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“Everything is connected to everything else”
Ecology as an Epistemic Laboratory of Relational and
Interdisciplinary Thinking *

Daniel Frank **

This article reconstructs the historical development of ecology as an early form
of integrative and systemic thinking and examines its significance for the emer-
gence of interdisciplinary research. Drawing on Newell’s theory of interdisciplinar-
ity as an analytical framework, the article argues that interdisciplinary research
becomes epistemically necessary as soon as its objects are understood not as isolated
units but as complex systems of dynamically interconnected components. The arti-
cle traces this line of thought from Ernst Haeckel’s introduction of the term ‘Oecolo-
gie’ through the relational perspectives of von Humboldt, Möbius, and Warming
to the conceptual consolidation of the ecosystem concept in the work of Tansley,
Lindeman, and the Odum brothers. It demonstrates that ecology did not merely
integrate methods from various scientific disciplines but gradually transformed
the conception of scientific objects from isolated entities to relational systems. By
reconstructing selected key stages of the intellectual history of ecological thought,
the article illustrates how relational thinking developed into a fundamental epis-
temological principle that extended beyond biology into broader scientific and so-
cietal contexts. In this sense, ecology emerges not only as a biological discipline
but also as one of the historical roots of modern interdisciplinary—and ultimately
transdisciplinary—research.

* The title of this article refers to a quote, taken from Barry Commoner’sThe Closing Circle: Nature,
Man, and Technology (1971, 33).
** Universität Tübingen (daniel.frank @ uni-tuebingen.de).
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1. Introduction

Ecology emerged in the context of accelerating disciplinary differentiation
but developed in the opposite direction: as a mode of thinking oriented toward
relations, interactions, and systems. This article argues that ecology was not
only becoming an interdisciplinary field in practice long before the term in-
terdisciplinarity was established. It can also be understood as an early site in
which core features of what would later be conceptualized as integrative inter-
disciplinary research in the sense proposed by William H. Newell were already
articulated, involving elements of systems thinking, holism, and an attention to
complexity. The analysis distinguishes explicitly between historical reconstruc-
tion and retrospective epistemic interpretation. While the historical sections re-
construct ecological concepts in their original context, the argument that these
anticipate integrative interdisciplinarity is a retrospective interpretation based
on Newell’s framework.
Examining ecology through the framework of relationality and interdisci-

plinarity is valuable because it allows us to interpret it not merely as a scientific
field, but as a distinctive style of relational reasoning. Several key early con-
tributions indicate that ecological explanation was often articulated in terms
of networks, environments, and reciprocal causation. This shift entailed more
than methodological borrowing across disciplines; it marked a transformation
in what counted as a scientific problem and what qualified as an adequate expla-
nation. By situating ecologywithin the history of ideas, the article demonstrates
how relational thinking moved from specific biological contexts into broader
epistemological and, eventually, normative domains, where questions of eval-
uation and intervention become increasingly salient. Studying ecology’s devel-
opment therefore provides insight into the emergence of a relational world-
view that would come to shape 20ᵗʰ and 21ˢᵗ century thought far beyond the
life sciences. The central argument is that early ecological concepts were not
only shaped by the integration of biological, physical, chemical, and geograph-
ical perspectives, but also contributed to a broader reorientation of scientific
knowledge toward holistic and relational models of explanation and problem-
solving. By reconstructing the genealogy of key ecological ideas, the article
shows how ecology anticipated and contributed to intellectual developments
that were later formalized in systems theory and interdisciplinary research.
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This reconstruction is situated at the intersection of the history of science
and the history of ideas.¹ Rather than treating ecology merely as a subdisci-
pline of biology, the article approaches it as a site where epistemic, methodologi-
cal, and even normative dimensions converged. The argument is historically fo-
cused on the European and North American contexts between roughly 1860
and 1970, when ecological concepts first crystallized and were institutional-
ized.
The argument proceeds in four steps. First, interdisciplinarity is understood,

following Newell, as requiring the representation of its object as a complex sys-
tem of interdependent elements. Second, early ecological research is shown to
exhibit such system-oriented modes of reasoning in practice. Third, ecosystem
theory in the work of Arthur Tansley and Lindeman is interpreted as the point
at which this relational reasoning becomes conceptually formalized. Fourth, the
later development of systems ecology and environmental thought, particularly
in the work of the Odum brothers and Barry Commoner, is read as a general-
ization and expansion of this system-oriented perspective beyond the natural
sciences into societal and normative domains. At its later stages, this develop-
ment also approaches what would subsequently be conceptualized as transdis-
ciplinary forms of inquiry, particularly where ecological knowledge becomes
intertwined with societal problem contexts.

¹ The historical development of ecology is too complex and geographically dispersed to be fully
captured within a single article. Ecology emerged across Europe, the United States, and Russia
and drew on diverse intellectual traditions—including natural history, physiology, geography, and
philosophy—each embedded in distinct institutional and methodological contexts. For comprehen-
sive historiographical accounts, see, for example Golley (1993), Kingsland (2005), Trepl (1987), McIn-
tosh (1985) and Worster (1994), Egerton’s long-running series History of the Ecological Sciences in
the Bulletin of the Ecological Society of America (2001–2019). Rather than offering an exhaustive
survey, this article concentrates on the formative phase of ecology in Germany and Great Britain
between the 1860s and the 1930s and on subsequent systemic and societal expansions in the United
States in the 1960s and 1970s. It focuses on figures repeatedly identified in the historiography as
intellectual landmarks—Ernst Haeckel, Alexander von Humboldt, Arthur Tansley, Raymond Linde-
man, the Odum brothers, and Barry Commoner—because their work makes particularly visible the
emergence and consolidation of relational and systemic modes of reasoning. These cases allow us
to trace a coherent trajectory from the conceptual articulation of ecology to its later development
as an integrative and interdisciplinary epistemic configuration.
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2. William H. Newell’s approach of integrative
interdisciplinarity

To clarify the epistemic structure underlying interdisciplinary inquiry, it is in-
structive to turn to the theoretical framework developed by William H. Newell.
In A Theory of Interdisciplinary Studies (2001), Newell argues that interdisci-
plinarity is typically warranted when its object of study is both multifaceted
and coherent. If a phenomenon can be adequately reduced to a single disci-
plinary perspective, interdisciplinarity is unnecessary; if it is merely a loose
aggregation of unrelated aspects, integration is impossible. Interdisciplinary re-
search becomes epistemically warranted when its object must be represented
as a system. In such cases, components are interconnected in non-linear ways,
and system behavior is emergent. Interdisciplinarity, in this account, presup-
poses a systemic mode of object-construction. Integration is not the mere jux-
taposition of disciplinary insights but the reconstruction of a complex whole in
which heterogeneous elements—biological, physical, social, or normative—are
grasped as dynamically interrelated. Complexity, holism, and relationality are
therefore constitutive conditions of interdisciplinary thought.This also clarifies
why heterogeneity alone is insufficient. A phenomenon may be heterogeneous
in the sense of involvingmultiple components without requiring integration. In
such cases, amultidisciplinary approachmay suffice.¹ Newell’s more demanding
claim is that interdisciplinarity becomes necessary only when these heteroge-
neous elements are dynamically interrelated in a non-linear system, such that
their behavior cannot be understood reductively, in isolation. Complexity, in
this sense, does not merely refer to multiplicity, but to structured interdepen-
dence. Newell’s theory provides not simply a procedural model, but a strong
epistemic rationale (arguably with ontological implications): under conditions
where complexity in this systemic sense is present, integrative interdisciplinar-
ity becomes epistemically crucial.

¹ In contrast to ‘interdisciplinarity’, the term ‘multidisciplinarity’ refers to collaboration between
different disciplines, in which experts contribute their specialist knowledge to research or teaching
in a complementary, additive manner, without there being any deep integration. For a more detailed
analysis of the relationship between multidisciplinarity, interdisciplinarity, and transdisciplinarity,
see also Klein (2010).
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Although Newell (2004) acknowledges ecology as an early, discipline-specific
form of holism, he treats it primarily as one among several intellectual responses
to fragmentation. Yet the historical trajectory from Ernst Haeckel through the
Odum school suggests something stronger. Ecological thought did not merely
react to fragmentation; it enacted systemic integration in practice. Relational
ontology, holistic explanation, attention to non-linear interdependencies, and
the reconstruction of coherent wholes from heterogeneous elements were al-
ready central to ecological inquiry long before they were formalized in late-20ᵗʰ
century theories of interdisciplinary research.
The following historical reconstruction, therefore, adopts Newell’s systemic

theory of interdisciplinarity as its principal analytical lens. It argues that core
elements of integrative interdisciplinarity were articulated within ecological
science itself: the conception of objects as systems, the rejection of reductionism
in favor of relational explanation, and the orientation toward complex problem
fields that exceed disciplinary boundaries. From Haeckel’s organism–environ-
ment nexus to ecosystem ecology in the work of the Odums, ecological research
can be understood as a sustained practice of systemic integration in Newell’s
sense, although not formulated in these terms at the time.
Later, however, a further issue emerges. In his retrospective essay The State

of the Field: Interdisciplinary Theory (2013), Newell reflects on transdisciplinar-
ity, which he characterizes as a mode of research oriented toward complex real-
world problems and public policy, conducted in close collaboration with non-
academic stakeholders and institutions. It integrates academic and experience-
based, context-specific knowledge and places equal emphasis on practical im-
plementation and societal benefit as on theoretical understanding. Transdisci-
plinarity thus prompts a reconsideration of key assumptions of interdisciplinar-
ity.These include its reliance on disciplines as primary epistemic sources, its pri-
oritization of understanding over application, its confinement to the academic
sphere, and its conception as purely academic intellectual inquiry. Newell there-
fore raises the question of whether interdisciplinarity needs to be conceptu-
ally expanded when addressing complex problems embedded in broader socio-
economic and political contexts. Transdisciplinary projects, especially in Euro-
pean debates, involve collaboration with non-academic actors and emphasize
implementation as well as understanding.
For Newell, this is not a replacement of interdisciplinarity but a potential
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extension whose scope remains to be clarified. Within the historical arc recon-
structed here, such an expansion becomes relevant only at its endpoint. The
developments from Haeckel to the Odums can be comprehensively interpreted
within Newell’s model of integrative interdisciplinarity. By contrast, the later
work of Barry Commoner approaches the threshold at which systemic scien-
tific analysis becomes intertwined with political intervention and public en-
gagement. Newell’s later reflections mark this threshold conceptually. They
do not displace interdisciplinarity as the central category, but they illuminate
the point at which integrative interdisciplinarity may evolve toward transdisci-
plinary configurations under the pressure of real-world complexity.

3. Haeckel’s ‘Oecologie’: coinage and conceptual program

A survey of major works on ecology (for instance McIntosh 1985, 2; Kings-
land 2005, 2) shows that there is a broad consensus that the term ‘Oecologie’
appears for the first time in the writings of the German naturalist Ernst Haeckel
in 1866, even before it appears as the English language term ‘ecology’ (Köhler
2019, 29-30). What is at stake in Haeckel’s coinage of the term Oecologie is not
merely the introduction of a new label, but the articulation of a distinct way
of organizing biological knowledge around relations rather than isolated enti-
ties. Today, Haeckel is more commonly associated with evolutionary biology
because he established and spread Darwin’s theory of evolution in Germany
and is famous for his beautiful drawings of diatoms and other aquatic microor-
ganisms as can be admired in his book Art-forms in Nature¹ (Kunstformen der
Natur). However, it was in fact Haeckel who introduced the term ‘Oecologie’
into science in his workGeneral Morphology of Organisms (Bessey 1902; Haeckel
1866b, 286; Köhler 2019). In his book, Haeckel refers to ‘Oecologie’ several times.
And it is significant that he describes ecology as a sub-area of physiology and
names it ‘relational physiology’ (Haeckel 1866b, 236). Haeckel intends it to be
conceived, along with chorology, as an “integrating subdivision of physiology”²

¹ Unless otherwise indicated, the original German-language expressions and quotations have been
translated by the author.
² The original German quotations are provided in the notes. Here “integrirende Bestandtheile der
Physiologie” (Haeckel 1866b, 236, n. 1).

8 : 6 Daniel Frank



(Haeckel 1866b, 236, n. 1) and calls it later the “hitherto generally highly ne-
glected physiological disciplines” (Haeckel 1866b, 286).¹ He defines ‘Oecologie’
as

the entire science of the relations of the organism to the surrounding world, to which we
can count all ‘conditions of existence’ in a broader sense. These are partly organic, partly
inorganic in nature; both, as we have shown before, of the greatest importance for the
form of the organisms, because they force organisms to adapt. The inorganic conditions
of existence, to which every organism must adapt, include first of all the physical and
chemical properties of its habitat, the climate (light, warmth, humidity and electricity
conditions of the atmosphere), the inorganic foodstuffs, the nature of the water and the
soil, etc.” (Haeckel 1866b, 286).²

In this paragraph the relations of the organisms among themselves are ex-
tended by the relations in which they stand to their environment. And with
the terms of adaptation and resistance Haeckel connects ecology here also with
evolutionary biology.This already indicates what has been an essential element
of ecology right from the beginning, namely that it deals with relations, depen-
dencies, and connections. In this respect, Haeckel’s concept runs counter to the
prevailing trend, which saw the formation of disciplines in the sciences through
increasing specialization (Stichweh 1984; Lepenies 1976). Haeckel’s introduction
of ‘Oecologie’ as a scientific term marked a significant intervention within the
increasingly specialized and fragmented sciences of his time.

¹ “Dies gilt in ganz vorzüglichem Maasse von zwei biologischen Phaenomen-Complexen, welche
wir schliesslich noch mit einigen Worten besonders hervorheben wollen, und welche das Object
von zwei besonderen, bisher meist in hohem Grade vernachlässigten physiologischen Disciplinen
bilden, von der Oecologie und Chorologie der Organismen. [Note 2 οἶκος, ὁ‚ der Haushalt, die
Lebensbeziehungen; χώρα, ἡ, der Wohnort, der Verbreitungsbezirk]” (Haeckel 1866b, 286).
² “Unter Oecologie verstehen wir die gesammte Wissenschaft von den Beziehungen des Organismus
zur umgebenden Aussenwelt, wohin wir im weiteren Sinne alle ‘Existenz-Bedingungen’ rechnen kön-
nen. Diese sind theils organischer, theils anorganischer Natur; sowohl diese als jene sind, wie wir
vorher gezeigt haben, von der grössten Bedeutung für die Form der Organismen, weil sie dieselbe
zwingen, sich ihnen anzupassen. Zu den anorganischen Existenz-Bedingungen, welchen sich jeder
Organismus anpassen muss, gehören zunächst die physikalischen und chemischen Eigenschaften
seines Wohnortes, das Klima (Licht, Wärme, Feuchtigkeits- und Electricitäts-Verhältnisse der At-
mosphäre), die anorganischen Nahrungsmittel, Beschaffenheit des Wassers und des Bodens etc.
(Haeckel 1866b, 286). All emphases in quotations are from the original unless otherwise noted.
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At the same time, this relational perspective did not emerge in isolation. It
drew on an older natural-historical tradition summarized in the notion of the
‘economy of nature’. Haeckel defines ecology also as “the science of economy,
of the way of life, of the external relationships of organisms to each other, etc.”
(Haeckel 1866a, 8).¹ The recurring reference to the term ‘economy’ does not im-
ply an anticipation of modern economic theory. Rather, the term derives from
the Greek oikos (household) and oikonomia, which originally denoted the or-
dered governance of a household. In early modern natural history, the ‘econ-
omy of nature’ referred to the structured interrelation of living beings within
an integrated whole. It was sometimes rendered as the ‘household of nature’ or
expressed through related metaphors such as ‘husbandry’, all of which served to
describe the ordered interdependence of natural entities, as central to the idea
of ‘nature’s economy’ (Remien 2017; Worster 1994, 26-55, 192).The notion of an
‘economy of nature’ had already played a significant role in eighteenth-century
natural history, most prominently in the work of Carl von Linné. In hisŒcono-
mia Naturae (1749), nature was conceived as an ordered system of reciprocal
uses in which organisms were functionally interrelated within a divinely insti-
tuted whole (Linné 1749; Hestmark 2000). The metaphor of oikonomia served to
describe a structured interdependence of beings, regulated in such a teleologi-
cal way that balance and continuity were maintained. Yet this relational vision
ultimately remained embedded in a providential framework: despite acknowl-
edging complex mutual dependencies among organisms, Linné reaffirmed the
preeminence of humankind as the final beneficiary of nature’s arrangement.
The ‘economy of nature’ thus combined empirical attentiveness to interdepen-
dence with a theological teleology (Worster 1994, 33-38). Haeckel explicitly con-
nects his ‘Oecologie’ with this tradition; yet this reference does not amount to
a simple continuation of the Linnaean model. Rather, he redefines it within a
Darwinian causal-mechanical framework. The ‘economy of nature’, previously

¹ Haeckel defines ‘Biologie oder Lebenswissenschaft’, as it just became common at that time, as “die
gesammte Wissenschaft von den Organismen oder belebten Naturkörpern unseres Erdballs”. In a
footnote he clarifies: “Indem wir den Begriff der Biologie auf diesen umfassendsten und weitesten
Umfang ausdehnen, schliessen wir den engen und beschränkten Sinn aus, in welchem man häufig
(insbesondere in der Entomologie) die Biologie mit der Oecologie verwechselt, mit derWissenschaft
von der Oeconomie, von der Lebensweise, von den äusseren Lebensbeziehungen von den Lebewe-
sen zu einander etc.” (Haeckel 1866a, 8).
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interpreted in teleological or providential terms, becomes for him the mecha-
nistic result of causal interactions and the struggle for existence. According to
Zigman, Hoßfeld, and Levit,

die ‘Oecologie’ ist bei Haeckel bestimmt als ‘Lehre vom Naturhaushalt‘ (Haeckel, 1866,
vol. II, S. 235–236): er überführt mit dieser Lesart eine ganze Problematik bzw. ein altes
und bis dahin kaumwissenschaftlich (im neuen Sinne: exakt) erfassbaresWissensfeld der
alten Naturgeschichte in ein neues Forschungsprogramm, und dies nun auf einem völlig
neuen, auf dem ‘kausal-mechanischen’ – und das heißt hier – darwinistischen Grundriss.
(Zigman, Hoßfeld and Levit 2018, 84)

By relocating the former ‘Oeconomie der Natur’ into a branchof physiology—
the “Relations-Physiologie” (Haeckel 1866b, 236, n. 1), or “Beziehungsphysiolo-
gie”, as Schurig (1984, 102) terms it—Haeckel transforms a classical natural-
historical research program into a modern relational science (Schurig 1984, 102-
103). In Newell’s terms, this implies a shift in object construction: the object of
inquiry is no longer an isolated organism, but a system of interdependent rela-
tions, thereby fulfilling a key condition of integrative interdisciplinarity. As Pot-
thast has argued in this regard, the emergence of ecology cannot simply be un-
derstood in terms of a transition from static to evolutionary conceptions of na-
ture. Rather, the field developed within a tension between natural-historical tra-
ditions and the emerging quantitative and experimental biology. This “hybrid
character”, as Potthast (2011, 67) describes it, could be interpreted as a feature
and ‘productive dialectic’ of that early ecology. Through this move, Haeckel’s
ecology emerges from the outset as a relational field, integrating morphology,
physiology, chorology, and evolutionary theory—an embodiment of the hybrid,
dialectical character identified by Potthast (2011, 66-67).

4. Integrating natural sciences and beyond

Although Haeckel introduced the term ecology, he did not conduct empiri-
cal ecological studies himself or offered specific insights for those. He was not
an ecologist (Zigman, Hoßfeld and Levit 2018). Conversely, there had already
been research before Haeckel that could be described as ecological from today’s
perspective. Even though this was only the case avant la lettre. Thus, although
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Haeckel introduced the term ecology, biological environmental studies had al-
ready developed into a methodological research program that would later be
associated with ecology (Schurig 1984, 104). From the mid nineteenth century
onwards, ecology has examined concrete ‘relationships’ as causal patterns, en-
compassing connections, interactions, and exchanges between organisms and
their biotic and abiotic environment (Becker and Breckling 2011, 398).

Alexander von Humboldt for instance, intensively studied the distribution
and migration of plants across different geographical regions, which he called
plant geography (Päßler and Ette 2020). Of particular importance to him were
the dependence of plants on geological and climatic conditions and the phys-
iognomic classification of entire vegetation types (Humboldt 1806). Manifestly,
in the second half of the 19ᵗʰ century, a shift from the previously conducted nat-
ural history took place. Von Humboldt was no longer dealing with cataloging
and describing nature first and foremost, which had been the primary concern
of natural history. Beyond that, von Humboldt was also concerned with causal
explanations and functional relationships.
Figure 1 shows Humboldt’s famous and, in the history of science, almost

iconic illustration Geography of Plants in Tropical Countries. It presents a (par-
tial) cross-section of the volcano Chimborazo, in a highly schematized illustra-
tion. On either side of the image, we find not only the plant species according to
their distribution in climatic layers, but also gathers the results for the physical
and chemical conditions of the respective climatic zone in altitude-specific ta-
bles, along with numerous other measurements. He used astronomical, geode-
tic and barometric measurements for this purpose. For his studies, von Hum-
boldt referred to different fields of science like physics, geography, astronomy
and biology. Humboldt’s approach did not merely combine measurements from
different scientific domains; it reconfigured explanation itself. Plants were no
longer treated as isolated specimens, but as nodes within a network of climatic,
geological, and spatial relations.
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Figure 1. Geographie der Pflanzen in den Tropen-Länder, in A. von Humboldt and A. Bon-
pland, Ideen zu einer Geographie der Pflanzen nebst einem Naturgemälde der Tropen-
länder, 1807 (Wikimedia Commons, https://w.wiki/SjMy)

For historian Susan Faye Cannon (1978, 105) this wide variety of measure-
ments and quantifications is extraordinary. This is why she sees Alexander von
Humboldt as representative of a completely new type of science which she calls
“Humboldtian Science” (Cannon 1978, 105).

Two features characteristic of later ecology are already visible in Humboldt’s
work. On the one hand, it moves away from natural history in that research be-
comes increasingly empirical. Von Humboldt searches for causal and functional
explanations. In doing so, he implicitly challenged the classificatory logic of
natural history. The object of knowledge shifted from individual species to rela-
tional constellations. On the other hand, von Humboldt’s research is also holis-
tic. He is concerned with the study of plants in their natural environment, not
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in the laboratory. In this way, he distances himself from an analytical-physical
paradigm that increasingly strives for a reduction to elementary mechanisms,
as in the physiology of that time. In this sense, Humboldt’s plant geography
can be read as an early articulation of relational thinking: it treated nature not
as a collection of entities, but as a structured web of dependencies.
From a historiographical perspective, these shifts can be interpreted as es-

tablishing a mode of inquiry in which explanation required the integration of
heterogeneous observational, geographical, and physical data—a pattern that
would later become characteristic of ecological research. To be sure, what e-
merges here is not yet ‘interdisciplinarity’ in the modern sense, but from the
perspective of Newell’s framework, this mode of inquiry can be understood as
an early instance in which heterogeneous elements are not merely juxtaposed
but integrated into a relational system whose explanatory power depends on
their interdependence.
A further important step toward the conceptual consolidation of relational

thinking in ecology can be found in the work of Karl Möbius. In his study
Die Auster und die Austernwirtschaft (1877), Möbius introduced the concept of
Biocönose or Lebensgemeinde (Möbius 1877, 72) to describe the interdependent
assemblage of organisms inhabiting oyster beds. Rather than treating species as
isolated units, he conceptualized these assemblages as functionally integrated
wholes structured bymutual dependencies and environmental conditions.What
is particularly significant in this context is that Möbius’s analysis extended be-
yond purely biological description. His investigation of oyster banks explicitly
connected ecological relations with questions of economic use, resource man-
agement, and sustainability. In doing so, he connected natural scientific inquiry
with practical and socio-economic concerns. While Möbius does not articulate
a theory of interdisciplinarity or transdisciplinarity in the modern sense, his
work exemplifies an early form of integrative reasoning in which ecological
systems are understood in relation to human practices and interventions. In
this respect, the concept of Lebensgemeinde can be interpreted as an intermedi-
ate step between early relational approaches and later systemic formulations in
ecology.
This line of development is further systematized in the work of EugenWarm-

ing, who transformed such relational and integrative perspectives into a more
explicitly structured ecological research program. In Plantesamfund (1895),
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Warming systematically analyzed plant communities in relation to climatic,
edaphic, and physiological factors, thereby transforming descriptive vegetation
geography into a functional and causally oriented research program.While still
rooted in field observation, his work explicitly integrated plant physiology, cli-
matology, and geographical analysis. In this sense, Warming represents a deci-
sive step from Humboldtian integrative natural research toward ecology as an
emerging disciplinary framework (Trepl 1987).
The detachment of ecology from natural history, however, was neither im-

mediate nor linear. For several decades, ecological research remained closely
connected to traditions of natural history. Although ecology had already devel-
oped into an independent field of research in the second half of the 19ᵗʰ century,
at the start of the 20ᵗʰ century it was still widely regarded by many researchers
as rooted in that tradition. Charles Christopher Adams (1917) speaks here of
‘the New Natural History’. Charles Elton opens his now classic textbook on an-
imal ecology claiming that “ecology is a new name for a very old subject. It
simply means scientific natural history” (Elton 1927, 1).
This persistence, however, is not a sign of disciplinary inertia. Rather, it re-

flects the hybrid epistemic space in which early ecology developed — situated
between descriptive natural history, experimental physiology, and geographi-
cal field science. Ecology became a site where heterogeneous forms of knowl-
edge were combined and reconfigured. Others, however, interpreted it more
analytically as a subdiscipline of biology. At the turn of the century, the ap-
proaches and ideas of what form ecology should take were still very diffuse.
Henry C. Cowles (one of the co-founders of plant ecology in America), in a
seminal paper from 1909 criticizes the juxtaposition of physiology as an exper-
imental science and ecology as an observational science. Rather, the two fields
are interdependent. As he notes,

The developments of the past decade, therefore, make it essential that physiology and
ecology break down the barrier erected for them in Madison in 1893, where it was de-
clared that physiology is experimental and ecology observational. The ecologist must
experiment in order to resolve a natural complex of factors into its individual elements,
while the physiologist must be a student of field conditions, if he wishes to deal sanely
with the great problems connected with the evolution of form and behavior (Cowles
1909, 357).
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Cowles’ intervention illustrates a central tensionwithin early ecology: rather
than choosing between experimental physiology and observational natural his-
tory, ecology increasingly sought to combine both approaches. And even more
important, right from the beginning, ecology functioned as an overarching, um-
brella discipline, rather than as one discipline alongside others. Already in these
early years there are several voices that see ecology’s integral capacity. As early
as 1906, the German botanist Carl Georg Oscar Drude attributed to ecology an
integrative function in the scientific landscape.

Ecology has arisen from the need to unite originally separate branches of science in a
new and natural doctrine; it is characterized by the breadth of its aims, and its peculiar
power and strength in its ability to unite knowledge of organic life with knowledge of its
home, our earth. It assumes the solution of that most difficult as well as most fascinating
problem which occupies the minds of philosophers and theologians alike, namely, the
life history of the plant and animal worlds under the influence of space and time (Drude
1906; quoted in McIntosh 1985, 68).

Later, from the 1930s onwards, ecology was increasingly regarded, particu-
larly in Germany, as a comprehensive science—not just a subdiscipline. What
had remained implicit in earlier ecological work now became programmatic:
ecologywas claimed to be notmerely a field among others, but a unifying frame-
work for the natural sciences. Karl Friederichs, a zoologist and colonial official,
emphasizes in 1934, that all natural sciences are involved in the analysis of a
community of organisms. In his paper “Vom Wesen der Ökologie” (On nature
of ecology) he states that “ecology, beyond its scientific relevance, is a method
common to all or many sciences” (Friederichs 1934, 282).¹ For Friederichs, ecol-
ogy transcends biology. It is not only the highest synthesis within the biological
elementary sciences, but of all natural sciences to a general science of nature
(Friederichs 1934, 282). And even more, ecology is an approach and a way of
thinking that is also found in other sciences like human sociology.

¹ “Ich meinte Ähnliches, wenn ich [Footnote: in ungedruckten Vorträgen und in Zeitungsar-
tikeln] die Ökologie über ihre naturwissenschaftliche Bedeutung hinaus als eine allen oder vie-
len Wissenschaften gemeinsameMethode bezeichnete. [Footnote: Es wäre unschwer nachzuweisen,
wie heute kaum ein wissenschaftliches Gebiet von dieser Arbeitsweise, die im Grunde mit der
ganzheitlichen Betrachtung identisch ist, sich ausschließt.] Sie ist dazu in den letzten Jahren gewor-
den” (Friederichs 1934, 282; emphasis in original).
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Accordingly, sociology also has its ecology. The ecological perspective does
not arise when phenomena are studied in isolation from their broader context,
as was common practice in the past and is still sometimes done by specialists.
He even saw in ecology the “possibility of a reunification of the sciences into a
single science” (Friederichs 1934, 282).¹
These formulations exhibit a decisive shift. Ecology was no longer defined

merely by its empirical object, but increasingly by a specific epistemic claim—
namely, that complex phenomena require integrative modes of explanation that
cut across disciplinary boundaries.This can be regarded as a reaction to the per-
ceived diversification, fragmentation and specialization of science at the time,
as well.
The German limnologist and zoologist AugustThienemann took up this view

and, in 1942, spoke of ecology as a “bridging science” that goes beyond biology
because it includes the abiotic environment.² Thus it becomes a general “doc-
trine [Lehre] of the household of nature”, “which connects all branches of the
natural sciences” (Thienemann 1942, 323–24). Later he defines ecology a “super-
structure over the various disciplines” or as “umbrella science”. In these formu-
lations, ecology appears less a specialized discipline than a meta-disciplinary
proposition about how knowledge of complex phenomena ought to be orga-
nized. Thienemann sees the human being both as a part of nature and as its
shaper.With increasing cultural development, humankind becomes further and
further alienated from the understanding of how to interact properly with na-
ture. Thienemann also attributes the lack of holistic ecological knowledge in
the National Socialist population of his time to the increasing dominance of
the more analytically oriented hereditary science of genetics and ‘racial sci-
ence’ (Rassenlehre) (Thienemann 1942, 325–26). As early as 1942, Thienemann

¹ “Innerhalb der Naturwissenschaften aber ist die Ökologie die oberste Synthese nicht nur aus den
drei biologischen Elementarwissenschaften (wie Adolf Meyer sagt), sondern in unserer Auffassung
der gesamten Naturwissenschaften zur Wissenschaft von der Natur. Sie ist die Lehre vom Verhalten
der Naturerscheinungen zueinander [Footnote: Etwas Ähnliches mag Alfred Lotka vorgeschwebt
haben, als er in seiner Physical Biology (1925) von einer ‘allgemeinen Zustandslehre’ sprach.] und
dem Verhältnis des Mensch” (Friederichs 1934, 282).
² “Brückenwissenschaft” (Thienemann 1942, 324) and “Hier wird Ökologie schon in ihrem biolo-
gischen Teil zu einer synthetischen Wissenschaft, die Brücken zwischen Pflanzen- und Tierkunde
schlägt” (Thienemann 1942, 320).
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addressed the issue of a distorted relationship with nature that had to be re-
stored. He sees human interventions as disturbances of a natural balance. In
this respect, it is necessary to keep interventions in these balances as low as
possible.
We see here that the law “everything is connected to everything else” does

not apply only at the level of biological objects. The ecological perspective also
extends this principle to the organization of scientific knowledge itself. Taking
an ecological stance has often been associated with the integration of differ-
ent disciplines, methods, and forms of expertise, thereby promoting a form of
methodological ho-lism that mirrors the interconnectedness of the phenomena
under investigation. The analytical method, which attempts to isolate individ-
ual factors, reaches its limits. This does not mean that it is considered obsolete,
but rather insufficient.

5. Ecosystems

With the emergence of the ecosystem concept, relational thinking in ecology
gained a formal and explicitly systemic articulation.While integrative and holis-
tic conceptions of ecology were articulated with particular intensity in German-
speaking contexts during the 1930s and 1940s, and although ecology in Europe
was partly born and “became self-conscious,” as FrankGolley (1993, 2) notes, the
systematic development of the ecosystem paradigm into large-scale research
programs occurred primarily in the United States, particularly in connection
with the International Biological Program in the 1960s. According to Golley,
the institutional and methodological conditions that allowed the ecosystem ap-
proach to flourish were largely American in nature (Golley 1993, 2-7).
By the early 20ᵗʰ century, ecologists increasingly conceptualized their objects

of study as systems of interdependence, even though the term ‘ecosystem’ had
not yet been coined. Accordingly, diagrammatic and schematic forms of repre-
sentation became more prominent in ecological research. These diagrams did
not merely summarize data but reconfigured ecological communities as struc-
tured systems of flows, regulatory interactions and functional relations. In the
1920s, such representations were used to translate empirical observations into
models of organized interdependence.
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Figure 2. Redrawing (Justinleif, Wikimedia Commons, 2007, https://w.wiki/Suo$) of the
nitrogen cycle diagram on Bear Island after Summerhayes and Elton (1923, p. 232).

The nitrogen cycle diagram in Summerhayes and Elton (1923) (Figure 2) ex-
emplifies this development. It depicts the systemic logic of inputs, outputs, and
internal transformations within a geographically limited ecological unit. Ar-
rows indicate directional transfers, nodes mark functional positions, and the
circular arrangement suggests a coherent, yet materially open configuration,
sustained by exchange processes. In doing so, the diagram translates ecological
complexity into a structured field of relations that can be analytically grasped
as a system. Typography and spatial organization thus render visually what the
accompanying text formulates conceptually: a bounded but permeable system
structured by internal transformations and external exchanges.
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Elton’s niche concept also reflects a similar shift in perspective (Dussault
2022, 53-57). It is commonly recognized that the zoologist JosephGrinnell (1917)
and Charles Elton introduced the concept of ecological niche independently of
each other. But whereas Grinnell emphasized the niche as a distributional unit
defined by species’ environmental requirements, Elton conceptualized commu-
nities as functionally organized systems in which species occupied roles defined
by their trophic and regulatory interactions. By emphasizing food cycles and
recurrent regulation at the community level, Elton helped reorient ecological
analysis from predominantly spatial description toward systemic integration.
The systemic vocabulary and analytical mode articulated in Elton’s work

were, by the mid-1930s, conceptually consolidated and terminologically stabi-
lized in the ecosystem concept. As early as the 1880s, zoologist Stephen Al-
fred Forbes had described the coexistence of organisms of different species as
functional units, initially referring to this as a ‘microcosm’ (1887) and later he
adopted the term ‘ecological system’ (1908, 507). However, the English botanist
Arthur Tansley is mostly considered to be the person who actually introduced
the term ‘ecosystem’ with his essay The use and abuse of vegetational concepts
and terms (Tansley 1935).
At that time, theoretical concepts such as the ecosystem demonstrated efforts

to formulate general principles that transcended specific disciplines. These con-
cepts were crucial for the integration of different fields of knowledge. The term
ecosystem was used by Tansley explicitly as an abstract concept and against
the view that ecosystems are a kind of higher order organism or superorgan-
ism or complex organism, which was common at that time (Golley 1991).¹ In-

¹ The classic dispute between Frederic Clements and Henry Allan Gleason concerns the ontologi-
cal status of ecological communities. Clements held that plant communities are—like organisms—
highly integrated units that develop toward a stable ‘climax state’ through directed succession
processes; this perspective, often described as the superorganism concept, formed part of a broader
theoretical framework that dominated American plant ecology in the early 20ᵗʰ century (Clements
1916; Kingsland 1991). Gleason (1926) fundamentally rejected this view and developed the individ-
ualistic concept, according to which vegetation patterns result from the independent responses of
individual species to environmental conditions and therefore do not form clearly delimited, coher-
ent units. While Clements assumed relative homogeneity and orderly development, Gleason em-
phasized contingency, gradualism, and the absence of sharp boundaries between plant associations.
Although initially marginalized, Gleason’s position gained broader acceptance from the mid-20ᵗʰ
century onward. Arthur Tansley occupied a position distinct from both approaches, thereby re-
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stead, Tansley emphasizes that ecosystems are physical systems in which bi-
otic and abiotic components must be considered on equal footing. Interactions
among organisms are not to be privileged over interactions with the inorganic
environment; from an ecological perspective, the organic and the inorganic are
analytically equivalent. As he writes, “these ecosystems, as we may call them,
are of the most various kinds and sizes. They form one category of the multi-
tudinous physical systems of the universe, which range from the universe as a
whole down to the atom” (Tansley 1935, 299). By defining ecosystems as physi-
cal systems that include both biotic and abiotic components on equal analytical
footing, Tansley effectively dissolves the boundary between traditionally sepa-
rate scientific domains. This conceptual move implies that no single discipline
can claim epistemic priority over the object, thereby creating a structural de-
mand for integrative analysis. What counts as an ecosystem depends, at least
in part, on the investigator’s analytical interests. Ecosystems are therefore not
simply given natural entities but epistemically delimited systems whose bound-
aries are drawn in relation to specific research questions. Tansley’s interven-
tion marks a conceptual turning point in this respect. By redefining ecological
units as physical systems and by explicitly acknowledging the role of analyti-
cal perspective in drawing their boundaries, he shifted ecology from organismic
holism toward systemic abstraction and introduced a reflexive dimension into
ecological object-construction.
A significant controversy surrounding early ecosystem ecology concerned

its relationship to evolutionary theory (Golley 1993, 3–7). Critics such as the
British zoologist Vero Copner Wynne-Edwards and the British plant ecologist
JohnHarper insisted that biological explanationmust ultimately rest on individ-
ual selection and fitness. Ecosystem research, however, operated at a ‘superindi-
vidual’ level, aggregating species into trophic categories and modeling material
and energy flows within spatially and temporally bounded systems. Because its
primary objective was to represent systemic organization and regulation rather
than evolutionary mechanisms, evolutionary critiques were initially of limited

framing the debate: while rejecting the organismic metaphor, he nonetheless retained the idea of
vegetation as a natural unit and quasi-organism, and introduced the concept of the ecosystem as a
more adequate systemic framework comprising both biotic and abiotic components (Tansley 1920,
1935; Kingsland 1991, van der Valk 2014).

“Everything is connected to everything else” 8 : 19



relevance and were therefore largely ignored. The early ecosystem paradigm
thus represented not an extension of evolutionary reasoning, but a distinct epis-
temic strategy focused on systemic integration rather than individual fitness.
While European ecologists had already laid crucial conceptual foundations—

ranging from Haeckel’s relational definition of ecology andThienemann’s (lim-
nologically inspired) and Friederichs’ (entomologically inspired) integrative and
community-oriented approaches to Elton’s functional niche theory and Tans-
ley’s systemic abstraction—theUnited States provided the institutional, method-
ological, and cultural conditions under which these integrative and systemic ori-
entationswere transformed into large-scale, experimentally coordinated ecosys-
tem research and developed into a dominant paradigm.
It is noteworthy that Tansley—like Haeckel before him—performed founda-

tional conceptual work without initially grounding the ecosystem concept in
a comprehensive empirical research program. This step was taken more explic-
itly by Raymond Lindeman, whose 1942 energetic-trophic analysis of Cedar Bog
Lake (Lindeman 1942) gave the ecosystem concept a concrete methodological
and quantitative form. With Lindeman’s study, the term ‘ecosystem’ rapidly
gained wider acceptance within ecological research.
Lindeman’s central methodological move consisted in translating diverse bio-

logical interactions into energetic terms. As his mentor George Evelyn Hutchin-
son later observed, Lindeman recognized that “the most profitable method of
analysis lay in reduction of all the interrelated biological events to energetic
terms” (Hutchinson 1942, 417).
This reduction, however, was not merely simplification. By translating het-

erogeneous ecological processes into a common energetic framework, Linde-
man made it possible to integrate biological, physical, and chemical factors
within a single systemic representation. Reduction enabled integration.The sys-
tem became analytically tractable because its components could be modeled as
flows of energy and matter. What is crucial in this context is that this inte-
gration does not occur within a single disciplinary frame-work. By translating
biological, chemical, and physical processes into a common energetic represen-
tation, Lindeman effectively constructs an object that cannot be adequately an-
alyzed from within any one discipline alone. In this sense, ecosystem research
instantiated, at the level of scientific practice, the very conditions that Newell
would later identify as constitutive of interdisciplinarity.
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What appears in Tansley’s and Lindeman’s work as a form ecological systems
thinking, in fact, anticipates the later theoretical justification of interdisciplinar-
ity in terms of complex systems. Such a strategy corresponds to what William
H. Newell (2001, 1-2) later identified as a defining feature of interdisciplinary re-
search: complex phenomena must be represented as systems in order to justify
integrative inquiry. In this sense, ecosystem research anticipated in practice the
systemic logic that Newell would later articulate on a meta-theoretical level.¹
But Tansley’s and Lindeman’s physical perspective did more than introduce

systems thinking into ecology. By conceptualizing ecosystems in terms of en-
ergy transfer and material circulation, they shifted the explanatory focus from
organisms and communities to processes of production and transformation.
This marked a decisive redefinition of ecological objects: relations were no
longer primarily biotic interactions, but structured flows within materially
bounded systems.

But this development did not go uncontested. In parallel, other strands of
ecological research moved in a different direction and ecology did not consoli-
date into a single coherent systemic paradigm. From the 1960s onward, distinct
research programs emerged that operationalized relationality in different ways.
By the 1960s and 1970s, ecosystem ecology and population/community ecology
had developed into partially divergent research programs characterized by dis-
tinct methodological commitments and explanatory ideals. In population and
community ecology, represented by figures such as Robert H. MacArthur, re-
lational thinking was reformulated at a different scale and with different epis-
temic priorities. Rather than modeling large-scale material flows, this approach

¹ Later developments in ecology have explicitly framed ecosystems as complex adaptive systems
(CAS) (e.g., Levin 1998; Norberg 2004). While such approaches provided a more formalized account
of ecological complexity, they can also be read as a continuation of earlier system-orientedmodes of
reasoning. In this sense, what later appears as complexity theory corresponds, at a meta-theoretical
level, to the kind of systemic integration that Newell identifies as constitutive of interdisciplinary
research (Welch 2018, 195).
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focused on mathematically formalized interactions among a limited number of
species. Ecologists such as MacArthur did not primarily focus on energy flows
and nutrient cycles but rather on direct interactions between organisms, such as
predator-prey interactions, and hypothesis-based population models (Fretwell
1975). By focusing on simplifiedmathematical representations of a limited num-
ber of interacting species, MacArthur contributed significantly to transforming
parts of ecology into a more predictive science and enforced the development
of theoretical ecology (Fretwell 1975, 2-3). Within theoretical and community
ecology, the explanatory focus shifted toward testable organism-level interac-
tions rather than large-scale systemic flows.These developments did not replace
ecosystem approaches but coexisted with them, reflecting a growing differentia-
tion within ecology. While systems ecology emphasized large-scale integration
through energy flows, population and community ecology pursued integration
through formalized interaction models at smaller scales. Rather than contribut-
ing to the integrative ambitions discussed here, this approach pursued analyt-
ical simplification and empirical testability. It thus represents a parallel trajec-
tory within ecology, one that highlights the plurality of epistemic strategies
rather than a unified disciplinary development.
This tension between analytical simplification and systemic integration was

later explicitly problematized within ecology itself. As Price (1984, 47) has ar-
gued, ecological research often reduces interactions to simplified one-to-one
relationships, thereby neglecting the broader system of interdependencies that
shapes ecological dynamics. A more adequate understanding, he suggests, re-
quires the simultaneous consideration ofmultiple interacting components with-
in dynamically evolving systems.This tension, however, does not simply reflect
a theoretical disagreement, but also points to a more general methodological
constraint. As Price has emphasized, ecological research necessarily operates
under conditions of epistemic limitation, requiring selective simplification of
complex systems. While such reduction is unavoidable, it risks obscuring the
multiple interdependencies that shape ecological dynamics. From this perspec-
tive, integrative approaches do not replace analytical strategies but articulate
an epistemic ideal that can only ever be approximated in practice (Price 1984).
This methodological tension did not remain purely abstract, but shaped sub-

sequent developments within ecology itself. In particular, it motivated efforts to
overcome the limitations of analytical simplification by constructing more com-
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prehensive models of systemic integration. In parallel to these developments, a
different influential strand of ecological research was system ecology, which
further radicalized the integrative implications of the ecosystem concept. By
the mid-20ᵗʰ century, ecology’s integrative ambitions began to extend beyond
methodological synthesis toward a broader redefinition of the relation between
science and society. The brothers Howard T. and Eugene P. Odum built upon
Lindeman’s operationalization of energetic flows and transformed it into an ex-
plicit research program. Eugene Odum was working to push ecosystem think-
ing even further with his ‘new ecology’ approach, also called ‘systems ecology’.
As mentioned earlier in the context of Friederichs and Thienemann, ecology
can be seen as an integrative science within the life sciences; Odum went one
step further, as becomes clear in his 1977 Science paper “The Emergence of Ecol-
ogy as a New Integrative Discipline” (Odum 1977). He conceives ecology as a
general guiding science and attributes the “revolutionary” shift toward an inte-
grative, interdisciplinary approach in his thinking to the influence of his father
and his joint research with his brother. As a science committed to holism, ecol-
ogy in some sense precedes other sciences. Moreover, the new ecology strives
to combine the natural and social sciences, because since the 1930s sociology
no longer considers humans in isolation from their environment. It is therefore
no coincidence that over-individual approaches in ecology and sociology devel-
oped simultaneously; similarly, it is no coincidence that Eugene Odum’s father,
Howard Odum, was a renowned sociologist.
According to Odum, the new ecology must become an important player in

politics, because thinking and action in politics must be elevated to the level of
ecosystems. This shift in consciousness is particularly important for the assess-
ment of technologies in terms of their environmental impact. For these reasons,
he also considers it essential to link ecological values with economic values.
With Odum, the integrative ambition of ecology expanded beyond methodolog-
ical synthesis toward a normative reconfiguration of science itself. Ecology was
no longer only about understanding complex systems, but about redefining the
relationship between knowledge, values, and political action. It is remarkable
that ecology was already in tension with values very early on. While natural
science largely pursued the ideal of value-free inquiry, ecology implies the no-
tion of a desirable state worth preserving. In academic ecology, this idea was
challenged early: as early as 1930, Charles S. Elton had already denied a “bal-
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ance of nature” (Elton 1930, 17). Anyone speaking of an ‘ecological balance’ in
academic ecology from the 1980s onward was hardly taken seriously. The sit-
uation was different, however, when ecology intersected with environmental
policy, where this idea remained influential for a long time (Potthast 1999 and
2004) and still resonates today.

It was not only the work of Eugene Odum that shows ecology increasingly
transcending the boundaries between science, politics, and society since the
mid-20ᵗʰ century. With Howard T. Odum, the energetic systems perspective of
ecology attained an epistemic form that can be read as an early realization of
what William H. Newell later conceptualized as integrative interdisciplinarity.
While Tansley introduced the concept system-theoretically and Lindeman op-
erationalized it energetically and quantitatively, Odum transformed the ecosys-
tem into a general model of complex realities. For him, ecology became not
merely one field of research among others, but a paradigmatic locus of systemic
integration.
Odum programmatically linked ecological researchwith general systems the-

ory and cybernetics (Ramage and Shipp 2020, 87). General systems theory, most
prominently articulated by Ludwig von Bertalanffy in the mid-20ᵗʰ century,
sought to formulate formal principles applicable to complex systems across dis-
ciplinary domains. At the same time, historians of ecology have emphasized
that systemic modes of reasoning had already emerged within ecological re-
search itself; as Annette Voigt notes, “ecology developed its own systemic the-
ories early on, later applying systems theoretical approaches of different kinds”
(Voigt 2011, 185).

Becker and Breckling (2011) emphasized that the relationship between ecol-
ogy and systems theory developed through reciprocal concept transfers rather
than a simple disciplinary import. It would be mistaken to assume that sys-
tems thinking was transferred directly from the founding fathers of general
systems theory to ecology. Instead, “ecological notions and concepts were im-
ported into systems discourse early on” (Becker and Breckling 2011, 387) and

8 : 24 Daniel Frank



ecological research contributed important conceptual and mathematical prece-
dents for later systems theory, particularly through Lotka’s work on population
dynamics (Becker and Breckling 2011, 387). Kingsland reconstructs:

Apart from the ecological import of Lotka’s ideas, his book also anticipated Ludwig
von Bertalanffy’s development of general system theory in the 1950s. Bertalanffy rather
ungenerously downplayed the similarities between his method and Lotka’s, but Lotka
had clearly set down the basic procedure of systems analysis first. He just did not apply
it as extensively as Bertanlanny did (Kingsland 1985, 26-27).

Later, formal systems approaches were incorporated into ecological model-
ing. Systems ecology can therefore be understood as developing in dialogue
with this broader systems-theoretical movement, translating concepts such as
feedback, regulation, and hierarchical organization into empirically grounded
ecological models. Systems ecology explicitly emerged from this intertwining.
His methodological approach consisted of representing heterogeneous proc-
esses—biological interactions, material cycles, economic transfers, information
flows—in a common energetic frame of reference. In his Silver Springs study,
Odum had already formulated the cybernetically inspired goal of a “complete
quantitative determination of the states and flow (…) aswell as the control mech-
anisms” (H.T. Odum 1957, 59). This implies that the eco-system is understood
not only as a structure of parts, but as a regulated, feedback-controlled whole—a
system in the strict, cybernetic sense.
The epistemic operation underlying this modeling is crucial. In Environment,

Power and Society, Odum describes his method as the use of a ‘macroscope’,
rather than a ‘microscope’: one must “rise above, step back, group parts, sim-
plify concepts (…) and thus somehow see the big patterns” (Ramage and Shipp
2020, 87; H.T. Odum 1971, 10). This macroscopic perspective is not merely a
scale of magnification, but an integration strategy: different processes are re-
lated at a higher level of abstraction without remaining in detailed analyses.
This is precisely where the structural similarity to Newell’s later definition of
interdisciplinary research lies: complex phenomena require representation as a
system in order to coherently integrate fragmented disciplinary knowledge.
Odum’s energetic monism in his book Systems Ecology (1983)—energy as a

universal comparative variable—functions as an integration medium, as Ram-
age and Shipp (2020, 89-93) have reconstructed. Analysis of energy flows allows
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ecological, technical, and social processes to be represented in a common dia-
gram space. His ‘energy circuit language’ (Ramage and Shipp 2020, 91) creates a
visual grammar in which natural and human systems can be modeled together
with their interrelations. Odum explicitly defines “environmental systems” as
including industry, cities, and economic exchange processes. He even interprets
information flows—genes, books, money—as energetically based feedback pro-
cesses with high ‘embodied energy’ (Ramage and Shipp 2020, 92–93).

Integration is therefore not merely theoretically postulated but methodically
implemented: different subject areas are related through a common modeling
logic. Odum’s approach thus corresponds to a practical realization of what
Newell later described as the core of integrative interdisciplinarity: construct-
ing a systemic model that synthesizes heterogeneous knowledge bases at a
higher level. From this perspective, Odum’s systems ecology appears as a man-
ifestation of an integrative paradigm ahead of its time. Whereas Newell for-
mulated the necessity of systemic representation of complex problems in meta-
theoretical terms, Odum had already developed such representations operation-
ally—in the form of energy flowmodels, diagrammatic networks, and hierarchi-
cally organized environment–human systems. Ecology thus becomes the epis-
temic field of experimentation for a systemically based interdisciplinarity that
would only later be conceptually articulated.

Gunderson summarized the legacy of the Odums as follows:

With the passing of E. P. and H. T. Odum, a remarkable era in ecology ended. In response
to Aldo Leopold’s contention that we need to “think like a mountain” to understand
ecology, the Odums would have argued that we need to think like a system. Their world
view was one of systems, i.e., components, connections, and complexity. They fought
long and hard to develop a science that was not just about dissecting and understanding
parts, but about understanding and unravelling the dynamics of the whole (Gunderson
et al. 2002).
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However, while such a perspective represented one of the most far-reaching
and programmatically explicit articulations of ecological integration, it re-
mained one influential strand among several coexisting approaches within the
discipline and was neither uncontested nor universally adopted.
But it is not only the work of the Odum brothers that shows that ecology

has increasingly transcended the boundaries between science, politics, and so-
ciety since themid-20ᵗʰ century.While the Odums extended ecosystem thinking
within scientific and systems-theoretical frameworks, Barry Commoner (1971)
translated this integrative logic into a broader socio-political and public context.
The title of this article is taken from the first of his four laws of ecology, whichhe
formulated in his influential book The Closing Circle: “Everything is connected
to everything else” (Commoner 1971, 33). Commoner was not only a biologist
and ecologist, but also politically active and considered one of the leading early
representatives of the modern American environmental movement and thereby
transcending academia and entering the spheres of politics and public debate—
an influence reflected, for instance, in his appearance on the cover of TIME
magazine in February 1970. In his book he was one of the first to envision a
model of a circular economy and industry, and he was certainly one of the
first to combine science and political activism, linking the issues of ecology
with those of public participation and social justice: environmental crisis and
political decision-making. In Commoner’s formulation, the ecological maxim
that “everything is connected to everything else” condensed decades of rela-
tional thinking into a publicly accessible epistemic principle.What had emerged
within scientific discourse now migrated into political language and environ-
mental activism. From this time onwards, the concept of ecology transcended its
disciplinary boundaries once more. Certainly, ecology as a sub-discipline of bi-
ology remained. But beyond that, ecology increasingly became a catchword for
a certain worldview and a political agenda. While these integrative tendencies
were not yet systematized under the label of interdisciplinarity, they reflected
an early form of epistemic openness that anticipated the more structured in-
terdisciplinary and even transdisciplinary research frameworks of the late-20ᵗʰ
and early-21ˢᵗ centuries.
Across these constellations—from Haeckel’s relational physiology to ecosys-

tem theory and environmental activism—ecology repeatedly redefined its ob-
ject through relations rather than substances, which contributed to a gradual
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stabilization of a relational epistemology¹ within parts of modern science, that
is an approach that explains phenomena primarily through relations and inter-
actions rather than isolated entities.

6. Conclusions

As this article has shown, ecology has been closely associated with central
features of inter- and transdisciplinary thinking since its formation. It should be
noted, however, that terms such as ‘interdisciplinarity’ and ‘transdisciplinarity’
were not in use at the time and only gained definitional clarity in much later
academic discourse. Nevertheless, the practices and theoretical orientations of
early ecologists already exhibited core characteristics that would later become
central to these concepts.
From the outset, ecology developed as a heterogeneous field marked by inter-

nal tensions—between descriptive and experimental approaches, between natu-
ral history and physiology. Rather than resolving these tensions by disciplinary
separation, ecological research repeatedly integrated different methodological
traditions in a problem-oriented manner. At the same time, ecological inquiry
was characterized by an ongoing debate about its objects: whether these should
be understood as biotic communities (Lebensgemeinden) or as materially and en-
ergetically constituted systems. In many of its formulations, ecology adopted a
holistic perspective that sought to do justice to the complexity of its subject mat-
ter by reconstructing phenomena within extended systems of relations rather
than isolating them under controlled laboratory conditions.

¹ I use the term ‘relational epistemology’ here not in the sense of a subject-centered approach, as
it is prominently found in social constructivist and relational theories of knowledge (e.g., Kenneth
Gergen (2009); Barbara Thayer-Bacon (2003)), which locate knowledge and cognition—against in-
dividualistic models—primarily in the relations between actors. Rather, in this article, ‘relational
epistemology’ refers to an object-oriented perspective according to which the objects of knowl-
edge can only be adequately understood in and through their relations to other objects. In this
sense, the term draws on Ernst Cassirer’s (1910) account in Substanzbegriff und Funktionsbegriff,
where the shift from substance concepts to function concepts—that is, from thing-based to relational
determinations—marks a fundamental transformation in the epistemic framework of the natural
sciences.
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Beyond this historical reconstruction, the analysis also points to a set of sys-
tematic epistemological implications. If ecological objects are constituted rela-
tionally rather than as isolated entities, this entails a shift in the ontology of sci-
entific inquiry: objects of knowledge are no longer given as discrete units, but as
context-dependent systems defined through their relations. Correspondingly,
explanation cannot be adequately framed in terms of linear causality alone
but must account for interdependence, non-linearity, and emergent properties.
From this perspective, interdisciplinarity does not appear merely as a method-
ological option, but—following the systemic account developed by William H.
Newell—as an epistemic requirement under conditions of relational complex-
ity. Where phenomena are constituted through heterogeneous but interdepen-
dent elements, their adequate understanding presupposes integrative modes of
analysis. At the same time, the relational perspective carries implicit norma-
tive implications. By framing ecological systems in terms of balance, stability,
or sustainability, it introduces evaluative dimensions into scientific inquiry and
thereby contributes to a partial blurring of the boundary between descriptive
and normative domains.
Crucially, the historical development of ecology not only anticipates interdis-

ciplinarity in practice but also reveals a deeper transformation in the epistemic
structure of modern science toward relational and system-oriented modes of
knowledge—condensed in Commoner’s (1971, 33) maxim that “everything is
connected to everything else”.
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