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Abstract. Since the early 1940s, the ecosystem approach has been developed in a variety of forms ay North
American ecologists. Lindeman established its foundation, with his focus on functional components and energy
transfers between trophic levels; this view was developed further by several ecologists, including G. Evelyn
Hutchinson, and H. T. and E. P. Odum. Ecosystem ecology eventually became closely associated with powerful
American institutions, such as the Atomic Energy Commission, receiving ample support; in association with
the International Biological Program it became known as “big ecology”. More recently, ecosystem ecology has
exhibited strengthened interest in spatial patterns, the role of species in ecosystems, and global change. This
history has encompassed various ontological, methodological, ethical and political claims regarding the place
of this approach in the discipline of ecology and in environmental governance.

1 Early ecosystem ecology Prior to Lindeman, ecologists had generally viewed na-
ture in terms of species within an abiotic environment. He

Ecologists in North America drew on nhumerous strands Ofsuggested instead that an ecosystem be viewed in terms

ecological research elsewhere in formulating their initial per- ¢+ \nctional components. By reducing the complexity of
spectives on ecosystem ecology. Among these, British ecolryoy chains and ecological change to energy flows, he mad
ogy was most prominent, including Charles Elton’s concep-g.qsystems amenable to quantitative physicochemical ana

tions of the niche, trophic levels, and fo_oq_chains and cyclesySiS' This was a step towards a single unified ecology, and &
(Eltop, 1927), and Arthur Tapsley’s definition of th.e ecosys- step away from the view of ecology as grounded in apprecia-
tem in terms of the interactions of plants and animals withiqn of the uniqueness of each species. In addition, by stress-

each other and their abiotic environment (Tansley, 1935)in the rapid transfer of nutrients between living and non-
As North American ecologists subsequently developed itiing ecosystem components, he undermined the distinctio
the ecosystem approach has incorporated claims regardingenyeen these components. Thus, the chief ontological im
the ecosystem as ontological reality, as a methodological aPplication of Lindeman’s concept was that ecosystems, as sy

proach, and as an ethical and political perspective.  yamg of flows and transformations of energy, encompasse
In 1942 Raymond Lindeman established the foundation ofy, j st Jiving organisms, but all physical matter in the local-

ecosystem ecology. His paper, “The Trophic-Dynamic As- ity of interest.
pect of Ecology”, appeared a few. months after his death * jhqeman wrote his paper while a post-doctoral studen
at the age of 27 (Lindeman, 1942; Hagen, 1992). In it he, i, G Evelyn Hutchinson of Yale University, who had been
d|scuss§d concepts long _Of interest to ecologlstg,_ InCIUd'nQ:onsidering similar themes (Hutchinson, 1940). Through his
succession and the trophic structure of .communmes. HOW'reading of Victor Goldschmidt's works on geochemistry and
ever, he integrated these concepts using energy 10 relaig ,qimir Viernadsky’s explication of his biosphere concept,
successmngl changes to the productivity of trophic levelsyig gwn limnological studies of Linsley Pond, and his com-
and the éiciency of energy transfer between them. He thus yiiment to equilibrium, Hutchinson developed a theoreti-
showed how to relate long-term ecosystem change to shorisy| nderstanding of the “metabolism” of ecosystems. In

term events in energy flow and transformation such as food; g4g paper he described the movement and accumulation
consumption and respiration.
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carbon in the biosphere and phosphorus in lakes. Organisms, This had political implications. After the war, the contri-

he noted, influenced the movement of these elements; in turrhution of industry and science to victory, the hazards of so-
their productivity was partly determined by the availability cietal instability, and the promise of cybernetics, encouraged
of these substances. He also developed mathematical equa-burst of “technocratic optimism” (Taylor, 1988). Howard
tions depicting the growth and interactions of populations.Odum promoted his ecosystem theory as a potential basis for
Underlying the behavior of both elements and populationstechnocratic management. Human—nature ecosystems, he ar-
were circular-causal paths, or feedback loops, damping osgued, could be designed and managed by an “ecological en-
cillations, maintaining equilibrium, thereby ensuring the sys- gineer” to ensure optimumfigciency and well-being. These
tem’s persistence (Hutchinson, 1948). notions of ecosystemfieciency and control also became as-

Hutchinson derived the feedback concept from develop-sociated with space exploration. The challenge of creating a
ments in the study and management of complex systemdivable environment within a spacecraft could be conceived
During World War 1l operations researchers had demon-as akin to that of designing a functioning artificial ecosystem
strated that complex technology, such as missile guidance a similarity expressed in the science of “cabin ecology”
systems, could employ feedback loops to ensure optimunfAnker, 2005). The ecosystem concept was also compati-
performance. After the war the study of self-regulation ble with the widely invoked metaphor of “Spaceship Earth”,
through feedback, or cybernetics, was transferred to peacexhich combined notions of a finite and fragile global system
time research, motivated by the expectation that living andwith confidence in the capacity of science and technology to
nonliving complex systems, including ecosystems, could beunderstand, and manage, this system (Fuller, 1970; Hohler,
understood in terms of these general principles (Bowker,2008).

1993; Taylor, 1988). However, many ecologists disagreed with the implications

Hutchinson’s students had considerable impact on ecosyssef these perspectives, preferring to see knowledge of ecosys-
tem ecology. One was Howard T. Odum. In 1950 he com-tems as a basis for their preservation, not their control. Eu-
pleted his dissertation on the biogeochemistry of strontium.gene Odum'’s research on coastal salt marshes, for example,
Its global distribution, he concluded, had long remained con-contributed to a movement for their protection. In the 1970s
stant; this exemplified the self-regulation and stability of the need to safeguard intact ecosystems was often invoked
the “strontium ecosystem” (Odum, 1951). In subsequent rein arguments for wilderness protection. However, wilder-
search, Odum measured energy flow between trophic levelaess advocates did not work directly with ecologists in mak-
in a series of mineral springs in Florida (Odum, 1957). Heing these arguments, nor did they draw on the most recent
drew energy flow diagrams, and converted these into elecwork in ecosystem ecology; instead, they generally relied on
trical circuit diagrams, using a symbolic language to portraysimple assumptions regarding the stability and constancy of
energy flow. undisturbed ecosystems (Turner, 2012).

While Howard Odum drew analogies between ecosystems
and physical systems, his brother Eugene, in contrast, related
order and stability in ecosystems to physiological mecha-2 Big science and big ecology
nisms of homeostasis. Eugene was probably more influen-
tial: at the University of Georgia, and in his textbodyn- In the 1960s large-scale funding stimulated development of
damentals of Ecologyhe alerted ecologists to the potential ecosystem ecology. Until 1974 the Atomic Energy Commis-
of ecosystem ecology (Odum, 1971). The result was a growsion (AEC) was the largest supporter of ecosystem research.
ing number of ecosystem studies, including Ramon Mar-It fostered innovations such as the use of systems analysis,
galef's (1958) application of information theory to ecosys- radionuclides and other tools that helped shape ecosystem re-
tems, Bernard Patten’s (1959) work in cybernetic theory, andsearch. At the Oak Ridge National Laboratory, for example,
John Teal’s (1962) study of energy flow in a salt marsh (Gol-ecologists used computerized simulation models to predict
ley, 1993). the movement of radionuclides (Bocking, 1997).

By 1960 a growing number of ecologists interpreted na- The AEC had several motives in supporting ecosystem
ture in terms of ecosystems within which energy and nu-ecology. It provided a quantitative physicochemical perspec-
trients are exchanged, consumed, and transformed, and thtive on nature that physical scientists could respect. Ecosys-
possess feedback loops ensuring equilibrium. Such an intetem ecologists promoted AEC research tools, such as ra-
pretation had several implications. One was that ecologicatlionuclides. They also often defined nature as analogous to
systems were not, in principle, distinguishable from phys-the complex engineered systems that were the AEC's pri-
ical systems: both obeyed common mechanical principlesmary concern. Overall, ecosystem ecologists contributed to
Both also tended to remain at a point of stable equilibrium,the AEC ideal of a technological, nuclear-powered basis for
to return to this point when perturbed, and the regulatory pro-American society.
cesses responsible could be understood and possibly manip- In the late 1960s the American government allocated ap-
ulated to ensure optimum behavior. proximately $40 million for ecosystem studies, through the

International Biological Program (IBP). Through AEC and
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IBP support, ecosystem ecology became known as “big ecol- The continuing demand for scientific advice that is rele-
ogy”: large, hierarchical research teams based on corporateant to policy has also encourageftbets focused on assem-
or military models of organization, focused on the study of bling existing knowledge about ecosystems. The largest sug
entire ecosystems, developing computer models able to simproject, the Millennium Ecosystem Assessment (MEA), con-
ulate and predict ecosystem behavior (Blair, 1975; Bocking,ducted between 2001 and 2005, was finreby more than
1997; Kwa, 1987). It was believed that ecosystem ecologyl360 ecologists and other scientists to assess the state of
could provide the scientific basis for a response to increasingvorld’s ecosystems. Unlike earlier international ecosyste
environmental concerns. Ecosystem ecology was also corprojects, such as the IBP, the MEA did not include original
sistent with one view of the appropriate role of government:research. Instead, its aim was to synthesize knowledge ar
consistent with the technocratic ideal presented by Howardyenerate results that would be relevant to policy and man

Odum, it promised a basis for replacing piecemeal, uncooragement. Accordingly, the MEA emphasized measures of the
dinated decisions that neglected the broader public interesstate of ecosystem services — that is, the contributions of na

with comprehensive, rational policies (Hays, 1985; Hurst,ture to human well-being, such as through the supply of clea
1977). By the late 1960s this view had gained a certain curwater, food, or climate regulation (MEA, 2005).

rency within the American political system. It was, however,

soon displaced by an embrace of processes more typical of

a pluralistic political system, including the negotiation, com- 3 Research themes

promise and brokerage of competing individual interests, of-

ten in adversarial contexts. The comprehensive perspectiv8ince the late 1970s several themes have been evident |i

of ecosystem ecology was less readily applicable to thes&lorth American ecosystem research. One is a continuin
processes. As a result, much of applied ecology, includingnterest in energy flows and biogeochemical cycling. Envi-
the emerging field of conservation biology, turned away fromronmental problems have often been defined in such term
this field, focusing instead on the study and modeling ofand in recent years urban theorists have applied an ecosy
populations and communities. One way in which ecosystentem approach to cities (Decker et al., 2000). However, afte
science did maintain its relevance was by providing a basighe IBP’s limited success in modeling ecosystems, a percey
for evaluating the economic value of ecosystem services -tion also emerged that to conceptualize ecosystems only i
and, thus, for the commodification of ecosystems themselveterms of energy and matter was inadequate. More attentio
(Robertson, 2006). to the critical role of species, and to the spatial complexity

However, “big ecology” was not the only possible ap- of landscapes (including the mingling of natural and humar
proach to ecosystem study. Beginning in 1963 F. Herbertistory that has occurred in most localities), would be nec
Bormann and Gene Likens, with colleagues and students atssary. Interest in species and their roles in ecosystems h

the Hubbard Brook Ecosystem Study, began study of the bioalso been encouraged by developments in neighboring disdi

geochemistry of a forest. They focused on the relation of theplines, including conservation biology, as well as by political
ecosystem to its surroundings, measuring the flow of nutri-interest in the status of species (particularly those considere
ents into and out of watersheds. The varying capability ofinvasive or endangered), and by the emergence of ecosyste
the watershed to retain nutrients, they argued, could providenanagement, conceptualized as a more holistic approach
insights into ecosystem functions. Further insights were deimanaging natural resources and their use by humans (Boc
rived from ecosystem experiments in which they deforestedng, 2004).

a watershed, measured its nutrient exports, and used the re- Another theme has been a shift to larger scale phenom
sults to assess its capability to maintain stability and responena, especially apparent in studies of global change. Sing
to disturbance (Bormann and Likens, 1979; Bocking, 1997).the late 1980s study of the globe as a single system, throug
Experimental studies that involve the manipulation of entiresuch initiatives as the International Geosphere-Biospher
ecosystems have since been undertaken at numerous otherogramme, has provided ecologists with both opportuni
locations, including the Experimental Lakes Area in north- ties and obligations to scale up their work. New research

ern Ontario, particularly to understand problems such as eutools, including satellite remote sensing data (often provided

trophication and acid rain. More recently, new ecological per-by NASA, which has played a role in encouraging adop-
spectives, as well as demands to understand the impacts ¢ibn of new research technologies analogous to the role ong
human activities, have led some ecologists to develop fieldplayed by the AEC), were applied to ecosystem studies 3
based experimental practices that, rather than manipulatingoth global and smaller scales (Kwa, 2005). Many scientist
entire ecosystems, instead take advantage of local envirorstudying local phenomena have also linked these to changg
mental features to generate knowledge that can meet the staat global scales, especially climate.
dards of credibility of laboratory science, even in the “real However, these and other new directions in ecosystem rg
world” of changing and imperfectly understood ecosystemssearch have also posed challenges. For example, techno
(Kohler, 2012). gies for remote sensing and tracking have raised questions r

garding the extent to which it is technology, and not scientific
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priorities, that determines research problems; another que®owker, G.: How to be Universal: Some Cybernetic Strategies,

tion has been the implications of invasive technology (such 1943-70, Soc. Stud. Sci., 23, 107-127, 1993.

as radio collars) on conceptions of wildlife and wilderness Decker, E. H., Elliott, S., Smith, F. A,, Blake, D. R., and Rowland,

tion to link studies conducted at a variety of scales, also raise ItA””g' _'19"; EnleErg' lE”V" 55* 285‘?(10’ Z,Oio' 4 Jackson. 1927

conceptual and practical challenges. The places where re='on: & Animar=cology, London, Siagwick and Jackson, '
- . . i uller, R. B.: Operating Manual for Spaceship Earth, New York,

search is done are both practice- and question-specific; ac-

) . . . Pocket Books, 1970.
cordingly, when diferent techniques, guided byfiirent re- Golley, F. B.: A History of the Ecosystem Concept in Ecology:

search questions, are used to locate ecological phenomenagre Than the Sum of the Parts, New Haven, Yale University

(such as species populations), it becomes impossible to map press, 1993.

unambiguously the locations of these phenomena (Shavit anHagen, J. B.: An Entangled Bank: The Origins of Ecosystem Ecol-

Griesemer, 2009). Similarly, the definition of an ecosystem ogy, New Brunswick, NJ, Rutgers University Press, 1992.

at a particular place is unavoidably ambiguous: ecologistsHays, S. P.: Beauty, Health, and Permanence: Environmental Pol-
with different theoretical and practical commitments, and itics in the United States, 1955-1985, Cambridge, Cambridge
applying diferent study techniques, will be studyingtdi- University Press, 1985. o o

ent ecosystems, even if their studies are located in the sarﬁéﬁhler' S.: “Spaceship Earth”: Envisioning Human Habitats in the

place. It becomes all the morefidiult, therefore, to construct . Crvironmental Age, GHi Bulletin, No. 42, 65-85, 2008.
useful generalizations regarding the behavior of any particu-HOng’ C. S.: The Resilience of Terrestrial Ecosystems: Local Sur-
prise and Global Change, in: Sustainable Development of the

lar ecosystem. . . Biosphere, edited by: Clark, W. C. and Munn, R. E., Cambridge,
And finally, perspectives on the dynamics of ecosystems  campridge University Press, 292-317, 1986.

have been revised. No longer seen as an orderly systemyrst, J. W.: Law and Social Order in the United States, Ithaca,
in equilibrium, nature is instead a patchwork, characterized Cornell University Press, 1977.
by pervasive disturbance and instability. Ecosystems expeHutchinson, G. E.: Bio-Ecology, Ecology, 21, 267—-268, 1940.
rience patterns of change over time: cycles of slow accu-Hutchinson, G. E.: Circular Causal Systems in Ecology, Ann. NY
mulation of biological capital, punctuated by its sudden re- Acad. Sci,, 40, 221246, 1948. _ S
lease and reorganization. Forces that stabilize the ecosystelPhler. R. E.: Practice and Place in Twentieth-Century Field Biol-
(such as forest growth) maintain its productivity and nutrient 09y: A Comment, J. Hist. Biol., 45, 579-586, 2012.
cycles, while destabilizing forces (say, a forest fire) main- W& C.: Representations of Nature Mediating Between Ecology
L . . and Science Policy: The Case of the International Biological Pro-
tain diversity and resilience. Constancy has been replaced .
el . . gramme, Soc. Stud. Sci., 17, 413-442, 1987.
by changg, chaos, and non-equilibrium conditions (BOtkm'Kwa, C.: Local Ecologies and Global Science: Discourses and
1993; Holling, 1986; Worster, 1994). Strategies of the International Geosphere-Biosphere Programme,
Soc. Stud. Sci., 35, 923-950, 2005.
Lindeman, R. L.: The Trophic-Dynamic Aspect of Ecology, Ecol-
ogy, 23, 319-418, 1942.
Margalef, R.: Information Theory in Ecology, Gen. Syst., 3, 36—71,
1958.
Millennium Ecosystem Assessment: Living Beyond Our Means:
Natural Assets and Human Well-Being: Statement from the
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