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Because of the lack of time, data, and
resources and the need for urgent actions,
ecologists often transfer models devel-
oped for one study system to a different
context. Such transfersimply multiple chal-
lenges, which are identified by Yates and
colleagues [1]. Although being insightful
and elaborate, their review primarily
focuses on correlative species distribution
models (SDMs) whereas in their title they
refer to ‘ecological models’, which would
also include mechanistic models.

Some of the issues in transferring correl-
ative and mechanistic models overlap, as
pointed out by Yates and colleagues [1] in
their Box 3, but some are also unique to
mechanistic models and have been iden-
tified only over the past 10 years or so. As
Yates et al. write in their Box 3, tradition-
ally also many mechanistic models were
entirely based on empirical (i.e., correla-
tive) relationships, but modellers are
increasingly replacing imposed, empirical
relationships with models in which behav-
iours emerge from the adaptive decision
making of individual organisms or similar
first principles. Thus, one main challenge
for the transferability of mechanistic mod-
els is estimating the degree to which pro-
cesses can be imposed versus should be
modelled as emerging property from
underlying first principles.

Mechanistic ecological models have been
transferred on multiple occasions [2,3]
but so far the success is mixed [4,5]. A
main limitation is the legacy of ‘demo-
graphic thinking’, which fails to make
the distinction between imposed and
emergent mechanisms. Demographic
rates — for example, mortality — are often
used as parameters in population dynam-
ics models and parameterized via, for
example, mark—-recapture studies. In this
way mortality is imposed, so that the
model reflects the conditions under which
the underlying data were collected (Fig-
ure 1). Simply extrapolating the model to
new conditions can be highly misleading,
as has been shown with a model
addressing winter mortality of shorebirds
[6]. SDMs are facing the same challenge,
as pointed out by Yates et al. [1].

To allow transfer to new conditions, any
aggregated parameters, such as demo-
graphic rates or parameters describing
species presence—environment relation-
ships, must emerge from what the building
blocks of ecological systems, the organ-
isms, are doing (Figure 1). In other words,
the behaviour of the organisms should
emerge from first principles such as energy
budgets, stoichiometry, photosynthesis,
resource uptake, or, more generally, fit-
ness seeking [7]. A further requirement is
to generically capture the interactions
among individuals, in particular competi-
tion, facilitation, and trophic relationships.
Examples of this ‘next-generation’ type of
ecological models [7] that allow transfer to
new conditions include models of tropical
forest growth and dynamics based on pho-
tosynthesis and allometric relationships [8]
and models of invertebrate population
dynamics based on Dynamic Energy Bud-
get theory [9].
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Consequently, these challenges were not
identified for correlative SDMs [1], as rela-
tions in such models are exclusively
imposed. Further, some of the challenges
identified by Yates et al. [1] for correlative
SDMs are irrelevant for mechanistic mod-
els. For example, the issue of what
response variables make a model trans-
ferable [1] does not apply to mechanistic
models, because what is a response vari-
able in a correlative SDM (abundance or
presence—absence) usually emerges from
lower-level processes in  mechanistic
models. Also, the issue of incorporating
species interactions in model transfers,
identified by Yates et al. [1], is rather nat-
urally dealt with in the context of mecha-
nistic models using the individual as the
lowest entity.

We concur with Yates and colleagues [1]
that solving the issues of model transfer-
ability requires establishing standards for
assessing transferability and investigat-
ing the determinants of ecological
predictability. We submit that an indis-
pensable way to address some of the
transferability issues is by using next-
generation mechanistic ecological mod-
els that are ideally based on first princi-
ples. Such models are more generally
applicable (i.e., across systems and
closely related species) and thus more
transferable. Moreover, mechanistic
models may alleviate some of the trans-
ferability issues of the correlative models
by generating range dynamics as a prop-
erty emerging from the underlying popu-
lation-level processes (as in Dynamic
Range Models sensu [10]). Ecology
needs both correlative and mechanistic
models and neither one is more impor-
tant than the other; thus, both must be
considered.
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Figure 1. The System Behaviour (i.e., Here, Population Dynamics) May Be Imposed by Using Demographic Parameters Obtained from Statistical
Analyses of Empirical Data (e.g., with Capture-Recapture and Survival Analyses). This is often done, for example, in population projection matrix models.
However, the system behaviour in dynamic ecological models emerges from lower-level mechanisms at the individual level. The imposed and emergent system
behaviours are indicated by a down- and an upward arrow, respectively, shown at the left of the scheme. The models with imposed system behaviour fail to capture the
underlying mechanisms and therefore often fail when transferred to new conditions, as shown with the projections of population abundance on the right (incorrectly
projected population dynamics in red). By contrast, the transfers using dynamic mechanistic models are expected to be successful (population dynamics in green; see

Figure 4 in [6] as an example).

Department of Ecological Dynamics, Leibniz Institute for
Zoo and Wildlife Research (1ZW), Alfred-Kowalke-Stral3e 1.
17, Berlin, Germany

2Department of Ecology, Technische Universitat Berlin,
Rothenburgstrasse 12, 12165 Berlin, Germany
3Department of Ecological Modelling, Helmholtz Centre
for Environmental Research — UFZ, Permoserstr. 15,
Leipzig, Germany

“Institute for Biochemistry and Biology, University of
Potsdam, Maulbeerallee 2, Potsdam, Germany
5German Centre for Integrative Biodiversity Research
(iDiv) Halle-Jena-Leipzig, Deutscher Platz 5e, Leipzig, 4.
Germany

*Correspondence: radchuk@izw-berlin.de (V. Radchuk).
https://doi.org/10.1016/j.tree.2019.01.010 5.

© 2019 Elsevier Ltd. All rights reserved.

2 Trends in Ecology & Evolution, Month Year, Vol. xx, No. yy

References

Yates, K.L. et al. (2018) Outstanding challenges in the
transferability of ecological models. Trends Ecol. Evol. 33,
790-802

Finkelstein, M.E. et al. (2010) The anatomy of a (potential)
disaster: volcanoes, behavior, and population viability of
the short-tailed albatross (Phoebastria albatrus). Biol.
Conserv. 143, 321-331

Schtickzelle, N. et al. (2005) Using surrogate data in
population viability analysis: the case of the critically
endangered cranberry fritillary butterfly. Oikos 109, 89—
100

Hernandez-Camacho, C. et al. (2015) The use of surro-
gate data in demographic population viability analysis: a
case study of California sea lions. PLoS One 10,
e0139158

Kleiven, E.F. et al. (2018) Seasonal difference in tem-
poral transferability of an ecological model: near-term

predictions of lemming outbreak abundances. Sci. Rep.
8, 156252

Stillman, R.A. and Goss-Custard, J.D. (2010) Individual-
based ecology of coastal birds. Biol. Rev. 85, 413-434

Grimm, V. and Berger, U. (2016) Structural realism, emer-
gence, and predictions in next-generation ecological
modelling: synthesis from a special issue. Ecol. Modell.
326, 177-187

Fischer, R. et al. (2016) Lessons learned from applying a
forest gap model to understand ecosystem and carbon
dynamics of complex tropical forests. Ecol. Modell. 326,
124-133

Martin, B.T. et al. (2013) Predicting population dynamics
from the properties of individuals: a cross-level test of
dynamic energy budget theory. Am. Nat. 181, 506-519

. Schurr, F.M. et al. (2012) How to understand species’

niches and range dynamics: a demographic research
agenda for biogeography. J. Biogeogr. 39, 2146-2162


mailto:radchuk@izw-berlin.de
https://doi.org/10.1016/j.tree.2019.01.010
http://refhub.elsevier.com//sbref0005
http://refhub.elsevier.com//sbref0005
http://refhub.elsevier.com//sbref0005
http://refhub.elsevier.com//sbref0010
http://refhub.elsevier.com//sbref0010
http://refhub.elsevier.com//sbref0010
http://refhub.elsevier.com//sbref0010
http://refhub.elsevier.com//sbref0015
http://refhub.elsevier.com//sbref0015
http://refhub.elsevier.com//sbref0015
http://refhub.elsevier.com//sbref0015
http://refhub.elsevier.com//sbref0020
http://refhub.elsevier.com//sbref0020
http://refhub.elsevier.com//sbref0020
http://refhub.elsevier.com//sbref0020
http://refhub.elsevier.com//sbref0025
http://refhub.elsevier.com//sbref0025
http://refhub.elsevier.com//sbref0025
http://refhub.elsevier.com//sbref0025
http://refhub.elsevier.com//sbref0030
http://refhub.elsevier.com//sbref0030
http://refhub.elsevier.com//sbref0035
http://refhub.elsevier.com//sbref0035
http://refhub.elsevier.com//sbref0035
http://refhub.elsevier.com//sbref0035
http://refhub.elsevier.com//sbref0040
http://refhub.elsevier.com//sbref0040
http://refhub.elsevier.com//sbref0040
http://refhub.elsevier.com//sbref0040
http://refhub.elsevier.com//sbref0045
http://refhub.elsevier.com//sbref0045
http://refhub.elsevier.com//sbref0045
http://refhub.elsevier.com//sbref0050
http://refhub.elsevier.com//sbref0050
http://refhub.elsevier.com//sbref0050

	Transferability of Mechanistic Ecological Models Is About Emergence
	References


