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Abstract The ecosystem concept was introduced in ecology originally to solve problems
associated with theories of succession and ecological communities. It has evolved to
become one of ecology’s fundamental ideas, and has proven to be applicable to a wide
variety of research questions and applications. However, there is controversy about whether
or how well the ecosystem concept is suited to urban habitats. By examining Arthur
Tansley’s original presentation of the ecosystem concept, and exploring how the ecological
context of the concept has changed, we indicate that the fundamental concept of the
ecosystem is well suited to urban ecological studies. The concept can be clarified for urban
use by including a social complex and a built complex to insure that human social
institutions and actions, and the structures and infrastructure they build are explicitly
included in the ecosystem concept. The ecosystem concept is thus seen as clearly robust to
use in urban areas.
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The study of urban ecosystems is a relatively new pursuit in ecology, dating to the middle
1970’s (Stearns 1970). Interest in this subject has grown markedly over the last decade, and
studies in urban ecosystems are no longer the rarity they once were (Grimm et al. 2008).
Still, some ecologists express concern as to whether urban areas merit attention as
ecosystems.

The contemporary ecosystem concept is one that hews remarkably closely to its first
definition (Likens 1992). This is in spite of the fact that the concept accommodates and
supports a broad variety of today’s ecological concerns (Hagen 1992; Golley 1993; Chapin
et al. 2002; Kingsland 2005). Because of the robustness of the basic concept, it is worth
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examining what Tansley’s (1935) original conception suggests about the relevance of the
ecosystem idea to modern urban ecological studies.

Tansley’s dilemma: Problems to solve

In the first third of the 20th century, community ecology was beset by persistent problems.
Several of these problems emerged from the dominant theory of the time—community
succession as articulated by Frederick Clements (1916). These issues have been reviewed
extensively, and so can be summarized only briefly here (Johnson 1979; McIntosh 1985;
Pickett and Cadenasso 2005). Five points emerge that were taken as given by many
ecologists: 1) communities were conceived of as organisms; 2) communities devoid of
disturbance were considered to be stable, persistent climaxes; 3) the process of recovery
from rare disturbances was seen to be directional and deterministic; and 4) the recovery
process was considered to be gradual. In addition, the process of succession was 5)
assumed to be driven by processes characteristic of the community level of organization. In
other words, causation was thought to reside in the community. The wholes themselves
were the drivers of community change. Many of these assumptions were embodied in the
conception of the community as an organism, with definite, orderly developmental stages
leading to maturity (Golley 1993).

Tansley (1935), along with many other critics (Cooper 1913; Cooper 1926; Gleason
1926), thought the organismal explanation to be merely an analogy or metaphor, not a
homology. There were many responses to the perceived shortcomings of the Clementsian,
organismal theory. Gleason (1936) placed causal power in the organismal criterion of
observation, and emphasized species migration and species specific characteristics as the
fundamental roots of plant community change. Cooper (1926) emphasized a realistic
approach, and recognized multiple pathways of change and acknowledged shifting
conditions as drivers of succession and community composition.

Tansley’s (1935) The Use and Abuse of Vegetational Concepts and Terms introduced an
entirely new concept to ecology in his attempt to replace what he saw as Clements’s (1916)
flawed assumptions. Instead of an organismically motivated theory, he said, “I plead for
empirical method and terminology in all work on vegetation, and avoidance of generalised
interpretation based on a theory of what must happen because “vegetation is an organism”
(Tansley 1935: 295). This stance led him to take a more neutral approach to the structure of
assemblages in nature. He drew on the idea of system, which had gained considerable
influence and utility in physics and engineering by the early 20th century (Golley 1993).
This is the core of his contribution: “But the more fundamental conception is... the whole
system (in the sense of physics), including not only the organism-complex, but also the
whole complex of physical factors forming what we call the environment...” (Tansley 1935:
299). By a complex, he means a suite of interacting factors. By more fundamental, he
means more fundamental than an organismic conception. He is beginning to break down
the unitary conception of communities as organisms into a rigorous conception that can be
analyzed. In taking this step, he also strips biotic units of the assumptions of indivisibility,
determinism, and maturation to a set end point. Such assumptions are not required to
support a view of natural units as comprising organismal and physical complexes.

The physical complex was further subdivided. The specific terms that Tansley used to
describe the components of his ecological systems are a climatic complex, a soil complex,
and an organism complex. Of course, just as with the system concept in physics, the
concept of ecological system required recognizing a spatial and temporal boundary (Jax et
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al. 1998). Indeed, the concept of system is only meaningful if it can be separated from its
surroundings (von Bertalanffy 1968). The term for external surroundings in systems theory
is environment. When ecosystem ecologists use “environment” to stand for the physical
complex of soils and climate, they are carrying forward the basis of ecology in organismal
biology (Mclntosh 1985), in which environment referred to the conditions and factors
external to individual organisms.

The problem of humans and ecosystems: Relevance and a social complex

Now the question arises: Is the ecosystem concept relevant when humans are a part of the
system? Tansley opens the door to the possibility that ecosystems would have many
components other than just plants and animals: “What we have to deal with is a system, of
which plants and animals are components, though not the only components” (Tansley 1935:
301). Of course contemporary ecosystem ecology also explicitly mentions microbes.
Tansley was also careful to note that “..It is obvious that modern civilised [humanity]'
upsets the ‘natural’ ecosystems or ‘biotic communities’ on a very large scale. But it would
be difficult, not to say impossible, to draw a natural line between the activities of the human
tribes which presumably fitted into and formed parts of ‘biotic communities’ and the
destructive human activities of the modern world. Is [humanity] part of ‘nature’ or not? Can
[its] existence be harmonised with the conception of the ‘complex organism’? Regarded as
an exceptionally powerful biotic factor which increasingly upsets the equilibrium of
preexisting ecosystems and eventually destroys them, at the same time forming new ones of
very different nature, human activity finds its proper place in ecology.”

To build upon Tansley’s prescient essay, two issues come to the fore. First, how is the
organismal complex modified to include the species Homo sapiens and account for its
social dynamics? Second, does the ecosystem concept have to be modified as its application
moves from anthropogenic ecosystems dominated by hunter-gatherers, pastoralists,
agriculturalists, and foresters to also include industrial and post-industrial societies?

Attention to incorporating the role of humans as part of the organismal complex is long-
standing. Social scientists have contributed to an expanded view of ecosystems inclusive of
humans along a continuum from wilderness to urban areas since the 1950’s (Hawley 1950;
Schnore 1958; Duncan 1961, 1964; Burch and DeLuca 1984; Machlis et al. 1997).

More recent efforts have tried to build upon these foundations to account for human
derived structures, actions, and interactions in urban areas—the landscape mosaics
comprising cities, suburbs, and exurbs. One representation of the kinds of things to include
(Fig. 1) is derived from a workshop of the Long-Term Ecological Research Network, which
included both social and biophysical scientists (Redman et al. 2004). The workshop added a
list of social patterns and processes, and identified the key interactions, while maintaining
the familiar list of ecological patterns and processes that the LTER sites had been charged to
investigate since their origin in 1980. Note that two urban sites in Baltimore, Maryland and
Phoenix, Arizona, were established in 1997, following the augmentation of the work of
several other LTER sites (Northern Temperate Lakes, in Wisconsin, and Coweeta in the
Southern Appalachians), to include human processes several years earlier. More recently,
the LTER Network has developed a model template for addressing feedbacks between
biophysical structure and function, ecosystem services, and human perceptions and actions

! The term humanity, and appropriate pronouns, have been used in place of Tansley’s original terminology
that is often now interpreted as sex biased.
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(Collins et al. 2007). An additional and more detailed accounting and organization of social
structures and processes to include is found in the human ecosystem framework, a causal
repertoire similar to those used within ecology (Machlis et al. 1997).

Do the complexities recognized in the LTER and other modern frameworks for
addressing humans, especially in industrial and post-industrial societies, fit what Tansley
proposed in 1935? Here are the things that he considered to characterize ecosystems. He
considered them (Tansley 1935: 299ff) “to be the basic units of nature on the face of the
earth”; “of the most various kinds and sizes;” to “isolate systems mentally for the purposes
of study;” to “overlap, interlock and interact with one another;” to “show organisation;” and
to be “delicately adjusted in equilibrium.” The question is, do ecologists still consider these
things to characterize ecosystems at the beginning of the 2Ist century. Do these
characteristics exclude ecosystems inhabited or structured largely by people?

The answer is that the list that Tansley (1935) considered to characterize all ecosystems
has been greatly modified in the years since the publication of his paper. Indeed,
contemporary ecology can fairly be said to operate under a different set of background
assumptions than when Tansley penned his initial thoughts about the ecosystem. This
means that a different paradigm holds in ecology now than in 1935. Several changes are
particularly relevant (Egerton 1973; Pickett et al. 1992; Wu and Loucks 1995; Pickett and
Cadenasso 2002): Ecosystems may express different degrees of organization. Ecosystems
may be tightly or loosely organized. Similarly, ecosystems may not necessarily be in
equilibrium. Furthermore, they may not necessarily be autotrophic and self-contained. Nor
are they necessarily persistent over time.

The contemporary ecological paradigm recognizes that humans can be, and often are,
parts of ecosystems (Egerton 1993; McDonnell and Pickett 1993; Holling 1994; Cronon
1995; Alberti et al. 2003; Turner et al. 2004). Indeed, some ecosystems in which humans
are not now present show the effects of past occupancy and human action, or the results of
distant human decisions and activities (Cronon 1995; Russell 1997). This explicit extension
of the scope of the ecosystem concept to include humans is something that Tansley (1935)
would likely have been sympathetic to. He recognized a gradient of human involvement in
ecosystems: “But it would be difficult, not to say impossible, to draw a natural line between
the activities ... which presumably fitted into and formed parts of ‘biotic communities’ and
the destructive human activities of the modern world” (Tansley 1935: 303). Furthermore,
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Tansley indicated that ecology should appropriately consider the activities and effects of
humans in ecosystems. The fact that he recognized new kinds of ecosystems that result at
least in part from human actions is important. These two points emerge from his statement
noted previously that humans are “regarded as an exceptionally powerful biotic factor
which increasingly upsets the equilibrium of preexisting ecosystems and evidently destroys
them, at the same time forming new ones of very different nature, human activity finds its
proper place in ecology” (Tansley 1935: 303).

If Tansley really accepted the narrow, equilibrium assumptions about how ecosystems
function, he did not let them get in the way of including human ecosystems among the
kinds of ecosystems suitable for ecological study. The following quote, in which he returns
to terminology focusing on the problem of vegetation theory, but which is equally
applicable to the ecosystem solution he offers, demonstrates his inclusion of anthropogenic
ecosystems as ecological subjects: “We must have a system of ecological concepts which
will allow the inclusion of all forms of vegetation expression and activity. We cannot
confine ourselves to the so-called ‘natural’ entities and ignore the processes and expressions
of vegetation now so abundantly provided us by the activities of [humanity]” (Tansley
1935: 304).

Although Tansley was clearly a pioneer in promoting the linkage of human and
ecological sciences, he was not alone. The issue in which Tansley’s (1935) paper appeared
was dedicated to Henry Chandler Cowles, another of ecology’s pioneers, who helped
cement and promote the concept of succession. Such festschrifts often give the opportunity
to leading thinkers in the field to stretch the boundaries of the discipline. C.C. Adams
(1935) who also contributed a paper to the celebratory issue, was particularly concerned
with the linkage between ecology and humans. Two powerful quotations stand out. Adams
(1935:332) said that “A fertile field awaits the attention of the student who will prepare
[herself or] himself for this next advance, and cultivate the neglected borderland between
general ecology and human ecology.” In pursuing his argument, Adams (1935) cites a book
by Tansley (1922) entitled The new psychology and its relation to life. This is further
indication of Tansley’s concern with human sciences, and suggests that his statements about
humans in introducing the ecosystem concept were far from incidental. Adams’ paper is a
further reminder of the early 20th century concerns with the linkage between social
sciences, which were being codified at the University of Chicago by a team that drew
heavily on ecological concepts of the community, competition, and succession (Park and
Burgess 1925). It is in that context that Adams (1935:332) said that “The present gap
between the relatively advanced stage of several of the physical and biological sciences,
and of the distinctly social sciences calls for special research before the next great advance
can be made, and human ecology, broadly conceived, occupies a large part of that field.”
Looking back on the introduction of the ecosystem idea by Tansley (1935) and the current
growth of urban ecology, indicates that the concept he bequeathed us is robust to the
ecological-social integration envisioned so long ago.

Conclusion

An explicit conception of the human ecosystem brings all the resilient ideas in Tansley’s
original, core ecosystem concept together. Tansley’s core definition of ecosystem was
focused on the main ecological topics of his day: organisms and the physical environment.
That way of conceiving the ecosystem is outlined in the inner, dashed box in Fig. 2.
However, if ecologists are to account for all the kinds of patterns, processes, and
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Fig. 2 The human ecosystem concept, bounded by the bold line, showing its expansion from the
bioecological concept of the ecosystem as proposed originally by Tansley (1935) in the dashed line. The
expansion incorporates a social complex, which consists of the social components referred to in Fig. 1, and a
built complex, which includes land modifications, buildings, infrastructure, and other artifacts. Both the
biotic and the physical environmental complexes of urban systems are expected to differ from those in non-
urban ecosystems

interactions that the LTER committee and others have identified (Redman et al. 2004), then
it is useful to include two more kinds of complex within the idea of the ecosystem
appropriate to the 21st century (Fig. 2).

People are certainly organisms, or “biota,” but they are also much more than that. They
generate many social structures and interactions that are crucial to the functioning of
ecosystems. Such social structures include formal and informal institutions, norms of
action, households, governments, and so on. Similarly, they alter the physical complex by
moving earth, changing hydrology, building structures for shelter, commerce, and a myriad
other purposes, and installing infrastructure to support those buildings and functions.
Hence, the contemporary definition of the ecosystem can be expanded—without violating
either the letter or the spirit of Tansley’s precedent—to incorporate humans, their
institutions and economies, their buildings and engineered networks of transport and
communication.

Change in concepts is common in ecology. Often such change is accommodated by the
fact that ecological concepts are multilayered (Hagen 1992). It is important to recognize
that all ecological concepts have a core definition as well as attendant models that apply
that idea to the material world. The core concept of any successful idea tends to be stable,
whereas the models evolve to account for new knowledge, new scales of observation, and
new theoretical perspectives (Pickett et al. 2007). The incorporation of humans into the
explanatory toolkit of ecologists is one such expansion in the realm of models that attend
the core concept of the ecosystem. Labeling this expanded kind of model a human
ecosystem, or a social-ecological system, extends the core idea of Tansley to incorporate the
general kinds of biotic and physical features people generate. In other words, we have a
new type of ecosystem model that is appropriate to urban areas, but that also fits
comfortably with the core definition or meaning that Tansley (1935) established. This sort
of change is reflected in the view of ecological historian, Sharon Kingsland, who identified
“The need for ecologists always to think about the core mission of their science: to teach us
all how to meet change with change” (Kingsland 2005: 6). In other words, dealing with
change—both conceptually and environmentally—is one of ecology’s great responsibilities
as a science and as a tool for improving the public dialog about the world we live in, care
for, and depend on. The fact that the human population of the Earth has become
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predominantly urban (United Nations Population Fund 2007), and that cities, suburbs, and
exurbs are expanding worldwide, suggest that one of the main changes that must be
confronted now is the ecology of urban systems. The core ecosystem concept, and the
refinement of conceptual models to account for built and social components, along with
their interaction with the traditionally recognized biotic and physical components of
ecosystems, can serve this change well. Indeed, Tansley, with his awareness of the
“exceptionally powerful” human factor, would likely welcome this refinement of his
resilient and important concept.
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