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THE PRE-
HISTORY
OF RESIL-
IENCEIN
ECOLOGI-
CAL RE-
SEARCH

BY BRIAN LINDSETH

The notion of resilience has become increasingly
salient in recent decades in fields ranging from
public health preparedness to critical infrastruc-
ture protection. As Benjamin Sims has noted in
this issue of LimN, the use of the concept of re-
silience to indicate a norm that critical systems
should strive for comes from the field of systems
ecology - specifically from a seminal 1973 article
by C.S. Holling. In Brittle Power, Amory and L.
Hunter Lovins provide a key example in their call
to "formulate the principles of a design science
of resilience." They attribute their debt to those
"who study the survival and stability of ecosys-
tems," and particularly "the Canadian Ecologist
Professor C.S. Holling."" In this essay | explore the
meaning and intellectual lineage of Holling's con-
cept of resilience.

1 Lovins and Lovins (1983: 174, 182).
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IN HIS 1973 ARTICLE, Holling contrasts ap-
proaches emphasizing the dynamism, complex-
ity, and unpredictability of nature with a more
widespread view emphasizing the stability of
nature.” In foregrounding a comparatively nar-
row range of relations between populations of
predators and prey, the latter approach over-
emphasizes the durability of supposedly stable
equilibrium relations and obscures other kinds
of relations. By contrast, an approach based on
resilience is more open to the dynamism and
complexity of the natural world. This openness
allows ecologists to recognize the systems in
nature that can survive disturbances, if often in
different forms.

In addition to this emphasis on dynamism
and complexity, his article is striking for the
degree of abstraction with which it describes
phenomena in nature. Instead of details about

DERIVATION OF A PHASE PLANE Showing
the changes in numbers of two populations
over time (after Holling 1973: 3).

populations of plants or animals at a specific
field site, the reader encounters hypothetical
models of predator prey relations represented as
“trajectories in the phase plane”® Although its at-
tack on equilibrium-based approaches occupies
the core of Holling’s argument, underlying this
argument was the assumption that the world is
a place made up of abstract systems. Where did
this notion come from and how did it occupy
the place of an assumption in Holling’s article?
In order to answer this question, we need
to examine the formation of systems ecol-
ogy as the milieu from which Holling’s article
emerged. Materializing in the mid-to-late 1960s,
systems ecology is known for fusing an inclu-
sive, holistic approach with a comparatively
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THE CARBON CYCLE (after Hutchinson 1948: 228)

intensive reliance on mathematics and the use
of computers to model ecosystem dynamics in
all of their complexity. In noting that training
in mathematics and biomathematics would help
ecologists move more easily “across the gap that
separates the real world from the world of math-
ematical abstraction,” systems ecologist Kenneth
Watt drew attention to one of the core features of
this form of ecological research—its reliance on
abstraction to describe key processes in nature.*
While these ecologists would puzzle over ques-
tions such as how many of nature’s variables to
include in their models of a given system, the
notion that nature was a place composed of
systems was something that was no longer dis-
cussed as it had become an assumption accord-

ing to which research in systems ecology made
sense.

The formation of this field—along with its
central assumption, that nature is made up of
systems—would be an important condition of
possibility for Holling’s notion of resilience. As
ecologists reached for the language and tools of
cybernetics in the late 1940s and systems analy-
sis in the 1960s, they would also define nature
in the increasingly abstract language of systems.
In these two moments we can see an early and
somewhat tentative search for systems in na-
ture culminate in the assumption that nature
itself was made up of systems. The relevance of
the history of the field to Holling’s 1973 article
runs deeper, however. In addition to this form

2 Holling has more recently characterized the latter as part of an engineering perspective (Sims, this issue, p. 6).

3 Holling (1973: 3).

4 Watt (1966b: 266). See also the call of fellow systems ecologist Bernard Patten (1966: 593).



of systems-based abstraction, Holling’s article
also bears the mark of the field’s early efforts
to define itself against population ecology in its
emphasis on dynamism and complexity.

In drawing on the language of cybernetics,
ecologist G. Evelyn Hutchinson’s description of
the cycles by which matter moves through the
environment as self-regulating represents an
early effort to find systems in nature. He depict-
ed these ‘circular causal systems’ in a talk that
was delivered at a New York Academy of Sci-
ence conference on cybernetics that took place
immediately after the second Macy Conference
in 1946.° Faced with a variety of cycles of differ-
ent kinds of elements often in different settings,
Hutchinson isolated and described the key eco-
logical process shared despite all of these differ-
ences. Further, he did it using the same vocabu-
lary other conference participants were applying
to a proliferating array of problems.*

IF HUTCHINSON'S USE of cybernetics rep-
resents one key moment in the pre-history of
Holling’s article, another is the more proximal
formation of systems ecology in the 1960s. Ken-
neth Watt was one of the key figures in clearing
the space for systems ecology in this period. In
1962 he published an article attacking the mod-
els used in population ecology as overly sim-
plistic and reflective of a disjuncture between
theory and empirical observation.” A distinctive
feature of Watt’s attack is the extent to which it
emerged from an area of ecology that had much
in common with population ecology. Both ar-
eas relied on mathematical modeling to abstract
processes from nature, and the process of inter-
est for systems ecology would be the same as
that for population ecology—relations between
populations of predators and prey. From this
perspective, we can see Watt’s attack as doing
the work of defining systems ecology in contrast
with the more established field of population
ecology. The models of population ecology were
too simple, he argued, and existed in a theoreti-
cal vacuum.®

Nonetheless, as a field defining itself as
more inclusive but also reliant on complicated
mathematical models, the prospect of model-
ing in a more inclusive way an object that was
so complex represented a formidable challenge.
The level of complexity (now methodological)
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EXAMPLES OF POSSIBLE BEHAVIORS OF SYSTEMS IN A PHASE PLANE (a) unstable equilib-
rium, (b) neutrally stable cycles, (c) stable equilibrium, (d) domain of attraction, (e) stale limit

cyle, (f) stable node. (After Holling 1973: 4)

introduced by stripping away the simplifying as-
sumptions of population ecologists would prove
intractable for the traditional tools of ecology. In
a 1966 volume that served as a rallying cry for
the emerging field of systems ecology, Kenneth
Watt boldly answered this dilemma. Ecology
should incorporate the tools of systems analysis
as a field that is used to dealing with complexity.
Ecologists should use computers to run simula-
tions but also to process the increased number
of mathematical equations coming from incor-
porating nature’s complexity.’

In his contribution to Watt’s 1966 volume,
Holling shared Watt’s interest in using the terms
of systems analysis—of positive and negative
feedback, computer simulation, and approach-
ing key processes of interest as systems—to de-
scribe nature. The differences between the 1966
and 1973 articles are instructive, however. By
1973, Holling was no longer focused on making
a case for systems analysis so much as basing a
paradigm shift in the study of populations that
presumed the value of the systems approach. He
opened his 1966 essay by noting that in the face
of the onslaughts of man, “nature has proved to
be remarkably resilient”® In his 1973 article on
resilience, he assumes the reader will similarly
value a focal point centered on “the behavior of
systems.”" In this article it is the systems that
make up nature that are resilient in the specific

sense that the article defines—not nature as
he described it in 1966, in the language of an
emerging environmental movement.

BY 1973, HUTCHINSON'S search for systems
in nature had become the assumption that na-
ture was a place made up of systems. This shift,
a move towards abstraction and reliance on the
vocabulary of systems, is a precondition of Hol-
ling’s notion of resilience. Before a system could
be more or less resilient, there first had to be the
assumption that nature was made up of systems.
Further, we can see the field’s struggles of self-
definition echoing forward into Holling’s 1973
article. His attack on the emphasis on stability
is also (following Watt) an attack on overly sim-
plistic approaches in population ecology.

If, as T have suggested, understanding the mi-
lieu of Holling’s 1973 article is an important step
in understanding the notion of resilience, then
its subsequent uptake by analysts interested in
systemic risk suggests questions about the ex-
tent to which this more recent, less ecological
milieu might have re-shaped resilience as a tar-
get of intervention. OJ

BRIAN LINDSETH is a PhD candidate in Sociol-
ogy at University of California, San Diego.

5 Galison (1994) and Heims (1991) both describe the Macy Conferences as an important milieu in the formulation and extension of cybernetics. This particular meeting was organized by Lawrence Frank

to take advantage of the fact that the Macy participants would be in New York at the time and included cybernetics luminaries such as Norbert Wiener and Warren McCulloch (Heims 1991: 80).

6 Heims (1991). Galison (1994) provides an account of the beginnings of cybernetics in the war time work of Norbert Wiener and its subsequent uptake in the postwar years.

7 To be sure, this was not a new criticism. The sub-field's reliance on the insights from outside the field of ecology—from the physical and social sciences but especially demography—was long the source

of skepticism from the ecological mainstream. By the postwar period, however, population ecology had become firmly established area of research (Kingsland 1995).

8 See Palladino (1991) for more on the relation between systems ecology and population ecology.

9 Watt sums up this argument, “The central motive for using systems analysis in ecology is the complexity of ecological processes” (1966a: 5). He proceeds to note that “Simulation figures prominently

in the arsenal of tricks used by systems analysts” (1966a: 5). In order to take advantage of systems analysis ecologists need more training in mathematics and biomathematics but also FORTRAN and

systems analysis (1966b: 266). Interestingly, systems ecology would form what historian of ecology Paolo Palladino has characterized as “a paradoxical alliance” (Palladino 1991: 229) or a “shotgun mar-

riage” (McIntosh 1988: 228) with ecosystem ecology.
10 Holling (1966: 195).
11 Holling (197341).





