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Abstract In the shift from the balance of nature to the flux of nature paradigm,
the concept of resilience has gained great traction in ecology. While it has been sug-
gested that the concept of resilience does not imply a genuine departure from the
balance of nature paradigm, I shall argue against this stance. To do so, I first show
that the balance of nature paradigm and the related conception of a single-state equi-
librium relies on what Eliot Sober has named the “Natural State Model (NSM)”,
suggesting that the NSM has instead been dismissed in the flux of nature paradigm. I
then focus on resilience as the main explanatory concept of the flux paradigm. After
distinguishing between two main different understandings of “resilience”, namely
engineering resilience and ecological resilience, I argue that the former is close to
the concept of balance or stability and still part of the NSM, while the latter is not.
Finally, I claim that ecological resilience is inconsistent with the NSM, concluding
that this concept—being incompatible with the NSM-is not part of the balance of
nature paradigm but rather a genuinely new explanatory tool.

Keywords Ecological resilience - Natural state model - Balance of nature - Flux of
nature

1 Introduction

It is generally agreed that a change of paradigm has occurred in ecology due to the

dismissal of the “balance of nature” as a background assumption (Simberloff, 1980;
Pickett & Parker, 1992; Wu & Loucks, 1995). Far from being a rigorously defined
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principle, the balance of nature can rather be considered as a shared belief, an ideol-
ogy (Blandin, 2009), a myth (Kricher, 2009), or even a religious perspective (Marsh
1964)!, but certainly not a neat scientific concept. Nonetheless, it grounded and ori-
ented classical ecological theories by means of a central presupposition: ecological
systems tend to reach a state of equilibrium, and hence to maintain it, by going back
to it after experiencing a shock (Egerton, 1973). The shift of paradigm—that took place
around the half of the 20th century—went hand in hand with the gradual emergence of
a different framework, commonly described by the metaphor of the “flux of nature”
(Pickett & Ostfeld, 1995) in opposition to that of the “balance of nature” (Cudding-
ton, 2001). The alternative framework acknowledges the influence that variation and
fluctuation exert on all ecological systems and denies the traditional assumption of
a stable, single-state equilibrium representing their reference state.”> On the contrary,
it recognizes that ecological systems can go through multiple equilibrium states and
persist’—alternating stable and unstable phases—in the face of disturbances and varia-
tion, whereby the latter are considered as the rule, and not the exception, in ecological
dynamics. In virtue of this substantial difference, ecologists also talk about a “non-
equilibrium” paradigm to distinguish it from the classical, equilibrium-based one
(Pickett et al., 1994; Rhode, 2005). At present, theoretical ecology exhibits a quite
remarkable divide between equilibrium and non-equilibrium advocates; however,
some authors claim that this separation, despite being historically important, is now
barely justified (Cooper, 2001; Eliot, 2011; Van Meerbeek et al., 2021).

Before proceeding, some terminological clarifications are in order. The first
regards the expressions “flux of nature” and ‘“non-equilibrium”, both commonly
used to refer to the new paradigm in ecology. Notably, none of them manages to
wholly grasp the distinctive features of the paradigm: while “flux of nature” stresses
the importance of variability but leaves aside the different role that equilibrium
plays compared to the balance of nature paradigm, “non-equilibrium” is potentially
misleading in conveying the idea that the new paradigm denies the reality of equi-
librium states in ecological systems, which is not the case, as it will be clarified in
the course of this article. Still, since these expressions are of common use in the

! Marsh’s natural theology played an important role in shaping the modern conservation movement.
According to him, the balance of nature is created by God, and humans must take responsibility for its
destruction and repair it with wise ecological practices. See Kingsland’s (2005) historical reconstruction
for a more detailed description of the different roles that the balance of nature idea has played in ecology.
2 The reference state is the configuration of the ecosystem against which change and variation are iden-
tified or, in other words, its “normal” and stable state (Grimm & Wissell, 1997). Different criteria can
be pointed at in the effort to determine a reference state such as, for instance, the set of natural condi-
tions in the absence of human disturbance, or the state of the ecosystem at some point in the past. As
Jax et al. (1998) suggest, reference states are usually invoked as natural or absolute states of ecological
units, thereby implying a strong ontological commitment concerning the nature of ecological objects. An
alternative would be the individuation of criteria for self-identity allowing for the comparison of differ-
ent ecological units according to certain values: in this case, which reflects an epistemological stance,
ecological units are considered as abstractions extrapolated from reality according to historical and social
criteria, with the implication that there would be no natural reference state for ecosystems. For an over-
view of this debate, see Stoddard et al. (2006).

3 Here I follow Delettre’s (2021) account of persistence defined as the maintenance of identity of the
system.
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contemporary ecological debate, in this article I will use them interchangeably. As
for the balance of nature idea, since it has never received a rigorous definition, many
terms have been adopted in ecology to articulate it, including “equilibrium”, “stabil-
ity”, and “resilience” (Delettre & Korniliou, 2022). However, as it was the case with
the original expression, these notions present analogous interpretive problems gen-
erating confusion and indeterminacy. In an attempt to address these problems, some
clarification attempts have been made to classify and better define stability-related
concepts (Grimm & Wissel, 1997; Justus, 2007). In some cases, these attempts
resulted in theoretical proposals suggesting that equilibrium and non-equilibrium
theories—and the relative conceptual frameworks, including the concept of resil-
ience—should be integrated under the umbrella-notion of ecological stability, which
must be defined in comparison with the reference conditions of ecosystems (Justus,
2008; Van Meerbeek et al., 2021).*

In what follows, I will introduce the leading question of my inquiry, i.e., whether
resilience is just another way to name stability and, accordingly, whether the con-
cept of resilience can still be considered to belong to the balance of nature paradigm
(Sect. 1). To address this question, I will develop the following argument: first, I
argue that the balance of nature paradigm and the related conception of a single-
state equilibrium rely on what Sober (1980) characterized as Aristotelian Natural
State Model (NSM) (Sect. 2). To do so, I provide a description of the NSM and
some of its possible biological versions, thereby unearthing a possible analogy with
the classical paradigm of ecology. I then describe the main features of the alternative
paradigm, the flux of nature, showing the differences and the implications in rela-
tion to the traditional one, subsequently focusing on resilience as the main explana-
tory concept of the flux paradigm. After distinguishing between two different under-
standings, i.e., engineering resilience and ecological resilience, I argue that, while
the former is close to the concept of balance or stability, the latter is not (Sect. 3).
Finally, by comparing the main assets of the classical paradigm with the resilience
explanatory framework, I show that ecological resilience is inconsistent with the
NSM (Sect. 4). I therefore conclude that resilience-being incompatible with the
NSM-is not part of the balance of nature paradigm and hence cannot be considered
as the balance of nature under a new name.

2 Framing the question
According to some authors, the demise of the balance of nature paradigm in ecol-

ogy is mainly terminological in nature and has not implied a genuine dismissal
of the general idea that any ecological system possesses the “tendency [...] to

4 Whether resilience, in its actual usage, should be considered as a component of the contemporary con-
ception of ecological stability or as an independent concept is a matter of on-going debate in ecology. To
overcome the conceptual vagueness affecting resilience will surely require taking a position on this mat-
ter. While I will not attempt that in the present article, since it would lead me beyond the circumscribed
research question that inspired it, I genuinely thank Revisor 2 for making the importance of this question
clear to me.
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maintain itself in a certain state or to go back to that state in case of disturbance”
(Delettre & Korniliou, 2022, p. 67). According to this interpretation, the concept
of resilience is just a more sophisticated version of the balance of nature idea. As
a matter of fact, the ways resilience is conceptualized often evoke the traditional,
equilibrium-based framework. For example, Pimm (1991; but see also Gunder-
son, 2000 for other references) defines resilience as the time of return to equi-
librium after disturbance, a definition also applying to the notion of “stability”
as defined by Holling (1973). Following this line of reasoning, the introduction
in ecology of the concept of resilience by Holling in 1973 has, on the one hand,
fulfilled the task of tackling the conceptual indeterminacy affecting the non-sci-
entific and metaphorical expression “balance of nature” and its common-use sub-
stitute, “stability”’; on the other hand, it has met the conceptual needs emerged
with the paradigm change in ecology by complexifying the notion of equilibrium
in ecosystems (e.g. by integrating the role of perturbations and by identifying
thresholds within which equilibrium is maintained despite fluctuations).

While agreeing with the general definition of the balance of nature paradigm
given by Delettre and Korniliou (2022) and the importance they attribute to the
concept of resilience in overcoming its conceptual indeterminacy, it remains
nonetheless questionable whether the concept of resilience should be considered
as belonging to the old balance of nature paradigm. More precisely, what I am
going to suggest in the following sections is that the introduction of the concept
of resilience in ecology implied a genuine change in the explanatory framework
adopted in the field. Indeed, as a central concept of the non-equilibrium para-
digm, it reflects a fundamentally different way of thinking and calls for the devel-
opment of new modelling strategies, thus overcoming outdated, classical models
of explanation in ecology. Hence, that of resilience should be considered a con-
cept not in continuity but rather in opposition to the balance of nature paradigm.

Of course, a familiarity between (certain definitions of) resilience and other
stability concepts cannot be denied. However, I think it is important to take seri-
ously—even if still critically—the role of “paradigm-shifter” that the concept of
resilience has been ascribed since its introduction in ecology (Holling, 1973).
More in particular, on the one hand, it can be noted that the main problem investi-
gated by the two ecological paradigms—i.e., the “balance of nature” and the “flux
of nature”—is the same: the relationship between persistence and variability in
natural systems (Pickett & Ostfeld, 1995). On the other, however, the way this
problem is addressed, the models and measurements adopted, the theoretical and
practical implications, as well as the solutions proposed by each side are differ-
ent and not reducible to each other. I shall try to illustrate all this in the following
sections.

3 The balance of nature and the natural state model
As I have anticipated in the introduction, I will now provide a description of the

balance of nature paradigm as an ecological instantiation of the so-called Natural
State Model. The idea that the natural sciences in general have been influenced by
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a theoretical model based on some notion of a natural state has been highlighted,
among others,” by Sober (1980). According to him, the NSM is an explanatory
model based on an Aristotelian conception of natural essences that still exerts influ-
ence on different domains of scientific thinking. While Sober’s inquiry mainly
focuses on the influence of the NSM on genetics and biological accounts of develop-
ment and evolution, I am going to argue that this model has been operative in ecol-
ogy as well. To do so, I will first provide a characterization of the NSM by exposing
its prototypical form, i.e., Aristotelian physics and biology. Then, I will show how
it works in modern biology and, analogously, in ecology, specifically in the form
of the balance of nature paradigm. I believe that reading the classical paradigm of
ecology with the NSM lens could improve the understanding of the nature of the
paradigm shift in ecology and of the role that the concept of resilience has played in
such shift.

As anticipated, the metaphysical roots of the NSM may be found in Aristotle’s
texts. Probably, a good starting point for exposing it is the Aristotelian theory of
place. According to this theory, which is central to Aristotelian physics, the sim-
ple entities—namely earth, water, air, and fire, composing all animate and inani-
mate natural bodies—have a proper place representing the natural destination of
their movement. It is important to note that, in this theory, movement is presented
as the main kind of change since, after all, everything that happens in nature implies
a change of place of the elements and of the objects—i.e., the substances—they com-
pose. Aristotle conceives change as the actualization of a potentiality that is inher-
ent to each substance (Bodnar, 2018). In the ever-changing world, movement can
either follow a natural trajectory, i.e., toward the proper place of the element, or
the substance, that is moving; or it can be interrupted or deviated by interfering
forces. In other words, every natural body moves toward its proper place,® unless it
is deflected or stopped by some other cause. This happens because, in Aristotelian
physics, natural bodies—contrary to artificial ones—contain the principle of move-
ment in themselves, i.e., they have the inherent tendency to follow fixed directions,
leading to their natural state or, if they already are in their proper place, to remain
there naturally, unless an external force causes their displacement. The implications
of the theory of place for physics and biology lead to that way of explaining natural
phenomena that Sober (1980) has labelled as “Natural State Model”.

The explanation of the reproduction of the organism given by Aristotle is an
instance of the application of the NSM to biology. According to Aristotle’s account,
each organism contains and expresses an eidos, a formal essence shared with all
the other individuals of the same species (type). Any interfering force causally
influencing the execution of the development program’ leading to the eidos results

3 See, for instance, Delbriick (1971), Simberloff (1980), Mayr (1982), Kupiec (1999) and Gottlieb and
Sober (2017).

% Following Morison (2002, p. 51), Aristotle’s place has causal, explanatory, and defining power over the
elements: "[Aristotle] has in mind the power that places have to define what the elements are, for the ele-
ments would not be that way they are if their own places were not related in the way they are. This tells
us something about how places play an explanatory role in, or make a difference to, the world".

7 The Aristotelian eidos has been equated with the modern concept of genetic program by many authors,
for instance Delbriick (1971) and Mayr (1982).
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in a deviation from the type and a failure to reach the natural state (Sober, 1980).
According to Aristotle, the organism’s existence, indeed, doesn’t always lead to the
manifestation of the organism’s essence, but it is rather subjected to accidents and
contingencies that can cause a departure from the natural state (Kupiec, 1999). It
is important to note that such deviation is viewed as a failure in reaching the proper
essence. This implies a strongly normative connotation of the natural state, both in
the Aristotelian thought—deviated organisms are ferata, “monsters’—and in succes-
sive elaborations. Throughout the history of the natural science, what is considered
natural sets the norm against what is not.

Due to the historical authority exercised by Aristotle’s natural philosophy, the
NSM maintained a great influence throughout the history of the natural sciences.
Accordingly, variants of the model provided the basis for many pre-Darwinian
accounts of biological variability, inspiring both static and evolutionary accounts
(Sober, 1980). Both kinds of theories presuppose indeed a set of natural regulari-
ties governing the normal path of organismal development (i.e., the path leading to
only one possible outcome or natural phenotype) and a multitude of interferences
(e.g., environmental variables) interrupting and deviating that process. Under the
NSM, variability in nature was explained either as deviation from type or as inter-
ference with the natural plan of development and evolution. It was only after the
emergence of Darwin’s theory of evolution that alternative models accounting for
variability were proposed. The idea that variation is a constant of life, and that it has
real causal efficacy in shaping biological processes—and that, as a consequence, is
not merely noise, either produced by nature or discounted as causally irrelevant by
the observer—significantly changed biologists’ way of thinking (Mayr, 1982).

However, even in contemporary biology, it is still possible to detect traces of the
NSM. For instance, contemporary research in developmental biology is still typi-
cally based on the intentional idealization of “normal stages”, while variation (such
as that generated by the processes underlying phenotypic plasticity) is ignored as
noise (Love, 2010). While this reasoning strategy has many advantages for bio-
logical research—allowing experimental replication, unambiguous communica-
tion among researchers, and the elaboration of predictions and generalizations—it
can engender actual blindness towards variability, for instance by underestimating
its developmental and evolutionary role and neglecting research on its function.
Moreover, despite the important contributions of alternative approaches (Gilbert
& Epel, 2015; Jablonka & Lamb, 2005; Lewontin, 2000), the genome is still often
conceived, both within a considerable part of the scientific community (Rosenberg,
1997; Wolff, 2013; Wolpert & Lewis, 1975) and among the general public (Gilbert,
2023; Maienschein, 2016), as a program directing development and determining the
important features of the phenotype. This reductionist approach is considered to be
no longer adequate for explaining the complexity of developmental and evolution-
ary processes (Keller, 2002) and the reason for this resides in its commitment to (a)
a natural state of biological entities; (b) a fixed, pre-determined pathway of devel-
opment; and (c) the characterization of mutation or environmental influence as an
interfering force. That being said about ancient and modern biology, I shall now
argue that something analogous has happened in ecology.
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As a way to postulate a natural order underlying the variety of ecological phe-
nomena, the balance of nature paradigm exhibits a striking familiarity with the
NSM. This consonance underlies my suggestion that a version of the NSM operates
in the classical paradigm of ecology as well. In what follows, I will motivate this
claim by providing a description of the first comprehensive theory of ecology, which
is also the very first attempt to render the balance of nature paradigm scientifically
respectable (Simberloff, 1980; Tobey, 1981), namely, Frederic Clements’ theory of
community succession. According to Clements (1916), ecological communities® are
superorganisms whose development follows a pathway of fixed stages called succes-
sion. Clements gives the name “climax” to the last stage of succession, representing
the ultimate and reference state of the community. The climax is characterized by an
optimal fit between the biological organization of the community (e.g., species dis-
tribution, population regulation) and the external environment (mainly the climate).
This implies the efficiency of community functions and—significantly—a long-lasting
condition of stable equilibrium. Which climax type characterizes each community is
mainly determined by the climate: according to the climatic conditions, the climax
configuration will display a specific composition and structure. Failure to reach or
maintain the climax is due to the interference of external agents, such as natural dis-
ruptive events or human activities, that within this framework are only considered as
disturbances (McDonnell & Pickett, 1993).

In Clements’ theory, the climax formation, being conceived as the mature stage
of the community—through which it succeeds in exemplifying its type—can be con-
sidered in analogy with the adult and reproductively successful organism in tradi-
tional developmental biology, and hence as the natural state of ecological communi-
ties. Succession is likewise considered as a progressive pathway of “normal stages”,
reminiscent of the Aristotelian movement or the genetic program directing the
development of the organism. Given such a predetermined pathway towards a single
steady state, every disturbance—be it natural or human-induced-is conceived as an
interfering force that could delay, deviate, or arrest the succession of the community
toward its climax. Communities that did not reach their climax state are considered
as incomplete or deviant communities, thus finding no place in the taxonomy of nat-
ural ecological units.

As already mentioned, the rigid teleological structure theorized by Clements can
be considered the first explicit scientific conceptualization of the balance of nature
idea, as well as the first paradigm of ecology (Pickett & Ostfeld, 1995). While Cle-
ments’ theory of ecological succession applied to vegetational communities, other
ecologists adopted a similar conceptual framework for the study of animal popu-
lations.’ Notably, mathematical models describing population regulation dynam-
ics—such as the Lokta-Volterra equations—gained huge importance in the 50s. Gener-
ally, they related the stability of population to their diversity or complexity (Justus,

8 Throughout the history of ecology, a broad array of ecological units has been chosen as units of study.
While Clementsian ecology was focused on communities, today the most common unit of focus is the
ecosystem (Golley 1993; Voigt 2011).

9 See Cooper (2001) for an analysis of the balance of nature in population ecology.
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2007). Ecosystem ecology as well has emerged within the balance of nature para-
digm’s dominance. Indeed, when Arthur Tansley’s (1935) introduced the concept
of ecosystem in ecology, he defined it in relation to equilibrium: the more stable its
equilibrium, the more an ecosystem will persist (Golley, 1993). Later on, Eugene
Odum’s (1953) classical characterization of the ecosystem was even more strongly
positioned in line with a Clementsian version of the balance of nature paradigm:
ecosystems developed following a progressive succession, with an inherent ten-
dency to reach homeostasis, a steady state in which inputs and outputs of energy are
balanced.'” In light of the similarities with the features of the NSM exposed above,
it is thus reasonable to argue that the NSM generally underpins ecological theories
developed within the equilibrium paradigm (or that the paradigm can be conveni-
ently interpreted in such terms). To synthetize, the ecological version of NSM can
be generalized as follows: (i) ecological systems possess only one possible natural
state, (ii) there is a fixed, pre-determined pathway of development that must be fol-
lowed by ecological systems to reach their natural state, and (iii) those forces inter-
fering with that pathway hinder the normal development of ecological systems and
hence deviate them from their natural state.

Given that, starting from the 60 s, ecology has assumed a growing importance
in guiding environmental policies (Worster, 1994), the implications of the NSM
for resource policies and ecosystem management should be mentioned at this junc-
ture. Despite the faith in the deterministic nature of succession (Simberloff, 1980)
and in the climax (i.e., a single reference state resulting necessarily from the “natu-
ral” development of an ecological system), the pitfalls of the classical framework
emerged during the first environmental management interventions. Clements’ climax
theory revealed its poor predictive power, often resulting in the unsatisfactory or
even harmful management of ecosystems (Botkin, 1990, Pickett et al., 1992, Mori,
2011). One iconic example is the case of the American Northern Plains, destroyed
because of the combined effects of intensive agriculture and a series of aggressive
dust storms that occurred during the 1930s, a phenomenon historically popularized
as the “Dust Bowl”. On that occasion, restoration practices were planned accord-
ing to Clements’ theory of succession. The intended goal was to restore the climax
of the Plains—their “natural” configuration—by re-introducing the native species and
waiting for the spontaneous development of succession. However, all efforts failed
because the altered initial conditions of the Northern Plains ecosystem'' couldn’t
allow the establishment of what was considered the only possible final stage of suc-
cession. In general, during the second half of the 20th century, disagreement toward
the environmental determinism implied by Clements’ theory—and its relative policy
implications—gradually spread by hand of an emerging scholarship.

The main reason for the growing discontent with Clements’ theory was that it
couldn’t withstand empirical scrutiny. Indeed, it is a general feature of equilibrium
theories at any level of biological organization to adopt a somehow aprioristic and

10" See Golley (1993) for a more detailed discussion of this topic. See also Worster (1994) for an interpre-
tation of the non-equilibrium paradigm as “post-Odum” ecology.
""" For a more detailed account, see Jackson (1992) and Worster (1994).

@ Springer



Resilience and the shift of paradigm in ecology: a new name for... Page 9 of 24 2

speculative approach to ecological dynamics. On the one hand, such an approach
allows for the elaboration of sophisticated and mathematically sound models, allow-
ing for relative predictive success. On the other, however, as components and inter-
actions are added to increase models’ realism and adequacy, it gets more and more
difficult to provide the relative empirical measurements (Justus, 2007). In other
words, it gets difficult to corroborate empirical observations through such theoreti-
cal a priori models. A relevant example in ecology, described by Justus (2008), is
the so-called Lyapunov stability. Named after the mathematician that elaborated
the relative equations, this model for stability efficiently fits physical systems, as it
accounts for perturbations affecting the values of the system’s variables. Accord-
ingly, it has been used in ecosystem ecology as well for describing population fluc-
tuations. However, Lyapunov stability fails in accounting for changes in the values
of the system’s parameters: in other words, it does not capture the effects of pertur-
bation at the level of the structure of the system, which in turn affects the behaviour
of the variables. While this seldom happens in the case of controlled, close physical
systems, it is quite common for complex, open systems such as ecosystems. Hence,
as Justus (2008) concludes, Lyapunov stability is not an adequate theoretical tool for
understanding ecosystem’s stability.

It was exactly this disconnection between the speculative and the empirical
results in ecology that, by the end of the 20s, brought Henry Gleason and, later,
an increasing number of ecologists to question Clements’ doctrinaire approach and
make pleas for a more realistic—i.e., more empirically-based—framework for explain-
ing ecological phenomena (Kingsland, 2005). As I will expose more broadly in the
next section, this divergent attitude resulted in the advancement of a set of theories
and methodologies bearing a stronger focus on the variability of environmental con-
ditions, rather than on the natural balance.

4 The non-equilibrium paradigm and resilience

Henry Gleason, an American botanist contemporary to Clements who, at that time,
was investigating the vegetation of Illinois, is generally considered the pioneer of the
non-equilibrium paradigm (Kingsland, 2005; MclIntosh, 1975). He devoted a con-
sistent part of his work to elaborating a critique of Clementsian ideas. In particular,
at the base of his disagreement with the colleague was the question of the nature of
the ecological community. Gleason strongly refuted Clements’ organismal concep-
tion and advanced instead what he called an “individualistic” view (Gleason, 1926).
The motivation for this proposal originates in the observations that Gleason himself
collected on vegetation assemblages in Illinois, in the course of which he could note
that the species distribution was not homogeneous in nature, contrarily to what was
assumed at the time. He rather noted a random, fluctuating and heterogeneous distri-
bution of vegetation, contrasting with the traditional conception of ecological com-
munities as well-defined, integrated entities that could be classified by their climax.
Consequently, in Gleason’s opinion the Clementsian organismal view of ecologi-
cal communities was untenable. Ecological reality should not be seen as organized
in organism-like communities, following an orderly, predictable and progressive
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development towards a self-perpetuating climax. Rather, Gleason claimed, a vegeta-
tion assemblage is but a “temporary and fluctuating phenomenon” (Gleason, 1926,
p. 93) resulting from contingent conditions rather than from an internally determined
development. From Gleason’s account of the nature of ecological entities naturally
follows a novel view concerning the dynamics of their change. The variability that
can be empirically observed in the dynamics of ecological assemblages could not
be interpreted as mere noise or deviation from type. The accumulating evidence of
fluctuation and retrogressive!? tendencies in the succession of ecological communi-
ties were in sharp contrast with the idea of a pre-determined progressive path toward
a single final stable stage.

Summarizing what has been exposed so far, the individualistic conception of
ecological units and the relevance attributed to environmental fluctuation were thus
the main elements of Gleason’s critique toward Clements’ climax theory (Mcln-
tosh, 1975). Gleason’s ideas gave the impulse to a new wave of research in ecology,
in which more emphasis was dedicated to aspects of contingency and variation in
the study of ecological communities, thus refusing the natural state approach that
was typical of the balance of nature paradigm. The classical ideas about a progres-
sive succession leading to a stable climax were increasingly challenged (Whittaker,
1957), as they proved to be misleading hypotheses once they were tested on the field
or confronted with empirical observation (Kingsland, 2005). Many alternative theo-
ries, measurements, and models emerged, both in population ecology (see Rhode,
2005 and Justus, 2007 for an overview) and, between the 60s and the 70s, in ecosys-
tem ecology (Holling, 1973), resulting in the emergence of a non-equilibrium para-
digm, in which change—and not equilibrium—is considered as the real driver of natu-
ral phenomena. The contrasting features of the equilibrium and the non-equilibrium
paradigms have been summarized by Cooper (2001, p. 489) as follows:

[...] the importance of history over ahistorical equilibria, contingency over
“laws” of population growth and community composition, the uniqueness of
actual individuals over the homogeneity of the abstract individual, pluralism
over monolithic theory, and chance over determinism. "

It is important to specify that the kind of equilibrium that is rejected by non-equi-
librium theories is the one that Cooper defines as “ahistorical”. Indeed, Clements’
characterization of the climax could be considered an instance of such an ahistorical
conception of equilibrium, i.e., as a fixed and pre-determined reference state that

12 Retrogressive succession occurs when an ecological community changes following opposite direc-
tions compared to progressive succession (Shugart 2001). Hence, if progressive succession is usually
intended as a change in the direction of increasing species diversity, structural complexity and stability,
retrogressive succession implies a decrease in these factors.

13 To this description could added the distinction between equilibrium and non-equilibrium theories
given by Pickett et al. (2007). According to these authors, theoretical ecology thus illustrates the distinc-
tion between equilibrium and non-equilibrium theories: in the case of the former “interactions [of the
ecological system] are considered to be stationary, or the same through time”, while in the case of the
latter “episodic and rare events may sometimes alter the dynamics of the system, and understanding the
current state of a system is not sufficient to understand the trajectory through time” (p. 118).
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ecological communities are “programmed” to reach—either as a result of a pre-deter-
mined development process or by following an intrinsic tendency—independently of
the historical and contingent conditions. In other words, non-equilibrium ecology
rejects the notion of equilibrium as a natural state. Therefore, in no way this means
that the non-equilibrium paradigm denies the existence of equilibrium states in the
dynamics of ecological units: rather, equilibrium must be considered as a relative
and contingent condition, while the possibility of a multiplicity of possible equilib-
ria of complex ecological systems must be recognized and, furthermore, unstable
phases, disequilibria or non-linear dynamics are not to be interpreted as noise or
deviations from type, but rather as part and parcel of typical ecosystems’ behaviour.
At the same time, this alternative interpretation of ecological dynamics engendered
a tension: how could the relationship between the persistence and relative stability
of ecological systems and their constant variation be explained, given that in the
new paradigm the notion of equilibrium has lost its privileged explanatory power?
In order to solve that tension, non-equilibrium theories needed an alternative explan-
atory concept to the single-state equilibrium. What kind of concept could play this
role?

To answer this question, let me summarize what has been said so far. From the
perspective of the new flux of nature paradigm, the main shortcomings of the classi-
cal ecological paradigm—both for the understating of the actual ecosystem behaviour
and for environmental management—derive, on the one hand, from the conception
of equilibrium as a global, single-state reference point and, on the other, from the
relegation of natural variability to the status of noise (Holling & Meffe, 1996; Pick-
ett & Ostfeld, 1995). Resilience has been recognized by an increasing number of
ecologists as a promising concept to deal with both issues, rapidly gaining a central
relevance in the new paradigm. The concept of resilience has been introduced in
ecology by J. C. Holling by transferring it from its original domain, i.e., mechanics,
and readapting it to ecology (Alexander, 2013; Reid & Botterill, 2013). The main
reason for introducing the concept was that, despite the new empirical evidence and
the crisis that the balance of nature paradigm was undergoing, ecology was still
focused on the idea that an ecosystem is defined by a global single-state equilibrium,
i.e., a condition of stability thought to be its optimal configuration, characterized by
efficiency of function (Holling, 1973). As a way to step out from such a persistent
attitude toward ecosystem dynamics—and to avoid its deleterious implications for
resource management (Holling & Meffe, 1996)-Holling inaugurates a new research
framework in ecology by elaborating the original definition of resilience relevant for
ecology'*:

Resilience determines the persistence of relationships within a system and is
a measure of the ability of these systems to absorb change of state variables,
driving variables, and parameters, and still persist. (Holling, 1973, p. 17)

According to Holling (1998), a “transition in ecology” was needed in order to
harmonize the contributions of ecological scientific inquiry and environmental

14 More precisely, the notion of resilience was already widely used in engineering and construction dis-
ciplines as a property of building materials (Hassler & Kohler, 2014).
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policies in the practice of ecosystem management. In his view, ecologists must be
sensitive to the practical implications of their scientific activity and should engage in
guiding policy efforts to tackle the many problems affecting the interaction between
people and nature in contemporary time. As another leading scientist in the resil-
ience research has pointed out in a popular article (Folke, 2006), old perspectives
postulating ecosystems’ self-regulation toward equilibrium are inadequate for under-
standing the role that disturbances have on ecosystems’ behaviour, thus impacting
negatively on the possibility of sustainable environmental management. The primary
reason for the introduction of the concept or resilience was, then, the development
of an ecological science practically adequate to deal with environmental governance
issues. Of course, this aim could only be achieved with the integration of a broader
resilience-related conceptual framework—including, among others, the notions of
perturbation, variation and stochasticity—in non-equilibrium ecological theories.
Unsurprisingly, this conceptual innovation inaugurated a phase of intense
research which rapidly widened Holling’s seminal definition. A growing network
of scientists focusing on the potentialities of resilience for the understanding of eco-
logical systems and produced a variety of different interpretations and redefinitions
of the concept (Brown, 2014; Desjardins, 2015). On the one hand, the emergence of
such a varied and rich framework of “resilience thinking”'> has eventually allowed
to cross boundaries between sciences and to unify ecology and the social sciences
under the umbrella of resilience thinking (Adger, 2000; Folke, 2006; Mathevet &
Bousquet, 2014). On the other, however, justified worries have been raised that
the acritical multiplication of definitions and uses may result in both terminologi-
cal ambiguity and dilution of the scientific significance of the notion (Brand & Jax,
2007). Moreover, the concept is increasingly used with a normative connotation,
making it a controversial discursive tool in the wake of its predecessor, the balance
of nature idea. Indeed, environmental management, but also in other contexts like
social and urban planning, disaster risk reduction, psychology, economics, and so
on'® increasingly equate resilience to a desirable property of any system in absolute
terms (Klein et al., 2003), without contextualizing or operationalizing it. This state
of affairs generates controversy: for example, both natural and social systems, e.g.,
a lake in a eutrophic state (Holling, 1973) and a totalitarian regime (Holling, 2001),
can intuitively be resilient in undesirable ways, generating justified suspect over
some of the current uses of the concept (Reghezza-Zitt et al., 2012). Furthermore,
the fuzziness affecting the concept of resilience might lead to misapplications, espe-
cially when it is prescribed to individuals or collectives in the face of various kinds
of distress (Davoudi, 2018). These concerns have been answered by efforts to distin-
guish the different frameworks in which the concept of resilience is embedded and
by making pleas for better-informed uses (Alexander, 2013; Brand & Jax, 2007).

15 By the turn of the twentieth century, resilient thinking eventually converged in the institutionaliza-
tion of a specific journal, Ecology and Society, and of the Resilience Alliance interdisciplinary scientific
network.

16 For a detailed review of the meanings and contexts of the use of the term “resilience”, see Reid and
Botterill (2013).
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While the disquiet around the problems affecting the broad field of resilience think-
ing is justified and deserves careful attention, it is a strand of analysis that would
lead beyond the scope of this work. Therefore, in what follows I will limit my analy-
sis to the explicatory role played by the concept of resilience as a scientific concept
in the field of ecology.

Elaborating on what has been said so far, it is important to note that, in the
original definition of the concept of resilience, both persistence and change are
included, a feature that remains traceable also in the subsequent definitions of the
term. Explaining the relationship between the persistence and change of ecologi-
cal units was also the role that the notion of single-state equilibrium played in the
balance of nature paradigm. Contrary to the older paradigm, however, resilience is
conceived as an “ability” or “capacity”—and not a “state”—that ecological systems
display—to varying degrees and in various modalities—in their dynamic behaviour:
as such, it implies the rejection of the postulation of equilibrium as a natural state
resulting from the development of ecological systems or determining their dynamics
in order to preserve their identity when confronted with interfering forces. However,
the meaning that resilience is currently ascribed in ecology does not correspond to
the original one (Reid & Botterill, 2013). In its original context, i.e., mechanics,
the notion of resilience was used to describe the strength, elasticity and ductility of
materials to which force is applied. The more resilient the material, the more rapid
its return to the pre-disturbance conditions. Consequently, determining the resilience
of an object allowed engineers and builders to know how much pressure could be
applied to it before its rupture. As it has been observed (Bodin & Wiman, 2004), this
way of intending resilience equates it with elasticity and considers it as a component
of stability, which is usually the central focus when investigating the qualities of a
system for technological reasons. Indeed, when considering a mechanical system,
the point is usually to ensure its durability and efficiency by excluding the possibil-
ity of oscillations or non-linear behaviours. But the kind of systems ecology deals
with are not the closed, simplified ones that are the object of mechanical science.
On the contrary, ecological systems are complex systems, i.e., open systems pre-
senting a high number of components, a high number of interactions among those
components, a certain degree of disorder, as well as feedback mechanisms, all fea-
tures generating emergent properties'’ that distinguish ecological systems from the
closed, simplified ones that are the object of engineering science. As Holling noted,
the mechanical definition of resilience, that he labels engineering resilience, can-
not apply to ecological systems. An adapted ecological version is required. Holling
hence provided a distinction between two possible meanings of resilience: the just
mentioned engineering resilience and ecological resilience.

Engineering resilience measures the speed of return of a system to the previ-
ous equilibrium state, or “normal regime”, after disturbance. Usually, in ecology
this understanding of resilience is used in management contexts where the focus

17 This list of features characterising complexity is taken from Wiesner and Ladymann (2020); the emer-
gent properties these authors argue to be the result of complexity are nonlinearity, self-organisation,
robustness of order, nestedness, robustness of function, adaptive behaviour, modularity and memory. All
of them are studied in ecosystems and in socio-ecological systems.
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is on the efficiency, constancy and predictability of ecosystems, which are con-
ceived as mechanical systems, or—in the case, for instance, of croplands or grass-
lands—designed for single-operating objectives (Holling & Mefte, 1996). Here, dis-
turbance is viewed as an undesirable event that must be limited as much as possible
to prevent inefficiency.

Ecological resilience measures instead the magnitude of disturbance that an
ecosystem can absorb before redefining its structure by changing the variables and
processes determining its behaviour (Ibid.). In this understanding of resilience, the
occurrence of multiple equilibrium states is recognized, with disturbance possibly
influencing transitions between different states.

It has been noted that the engineering definition of resilience corresponds to
the traditional notion of ecological stability, i.e., the ability of an ecosystem to
return to an equilibrium state after a temporary disturbance (Holling, 1973).'8
However, this notion is implicitly committed to the assumption of a global and
single-state equilibrium to which ecological systems strive to return (Gunder-
son, 2000). Therefore, by postulating such equilibrium, the concept of engi-
neering resilience is still part of the balance of nature framework and its related
commitment to a natural state. More in particular, it corresponds to the tradi-
tional notion of stability as it delivers its same explanatory role, i.e., to account
for the persistence of ecological systems through change. Conversely, ecologi-
cal resilience, by recognizing the possibility of different equilibrium states and
the constitutive role played by disturbances in shaping ecosystem development,
does not correspond to the traditional notion of stability. It rather seems to be a
genuinely new concept, even if there is not, at present, consensus over its proper
definition. According to some, resilience is a multi-dimensional (Desjardins,
2015) or polysemous (Strunz, 2012) concept, being conceived either as a set of
properties (Carpenter et al., 2001) or in conjunction with other properties, like
adaptability and transformability (Walker et al., 2004). According to others, it
is a stability concept (Justus, 2008; Van Meerbeek et al., 2021). There is also
who claims that resilience cannot be characterised independently of context but
should, instead, be used hand in hand with the specification of the system (resil-
ience of what?), the type of disturbance (resilience to what?) (Carpenter et al.,
2001) and the type of identity that must be conserved in the system (Delettre,
2021), which are all specifications depending on the choice of the observer. In
any case, because it departs from the traditional notion of stability in describing
ecological systems’ behaviour, it is resilience understood sensu Holling, i.e., as
ecological resilience, the version of the concept that should be used in ecologi-
cal research (Brand & Jax, 2007).

While resilience theory gets more and more sophisticated, its measurement
and practical applications remain underdeveloped (Folke, 2006). The insufficient
operationalization of the concept can be explained by both the complexity of the
property it denotes—including ecological thresholds and the response of a system

'8 This meaning of the concept of stability is not the only possible. Indeed, stability is defined and used
in a variety of ways. See the already quoted Justus (2008) and Grimm and Wissell’s (1997) guide to the
many stability concepts in ecology.
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to different disturbances, many of which are structural (Justus, 2008) or act at
different spatial and temporal scales (Mori, 2011)—and by the lack of consen-
sus over its meaning and interpretation in ecological theory. However, the dif-
ficulties in empirically assessing and measuring this property and, consequently,
in applying the concept to practical projects contrasts with one of the central
features of the non-equilibrium paradigm-at least in its “reasonable” versions
(Cooper, 2001)-i.e., its strong focus on empirically-driven research. Nonethe-
less, efforts towards a more adequate quantification and measuring of resilience
have been made (see Hodgson et al., 2015 for a programmatic overview). As a
result, while they still have not turned into a uniform modelling strategy, for-
malization attempts have at least revealed some key differences with equilibrium
models. First of all, perturbations and disturbance regimes are included in non-
equilibrium models; this implies that they are not merely considered external
interferences but, rather, as part and parcel of ecosystem dynamics. However,
given the unpredictable nature of environmental shifts and the often-non-linear
behaviour of disturbance regimes, it should also be highlighted that it is not
easy to include environmental disturbance in the models (but see, for instance,
Mumby et al. (2013) in the context of coral-reef resilience measurement study).
Secondly, temporal and spatial scale effects must be included in modelling, as
the resilience framework accounts for cross-scale effects in ecosystem dynamics
in response to disturbances. For instance, Falk et al. (2019) provide a model of
scaled resilience in relation to a case study disturbance, i.e., fire affecting for-
ests. Disturbance and the ecosystem response it triggers are described on three
axes: spatial extent of disturbance, recovery time and level of biological organi-
zation involved (individuals, populations, communities). The bigger the spatial
and the temporal scale of the disturbance, and the greater its intensity, the higher
the organizational level and the longer the temporal extent are required for the
ecosystem to show resilience. These are just a couple of selected examples in the
growing literature concerning resilience modelling. Much work is certainly still
to be done before resilience becomes a truly operationalized property that could
be used in management projects.

S Ecological resilience and the natural state model

In the previous section, I argued that engineering resilience—corresponding to the
notion of stability—is part of the traditional paradigm, while ecological resilience
may be instead a truly new explanatory tool. In the remainder, I will critically
address the question, introduced in Sect. 1, whether the concept of resilience is still
committed to the balance of nature paradigm.

Before proceeding, I need to make a quick clarification: having distinguished
between engineering and ecological resilience and individuated the latter as the rel-
evant version of the term for ecological inquiry, from now on I will solely refer to
the ecological understanding of the concept of resilience. In doing so, I will follow
Holling’s inaugurated line of thought, and therefore refer to other, successive elabo-
rations on the concept of resilience.
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If resilience were a concept operating within a balance of nature framework, as
Delettre and Korniliou (2022) have suggested, then—having individuated the NSM
as the general way of reasoning underlying the balance of nature paradigm—it should
exhibit some reference to—or at least be consistent with—-some notion of a natural
state, which in ecology is usually represented by the global, single-state equilibrium.
In order to establish if this is the case, the concept of resilience will now be tested
against the relevant aspects of the NSM presented in Sect. 2, namely (i) the exist-
ence of a single natural state (ii) the existence of fixed and necessary pathways to
reach it and (iii) a negative conception of disturbances as external forces interfering
with natural development.

(1) Does the concept of resilience make reference to or imply the existence of a
natural state for ecological systems? Throughout Sect. 3, I have illustrated how eco-
logical resilience fundamentally rejects any reference to a monistic conception of
equilibrium. Actually, Holling’s formulation of the ecological meaning of resilience
precisely aimed to provide an adequate analytic tool for multi-state fluctuating eco-
systems. Ecological resilience indeed describes the amount of disturbance an eco-
system can deal with before shifting to an alternative regime of behaviour: this does
not imply that, during and as a result of this shifting, the ecosystem fails to reach
equilibrium, but rather that it can cross—without deviating from any natural state—a
variety of possible stable states characterized by different structural, organizational
and functional properties.'” Stable states are thus possible, but they are temporary
and contingent and they don’t constitute natural reference conditions of ecological
systems (Pickett et al., 1992).

(i1) Does the concept of resilience make reference to or imply the existence of a
pre-determined path that ecological systems must follow to reach their natural state?

From the negative answer to (i), it logically follows a negative answer to (ii):
since no natural state is implied in the concept of resilience, it is impossible that it
could imply the existence of a unique, pre-determined succession like the one theo-
rized by Clements for ecological communities. If an ecosystem can cross among
multiple equilibrium states, and if the transition between states can be influenced by
disturbance events, then the conception of an entirely internally-determined devel-
opment—assumed in the NSM as the necessary path to reach the natural state—can
only be seen as an idealization. Therefore, resilience does not manifest itself through
sequences of “normal stages” that can be predicted or prescribed to ecological sys-
tems. On the contrary, many possible trajectories are possible according to the spe-
cific historical conditions of each ecosystem, which are unique and irreproducible.
Change is determined both by disturbance coming from outside the ecosystem and
by interactions among its internal components at different scales (Pickett & Ost-
feld, 1995). Thus, ecosystems are not predictable in their behaviours and should be

19 The basic question underlying the possibility of alternative stability regimes is how the persistence
through change can be explained: how can an ecosystem remain “the same” while shifting across differ-
ent states? Answering this question would require, first, determining the ontological status of ecosystems,
and then endorsing a specific theory of identity of biological objects. It is beyond the scope of this article
to make a contribution in this sense. Possible accounts for an investigation in this direction are Jax et al.
(1998) and Huneman (2011, 2014a, b).
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studied in their context and complex organization. Indeed, their processes occur at
different spatial and temporal scales creating non-linear effects (Holling & Meffe,
1996). Resilience is hence only observable at specified temporal and spatial scales
in ecosystem (Walker et al., 2004) and in no way presupposes a global end state to
be reached as a result of a pre-determined linear succession.

(iii) Are disturbances just disruptive interferences?

Disturbance assumes, in relation to ecological resilience, an important causal
role. Not only disturbance is granted a full ontological status; in fact, disturbance
events are the rule, and not the exceptions, in a nature in constant “flux” (Pickett &
Ostfeld, 1995). Moreover, its agency in shaping ecosystem structure and processes
is integrated as a “key component” of ecosystem behaviour (Turner, 2010) and can
as a consequence no longer be relegated to the status of external interference. As a
result, the contrast with the NSM is flagrant again, since the assessment of resilience
necessarily requires specific consideration of disturbances as fundamental agents of
the persistence and change of ecological systems (Mori, 2011).2° Another conse-
quence of the acknowledgment of the role of disturbance is the abandonment of a
normative stand towards it: at the ecosystem scale, and with the lack of a reference
natural state, a disturbance is described as one kind of ecological process among
others, and not as something diminishing the “naturalness” (and henceforth the
health) of ecosystems. As such, disturbance events and regimes add to the inter-
nal dynamics of ecological systems in influencing their resilience, and disturbance
regimes of cyclical recurrence are often considered as part of ecosystem dynamics
(Burton et al., 2020). Moreover, human activities are framed as qualitatively equiva-
lent disturbances vis-a-vis natural ones (McDonnell & Pickett, 1993). Thus, within
a resilience framework, humans are recognized as part of ecosystems rather than
external perturbators, as it was the case in Clements’ account. Finally, both natu-
ral and anthropogenic disturbances can have non-obvious, long-term and cumula-
tive effects affecting ecosystem resilience, which can be augmented or diminished
accordingly. This means that resilience can be reduced or increased by—intentional
or unintentional-human activities (Mori, 2011). In this sense, it provides ecosystem
management a conceptual tool to avoid simplistic approaches and to appropriately
consider the role of disturbance in assessment and planning.

Clearly, the concept of resilience is inconsistent with all three main elements of
the NSM—together with their deterministic and teleological implications. No natural
state is assumed when looking at an ecosystem through the lens of resilience, and
hence no fixed succession is recognized, while disturbances—in the form of natu-
ral or anthropogenic forces—are recognized a full causal role in the development of
ecosystems. Hence, resilience, when understood as ecological resilience, seems to
provide a genuinely alternative explanatory framework to account for the persistence
and variability of ecosystems compared to the balance of nature perspective.

20 Indeed, an important field that blossomed thanks to the establishment of the non-equilibrium para-
digm is disturbance ecology (Pickett & White, 1985), which precisely explores the consequences of dis-
turbance regimes (Turner, 2010) and disturbance interactions (Burton et al., 2020) on ecosystems.
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6 Conclusion

The classical paradigm in ecology, based on the balance of nature idea, relied on
stability, defined as return to a single-equilibrium state, for explaining ecosystem
successful response to disturbance. This framework has been put into question by
the alternative, non-equilibrium paradigm. However, one of the main explanatory
concepts of the new paradigm, resilience, has been interpreted by some as just a new
version of the traditional stability concept, henceforth situating it within the old par-
adigm. In this article, I formulated an answer to the question concerning whether or
not the concept of resilience is subsumed by the old balance of nature paradigm. In
doing so, I suggested that the balance of nature paradigm is pivoted, in analogy with
classical explanatory frameworks in developmental biology, on a particular model of
explanation, namely the Aristotelian Natural State Model. This model postulates (i)
the existence of a natural state (ii) the existence of fixed and necessary pathways to
reach it and (iii) a negative conception of disturbances as external forces interfering
with natural development. My analysis aimed to show that the main elements of the
concept of resilience are at odds with the NSM, leading to the conclusion that resil-
ience, when understood as ecological resilience, is not just the balance of nature by
a new name. As a result, I concluded that the concept is not only incompatible with
the balance of nature paradigm but, even more so, it stands in opposition to it.

Actually, the concept of resilience captures the ability of an ecosystem to persist
in time despite change without referring to a defining single-state equilibrium (i.e.,
natural state); it relinquishes the linear and deterministic conception of succession
in ecology; finally, by including disturbance in its definition, it entails a proper con-
sideration of the causal role of variability in ecosystem behaviour. In virtue of these
features, the concept of resilience exemplifies the change of thinking that occurred
in ecology with the advent of the non-equilibrium paradigm and seems to be more
consistent with the now broadly adopted flux of nature paradigm.

Resilience hence seems to be a genuine alternative to stability, both for ecologi-
cal theory and practice, entailing an anti-deterministic and nonteleological approach
to ecosystem behaviour. Environmental management undoubtedly benefited from
the insight that this concept allowed since its introduction in ecology. In particu-
lar, the young discipline of restoration ecology—and the related practice, ecological
restoration—emerged as an alternative to, on the one hand, the established frame-
work of conservation and, on the other, wilderness preservation (Martins, 2022).
In very general terms, while conservation ecology aims at maintaining ecosystems
as reliable furnishers of ecosystem services and resources by ensuring their biodi-
versity and integrity, wilderness preservation takes on a “hands-off” approach by
creating protected areas in which the human impact is erased, so that their “natural-
ness” is preserved. Therefore, the basic assumption underlying restoration ecology
is different from the preceding environmental management frameworks: as there is
no optimal nor natural state to be preserved in ecosystems, and as natural systems
do not self-recover to their previous states after disturbance, restoration practices
should aim to recover something else. As Anna Tsing (2015) points out, we should
refrain from endorsing the misleading assumption that perturbations come to alter a
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previously harmonious state; rather, constantly changing environmental conditions
inevitably correspond to constantly changing ecosystems, resulting in the constant
“flux of nature” that I evoked throughout this article. Moreover, as the current envi-
ronmental crisis and the past and present anthropogenic disturbance often exclude
the possibility of both defining and restoring past “untouched” states of degraded
ecosystems, their recovery should integrate-historical and present—human activities
as well as those of other species. As it is increasingly suggested, the aim of environ-
mental interventions should be to build novel, more liveable and durable systems
compatibly with the current historical conditions (Martins, 2022), rather than main-
taining or re-creating the allegedly “natural” ecosystems of the past. To succeed
in reaching such goal, an active management of ecosystems focusing on enhanc-
ing resilience—rather than reaching or preserving equilibrium—may be key (Ren &
Coffman, 2023). Indeed, what Palmer (2016) has called “restoration for resilience”
would challenge the assumptions of the NSM. In alternative, it would disclose a
different approach to the uncertain trajectories of global change and the complex
dynamics of ecosystems,’! taking on the challenge of modelling restored ecosystems
on the basis of future—and not past—conditions (Palmer et al., 2016).

Notwithstanding the innovative and promising trajectories of restoration ecol-
ogy, the majority of current environmental interventions keep ignoring the specific
ecological dynamics of ecosystems. Successional models based on single-state equi-
librium and predictable pathways still ground many environmental practices. While
such models can prove successful in some cases—usually, in the absence of factors
constraining succession out of its predictable trajectories—in most cases re-establish-
ing an ecosystem’s desired historical condition by fast-forwarding its natural succes-
sion remains a myth (Hilderbrand et al., 2005). Moreover, as resilience becomes an
increasingly leading concept in restoration practice, it may not deliver its potential
benefits. As a matter of fact, while the actual (usually, degraded) and the past states
of ecosystems are assessed by ecologists on a scientific basis, the design of future
states as objectives of restoration is usually a shared process, in which different
stakeholders bearing competing socioeconomic interests intertwine with ecological
values (Zellmer & Gunderson, 2008). The reality of ecosystem management, also in
a restoration frame, is that of a trade-off among a variety of factors encompassing
the ecological and the social sphere. In such a complex scenario, it gets very difficult
to operationalize resilience, i.e., to say the “resilience of what, to what” is pursued
(Brand & Jax, 2007). As a result, even if resilience could get a clearer characteri-
zation—an aim towards which the present article aims to contribute—in the theory
of ecology, the practice shows a much more nebulous use of the concept, which is
often used in its “engineering” meaning, i.e., as an analytical tool to enhance the
ecosystem’s efficiency of production by establishing a single steady state and avoid-
ing others (Holling, 1996).

21" As Suding et al. (2016, p. 28) point out in their inquiry on the relation between ecological theory and
restoration practice, “the dynamics of ecological systems, particularly of a degraded system undergoing
restoration, is a function of many factors, some deterministic and some stochastic, working at multiple
temporal and spatial scales”.
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The application issues affecting resilience just described reflect the more general
struggle affecting restoration ecology in gaining actual relevance for guiding envi-
ronmental policy (Jgrgensen et al., 2014). Moreover, as the concept is increasingly
adopted in different contexts than ecology, the danger of conceptual confusion, dilu-
tion of scientific significance and misuse is even more real (Brand & Jax, 2007). It is
an open question whether and how the concept of resilience will deliver its promises
both in the theoretical and the practical sphere. Today, the field of ecology is but one
of the many contexts of use of the concept. As a normative and non-rigorous conno-
tation of the meaning of resilience spreads in many branches of the public discourse,
its technical and more rigorous connotation struggles to establish in the crossing
of the strictly scientific field. As a result, the potential interdisciplinary benefits of
the concept of resilience may rather result in mere acritical usage of a fashionable
term. Despite these perils, uncovering the philosophical frameworks underlying the
usage of scientific concepts—as I attempted to do in this article—is a necessary step
for grasping their role both in scientific and in extra-scientific discourse.
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