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In a recent article, Bertolino et al. (2020) presented a horizon-scanning approach to in-
vasive mammal species in Italy, contributing to ongoing EU and national efforts to as-
sess and manage invasive species. Bertolino et al. 2020 then suggest a list of six priority
species for policy-making, combining information from standard impact assessment
methods (e.g. Environmental Impact Classification of Alien Taxa, EICAT; Blackburn
et al. 2014) with additional considerations about manageability. Moving from risk
assessment to management decisions is challenging, and the species prioritization by
Bertolino et al. encounters some common pitfalls. Here, we highlight those pitfalls and
suggest solutions based on best practices in conservation decision-making. We do not
question the assessment of Impact’ and ‘Manageability’. Both are important and we
commend Bertolino et al. for providing them. However, we caution against aggregat-
ing such different criteria into the ‘Impact + Management’ prioritization score (the
overall ranking by Bertolino et al. 2020), when there is not a clear context or need for
it, and the method used is arbitrary.

The first pitfall is that identifying priorities requires a clear decision context (who
makes the decision, their objectives, their constraints; Keeney 1982; Game et al.
2013). The criteria used by Bertolino et al. (2020) are clear: impacts on biodiversity,
economy, society and human health, and various criteria for manageability. The con-
text for the assessment along these criteria is also clearly defined by the EU and the na-
tional requirement to “rank species to be subjected to risk assessment” (Bertolino et al.
2020, p. 32). However, prioritization is necessary only when one must allocate limited
resources, typically time and money. If these competing objectives are not defined, as-
sessment cannot be meaningfully converted to prioritization (Kumschick et al. 2020).
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To illustrate, imagine a situation where three species must be managed, ranked
1-2-3 from greatest to smallest impacts. If resources were available to manage only
one, and they all cost the same, species 1 might be prioritized. If the cost of managing
species 1 were equal to the cumulative cost for 2 and 3, one might decide to prevent
damage from species 2 and 3, instead of species 1 only. If resources were available for all
three, prioritization would be unnecessary regardless of cost. To convert the risk assess-
ment into a decision (prioritization), one must therefore define or assume a decision
context, for example imagining the spatial, temporal, social scales where an action is
feasible and has certain costs. This must be the case for manageability criteria expressed
by Bertolino et al (2020). If the prioritization is to directly guide resource allocation,
the context must be clearly defined and truly reflect all situations it might apply to.

On the other hand, management decisions will ultimately be case-specific (e.g.
implying “different weights to the various aspects of the invasion process”, Bertolino
et al. 2020, p. 46). However, in this case prioritizing on a pre-conceived or assumed
context is meaningless and possibly misleading, and it would be better to simply list
the ranks for each criterion without aggregating them. For example, one may state
that the assessment ranked “S. floridanus as the most impacting and easiest to man-
age alien mammal in Italy” (Bertolino et al. 2020, p. 44) and show the assessment
criteria (essentially Table 2 in Bertolino et al. 2020, without columns 4-5), avoiding
aggregate “prioritization” scores with their assumed value judgments and decision con-
texts (Game et al. 2013). Decision-makers can use this information to carry out their
context-specific prioritization, using multi-criteria decision analysis if needed (Adem
Esmail and Geneletti 2018).

Finally, if a clear context is missing but one still wishes to illustrate a “blueprint
for similar prioritization initiatives” (Bertolino et al. 2020, p. 48), then this should be
based on sound decision-analytic principles and ideally include illustrative examples of
how priorities change with different objectives, management costs and resource con-
straints, such as annual budgets (Joseph et al. 2009; Dodd et al. 2017).

A second pitfall in the aggregation is arbitrariness. EICAT and similar approaches
use qualitative scales, e.g. from Minimal Concern to Massive, based on rigorously
defined criteria that, while inevitably arbitrary, remain internally consistent. However,
this scale is essentially ordinal, not cardinal (i.e. represents order, not quantities): for
example, category 4 (Major) is worse than category 2 (Minor), but not necessarily
twice as bad. This does not change when converted to a numerical scale (1 to 5) as in
Bertolino et al. 2020. Sums and multiplication of such scores still return numerical val-
ues that suggest objectivity, but remain fundamentally arbitrary and carry no biological
meaning (Wolman 20006).

This problem is repeated by scoring manageability on the same 1-5 scale and
multiplying it by the converted impact scores. A species with impact /=1 and man-
ageability M=5 thus scores the same as one with /=5 and M=1, and half the score of
a species with /=5 and M=2. But for management, species 1 and 2 might or might
not be the same, and might or might not be twice as “priority” as species 3. Because
the original scales have no cardinal meaning, such aggregate scores can be unin-
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formative or misleading. In Bertolino et al. (2020), “Spread” and “Overall impacts”
range up to 937.5 and 11718.75, respectively. A decision-maker might conclude
that an overall impact score of 1000 is half as bad as one of 2000, but there is no
logical basis for this interpretation (Game et al. 2013). One should go back to the
original verbal scale and ask themselves: what does it mean to multiply “Major im-
pact” times “Low manageability”?

To reduce arbitrariness, one might express outcomes using natural scales, like
probabilities for chance events (Game et al. 2013). For large-scale assessments, again
it is better to resist the temptation to convert constructed scales to numbers and to ag-
gregate scores. If an overall recommendation is needed, it might be equally arbitrary,
but more transparent, to rank objectives or impact categories separately, then assign
a subjective overall score using the same process, reporting value judgments clearly
(Game et al. 2013).

A third pitfall is that uncertainty influences risk attitudes and priorities (Tulloch et
al. 2015). For example, the expected impacts of species 1 might range from Minimal
to Massive (1-5) and those for species B from Moderate to Major (3—4). Risk-averse
managers might prioritize controlling species 1 which has the highest worst-case im-
pacts, whereas risk-neutral managers might prioritize species 2 which has the highest
“average” impacts (McCarthy 2014). We recommend making uncertainty explicit in
any assessment, following best-practice for horizon-scanning and ICAT assessments
(Roy et al. 2018; Volery et al. 2020). Quantifying uncertainty also improves expert
performance in elicitations (Speirs-Bridge et al. 2010).

Invasive species are a severe and challenging threat to biodiversity, and rigorous risk
assessments help manage them. Principles and methods from decision science can then
complement those assessments, clarifying decision problems and reducing arbitrari-
ness, to prioritize efforts and improve outcomes.
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