited
to Florida’s climate based on comparable latitude
and temperature tolerance. However, the Koppen-
Geiger zone occupied by Barcoo grunter in Australia
(BWh = arid, desert, hot) does not occur in Florida.

Parental care of eggs increased the FISK score,
but the type of eggs laid by the Barcoo grunter is dis-
puted in the literature. FishBase references Breder
and Rosen’s™®) review of reproductive modes in
fishes and states that members of the genus Scortum
have male parental care of eggs laid in a nest on the
substratum. However, the FishBase account for the
small-headed grunter Scortum parviceps contradicts
itself by listing pelagic eggs and male parental care of
the eggs in the same paragraph on Biology, also refer-
encing Breder and Rosen*® in the reproduction sec-
tion.*?) This casts doubt on the validity of the Fish-
Base information on Scortum reproduction. Recent
aquaculture references in the Chinese literature de-
scribe the eggs of Barcoo grunter as free floating.>")
Other terapontids such as the silver perch Bidyanus
bidyanus clearly lay semibuoyant, pelagic eggs.C)
Therefore, it is most likely that Barcoo grunter eggs
also float or are semibuoyant, and that dispersal of

Lawson et al.

this species occurs via this mechanism. An affirma-
tive response to the FISK question on parental care
of eggs was offset by a negative answer to a subse-
quent question regarding egg dispersal. Accordingly,
subsequent reevaluation of these questions and re-
sponses did not have an appreciable impact on the
total FISK score.

The Barcoo grunter has no clear history of in-
vasiveness, an important trait in determining risk
categorization in FISK. With the exception of lim-
ited translocations within Australia,®? it is unclear
whether or not the Barcoo grunter has been intro-
duced into open waters outside of its native range.
This species is listed as introduced into China, but no
data are available on the year of introduction or pop-
ulation status,®? casting doubt that the introduction
was into open waters rather than simply an aquacul-
ture transfer.

Two questions dealing with the likelihood of in-
troduction and human-mediated dispersal influenced
the Barcoo grunter’s medium risk ranking. Species
with an ultimate body size >15 cm are considered
more likely to be abandoned by aquarium hobbyists
(Q4.07; Section B4; Table I). Barcoo grunter’s ulti-
mate body size >15 cm resulted in a “Yes” response
for Q4.07 even though larger fish are desirable for
aquaponics, and it is unlikely that the Barcoo grunter
cultured for food would be released. Similarly, it is
doubtful that aquaponics operators would be moti-
vated to introduce this species into public waters as a
food source. However, there is a possibility of aban-
doning home aquaponics systems for a variety of rea-
sons, which might lead to releasing fish into public
waters. For this reason, a “Yes” response was given
for Q7.02 relating to the likelihood of intentional hu-
man dispersal.

4. DISCUSSION

The upgrades and modifications have made
FISK v2 more functional than its predecessor (FISK
vl) in terms of its use as a practical tool for iden-
tifying potentially invasive fish, thus informing the
decision-making and risk management process un-
dertaken by regulatory agencies. FISK v2 incorpo-
rates a wider range of ecological and environmental
characteristics that facilitate invasion on a broader
scale of risk environments (i.e., temperate to tropical
climates), making FISK v2 applicable to peninsular
Florida as well as other warm temperate, subtropical,
and, potentially, tropical climate zones. The changes
made to questions and question guidance reduce
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ambiguity in the terminology while also allowing in-
creased flexibility in assessor judgment where ap-
plicable (e.g., determining invasion history, climate
matching, and evaluating impacts). Noteworthy up-
grades were made to the FISK v2 user interface that
improved its efficiency and reporting ability and pro-
vide the assessor a greater level of control during use.

Beyond the application to the Barcoo grunter
in this study, FISK v2 is being used in two sub-
tropical regions, namely, Florida (United States) and
southeastern Australia. In the later study, Vilizzi and
Copp!'?) evaluated 55 species in the Murray-Darling
Basin and compared the resulting scores for 53 of the
species with those previously obtained (by LV) for
the United Kingdom using FISK v1.®) They found
differences in scores between the two FISK versions,
with the main difference because of methodologi-
cal changes in the Feeding Guild questions (most
species) and the question on ultimate body size
(four species with TLs >10 cm but <15 cm), which
led to lower scores. Other differences were mainly
attributable to climate predictions that suggest
Australia, unlike the United Kingdom, will be drier
in the future.** An additional objective of the Vi-
lizzi and Copp"?) study was to compare the risk cate-
gories from FISK v2 with those obtained from two
Australian-based risk assessment protocols.(!”) The
authors recommended adoption of FISK v2 as Aus-
tralia’s reference screening tool based on a proven
track record of the FISK tool in several countries
and regions worldwide compared to screening ap-
proaches currently limited to Australia, its semiquan-
titative nature as well as its antipodean origin as an
adaptation of the Australian WRA.®

The application of FISK v2 to Barcoo grunter
represents the first of a more extensive application
of this screening tool to assess 98 nonnative fishes for
peninsular Florida (LLL, LV, JEH, SH, and GHC,
unpublished data). Although the FISK score for Bar-
coo grunter falls into the medium risk category, the
species’ score is relatively low in that category. Re-
sponses to questions were compliant with the FISK
guidance and reflected a risk-averse approach appro-
priate for a state conservation agency. Many FISK
questions are quantitative, but judgment is required
in some cases, e.g., source data quality, degree of cli-
mate match, and likelihood of introduction. Despite
increasing use of Barcoo grunter in aquaculture, in-
formation in databases and the literature was con-
flicting or contradictory, even for basic concepts such
as native range and reproduction. Moreover, data
quality for invasion history was poor. These deficien-
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cies increased uncertainty, affected answers to ques-
tions, and influenced the final score. The justification
fields in the FISK summary, which detail the asses-
sor’s rationale and references, are valuable for sub-
sequent review and interpretation by environmental
managers. A strength of a risk identification (screen-
ing) phase is to point out gaps in knowledge that may
require additional investigation in the literature, in-
teraction with species experts, or original research,
especially when evaluating a species that is classi-
fied as medium risk. The FISK evaluation of Barcoo
grunter suggests that this species may be a suitable
candidate for aquaponics in Florida and that restric-
tions on possession may not be necessary.
Variability in assessor judgment is undesirable
in risk assessments, in that it may introduce sub-
jectivity; however, in some cases human judgment
may improve the quality of the assessment by buffer-
ing data deficiencies or inconsistencies.>> Never-
theless, where data/information are lacking, such as
for the Barcoo grunter, increased uncertainty may
motivate environmental managers/decisionmakers to
take a precautionary approach. Several responses in
our Barcoo grunter screening would have changed if
assessor judgment was not permitted. Alternatively,
assessor subjectivity may also be introduced if the
screening questions are not specific, clearly written,
or require assessor interpretation. The changes made
for FISK v2 have addressed these concerns by simul-
taneously improving clarity of the questions and pro-
viding the assessor with clearer guidance in selecting
the appropriate responses while also allowing the as-
sessor latitude in judging the quality of data and in-
formation available and responding accordingly.
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