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Models that predict ecosystem impacts of reintroductions
should consider uncertainty and distinguish between direct
and indirect effects
Hunter et al. (2015) predict the ecological impacts of reintroducing
the Tasmanian devil (Sarcophilus harrisii) to the Australian main-
land by using fuzzy cognitive mapping (FCM). That is, they predict
how the reintroduction of the mesopredator will affect the abun-
dance of a large number of other species in the system. They report
that a Tasmanian devil reintroduction would conserve biodiversity
by increasing vegetation complexity and the abundance of small
and medium sized mammals. As recognised by IUCN guidelines,
this type of modelling is crucial before a species is reintroduced.
However, the methods applied by the authors have two key limita-
tions. First, the authors conflate direct and indirect effects in the
model, leading to incorrect interaction terms. Second, the uncertain-
ty analysis of the FCM model overstates their confidence in the pre-
dicted outcome.

In the FCM method, a network of direct interactions between
species or species groups is used to describe an ecological system
(Dexter et al., 2012). Direct effects are interactions such as preda-
tor–prey relationships. For example, dingoes reduce wallaby abun-
dance by preying on them. If reduced wallaby abundance increases
vegetation, then dingoes would have an indirect effect on vegeta-
tion, mediated through their predation on wallabies. By simulating
a network of direct interactions through time, we can predict how
changes propagate through the ecosystem, with indirect effects
being a naturally emerging property. Only direct effects should
be used when creating ecosystem models, since the model simula-
tion will calculate indirect effects. Known indirect responses have
a place in the modelling process as post-hoc validation of model pre-
dictions (Raymond et al., 2011), but not in the interaction matrix
itself.

Hunter et al. (2015) use a combination of direct and indirect
interactions when constructing their interaction matrix. Con-
sequently, some of their interaction terms have the wrong sign,
while some nonzero elements should be zero. Some interaction
terms are derived from the correlation between the abundance
of the two species under control and treatment conditions. For
example, since bandicoot populations and dingo populations are
either simultaneously high, or simultaneously low, the authors
assert a direct positive impact of dingoes on bandicoots (rdb=
0.42 (Table 1, Hunter et al., 2015)). In contrast, dingoes are
known to prey upon bandicoots, which implies a negative inter-
action (Dexter et al., 2012). The observed positive correlation
is likely to reflect mesopredator release — an indirect effect.
This mistake is repeated for fox/wombat, fox/bush rat, dingo/
wombat, dingo/bush rat, dingo/antechinus, devil/ringtail possum,
devil/greater glider, devil/bandicoot, devil/bush rat and devil/
antechinus interactions. Further, the appendix of Hunter et al.
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(2015) states that dingo/quoll and devil/vegetation complexity
interactions were derived from indirect effects. Another five
terms directly contradict previous FCM work in a comparable
ecosystem (Dexter et al., 2012).

Ecologists will always have a limited understanding of how
large, complex ecosystems operate — this is why uncertain model-
ling is so essential. Our second concern with the methods of Hunter
et al. (2015) is that their simulations assume a very large amount
of confidence in how the novel ecosystem is going to operate.
The model uses Markov chain simulations, where uncertainty is
modelled by randomly adjusting the magnitude of interaction
terms throughout each simulation. The magnitude of the uncer-
tainty modelled by Hunter et al. (2015) is very small. Specifically,
the interaction terms were only varied by plus or minus 0.1. De-
pending on the interaction term, this represents as little as ±12%
of the nominal values, which is very small compared to other eco-
system modelling research. For example, uncertainty around direct
interaction terms usually exceeds ±100% in fully-controlled mi-
crocosm community ecology experiments (Fronhofer et al., 2015).
These systems are spatially and temporally homogeneous with
fewer than five species, with almost perfect observability. Hunter
et al. (2015)’s description of uncertainty implies a very large de-
gree of confidence in the relative strengths of ecosystem interac-
tions. For example, their model states that populations of
Tasmanian devils will have a larger negative impact on rock wal-
labies than dingo populations do. This degree of certainty is a
very strong statement about the relative effects of different preda-
tors, which does not seem justified.

Finally, Hunter et al. (2015) do not propagate their description of
uncertainty through to their predictions, which are reported as
point estimates. A hallmark of qualitative modelling approaches is
a willingness to admit that the information available is insufficient
to determine whether some populations will increase or decrease
(Raymond et al., 2011; Dexter et al., 2012). The confident point-
estimates reported by the authors (e.g., that quoll abundance will
increase by 9% if devils are reintroduced) seem to mask uncertainty
about both the magnitude and direction of the changes. Modelling
ecosystem-wide impacts of management is critically important
and fundamentally uncertain. Modelling and risk analysis should
prepare management for the impact of this uncertainty; in contrast,
the methodology applied by Hunter et al. (2015) gives a false sense
of certainty.
Acknowledgements

This research was funded by an ARC DECRA (DE130100572),
the University of Melbourne, the Australian Government's National
Environmental Research Program, and the ARC Centre of Excellence
for Environmental Decisions.
mpacts of reintroductions should consider uncertainty and distinguish
oi.org/10.1016/j.biocon.2016.01.023

Journal logo
http://dx.doi.org/10.1016/j.biocon.2016.01.023
www.elsevier.com/locate/bioc
http://dx.doi.org/10.1016/j.biocon.2016.01.023


2

References

Dexter, N., Ramsey, D.S.L., MacGregor, C., Lindenmayer, D., 2012. Predicting ecosystem
wide impacts of wallaby management using a fuzzy cognitive map. Ecosystems 15,
1363–1379.

Fronhofer, E.A., Klecka, J., Melián, C.J., Altermatt, F., 2015. Condition-dependentmovement
and dispersal in experimental metacommunities. Ecol. Lett. 18, 954–963.

Hunter, D.O., Britz, T., Jones, M., Letnic, M., 2015. Reintroduction of Tasmanian devils to
mainland Australia can restore top-down control in ecosystems where dingoes
have been extirpated. Biol. Conserv. 191, 428–435.

Raymond, B., McInnes, J., Dambacher, J.M., Way, S., Bergstrom, D.M., 2011. Qualitative
modelling of invasive species eradication on subantarctic Macquarie Island. J. Appl.
Ecol. 48, 181–191.
Please cite this article as: Baker, C.M., et al., Models that predict ecosystem i
between direct and indirect..., Biological Conservation (2016), http://dx.d
Christopher M. Baker⁎
Michael Bode

Michael A. McCarthy
School of BioSciences, University of Melbourne, VIC 3010, Australia

⁎Corresponding author.
E-mail address: cbaker@student.unimelb.edu.au.
11 September 2015
Available online xxxx
mpacts of reintroductions should consider uncertainty and distinguish
oi.org/10.1016/j.biocon.2016.01.023

http://refhub.elsevier.com/S0006-3207(16)30024-6/rf0005
http://refhub.elsevier.com/S0006-3207(16)30024-6/rf0005
http://refhub.elsevier.com/S0006-3207(16)30024-6/rf0005
http://refhub.elsevier.com/S0006-3207(16)30024-6/rf0010
http://refhub.elsevier.com/S0006-3207(16)30024-6/rf0010
http://refhub.elsevier.com/S0006-3207(16)30024-6/rf0015
http://refhub.elsevier.com/S0006-3207(16)30024-6/rf0015
http://refhub.elsevier.com/S0006-3207(16)30024-6/rf0015
http://refhub.elsevier.com/S0006-3207(16)30024-6/rf0020
http://refhub.elsevier.com/S0006-3207(16)30024-6/rf0020
http://refhub.elsevier.com/S0006-3207(16)30024-6/rf0020
mailto:
http://dx.doi.org/10.1016/j.biocon.2016.01.023

	Models that predict ecosystem impacts of reintroductions should�consider uncertainty and distinguish between direct and�ind...
	Acknowledgements
	References


