
S
T

B
a

b

a

A
A

K
D
E
E
O
S
S

1

(
b
m
a
(
o
(
o
b
t
o
f
t
T
o

p

s

0
h

Ecological Modelling 293 (2014) 42–48

Contents lists available at ScienceDirect

Ecological Modelling

journa l homepage: www.e lsev ier .com/ locate /eco lmodel

ustainable systems promote wholeness-extending transformations:
he contributions of systems thinking

rian D. Fatha,b,∗

Department of Biological Sciences, Towson University, Towson, MD, United States
Advanced Systems Analysis Program, International Institute for Applied Systems Analysis, Laxenburg, Austria

r t i c l e i n f o

rticle history:
vailable online 31 January 2014

eywords:
iversity
nvirogram

a b s t r a c t

This paper reviews and compares systems thinking ideas originating from three individuals in diverse
disciplines: American ecologist Bernard Patten, German sociologist Niklas Luhmann, and Austrian-born
architect Christopher Alexander. From all three, stem ideas promoting the importance of differentiation
(boundaries), connectedness, relations, and feedback. The congruence of these ideas formed indepen-
dently, in different disciplines, on different continents, at roughly the same time speaks to the deep
nvironment
perational closure
ystems theory
ustainability

resonance systems concepts have on understanding our world. Consistent as well, is the insight that
individual objects emerge from the structural couplings of their physical and social environmental con-
text. These systems concepts are applied here to classify diversity in a holistic and integrated fashion
and then extended to inform the question of sustainability. Sustainable systems are ones that are able to
maintain coherent self-organization and simultaneously, recursively extend interactions to neighboring

coherent wholes.

“Systems theory is, strictly speaking, not a theory of systems,
but of system–environment distinctions” Moeller (2006), p. 40.

. Introduction: a systems perspective

The first step in a systems analysis is establishing a boundary
Parsons and Shils, 1951; Patten, 1978). Creating a system-level
oundary demarcates both the system and the environment. The
ost basic representation of the distinction between an object

nd its environment has the object separate from an environment
Fig. 1). This reveals the standard object–environment dichotomy
f Aristotelian Philosophy which permeates all areas of Western
Cartesian) thought. In this view, environment is that which is
utside and other than the object, thus forming a disconnection
etween the object and its surroundings. Consider now, replacing
he word ‘object’ in Fig. 1 with ‘system’ such that instead of an
bject separated from its environment that the distinction is made
or a whole system. In this way, the focal scale of interest is the sys-
em (which in turn is comprised of multiple interacting objects).
he boundary separation is still present but at a higher level of

rganization.

As Gallopin (1981) has stated, the idea of environment is a
aradox because one can always increase the system’s boundary
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thereby eliminating environment. Therefore, this expansion from
object to system appears to not be very fruitful in terms of
understanding and analyzing the order and continuity of nature.
However, the object to system scale was key in the system-oriented
development by Patten (1978) because by focusing on a system
rather than an object, he was able to enlarge the scale of study
and create two environmental levels. The peripheral environment,
exterior to the system boundary, is the conventional one with
which we are familiar in which resides unknowable and unde-
terminable objects, systems, and interactions. The environment
interior to the system boundary is the inner-world of the sys-
tem, embedding objects and separated from the environment. This
new space within the system boundary yet outside a focal object’s
boundary was termed ‘environ’ to distinguish it from environment
(Patten, 1981, 1982). From this systems-oriented beginning, bol-
stered by the mathematical formalisms of networks and graph
theory, emerged the field of Network Environ Analysis (see e.g.,
Higashi and Burns, 1991; Fath and Patten, 1999).

Within network environ analysis, the presence of the boundary
is the first postulate of Patten’s Systems Theory of the Environ-
ment (1978). Patten (1978) claimed, “The prerogative of realization
of internal system structure is that of environment” (p. 211). This
demarcation is not unique to ecological systems, but to all sys-
tems and mirrors Niklas Luhmann’s observation when working

within the social sciences that, “[b]y constructing itself as a system,
a system also constructs its understanding of the environment”
(Moeller, 2006, p. 16). The boundary gives meaning to both the sys-
tem and its environment, but it is the permeability of the boundary
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http://www.elsevier.com/locate/ecolmodel
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ig. 1. Traditional object–environment dichotomy. Environment is that which is
ther than the object.

o exchange energy, matter, and information that keeps the sys-
em sustained and ultimately alive. The boundary flows provide
he system with the needed fluxes that are further used internally
o create and maintain order and organization.

The objects within the system interact and exchange energy,
atter, and information. They are linked both physically and con-

eptually by these interactions such that each object both receives
nput and generates output. Building on this principle of dif-
erentiation, one recalls that these input–output exchanges are
oth receptive and effective. “The difference system/environment
ccurs twice: as the difference produced by the system, and as
he difference observed within the system” (Moeller, 2006, p. 68).
r, similarly, in Patten’s words “Every object defines two environ-
ents: an input environment and on output environment” (Patten,

978). Each object has a pair of environs, the detecting input-
nviron and the effecting output-environ. A system is composed of
set of partitions of each object’s input and output environs (Patten,
978; Bata et al., 2007). Recognition, and the logical extension of
his, flips the whole dichotomy away from object–environment into
nput-environment–output-environment (Fig. 2). The object is now
ot separate from its ‘environ’ment, but rather a nexus straddling
wo halves of two separate environs (see Patten’s Janus Hypothesis,
his volume).

This gives a new, non-objectified (non-Cartesian), perspective
f nature that puts the emphasis on the interactions, transactions
i.e., flows of energy, matter, or information), and relations rather
han the objects themselves. In this perspective, a network is one
ormal way to represent a system, which identifies the parts and
he connections, can occur at multiple scales, and represents cat-
gories generically from various disciplines. Furthermore, using
etwork analysis, one is able to quantify precisely the direct and

ndirect environs as the exchange between objects in the system
see e.g., Fath and Patten, 1999; Gattie et al., 2006; Whipple et al.,
007). The relevance of indirectness is core to systems and systems
hinking (Jørgensen et al., 2007), which provides holistic context for
he potential unanticipated and unintended consequences of local,

i-lateral interactions. Of course, as open systems, all ecological
nd environmental systems rely on the ability to receive and dis-
ard energy and matter across this system–environment boundary,

ig. 2. Interaction-oriented perspective shows an object as the nexus of two inter-
onnected environs, a definable input environ of object impinging on object Hi ’s
eceptors and the other a definable output environ of generated by object, Hi .
ing 293 (2014) 42–48 43

and therefore, connect to the outside environment through these
boundary flows.

There are many extensions and applications of this systems-
oriented, network-based flow model that have relevance, but in this
paper the focus is on the new perspective it gives to classifying bio-
logical diversity and on the question of system sustainability. This
is done by exploring and comparing the contributions of three sem-
inal systems thinkers of the 20th century: ecologist Bernard Patten,
sociologist Niklas Luhmann, and architect Christopher Alexander.
Before getting to that, let us further set the stage.

Pirsig (1974) is best known for his 1974 classic book Zen and the
Art of Motorcycle: An inquiry in values. However, his 1991 sequel,
Lila: an inquiry in morals, touches upon issues relevant to our dis-
cussion about systems theory and object–system distinctions. Lila
is largely an exploration for the origins of this object–environment
dichotomy and the implications it has had on philosophy, individ-
ual and group behavior, and eventually on human–environment
interactions. The main character searches for cultures that do not
carry this worldview, and concludes that a holistic, system-oriented
view does exist within certain cultures such as Native American and
Eastern philosophies. A passage at the end of Lila, takes place on a
Montana Indian reservation, summarizes this nicely:

[The main character] was with Dusenberry and John Wooden
Leg, the tribe’s chief, and a woman named LaVerne Madigan
from the Association of American Indians . . . They were all walk-
ing down the road, four abreast, when one of those raggedy
non-descript dogs that call Indian reservations home came onto
the road and walked pleasantly in front of them.
They followed the dog silently for a while. Then LaVerne asked
John, “What kind of dog is that?” John Wooden Leg thought
about it and said, “That’s a good dog.” LaVerne had been asking
the question within an Aristotelian framework. She wanted to
know what genetic, substantive pigeonhole of canine classifica-
tion this object walking before them could be placed in. But John
Wooden Leg never understood the question. The whole idea of a
dog as a member of a hierarchical structure of intellectual cate-
gories known generically as ‘objects’ was outside his traditional
cultural viewpoint. What was significant, he realized, was that
John had distinguished the dog according to its Quality, rather
than according to its substance (Pirsig, 1991, pp. 408–409).

The profound nature of the question of “what kind of dog is this”
– an object or part of a system defined by others in the system – was
broached by ecologist Tim Allen when he introduced the concept
of ‘dogginess’ (Allen and Wuennenberg, 2003). By this, he means
that the feature which defines a dog is how others interact with
it: some animals run from it, some animals look tasty to it, some
animals associate or mate with it, etc. In other words, the dog-object
is defined by its interactions (or its quality in Pirsig’s perspective)
within the environmental network and how well it expresses its
dogginess. The idea of an object independent and divorced from
its environment has no meaning. The same could be said for any
species. We may desire to look strictly inward at the genetic code
of the organism to classify it as a particular kind of object, but that
coding is a response to the environmental conditions in which it
evolved.

Luhmann, systems sociologist, went further and he applied such
a systems definition of object on humans. For example, statements
such as: “While the individual is supposed to constitute him- or her-
self ‘uniquely’, the criteria for his or her uniqueness are still supplied
by society” (Moeller, 2006, p. 88). And, “The characteristics that
distinguish me from others always have to be socially available”
(Moeller, 2006, p. 89). From this, we see that the definition of the

object is given by the interactions that make up the characteristic
qualities. From our Western individualistic and reductionistic per-
spective, this sounds almost demeaning and Luhmann was accused
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f being anti-humanist when misinterpreted. But Luhmann pushed
n, and is summarized by Moeller (2006) as follows: “[We] accept
here are no individual human beings as such (or ‘objective units’),
ut only historically contingent semantic constructs that emerge
rom the structural couplings of psychic and social systems” (p. 84).
he particular space-time configuration that resulted in the pres-
nce of one individual is a historically contingent construct, which is
est understood by the role that one plays emerging from the myr-

ad of couplings within the system it interacts. One could transfer
his sentiment back to ecology as follows: [We] accept there are
o individual species as such, but only historically contingent con-
tructs that emerge from the structural couplings of physical and
nvironmental systems. Species themselves, within an ecosystem,
re historical accidents that appear and disappear over time, as the
nvironmental conditions allow and construct. The longer-term,
ore persistent and more sustaining patterns are the environmen-

al context out of which the species or ecosystem emerges. In both
he social and ecological reference systems, one could make the
laim that at a broader scale – expanded boundary – societies and
cosystems are subject to similar historical path dependencies.

. Envirogram

A practical method to construct this web of environmental inter-
ctions was developed by Andrewartha and Birch (1984) in their
oncept of the envirogram. The envirogram includes branches that
trace pathways from distal causes in the web to proximate causes
n the centrum”. For consistency and completeness, the centrum
s typically divided into four categories: resources, mates, malenti-
ies, and predators. Within each category, the connections between

he target organism and each of the most distal influences in its
nvironment are outlined in a linear fashion. This web of connec-
ions captured in the envirogram is the environmental niche of the
articular organism. And, according to the competitive exclusion

Fig. 4. Envirogram of Indian Pipe (Monotrop
Fig. 3. Envirogram of Ruby-throated Hummingbird (Archilochus colubris) created by
Vera Jaffe.

principle, each completely described niche corresponds to a unique
species and can be used as a classifier of that set of environmen-
tal conditions, in lieu of using the species itself as the classifier.
This approach might not seem as precise as the inward-downward,
genetic classification of a species, but leads to a more holistic,
functional classification regarding the specific set of environmental
conditions.

Some examples of envirograms, developed by graduate students
at Towson University in my Ecosystem Ecology course, are given
(Figs. 3–5). Note, the point is that the environment becomes the
unit of classification, as proposed by Patten as a coding unit (Patten
et al., 2011). So whereas biological orthodoxy states “DNA codes for
proteins and environment selects for phenotypes”, an equally valid,
holistic perspective posits that “Environment codes for phenotypes
and DNA selects for proteins” (Patten, personal communication).

The species emerges from this environment and is an expression, in
fact a historically contingent expression, of those interactions. For
example, suppose in Fig. 5, the name of the focal species, Red Fox
(Vulpes vulpes) was hidden to the reader. Would it be obvious what

a hypopithys) created by Melissa Hew.
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While, de-extinction is a headline activity that explores the rela-
Fig. 5. Envirogram of Red Fox (Vulpes vulpes) created by Christina Rambo.

he species of this envirogram is? Does it matter what the name of
he species is? What is longer lasting, the particular species or the
ontext? What is more important to the ecosystem sustainability?
he envirogram represents the environment that constructs the
onditions that are necessary for the emergence of the Red Fox.

hat is most relevant is not Red Fox per se, but the conditions
hat allow foxiness to be exhibited within the environment. At one
nd of the continuum, the environment selecting for species func-
ionality is evident in ecological examples of convergent evolution,
here fitting in to the prevailing conditions results in similar mor-
hological features. At the other end, all envirograms are unique
epresentations of the environmental context for that ‘species’.

The envirogram, by design, is an input focused representation
f the species’ niche, but one could turn that around and accord the
utward focused activities that the species has on its environment
s another unique and parallel descriptor. In this approach, imag-
ne operationalizing Hutchinson’s (1957) multidimensional niche

n terms of the impact the species has on the environment, alter-
ng the distribution of energy and matter. Brown (1994) asked this
uestion in terms of the physical work required by the species to
ing 293 (2014) 42–48 45

meet its existence requirements. In particular, the work performed
on the ecosystem by each species in meeting its requirement will
also be unique and a way to bridge the divide between population
and community ecologists and physiological and ecosystem ecolo-
gist. The former tend to focus on questions of the number of species
using dN/dt currencies, the latter on energetics using dE/dt curren-
cies. If all the activity that an individual undertakes, foraging, nest
building, defending, fleeing, mating, etc. is tallied, then one has a
count of the work expended on the tasks for its existence. This con-
siders individuals in terms of energy, giving a common currency
for cross-scale ecological analysis. However, it is a rather difficult
task to sum up all the piecemeal work exertions that an organism
undertakes. Instead, one could simply measure the metabolic rate
of the organism. This gives the respiratory demands of the organism
to meet its work requirement, and is a surrogate for the total work
performed, which has led to the field of metabolic ecology (Brown
et al., 2004). While this has not been used as a unique classification
of biological diversity, it has revealed fascinating and important
new insight to ecological organization (Sibly et al., 2012). Brown
(1994) ended his paper with a challenge to his fellow ecologists to
develop an approach that incorporates work into this framework.
Together the input-oriented envirogram and output-oriented niche
work expenditure comprise the dual nature on the species residing
in and influencing their environment (Patten 2014, this volume).

3. De-extinction

Let us apply this concept of species embeddedness to the recent
discussion regarding the reintroduction of extinct species from
available genetic material, so called de-extinction (Zimmer, 2013).
Proponents claim this will be a powerful and effective tool to
counter the rapid biodiversity loss currently underway. It is a tech-
nological answer, which draws upon the reductionistic worldview
that those extinct species are merely objects described entirely by
their genetic codes. Opponents highlight the ethical considerations,
as well as unknown, unintended consequences that may arise from
re-introductions. But, the imprudence of this approach is laid bare
when it is viewed with a systems approach, because it is not the
independent object or species that is lost during extinction, but
rather the network of environmental interconnections. If we accept
that the species is a historically contingent construct that emerges
from the structural couplings of physical and environmental sys-
tems, then it makes no ecological sense to retrieve one based on
a genetic blueprint that evolved in a world that no longer exists.
As ecologist Pimm (2013) related, “You can’t just put one species
back, you have to worry about a very large number of other species –
plants, animals, insects, pollinators and symbiotic fungi. Recreating
nature is a very complex task”.

One species in particular that was the center of the de-extinction
concern was the Woolly Mammoth (Mammuthus primigenius),
which of course thrived when the environmental conditions were
vastly different and the ecological connections that Pimm high-
lights are now gone. A mammoth emerges out of the environment
that constructs and identifies it is a mammoth. This was nicely put
by Jacquelyn Gill, even drawing on the same lexicon, when she said,
“animals like mammoths have to perform their own mammoth-
ness within the complex social context of a herd” (Madrigal, 2013).
We will all be systems ecologist – or Homo holisticus, as Patten (in
preparation) would say – when we recognize that it is not about the
species, per se. It is the speciesness as expressed and maintained
by a complex interacting ecological network.
tion between a lost object and its environment, the world is replete
with examples of species introductions to new areas, so the point
from a systems perspective is not to rail against change. The issue
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ig. 6. Hypothetical three-compartment autocatalytic cycle: positive reinforce-
ents move the system further from equilibrium maintaining complexity gradients.

f non-native or invasive species similarly plays to the concept of
oles and fitting into its environment. Through careful monitoring
nd systems modeling, this is one area where experimental ecol-
gy could test the validity of holistic paradigms. To what degree are
ndividuals able to express themselves in new environments? What
s it about those individuals (generalist, specialist, commensurate,
tc.) or about those environments (ecologically devoid, early or late
tages of succession, etc.)? A new area of research could combine
mpiricism and holism.

. Closure, structural coupling, and sustainability

Returning to the foundational issues of systems theory, given
hat we have boundaries and input–output oriented interactions,
nother key feature is when the output of one object, through a
eries of direct linkages, indirectly connects back again as input to
he original generating object. In this manner, the object affects
ts own input operating in closed function circles (von Uexküll,
926). Processes embedded in and contributing to a larger sys-
em provide positive and negative feedback such that their actions
lose back around on the function itself. This is referred to as
perational Closure, which occurs when the result of system oper-
tions are at once more systemic operations (Luhmann, 1992).
urthermore, Luhmann states that “function systems are opera-
ionally closed and function autopoietically” (Moeller, 2006, p. 101).
utopoiesis – meaning self-creation – is a concept that was pro-
oted by Maturana and Varela (1980, 1987) to describe a system

hat uses itself to create more of itself, such as a biological cell. At the
cological scale, a similar concept, autocatalysis, was promoted by
lanowicz (1995, 2008). This is a process exemplified in the canon-

cal utricularia–periphyton–zooplankton triumvirate (Ulanowicz,
995 described first in Bosserman, 1979). In this simple system,
he utricularia, a type of bladderwort carnivorous plant, provides
ubstrate for the growth of periphyton, which in turn is grazed by
he zooplankton. The functional loop is closed (although, of course,
he energetic loop is open) when the zooplankton are consumed
y the utricularia. These concepts also resonate with basic proper-
ies of cybernetics and Hutchinson’s (1948) earlier ideas on ‘circular
ausality’ and Odum’s (1971) ‘reward loops’ as promotions of the
ower of positive feedback in ecology (Fig. 6). Autocatalysis is a nec-
ssary condition for maintaining structured gradients that allow for
he continuation of system function at high levels of organization.

Given the importance of the environmental context, and the
ecessity of each object–system to enter into and maintain opera-
ionally closed relations, then the environment in which it not only
elongs to, but contributes to, will determine the success and per-
istence of the object–system. In network ecology, one is reminded
f the zero-sum interactive exchanges which give rise to non-zero
um relations, tending toward more mutualism (e.g., see Patten,
991; Fath, 2007). In terms of systems theory, Luhmann refers

o this self-reinforcing inter-mingling as structural coupling – “a
tate in which two systems shape the environment of the other
n such a way that both depend on the other for continuing their
utopoiesis and increasing their structural complexity” (Moeller,
ing 293 (2014) 42–48

2006, p. 19). This brings us to our third, and final, systems thinker
who specialized in architecture and design of human environments,
Christopher Alexander.

Alexander made many contributions to systems thinking, Notes
on a Synthesis of Form (1965) being one classic, as well as an inte-
grated architectural-human vision in A Pattern Language (1977). His
life work is his magnum opus, The Nature of Order (four volumes
between 2002 and 2004), but here I summarize his ideas as pre-
sented in his most recent work The Battle for the Life and Beauty of
the Earth: A Struggle between Two World-Systems (Alexander, 2012).
As an architect, his unit of study and design was the building, but
as a systems thinker he was focused not on the building itself but
more so on the integration of the building with the other aspects
of its environment. The building – or collection of buildings – he
refers to as the center, defined as any zone of coherence that occurs
in space. “A center may arise, initially as a minor non-homogeneity
in space, through differentiation” (Alexander, 2012, p. 428). Centers
occur at all scales: a county courthouse occupying a public square,
a split-level brick ranch on a suburban block, a Brownstone stoop
in a dense urban community, a bench in a city park, or even a single
dot on an otherwise blank page. In any and every case, it is dif-
ferentiated from its background yet relating with the fabric which
surrounds it. Alexander insightfully turned these relational aspects
both inward and outward, stating “each center is (recursively) depen-
dent on other coherent centers for its own coherence” (Alexander,
2012, p. 428). Three consistent ideas emerge. (1) The object is a
center, with an imposed boundary to study it. (2) The interactions
are what define it – the ‘hominess’ of the object is a construct by the
participants and users of the house and their neighbors: it is what
it is because of its function. (3) The interactions are what sustain
it. Its feedback to and through the other coherent centers give it its
own coherence. We see here important intuition into sustainabil-
ity science: the system, which is constructed by its environment,
interacts with other systems recursively and iteratively to support
both them and itself.

Also, recognizing that a key feature of system is the
system–environment distinction, Alexander adds that the bound-
aries are not crisp, and that that is a feature, not a bug, in the design
of sustainable systems. “Some centers share parts of other centers,
or the wholes overlap each other. The elements are ambiguously
overlaid together. Each one can be seen as combining with this
one, or that one . . . Each one is shaped by its neighbor” (Alexander,
2012, p. 398). Given the second point above about existence and
definition, in the face of all these interactions, it is necessary
that the center’s interactions must be structure-preserving trans-
formations. Some coherent and recognizable form of the center
must persist during the course of the interactions. In ecological
terms, this is an entity, such as V. vulpes, maintaining – through
negative feedbacks – its identifiable role in the complex set of
environmental interactions that compose its envirogram. Such per-
sistence ensures the presence of the center (or object or system)
from diminishing. However necessary this is in the immediate
needs of the center, it is not sufficient to the broader-level sys-
tem sustainability. The center must not only preserve itself, but
also engage in autocatalytic feedback cycles (e.g., reward loops,
function circles, autopoiesis, etc.) that contribute to the overall
function of the local environment. Therefore, it is not enough that
the transformations are structure-preserving, but they must also be
wholeness-extending transformations (Alexander, 2012, p. 428). This
insightful, holistic conclusion that Alexander gives us, applying the
concepts of systems thinking into functional and practical design of
our built environment, has clear ecological implications. The eco-

logical world, through systems of interacting networks, feedback,
and structural couplings, allows objects, such as the role-playing
V. vulpes, to engage in wholeness-extending transformations that
serve both it and its larger environment.
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Coming now to how these ideas can inform about sustainability,
t is important to focus on the system function at its core in an objec-
ive, not normative, way. What are the structures, design features,
nd processes that truly persist and maintain themselves with com-
lex organization? While there is a lot of verbiage thrown around
he important concept of sustainability, much of it is aimed at how
urrent human economic and development patterns can continue,
ot at the deep system requirements for sustainability. Learning

rom the template provided in ecological systems, it seems clear
hat at the most basic system-level, continuation of structural cou-
ling is the primary feature of SUSTAINABILITY (although there are
ther necessary, but not sufficient conditions such as those relat-
ng the input–output boundary flow requirements). This requires
ot only continuation of the discrete couplings, but also the struc-
ural design in which these couplings enact that contributes to
oth structure-preserving and wholeness-extending transforma-
ions. Systems or centers that can couple in this manner maintain
omplexity gradients, continue their role in the contextual web,
nd also contribute back to strengthen the web itself. The recursive
haracter of the object, system, and environment closes, reinforcing
cross scale (Fiscus et al., 2012). Therefore, when we see sustain-
bility through a holistic perspective, the goal is to promote, design,
nd develop systems that are structurally coupled with feedback
hat maintains themselves and contributes to their contextual envi-
onment. Applying these theoretical concepts to human-built and
ocial systems is the primary challenge for sustainability.

. Conclusions

Many pages can be written about the contributions of these
hree leading intellectuals to systems concepts. The intent here
s not a comprehensive overview, but to present and highlight
ey aspects from disparate disciplines and inform our discussion
pecifically regarding object–environment perspectives and sus-
ainability. The degree of similarity in the overarching foundations
nd concepts is remarkable. It provides encouragement that an
pproaching convergence could lead to a formal and usable descrip-
ion of systems. I ask you to remember three take home messages
rom this paper:

. Patten and Luhmann both identified the contextual and holistic
environmental aspects as the primary definition for the objects
embedded in that system. An envirogram is a useful way of
encapsulating this environmental information and is a theoret-
ically distinct classification of the object in question. It captures
the stabilizing, as well as enhancing, factors within which the
species expressed itself. That this definition of the object is, in
fact, given by its environmental context is proposed as a univer-
sal property to be true in systems whether they are ecological,
sociological, or socially designed, for example.

. System feedback emerges from the numerous interactions, but
specifically those that channel material and method in a pay-
it-forward manner. Positive feedbacks, while on one hand are
destabilizing factors, on the other hand, when coupled into oper-
ational closure – processes reinforcing processes, can maintain a
system gradient. Autocatalysis and autopoiesis are two examples
of controlled positive feedbacks that result in complex functional
organization, which are then further maintained by negative
feedbacks.

. Sustainability is a function of whole systems, not of parts. Sus-
taining life occurs at the ecosystem-scale, as the interaction

of ecological and environmental factors. Since all ecological
systems are open systems, the first principle of sustainability
is the continuation of the boundary flows: sources to supply
energy-matter and sinks to accept and absorb the discharges.
ing 293 (2014) 42–48 47

Complex organizational structure is maintained by positive
and negative feedbacks. Coherent centers interact with other
coherent centers such that sustainability is a consequence of sys-
tem configurations which promotes these wholeness-extending
transformations.
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