
ABSTRACT 

AUERBACH, DANIEL NOAH. Metabolic Rifts and Temporal Shifts: A Theoretical and 
Historical Engagement of Capitalism’s Unsustainable Time Imperative. (Under the direction 
of Dr. Brett Clark). 
 

 The release of the Brundtland report helped frame sustainability in to three realms: 

environmental, social, and economic. Increasingly economists have become leaders in 

shaping sustainability studies and policies. Economistic visions of sustainability are 

problematic because they fail to fully engage the dialectical co-evolution of nature and 

society. Furthermore, ecological economists, working in the weak and strong sustainability 

traditions, fail to adequately address dynamic ecological and socio-material processes. Nature 

is viewed as ahistorical and static and given value only when it is useful for economic 

purposes. Additionally, economists, in their models, do not fully flesh out the social relations 

of production that make the market system possible. The economistic perception of 

sustainability will be challenged by specifically focus on temporal dynamics within 

ecological and social systems and between them. Nature is governed by both historical and 

ahistorical forces that shape ecosystems unique temporal patterns. The social relations of 

production within capitalist are geared towards realizing profit which provides a distinct time 

imperative as well which is often in conflict with the temporality of nature.  This analysis 

requires a perspective that is able to grasp both sides of the nature-society dialectic. The 

Metabolic Rift perspective highlights the processes that shape the exchange within and 

between natural cycles and social systems. Through a theoretical and historical engagement 

the metabolic rift is used to understand the social drivers of unsustainability. The metabolic 

order of capital, with its constantly accelerating time imperative, exists in contradiction to the 

temporal order associated with an ecosystems metabolism.  
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THE CHALLENGE OF SUSTAINABILITY 
 Environmental sustainability, since the Brundtland Commission’s report, Our 

Common Future, was published in 1987, has become ubiquitous in academic and political 

discussions. At the same time, scientific studies indicate that anthropogenic forces are 

fundamentally disrupting global ecosystems and transgressing against planetary boundaries 

(Hansen et al. 2008; Rockstrom et al. 2009; Vitousek et al. 1997). Natural scientists have 

created sophisticated models of ecological processes, yet one of the most important 

components—the human relationship to the environment—presents the biggest challenge. 

Human actions influence the scale and rate of ecological degradation. It is clear that 

sustainability requires changes in social structures, organizations, and relations, yet there is 

no clear consensus as to what environmental sustainability exactly entails. It is near 

impossible to address ecological problems, if we do not have a clear understanding of what 

would constitute a sustainable path of social development. While no group has a monopoly 

as the source of authority on climate change, economists and political scientists have become 

more influential than other scientists since the early 1990s. This shift greatly influenced 

media coverage and altered the framing of what constituted concerns with sustainability 

(McCright and Dunlap 2000). Discussions and policies regarding sustainability more heavily 

emphasized economic costs and concerns over the other two aspects of the sustainability 

triumvirate: the social and the environmental. Thus, a critical engagement of the 

sustainability literature, as it developed in environmental economics,  is of utmost 

importance, in order to assess the current conceptions and shortcomings in this area of 

research. I propose that the sustainability literature generally suffers from an ahistorical 
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conception of nature (and ecosystems in general), as well as failure to account for differences 

in ecological and social time. My theoretical and historical analysis serves as a foundation to 

ground future scholarship in environmental sociology and sustainability. In order to pursue a 

sustainable path of social development, it is essential that we have a sophisticated and 

grounded conception of sustainability. 

Castro (2004) indicates that there are two major approaches to sustainability: the 

mainstream and the critical. Mainstream sustainability tends to be supported by International 

Governmental Organizations, such as the United Nations and International Finance 

Institutions like the World Bank. These organizations generally contend that both 

environmental sustainability and economic growth are possible. In fact, economic 

development is often seen as a means of pursuing ecological sustainability, as modernization 

facilitates the generation of an ecological rationality, elevating the importance of 

environmental considerations (Hawken et al., 2000; Spaargaren 1997). Although there is a lot 

of overlap within the mainstream group, it is important to remember that different analysts 

have nuanced positions and may have points of disagreement with other mainstream 

advocates. Much of the theoretical foundations of this approach are rooted within the weak 

and strong sustainability camps of ecological economics which will be explored in the next 

section. Critical perspectives also vary, but tend to challenge the assumptions made by 

mainstream sustainability analysts. Nonetheless, critical scholars tend to focus on the conflict 

that exists between economic growth and ecological integrity (Castro 2004). My thesis paper 

fits within and attempts to extend the critical perspective of sustainability.  
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Given the range of diverse ecosystems and complex interactions in nature, there are a 

multitude of ways we can approach the issue of sustainability. Some scientists focus on 

nutrient cycles, biodiversity, and land use patterns in order to establish a baseline or a 

foundation to assess ongoing changes in natural conditions. Other scientists focus on 

potential problems associated with the availability of resources. In particular, much focus is 

placed on renewable and non-renewable resources, especially in regard to energy. The former 

are resources that generally can be renewed within a human time scale; whereas, the latter are 

resources that cannot (Daly 1991). Specific resources are designated into either category. For 

example, oil and other petroleum-based products are categorized as non-renewable because 

of the length of time it takes to create and regenerate. Renewable resources such as solar, 

water, and timber are labeled as such because they typically are plentiful and can be 

replenished quickly enough to suit human purposes without completely deteriorating the 

available stock. The main sustainability concern in this realm of research is the rate at which 

resources are consumed and the impacts that resource use has on ecosystems. 

 The concept of a renewable resource is widely used and serves as a major focal point 

of ecological sustainability studies. Nevertheless, it endures as one of the most opaque terms. 

In particular, the term, renewable resource, remains vague and non-sociological. It lacks any 

temporality and context. Such problems hinder a grounded conception of ecological 

sustainability. Throughout this paper, I will critically evaluate how various sustainability 

scholars employ this concept. The same problems that plague definitions of sustainability are 

found in discussions of renewable resources. Overall, nature, as it is referred to in economic 

models of sustainability, tends to be static and ahistorical. In contrast, an environmental 
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perspective recognizes that nature and its component cycles are not fixed and are dependent 

upon historical contingencies and contextual factors that shape its development. Another 

problem in ecological economics is that the term renewable resource is anthropomorphic, 

meaning that it refers only to the part of the natural world that is exploited by humans. These 

conceptions of sustainability and resource use, by mainstream sustainability scholars, do not 

adequately capture the metabolic relationship of interchange and transformation between the 

social organization of production and the natural world. As a result, it is essential to analyze 

how the structural organization and determinants of a particular metabolic order—such as 

capitalism—mediates the socio-ecological relationship and the prospects of sustainability.  

 Surprisingly environmental sustainability, in spite of its importance to long-term 

human survival, is under theorized. In this thesis, I address the challenge of sustainability via 

a theoretical and historical investigation. This scholarship will help advance our 

understanding of social relations with nature and the temporality of ecosystems and 

renewable resources. First I provide an extensive theoretical discussion of different 

conceptualizations of sustainability, namely weak and strong sustainability by ecological 

economists. Within this discussion, I problematize the notion of renewable resources along a 

human time scale. In this section, in an effort to develop a better conception of sustainability, 

I illustrate that nature and ecological cycles are governed by seemingly ahistorical laws of 

nature (e.g., gravity), but are also dynamic given the influence of natural and social forces. 

There is an interpenetration of society and nature, thus it is necessary to focus on how they 

co-evolve. Second, due to the failure of sustainability studies to address the issue of time, I 

explain temporality within the natural world. Third, through engaging the sociology of time 
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literature, I identify the major contributions and concepts that are important when 

considering ecological sustainability. I then highlight the distinctive aspects of sociological 

notions of time. Fourth, in order to create a synthesis within the framework of historical 

materialism I highlight the dialectical tension that exists between social organization and 

ecological cycles. Within this discussion I flesh out the contradictions in the temporality of 

capitalism versus ecosystems using a metabolic approach. Finally, I provide a historical-

materialist case study in which I apply a more dynamic, sociological conception of 

sustainability that accounts for issues of history and time. Specifically, I examine the 

development of the logging industry in the Adirondack Mountains in upstate New York. I 

analyze how the political-economic system shapes structural and temporal determinates that 

influence the social organization of the timber industry. These social changes alter the cycles 

and processes in the forest ecosystem. In particular, I will examine the historical 

development of technology within the industry and how it is associated with a reorganization 

of the Adirondack forest from that of primarily old-growth to second and third growth stands. 

These sections begin to highlight the unsustainability of capital’s time imperative: 

Capitalism, and its need for ever expanding growth and increased accumulation, requires the 

development of quicker methods of profit extraction; ecosystems have time processes that 

exist independent of capital and human interaction; capital’s time imperative, therefore, is 

unsustainable as it transgresses the temporal boundaries of ecosystems which, ultimately, 

undermines the conditions of life and produces an array of ecological problems.  

 
SUSTAINABILITY AS DEFINED BY ECOLOGICAL ECONOMISTS 
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 The Report of the Brundtland Commission (1987: 54) defined sustainable 

development as: “development that meets the needs of the present without compromising the 

ability of future generations to meet their own needs.” Sustainable development is broken 

down into a tripartite set: economic, social, and environmental. The intersection between 

economics and natural processes is widely recognized as the most important issue to address. 

Sustainability presented a new challenge to the discipline of economics, given the tension 

that exists between the finiteness of resources and economic growth. In an attempt to address 

this issue, ecological economists have engaged in theoretical and empirical discussions that 

try to understand how “economic development…is consistent with long-term stable 

environmental quality and resource availability” (Mulder and Van Den Bergh 2001: 110; see 

also Burkett 2006). 

 Ecological economics includes a variety of approaches for understanding the 

relationship between the economy and the biophysical world (Burkett 2003). Despite the 

plurality of approaches much of the mainstream work can be placed under two different 

categories: weak and strong sustainability. In the next two sub-sections, I discuss first weak 

sustainability and second strong sustainability. In both of these sections, I present the major 

discussions and assumptions within mainstream ecological economics. These two approaches 

have informed much of the sustainability discussion. I will then provide a brief critical 

evaluation of these two positions within ecological economics, pointing to the failure to 

adequately conceptualize the socio-ecological relations that are mediated by capitalist 

relations of production, to address temporality in nature and society, and the idealistic 

presentation of nature in order to set up the sections that follow.   
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Weak Sustainability 

 For classical political economists of the eighteenth and nineteenth centuries, natural 

resources played a prominent role in economic theory. Well-known liberal economists such 

as Thomas Malthus and David Ricardo were concerned with the exhaustion of natural 

resources and the driving forces behind this exhaustion. However, this discussion of the 

intersection between economics and the biophysical world all but disappeared from 

twentieth-century political economy. It was not until fairly recently that the environment, and 

natural resources in particular, were given attention again (Dasgupta and Heal 1979). 

Although the foundations of weak sustainability developed throughout the last quarter of the 

twentieth century, a measure of weak sustainability was not established until 1993 (Hanley 

2000). 

 The foundations of the weak sustainability position rest within the macroeconomic 

theories of Robert Solow and John Hartwick. In order to incorporate environmental and 

natural resource concerns, Solow (1974b) attempts to more fully engage with Rawlsian 

issues of intergenerational equity as it relates to capital accumulation. Solow develops 

economic models that increase the complexity of the socio-ecological relationship. First, he 

hypothesizes a case in which natural resources are abundant and there is no population 

growth or increased technological development. He argues that in order for there to be 

intergenerational equity there would just need to be consistent consumption habits per 

person. However, once a limited resource is introduced to the equation the economist must 

take into account the rate at which these resources are depleted. While this rate may 
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accelerate or decelerate at times, its depletion rate is related to and substitutable with the 

available stock of reproducible capital, which is measured in quantitative terms. In other 

words, this approach rests on the assumption that capital is always a substitute for natural 

resources and as long as this balance is maintained “earlier generations are entitled to draw 

down the pool…as long as they add…to the stock of reproducible capital” (Solow 1974b: 

41). Solow (1974a) conceives of resource use as ultimately being tied to the flow of the 

market and subject to anthropomorphic notions of reproducibility and not tied to the 

operation of ecosystems. For example, humans may be able to replant trees once they are 

harvested but that does not necessarily repair the ecosystem that was disturbed. 

 Hartwick (1977) extends this analysis by examining the relationship between rent, 

investment in capital (labor and technology), and resource use. He advocates that any profit 

that is generated from the use of natural resources needs to be reinvested in technology that 

will make the exploitation of resources more efficient. If more profit is created from the use 

of natural resources, then more money is invested in labor and resource saving technology. 

However, Hartwick includes an important caveat to the notion that productive capital is 

perfectly substitutable for natural resources: this relationship is primarily the case with 

renewable as opposed to non-renewable resources. In other words, Hartwick and many 

ecological economists like Solow do see that non-renewable resources are finite and once 

used up there is no substitute. However, the recognition of limits does not preclude 

economists from assuming that economic growth is compatible with ecological integrity. 

Joseph Stiglitz (1974: 131) sums this up succinctly when he points out the “fact that there is a 

limited amount of natural resources and [that] natural resources are necessary for production 
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does not necessarily imply that the economy must eventually stagnate and then decline.” Any 

problem within the ecological realm can be cured with a technical fix such as substituting a 

resource with producible capital.  

 Weak sustainability proposes that all judgments of value of resources can be 

addressed within the logic of the market (Douglas and Johnson 1993). In this case, the logic 

of the market prioritizes a quantitative measurement system (i.e., dollars), in which it is quite 

easy to exchange one resource for another (e.g., two dollars for an eight foot two-by-four 

piece of lumber) as long as they are deemed to be equal in quantitative value (Georgescu-

Roegen 1971). Only by having a dollar value can a resource like wood be deemed to have 

value in a capitalist accounting system. From this perspective, resource depletion is offset by 

an increase in investment in capital to replace the decline in the resource. Assuming that the 

rate of technological development leading to more efficient use of resources outpaces the 

reduction of a resource, the level of consumption can be raised even higher (Burkett 2003). 

Within the ecological economics literature there is very little indication that what type of 

resource is being exhausted is important, besides the distinction between renewable and non-

renewable. In part, the lack of concern on this front is linked to a general conception that 

resources are often interchangeable, or that artificial substitutes can be created. The 

environment is thus reduced to a largely undifferentiated resource stock, which serves as an 

input to the system of capital. 

 
Strong Sustainability 
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 Weak sustainability’s primary assumption that natural resources are readily 

substitutable by production capital struck a chord with some ecological economists. Herman 

Daly (1990) in particular was critical of economists who advocated a weak sustainability as 

well as the Brundtland Commission’s vague conceptualization of sustainability. Daly (1990: 

2-4) insists that ecological economics and discussions of sustainability in general have to 

abide by three principles of sustainable development: resource extraction should follow a 

practice of sustained yield in which there is an equal balance between harvesting and 

regeneration; disposal of waste into the environment can take place only to the extent that the 

ecosystem is able to breakdown the waste; and use of resources should match our ability to 

generate (or discover) substitutes that are also renewable. This stronger approach to 

sustainability asserts that human and natural capital must remain relatively unharmed, and 

natural resources and production capital are not substitutes per se but are “complements” of 

one another (Pezzey 1992; Pezzey and Toman 2002). 

 Strong sustainability, then, recognizes the limits of resources. At the same time, it 

also furthers the conceptualization of nature as capital (Pearce and Atkinson 1993). To be 

sure this approach represents a significant advance from weak sustainability. First, it 

recognizes that not all forms of capital (and nature by extension) are directly substitutable for 

each other (El Sarafy 1997). At the very least there is the recognition that different 

ecosystems provide particular services that are necessary for the continued reproduction of 

the world. It is essential, then, to make sure these ecosystems can still function so that the 

world is still hospitable to humans. To maintain these ecosystems and natural conditions, 

there must be some discriminatory mechanism to decide which natural resources (natural 
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capital) are worthy of more investment and which ones are not. Ecological economists 

working within this framework make this decisions by assessing which forms of natural 

capital “provide non-substitutable services (‘keystone processes’), to the economy” (Hanley 

2000: 21). Here, the main concern is figuring out which ecosystems are deemed important to 

the economy—not which ecosystems provide other types of services to either humanity or to 

the larger global system. Economic considerations continue to receive primacy under the 

strong sustainability program and, therefore, direct conservation and preservation efforts that 

emphasizes economic sustainability over social and environmental.  (Pearce et al., 1994: 

469). 

 While the strong sustainability approach recognizes limits and allows for various 

ecosystems to be protected, it creates a hierarchy of ecosystem services, giving primacy to 

those with direct economic concerns. A recent strand of ecological-economic literature 

focuses on human well-being and has started to measure ecosystems utility towards our 

general happiness. Generally, these types of natural resources are forests, open-space, and 

other wildlife attractions. From this perspective, the more valuable types of resources, such 

as scenic landscapes, offer more utility to human beings than those that are deemed as not 

significantly adding to well-being (Pearce et al., 1994). It should be noted that this approach 

is not something new in ecological economics or environmental preservation. Aldo Leopold 

(1966: 126) poetically captures this sentiment: “A cemetery flashes by, its borders alight with 

prairie puccoons. There are no puccoons elsewhere; dogfennels and sowthistles supply the 

yellow motif for the modern landscape. Puccoons converse only with the dead.” Nevermind 

that puccoons are actually quite beautiful in their own right, but they are apparently only 
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valuable to the dead whose cemetery plots they surround. Some individuals, companies, or 

organizations made decisions to allow for the flourishing of certain plants over others in 

regard to the aesthetic appeal and contribution to human well-being and not necessarily 

ecological worth. 

 Strong sustainability shows its neoclassical economic roots by demonstrating that 

ecosystem value is still measured in quantitative, economic terms. However, it attempts to 

transcend neoclassical assumptions by internalizing the cost of nature into the market: 

arguing that nature is capital. Nature is seen as sharing some key components of capital such 

as the ability to generate income. Costanza and Daly (1992) highlight how the services 

mentioned previously should be seen as stock of capital that is both resource and service. 

Resources and the cycles associated with their reproduction are defined by how much income 

they can generate to better serve the economy. The capital analogy goes even further when 

we specifically address renewable resources within the larger discussion of sustainability. 

Renewable resources are no longer seen as being depleted. Instead, like constant capital 

renewable resources depreciate in value and require investment to continue to use them 

sustainably (Burkett 2003: 14). 

 
Shortcomings of Mainstream Sustainability 

 Strong sustainability has attempted to move ecological economics and discussions of 

sustainability forward by internalizing nature within the accounting system of capital. Instead 

of nature as a free gift—a hallmark of classical economics—nature is considered in 

determining market value. Furthermore ecological economists, to their credit, have taken into 



 

13 

account changing rates of resource use. However, they have not placed these issues within 

the specific social relations of production and time imperative of capitalist operations. Their 

analysis fails to comprehend how the structural determinants of capital serve as drivers of 

ecological degradation and how it increases the rate of resource use, given efforts to 

minimize production and circulation time in order to increase the rate of accumulation. Such 

conditions generate specific socio-ecological contradictions that are connected to resource 

use and concerns about sustainability. One example of these contradictions is the increased 

pace of extraction of timber resources from a forest. Forests include numerous systems, with 

distinct organizational traits. These systems are at different stages of development and that all 

have particular time cycles. Old-growth forests cycle nutrients at a different rate than 

younger forests. Since there is no set path, there is no guarantee that an ecosystem, like a 

forest, will return back to its previous state if it is disrupted, such as clearing a forest. Such 

actions will further alter the temporal processes. A forest can be cleared at a faster rate than it 

can grow. Plus, dismantling an ecosystem may fundamentally alter the ability for a forest to 

recover. Such qualitative considerations are lost when focusing entirely on the quantitative 

value of resources within a larger ecosystem context.  Thus, the ecological economist’s 

conceptualization of sustainability remains problematic.  

In the following paragraphs I attempt to move beyond the various shortcomings of 

mainstream sustainability and to establish a more nuanced and dynamic approach to 

sustainability. First, I begin by emphasizing the history of nature and nature’s complex 

temporal processes. Second, I will flesh out the dominant organization of the social relations 

of capitalism beyond exchange within the market. In this I present the temporal aspects of the 
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capitalist mode of production by examining capital’s time imperative and how it shapes 

production and circulation. Third, I will establish a theoretical synthesis of the temporal 

aspects of the ecological and social processes within the framework of Marx’s metabolic rift 

as a way to analyze the emergence of ecological problems and a path forward in 

understanding sustainability.  I will engage in a discussion of the social metabolic order 

within the capitalist system to fully integrate the co-evolution of nature and society.  

 
ECOLOGICAL TIME 

 Nature, as portrayed by proponents of weak and strong sustainability, is ahistorical, 

atemporal, mechanistic, and passive. Like a machine that depends on inputs and outputs 

nature is acted upon by our productive system. Weak sustainability scholars go as far as 

suggesting that a natural resource is substitutable with other natural resources and with 

productive capital. In other words, unsustainable practices are a technical concern and one 

that can be solved through technological change. Strong sustainability attempts to overcome 

this weakness by incorporating nature into the logic of capital, natural capital. The value of 

natural capital is determined by how useful it is to our economic needs.  These approaches 

effectively ignore the social roots of unsustainability. It is assumed that natural stocks and 

ecosystem services remain constant, except when rates of production change, and has no 

historical and temporal processes independent of the social world. Value is only placed on 

the parts of nature that are deemed useful for economic growth, privileging certain more 

“useful” natural cycles and processes than others. This perspective is problematic for 

sustainability because it fails to see that nature is much more than an aggregate collection of 
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resources (inputs). In order to overcome this limitation, I provide a discussion of the 

historical dynamism of the environment, focusing on the constant in motion and varying 

temporal processes that characterize it. 

 
Nature Has a History 

 In order for there to be time in history it is essential to be able to distinguish between 

events that have happened in the past and those that are happening in the present and the 

subsequent process of change. This point may seem like an obvious statement; however, this 

clarification is of the utmost importance in the discussion of the natural world. To clarify, it 

will be helpful to use an example from the history of philosophy. Aristotle and many of his 

disciples were key figures in the foundation of scientific inquiry into the natural world. In 

response to Plato, Aristotle sought to explain the world as it exists presently. Any inquiry 

regarding the past was speculative and not helpful for understanding the present. Starting 

from this assumption Aristotle, in his exegesis of the material world, explained the existence 

of different species not as the products of historical/evolutionary processes. Instead, he 

presented the world as it existed in the present via the “Ladder of Nature” (Toulmin and 

Goodfield 1965). Aristotle’s depiction did not include any conception of development, 

progress, or evolution of time. The logical conclusion from Aristotle’s perspective was that 

organisms eternally existed in that particular form. In order to explain these forms, Aristotle 

relied upon an idealist notion that an immaterial force drives the development of an organism 

(from birth to death) and that the individual is simply realizing its development potential 

(Collingwood 1945). To put it slightly differently, development implies the unfolding of a 
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process that is already predetermined (Lewontin 2000). Aristotle depicted the natural world 

as one in which a fixed set of species complete a predetermined cycle, guided by non-

material forces. Therefore, there was no sense of evolution as we think of it today. More 

importantly, given his idealist orientation and argument from final causes there was no room 

for temporality, change, or evolution in the natural world. 

 The ancient Greek philosopher, Epicurus, after the death of Aristotle, sought to 

understand the development of the world in terms of itself as opposed to some immaterial 

force (Foster, Clark, and York 2008). In contrast to Aristotelians, Epicurus proposed a 

materialist analysis, banishing the gods to the pores of the universe (Lucretius 1995). 

Epicurus emphasized that contingency and emergence play a fundamental role in the 

workings of the physical and social world. It should be noted, though, that the Epicureans did 

not develop the notion of evolution as we understand it today. Instead, the importance of the 

Epicurean tradition is in its relationship to the formation of a materialist science. In 

recognizing that life and biological processes have a definite genesis that is rooted in the 

material world but no predetermined direction, we can begin to have an understanding of 

temporality, change, and evolution. 

 
An Ecological Understanding of Nature 

 The natural world can be understood in a myriad of ways. Biology, the study of life, 

often times investigates the natural world through understanding particular species. 

Chemistry examines the elemental components of nature. Physics tries to discover the so 

called “laws of nature,” such as gravity. All of these different sciences attempt to understand 
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a particular part of the natural world at a specific level of organization; whether it is 

individual species, chemical compositions, genetics, physical processes, etc. It goes without 

saying that these approaches have contributed greatly to our understanding of nature 

(including human society). Ecology is a distinct field of science but approaches nature from a 

different point of view. Ernst Haeckel, who coined the term ecology in 1866, describes it as,  

 
the body of knowledge concerning the economy of nature—the investigation 
of the total relations of the animal both to its inorganic and its organic 
environment; including above all, its friendly and inimical relations with those 
animals and plants with which it comes directly into contact—in a word, 
ecology is the study of all those complex interrelations referred to by Darwin 
as the condition of the struggle for existence. (as quoted in Golley 1993: 207) 
 

Ecology, then, is a science of connections and relations between differing strata that does not 

specialize on any particular level. Its unit of analysis includes the types of networks and 

relationships that exist in the natural world. 

 Ecology, like all other sciences, has gone through a series of changes and 

transformations to its theoretical orientation. Early in its history two different perspectives 

existed in dialectical tension competing for primacy: Jan Christian Smuts’s “Ecological 

Holism” and Alfred Tansley’s materialist “Ecosystem.” Smuts ecological holism was based 

on the premise that life emerges from matter and the development of life is progressive and 

leads to the creation of more complex wholes (Foster and Clark 2008). One of the underlying 

assumptions of Smuts’s ecological holism is that nature moves inevitably towards more 

complexity and, eventually, perfection. This proposition does not, therefore, allow for 

contingency. Smuts’s teleology, thus, became the focus of one of the many critiques that 

Tansley had of the development of ecological science. In his seminal article, “The Use and 
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Abuse of Vegetational Concepts and Terms,” Tansley (1935) discusses the role that 

contingency has in influencing the direction of change. To the extent that there is succession 

or climax communities in nature, it is not due to an inevitable unfolding of events.2 Tansley 

saw that the variable interactions between organisms, the surrounding environment, and even 

more external factors (such as natural disasters) rendered any sense of order in nature 

impossible, negating the teleological and idealistic understanding of nature. Instead he 

proposed that a biogeographical region should be seen as an ecosystem, which hosts “the 

organism-complex” and also “the whole complex of physical factors…the habitat factors in 

the widest sense” (Tansley 1935: 299). 

 Tansley developed the concept of the ecosystem as a set of interactions between 

organism (part) and habitat (whole). Ecosystem thus became the foundation of ecological 

science that highlighted the importance of understanding processes at their level of 

organization (Odum 1964). Despite being founded in Tansley’s critique of a particular type 

of holism, the science of ecology, with its emphasis on ecosystems, became associated with a 

holistic philosophy.  

Ecosystem ecology, however, does not necessarily escape the holism that Tansley criticized. 

Hagen (1992) chronicles that the new ecosystem ecology had a tendency to reduce 

explanations to a one-sided focus on the whole at the expense of the parts. In this 

interpretation of ecosystems the relative autonomy of parts and their role in forming 

ecosystems is diminished. Holistic orientations, like systems-theory, emphasize that the 

                                                 
2 Succession refers to the stages of an ecosystem that evolves over time. There are different stages of 
development that are characterized by particular sets of plant and animal species. Climax communities are often 
seen as the culmination of the succession process. 
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balance and harmony that wholes exhibit are a goal of ecosystems as if they were designed to 

be that way (Lewontin and Levins 2007).  

 The connections between parts and wholes, as they relate to temporality in the 

environment, will be fleshed out more fully in the following sections. Right now, it should be 

noted that ecology, like other sciences, is composed of a number of subfields each of which 

has a slightly different view of the qualities of nature (Worster 1994). In part, the variety of 

ecology subfields reflects the complexity of nature and ecosystems. 

 
The Direction of Time in Nature 

 Understanding a beginning point sets up our ability to conceptualize time in the 

natural world. The next task is to understand the direction of time. Is it cyclical, moving in 

one direction then bending back to repeat itself? Or, is the temporal pattern in nature one that 

is constantly moving forward in a progressive manner? These basic questions setup the 

dichotomous way that time has been conceptualized in the sciences. However, as Stephen Jay 

Gould (1987) eloquently argued, dichotomies can be mystifying in that they often create an 

either/or statement. These dichotomies are a product of our intellects and therefore represent 

models that we create to understand nature and not how actual natural processes operate. 

There is, though, a difference between how we theorize about certain events and how those 

events occur outside of our ability to describe them. In other words, there exists an objective 

world outside of our perception that continues regardless of our existence (Gould 1994). 

These facts, the direction of time in nature, exist independent of our understanding. Human 
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understanding of time has often split itself between cyclical time and progressive time. 

Comprehending temporal processes in nature, though, requires both. 

 
Time’s arrow  

 Gould (1987) utilizes the concept of time’s arrow—he is borrowing this phrase from 

a long history of intellectual debate—as a metaphor for the forward progress of nature. 

Forward progress does not mean advancement towards some ever greater state, as is the case 

with a teleological perspective. Forward movement means simply that what has previously 

happened will most likely never be repeated under the same circumstances. In other words, 

time’s arrow is irreversible and depends on the “unrepeatable uniqueness of each step in a 

sequence of events linked through time in physical connection” (Gould 1987: 194). There is 

no purpose in this progression.  

 A way to illustrate this is through a brief discussion of Darwin’s theory of evolution. 

One aspect of natural selection addresses how species are able to adapt to a particular 

environment. How a distinct species came to be is dependent upon the transformation of the 

surrounding physical context (or, what today we would call an ecosystem) and the species 

(Darwin 2009). While Darwin noticed variation and change over time based partially on 

adaptation to a particular environment, it is important to remember that this evolution has no 

set direction. Whatever features a species develops are not better or worse than what existed 

previously they just represent change (Gould 1977). Inherent within this conceptualization is 

recognition that evolutionary processes involve changes in ecosystems and species, and how 

both effectively shape each other. Organisms actively transform the environment through 
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their life activities. Therefore, ecological terms like “niche” need to be understood as existing 

within a particular historical period and not as an ever present phenomenon. We can 

understand the development of time by seeing the changes in the natural world. 

 
Contingency and the multiple levels of organization 

 New forms of life emerge from the relationship between species and environment. 

The conditions of the environment are in part the product of the historical development of 

past transformations in the organization of life (York and Clark 2007). Life develops not 

along a predetermined path but in relation to the surrounding, changing context. An 

individual species acts upon its surroundings, transforming the conditions. At the same time, 

the organism is acted upon by the material conditions of the environment. Transformation is 

therefore a reciprocal process in which a causal relationship is never unidirectional. An 

organism or species occupies a particular level of organization and can only be understood in 

relation to other levels. Therefore, the organizing principle of evolution cannot be explained 

by looking at one part alone but as an emerging process of interaction (Levins and Lewontin 

1985). 

 Ecosystems are comprised of dialectical relationships, whereby the part and the whole 

are not solely determined by the other. Within an ecosystem there are multiple levels of 

organization: whether it is specific species within a biogeographic region or the relation of 

one region to another. The reciprocal determination of organism and environment presents a 

complex process of temporal determination. Given that these particular ecosystems and 

organisms exist in relation to each other and that each level has its own inner determinants, 
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there is bound to be instances that lead to greater or slower rates of transformation. There is 

no given law that speaks to an eternal rate of change, because it all depends on a historically 

specific ecological context.  On the one hand, change is a universal constant because of the 

interaction of different species within a given space. On the other hand, there is a 

recognizable structure to an ecosystem that allows us to identify it as containing certain 

characteristics (Lewontin and Levins 2007). The seemingly contradictory processes of 

change and stability actually coexist as a coherent process of a specific ecosystem. Temporal 

change can be both gradual at one point in history and quite rapid at another. It is these 

contingent moments, the constant processes of change in relation to structural organization, 

which can completely change the trajectory of evolution of an ecosystem and the organisms.  

 Tansley (1935) makes an observation about how ecosystems are altered. Just as 

organisms exist in relation to the surrounding ecosystem, ecosystems are connected to other 

biogeographical regions. Sometimes, as in the case of a volcanic eruption (as Tansley points 

out), what occurs in one area has a great impact on another area. There are phenomena such 

as natural disasters (tornadoes, hurricanes, floods, etc.) that radically alter the trajectory of an 

ecosystem’s path of development. Depending upon what the outside event is, the impacts on 

an ecosystem vary. For example, a forest fire provides an illustrative example of contingency 

and its impact on the ecology of an area. Forest fires can originate without the assistance of 

humans or through human action. For the sake of this example let us consider a forest fire 

that originates from a lightning strike. Depending upon the ecosystem (topography, weather, 

forest type) the fire will vary in scope and intensity. As the fire spreads throughout the forest 

it affects organisms differently. Some species of trees and plants burn more quickly than 
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others. Depending on the intensity of the fire, a good portion of the forest could be razed 

which provides an opportunity to organisms that are better suited to survive the high heat to 

spread and dominate the ecosystem following the fire, thereby altering the trajectory of 

natural history (Whelan 1995). The point being, the origin of the fire existed from 

circumstances existing outside of the ecosystem but still has a huge influence on it. There is 

no way that the forest could return to the exact same condition because its context has 

changed by altering the types of organisms and changing the dialectical relationship between 

the parts and the whole. Contingency and emergence, then, makes it difficult to predict the 

historical development of an ecosystem. The same caution applies for the temporal processes 

associated with all ecosystems. While time’s arrow marks the uniqueness of each historical 

period there is still a recognizable structure that characterizes one ecosystem over another; 

thus, it is important to discuss time’s cycle. 

 
Time’s cycle 

 Time’s cycle exists in tension with the contingent nature of time’s arrow. The 

metaphor of cycle exemplifies the relative stability of particular processes (part of timeless 

laws) in the natural world (Gould 1987). Cycles within ecology are the result of a long 

evolutionary history of biogeochemical processes. The continuity of specific cycles is 

dependent upon different processes. For example, nitrogen fixation requires a complex 

interaction between biospheric activity, molecules, and plant species. Within this cycle N2 

(nitrogen gas) from the atmosphere is converted into NH4
+

 (ammonium) when it cycles into 

the soil or other places that are rich in certain types of microorganisms. Plants absorb 
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ammonium. If an animal eats a plant, the ammonium will be transferred to this body. 

Otherwise, it will stay in place, until the plant dies. Following this process, depending upon 

the oxygen content of the atmosphere, the nitrogen can be released as N2O (nitrous oxide) or 

be utilized by microbes as part of their respiratory process (Rosswall 1981).  

 While there remains profound continuity in the major biogeochemical cycles, the 

qualities (including temporal components) do vary within idiosyncratic historical contexts. 

Before the evolution of organisms, nitrogen was cycled through volcanic activity. Nitrogen in 

the form of NH3 (ammonia) was transformed into NH4
+ by intense heat. Once organisms 

inhabited the earth, the nitrogen cycle changed. Organisms, through photosynthesis were able 

to utilize energy from the sun to fix the nitrogen as described earlier. The regulation of 

nitrogen was dependent upon the chemistry of Earth’s surface and the emergence of 

organisms that introduced new processes. Rates of fixed nitrogen are intricately connected to 

the global cycle of other chemical cycles like oxygen and carbon (Canfield et al., 2010). 

 Nutrient cycles are necessary for the operation of ecosystems, yet the relations and 

conditions within ecosystems influences the nutrient cycle (Odum 1969). For example, the 

nitrogen cycle, specifically the rate of nitrate production, can be sped up or slowed down 

depending upon existing conditions. Nitrogen is an essential element for the growth of plants. 

But not all plants circulate nitrogen at the same rate. Conifers and hardwoods have different 

decomposition cycles, which influences the nitrification process (Vitousek et al., 1979). 

Biogeochemical cycles are quite constant, but it is important to recognize that even these 

cycles can be transformed. Of course, the rate and/or scale of disturbance has to be much 

greater 
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than the example described in the time’s arrow section. Here, we are presented with the 

contradiction of stability and change, although in the case of cycles, stability is primary and 

change is secondary. Recognition of cycles provides us with an understanding of the relative 

stability in nature and its seeming timelessness. More importantly, though, is that it re-

emphasizes the importance of context. 

 
The Transition of Quantity into Quality and the Dialectics of Space and Time 

 The above discussion points out the nature of change in the environment. All of the 

examples brought up previously speak to a general phenomenon found in nature: the 

transformation of quantity into quality. Hegel, in his development of an idealist form of 

dialectics, systematically approached the relationship between quantity and quality in which 

he demonstrated, through logic, how change in quantity (more or less) can lead to a 

qualitative determinateness. He uses colors as an example. Red, the determinate quality 

characteristic, can still be identifiable as red even though a shade may be darker or lighter. It 

is when the magnitude (quantity) of red in relation to another color reaches a certain point 

that the color (quality) is no longer red (Hegel [1816] 1961: 199). This transformation is 

based on a number of assumptions:  first, quantitative change can happen gradually up to a 

point followed by an abrupt alteration of the qualitative character; second, these changes 

have their origins in the quantitative conditions that existed prior (Acton 1955). Furthermore, 

this transition illustrates that natural processes cannot be reduced to mechanistic explanations 

where no qualities exist (Marx and Engels 1987).  
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One example of this is the transition of old-growth forest to first cut forests. An old-

growth forest ecosystem contains a distinct spatial pattern, amount of resources, and habitats 

for plant and animal species. However, cutting down older trees allows room for younger 

plants and trees to move in and colonize the same area. Often times, since these organisms 

are younger and smaller, the relative open spaces become more densely populated altering 

habitat structure and spatial patterns (Spies and Franklin 1996).  

It is important to recognize that different levels of organization in relation to one 

another constitute ecosystems. An ecosystem cannot be reduced to either a whole or to the 

sum of its parts. The ecosystem consists of individual species but it is also a recognizable 

system with distinct characteristics from its constituent species. The particular organization 

of an ecosystem greatly influences, at varying rates, the temporal processes that help make it 

what it is. Another important point arises from this realization: there is a dialectical unity 

between time and space where one cannot be fully understood without the other (Bukharin 

2005). This dialectical relationship, furthermore, must be understood not in abstract terms but 

rather in the actually existing conditions of the natural world, which, as was discussed 

previously, is full of contingency. Therefore, to understand time in nature we need to 

understand the multitude levels of organization within it, the types of relationships that exist 

within it, and the historical development of the ecosystem. Nature needs to be placed within a 

definite historical period. Contextualizing nature shows that time is both constant and 

dynamic and dependent upon the whole and parts of certain ecosystems. Such a conception is 

necessary for a more sophisticated understanding of sustainability and natural conditions. 

Economistic models of nature are not able to account this contextualization. 
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SOCIAL TIME 

 Now that we have established the temporality that exists within nature, independent 

of human interaction, it is important to discuss time within the social context. In the 

following section, I will discuss the organization of capitalism as a distinct mode of 

production with unique tendencies—in particular, the imperatives of accumulation and 

expansion. Following this, I will explain how capital’s accumulation drive influences time 

patterns in the social world. In order to provide a more in-depth discussion, I will pay special 

attention to time as it is organized in the realms of production and circulation. Engaging in 

this discussion illuminates the social relations of production that are hidden in the 

sustainability literature of the mainstream ecological economists. To help organize this 

section I have placed the review within the tradition of macro approaches to the sociology of 

time.  

 
The Sociology of Time  

 Temporality, whether explicitly engaged with or not, is at the foundation of social 

thought in general and sociological theory in particular. Time is mediated through a variety 

of social actions, institutions, and larger social structures and the interactions between these 

different levels of organization (Maines 1987). Studies of time have the potential to examine 

a number of social phenomena. Through concentrating on time we can seek to comprehend 

synchronic events and diachronic ones. Knowledge of time can facilitate a richer awareness 

of social control and determinations of a definite historical period (Adam 1990). Similar to 
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the previous discussion of temporality in nature, social time is also riddled with the 

contradiction of cycles and linearity occurring simultaneously (Hassard 1990). 

 Durkheim is credited for setting the foundation for a sociological approach of time. 

His notion of sui generis, or society existing as a level of organization on its own with a 

distinct logic from the level of the individual, drew attention to non-individual explanations 

for social phenomenon. Social facts exist prior to and outside of the individual and exert an 

external constraining force on individual action (Durkheim 1982). Due to the existence of 

social facts time must be a concept that exists outside of the individual and exerts control 

over them. Time is a means of social control and compels people to act in a somewhat 

synchronized pattern (Bergmann 1992). In the consensus oriented view of Durkheim, social 

time is cyclical in that it orders individual activity and generates a synchronicity to social life. 

 Linear-time has also received increasing attention in the sociology literature. Most 

notably, Thompson (1967) elucidates how the transition from agrarian to industrial society 

fundamentally reorients the measurement of time. Precision necessitates a standardization of 

time in order to fulfill the requirements of an industrial system. It is quite fitting then that 

Lewis Mumford (1934) points out that the clock should be seen as the most significant 

invention of the industrial period. Time becomes a commodity, which can be quantified and 

exchanged for other commodities, such as labor-power.  

 A wide variety of literature exists that deals with the micro-level social construction 

of time, however, for this particular paper only the foundations of the macro approach are 

necessary. In what follows, I will focus on capitalism as an organic system that determines 

the time dimensions of reality. The drive for constant accumulation and growth, as 
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mentioned prior, turns time into a commodity which fundamentally reorganizes society to 

extract the largest amount of profit in an increasingly shorter amount of time. The linear 

drive of progress thus influences the cyclical pattern of time, enforcing a new form of social 

control over society along the dictates of realizing the needs of capital. Understanding the 

time imperative of capital and the ways in which it is reinforced (particularly in the sphere of 

production and circulation) adds another layer to the critique of sustainability by placing time 

within a definite historical period and social relations. 

 
The Social Organization of Capital and Its Time Imperative 

 Karl Marx, through a historical-materialist lens, tried to highlight and analyze the 

social metabolic order associated with a dominant political-economic order. In The German 

Ideology, Marx (1978c: 156) explains that the first premise of human existence—the 

beginning point of social history—was the “production of the means to satisfy…needs, the 

production of material life itself,” which leads to the production of new needs. The creation 

and satisfaction of new needs greatly influences the social relations of a society, contributing 

to the vast expansion in the commodification of life. At this point, it is important to note that 

Marx is discussing a notion of human production, or “the production process in general, such 

as is common to all social conditions, that is, without historic character.” Production in 

general, according to Marx, is an abstraction that provides the foundation to the most basic 

social interaction. There are common traits that exist throughout all historical epochs and 

without which production would not be possible. General production is more concerned with 



 

30 

the realization of use-value and the production of goods for the satisfaction of social needs 

(Foster et al., 2010). 

 Marx also outlined the historically specific character of the capitalist mode of 

production. The transition from feudalism to capitalism captured the major differences in the 

particularity of each era. Under a feudal order peasants were given access to the land to help 

reproduce their means of existence. Peasants were free to utilize common land to collect 

timber, raise crops, and pasture livestock. Part of their produce was given to the feudal lord. 

By no means was this a rosy existence but it does point to an important structural component 

of feudalism, which changes under a capitalist order. The rise of the capitalist system saw the 

diremption of the peasants from the means of subsistence and the rise of private property. 

The formerly communal land, under the protection of private property, was increasingly 

utilized for the production of commercial commodities (Braverman 1975; Marx 1977). This 

new class structure created a different set of antagonisms. 

 A major change that accompanied this transition involved the structural imperatives 

of the ruling class. Private property allowed for a novel set of opportunities to generalize 

commodity production and sell goods to make a profit. In this distinct hierarchical structure, 

the capitalist classes were able to dictate what was produced and how quickly. Workers were 

“free” to sell their labor power and engage in wage labor in order make the money to buy the 

goods necessary to reproduce themselves (Marx 1977). However, this situation was a 

freedom in name only as they were radically divorced from any control over the production 

process. Capitalism as a system is dependent upon this hierarchical structure in order to 
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exploit workers to realize as much surplus value as possible and to create a market for 

commodities (Lebowitz 2010).   

 Capitalism, as Marx explained it, is an organic system that has its own imperatives 

that exists independent of the actions of individual capitalists or workers. The raison d’etre is 

perpetual expansion and the accumulation of capital, which shapes the types of relationships 

that exist in the social world. Capitalism is geared toward growth and must find ways to 

overcome barriers towards achieving this goal. Such an achievement is realized through the 

constant expansion of the realm of private property socially and geographically. More people 

and places are incorporated into this mode of production. A stationary capitalism, therefore, 

is a contradiction in terms (Schumpeter 1949: 210). If the system does not expand, it 

confronts crisis. Individuals who occupy a particular structural position are subordinate to the 

structural imperatives of capitalism, no matter where they are in the hierarchical order. 

Workers, since they do not own the means of production, are subservient to capitalists who 

purchase their labor power. Capitalists need to continually be successful in leveraging capital 

to accumulate more capital or else they lose out to others. As István Mészáros (1995: 40-45) 

put it, capitalists “must obey the objective imperatives of the system as a whole just like 

everyone else, or suffer the consequences and go out of business.” These structural 

imperatives dictate the actions of individuals along the lines of economic development for 

the sake of growth and the realization of value. The expansionary tendency of capital makes 

it the only political-economic system with the potential to bring all social relations under its 

dictates, thereby, by necessity it also fundamentally reorganizes the world. Capitalist 
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development necessitates a different set of temporal imperatives than does a system focused 

on human development. 

 
Capitalist Time 

 In The Eighteenth Brumaire of Louis Bonaparte, Marx (1978b: 595) famously 

proclaimed that “men make their own history, but they do not make it just as they please; 

they do not make it under circumstances chosen by themselves, but under circumstances 

directly found, given and transmitted from the past.” This statement is especially significant 

when trying to understand how time determinants are developed in human society. If a set of 

rules and norms existed before an individual was born it is logically impossible to reduce the 

organization of social norms to the level of the individual. Rather, “the historical time of 

humanity transcends the time of individuals…but remaining at the same time in a dialectical 

sense inseparable from it” (Mészáros 2008: 37). At the same time that the historical time of 

humanity transcends the individual, it also must act through individuals. We are then left 

with a historical time for individuals and a historical time for humanity. Generally, it does 

not seem as if the two are inherently antagonistic. However, within the period of capitalism, 

because of its hierarchical organization of production, individuals are further alienated from 

the historical time of humanity. This dialectical tension exists in different forms depending 

upon the specific social organization of a definite historical period. 

 As I mentioned in the previous section, one of the major features of the capitalist 

system is the radical divorce of the majority of the population (proletariats) from the means 

of production and reproduction. Control and decision making is concentrated in the hands of 
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the minority who have a structurally determined impetus to accumulate as much capital as 

quickly as possible. Marx, in his discussion of estranged, or alienated labor, points out labor 

in general (related to production in general) is the first form of mediation between humans 

and the surrounding environment and is an inevitable part of the human experience. Survival 

is predicated on this relationship. Humans are world-transformative creatures and thus must 

satisfy their needs through social labor (Marx 1978a; Foster and Burkett 2000). The 

historically specific form of labor, the second order mediation, is where the organization of 

production under capitalism comes to play. Alienation of labor is a structural feature of the 

capitalist system, due to the hierarchical division of labor associated with private property, 

and is characterized by isolated individuals crippling their ability to organize and regain 

control over production (Mészáros 2005). There is nothing inevitable about the second 

mediation taking a certain form over another. Historical conditions and relationships are the 

result of tension and struggle between different groups of the class structure. Capitalism, as a 

coherent system, does have its own determinations that shape the hierarchical division of 

labor and structurally disenfranchises the proletariat. Accordingly, the capitalist class is in a 

privileged position to exercise its power to push for capitalist as opposed to human 

development.  

 Value, then, becomes one of the most important indicators of temporal order in a 

given productive system. In Capital, Marx (1977) begins with an examination of value under 

capitalism. A commodity has a two-fold purpose: not only must it be something that satiates 

human needs, but it must also be exchangeable for something else (money in the case of 

capitalism). In other words, a commodity’s utility for meeting human needs is its use-value 
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and is a qualitative measurement. In regard to exchange-value, a commodity must be reduced 

to a quantitative assessment to allow it to be similar to other commodities creating the 

necessary conditions for exchange. The quantification of exchange-value is an abstraction 

from its use-value. This transition gives a commodity a monetary value and makes it possible 

for a commodity to be purchased. However, what helps determine the exchange-value? Marx 

argues that value is the common factor that leads to the first stage in which the struggle to 

objectify time occurs: during the production process. 

 
Production time 

 The labor theory of value indicates that the value of a commodity is the result of the 

socially necessary labor time needed to produce a specific commodity “under the conditions 

normal for a given society and with the average degree of skill and intensity of labour 

prevalent in that society.” Socially necessary labor time is variable and “determined amongst 

other things by the workers’ average degree of skill, the level of development of science and 

its technological application, the social organization of the process of production, the extent 

and effectiveness of the means of production, and the conditions found in the natural 

environment” (Marx 1977: 129-130). In this set up, workers sell their labor power as a 

commodity in the market place in order to be able to purchase their means of subsistence in 

the increasingly universalized market. In exchange for their labor power, workers receive 

wages which are used to purchase commodities. Laborers must, at minimum, produce the 

equivalent of the value of their subsistence in commodities for capitalists not to lose money. 

However, as was discussed previously, if a particular capitalist is struggling to generate 
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enough surplus value, other capitalists who generate higher rates of profit will overtake the 

former. Therefore, it is in the capitalists’ best interest to get as much labor time out of 

workers as possible. Subsequently, workers are hired to labor past the point in time where 

they produce their level of subsistence. Any labor past this point is considered to generate 

surplus value—the rate of exploitation (Marx 1977: 324-325; 1992). 

 Given that laborers have a set schedule of hours to work per day it is in the interest of 

the capitalist to reduce the socially necessary labor time needed to produce a commodity. By 

reducing the time needed to create a commodity but keeping the same working period, the 

capitalist is able to increase the rate of exploitation and, therefore, the valorization of surplus 

value (Lebowitz 2003). Therefore, the capitalist is always searching for the best way to speed 

up the socially necessary labor time required in the production process. Marx points at this 

necessity in the Manifesto of the Communist Party (1978d: 476) when he claims the 

“bourgeoisie cannot exist without constantly revolutionising the instruments of production.” 

One of the most iconic examples of revolutionizing the instruments and organization of 

production is Frederick Winslow Taylor’s scientific management.  

 Taylor (1911) elucidates on the ideal of scientific management for generating as 

much prosperity as possible within the production process. He advocates for production to be 

organized along more rational lines in which clearly defined goals are set for the 

maximization of production with the minimization of waste. Scientific management is based 

on four major principles: each worker should have a clearly defined task; the conditions of 

production need to be standardized; reward success; condemn failure (Taylor 1911: 63). Part 

of this process involves the exact calculations of how long it takes to perform a task. 
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Calculations are then used to determine what the most efficient speed at which a task can be 

performed without losing quality or wasting time. Workers are then held accountable for 

their actions by being constantly watched by a manager or supervisor. Precision is 

paramount. Another method to do this is through the standardization of production, which 

can be done in a number of ways. For instance, in the expansion of the division of labor, a 

worker performs a simple assignment in a line of other workers performing other distinct 

actions immediately preceding and following the one worker (Taylor 1911: 120). This 

intense division of labor simplifies the work and can lead to a deskilling of the labor force. 

 Another means of revolutionizing production is by automating and mechanizing 

labor. Machines, more often than not, are able to perform tasks much more quickly than a 

group of workers making it in the best interest of capitalists to mechanize as much of the 

labor process as possible. However, machines necessitate a substantial initial capital 

development and just purchasing one machine may not provide the boost in surplus value 

that capitalists need to remain competitive. What they seek then is a system of machines. 

This reorganization is not cheap. It is most cost effective under large-scale industry and 

generally necessitates an expansion of the productive capacity of industrial operations. It also 

intensifies the labor process and lengthens the working day, given an increase in the 

productive capacity, well beyond the point of subsistence for the individual worker (Marx 

1977: chapter 15).  

 While there are many other ways of revolutionizing the production process in the 

service of realizing more surplus value these examples illustrate the multifaceted influence 

that the production process has on time. One the one hand, capital is interested in extending 



 

37 

the working day to get as much productive labor out of an individual as possible. On the 

other hand, the capitalist is interested in reducing the socially necessary labor time needed to 

produce a commodity. This speeding up of time leads to the production of an ever increasing 

amount of commodities that need to be sold in order to valorize the surplus value.3 

 
Circulation time 

 Now that the production process has been transformed to reduce the amount of time 

needed to create a commodity, capitalists need to sell the commodities as quickly as possible 

in order to reduce turnover time. A myriad of factors influence the varying lengths of selling 

time. One of the most pronounced barriers is the distance between the location of production 

and the market (Marx 1992). This separation presents an interesting challenge to the 

capitalist depending upon the historical period. In the early stages of capitalism when loci of 

markets and production were relatively close to each other overcoming the distance was not 

as big of an issue. However, given capital’s growth imperative, capitalists seek new markets 

for their commodities in geographical locations that are far from extraction and 

manufacturing (Harvey 1982; Marx 1977). In order to overcome geographical separation 

between production and consumption sites, capital employs new technologies to coordinate 

production, transportation, and sales (Harvey 1982; Hornborg 2003). Transportation and 

communication technology plays an essential role in reducing the time between production 

and consumption. 

                                                 
3 This is a very generalized discussion. Marx and others following this historical-materialist tradition would 
acknowledge and attempt to understand the different conditions that are specific to producing a certain type of 
commodity.  
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 Marx (1992: 326-333) explains how improvements in ships and railroads, during his 

time, helped overcome the separation of production and consumption. Of course, today, we 

can add large freight ships, trucks, and airplanes. Communication technologies such as 

computers and telephones help coordinate geographically diverse circuits of capital. 

However, transportation is expensive because of all the physical capital that is needed to 

build and maintain the complex infrastructure. Again, similar to machinery in the factory, 

operations on the global scale necessitate a certain form of organization. One of the ways to 

make transportation cost effective is to have the trains and ships increase carrying capacity in 

order to ship a greater mass of commodities and resources. Here, we begin to see one of the 

connections between the production and circulation stages of capital and the treadmill effect 

associated with constant accumulation and expansion. Once the distance and scale of 

transportation increases we begin to also see an increase in production. Or, to put it 

differently, a speeding up of transportation time leads and increase in productive activity 

(Bunker 2005).  

 The second stage of the circulation process involves how quickly a commodity is sold 

on the market turning the commodity into money. The longer the commodity remains 

commodity capital, the longer a capitalist has to wait to realize profit. In other words, the 

goal is now to get people to buy the product and to have this happen as quickly as possible. 

One of the most significant strategies to reduce this time is through marketing (Marx 1992). 

Marketing has adapted wonderfully the principles of scientific management. Over the past 

140+ years since Marx finished his works marketing has become a trillion dollar a year 

industry that constantly seeks innovative ways to get consumers to purchase goods that they 
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might not necessarily need. Corporate marketing utilizes a number of tactics and strategies to 

lubricate the consumerism necessary for the continued expansion of capitalism (Dawson 

2003).  

 
The Primacy of Exchange-Value Over Use-Value and the Structuring of Time 

 Capitalism needs to be understood in its totality in order to comprehend how it 

radically reorients a historical period’s time imperative. The driving force behind this change 

in class is capitalism’s “expansion-oriented and accumulation-driven” tendencies (Mészáros 

1995: 44). One of the major results of this system is the simultaneous divorce of workers 

from ownership of production and the privileging of exchange-value over use-value. The 

structure of capitalism alienates workers from the production process and impels capitalists 

to leverage and accumulate capital at ever increasing rates. This redirects the impetus for 

production away from use-value to that which will generate the most surplus value in the 

realm of exchange.  

 I illustrated how this process happens within two different realms of capitalism: 

production and circulation. In the production realm, capitalists utilize a variety of strategies 

to reduce the amount of labor time needed to create a commodity without reducing the work 

day. Scientific management increases the control that capital has over labor through constant 

surveillance and performance reviews. Workers are compelled to labor continuously and 

more efficiently and must continue to do so until the working day is done, not when they earn 

enough to meet subsistence needs. A similar process occurs within the realm of circulation. 

Transportation and communication technologies reduce the time a commodity spends in 
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circulation and speeds up the time in which its value is valorized. Furthermore, marketing 

quickens the process where commodity capital is transformed into money. This step is 

important because profit is then reinvested in expanding production. Additionally, marketing 

to increase consumerism controls an individual’s time spent outside of work. Constant 

bombardment facilitates an increase in the consumption habits of those who can afford it. In 

other words, part of the circulation phase involves redirecting people, when they are not 

working, to the market to purchase commodities to facilitate the growth of capitalism. Cycles 

of time are increasingly, in every aspect of social life, kept in line by capital’s quest for 

growth.4 

 
METABOLIC RIFTS AND TEMPORAL SHIFTS 

 Up until this point, I have attempted to highlight the inherent problems associated 

both with the weak and strong sustainability approaches found within ecological economics. 

I have focused on the failure of these approaches to recognize the importance of temporality 

and history in nature, as well as the narrow market conception of their analysis. Both of these 

approaches provide an inadequate conception of the historical development of human-nature 

relations. Thus, I have developed my theoretical discussion along two separate lines. First, by 

looking at the temporal patterns in nature, I elucidated that the environment is a complex 

system of multiple levels of organization in relation to each other. Ecosystems have a history 

that is composed of linear development and cyclical patterns that are heavily dependent on a 

                                                 
4 This description is a bit of an oversimplification in that it does not take into account the ability of labor to 
organize and fight back against the tendencies of capital. It is not such a one-way process. However, it should 
be noted that capitalists are structurally advantaged and hold relatively more power over labor in the current 
stage of capitalism.  
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specific context. Temporal patterns emerge from the interaction between the different levels 

of organization and, thus, cannot be reduced to a quantitative measure focusing on just one 

species (or, in the sustainability literature, one resource). Therefore, reducing a species within 

an ecosystem to a common unit in order for it to be exchanged with another resource or 

productive capital is an idealistic abstraction of the inner workings of the natural world.  

Second, I presented the material-temporal relations of production under the capitalist 

economic system. The organization of production under this system is an antagonistic, 

hierarchical class structure that pits the owners of the means of production against the 

proletariat. Capitalism is inherently an expansionary system, predicated on the endless 

accumulation of capital. Exchange-value dominates over use-value (Baran and Sweezy 

1966). To leverage more power and control and to accumulate more capital, capitalists seek 

to reduce the amount of time it takes to produce a commodity, circulate it to market, and 

realize its surplus value. Intricately linked with this process is the social control over the 

actions of individuals. Whether at work or away from work, people are linked to the 

expansion of capital—either producing or consuming commodities. 

 While these are important points, they are still limited as far as providing a more 

comprehensive conception of human-nature relationships and sustainability. The next step is 

to integrate this material by taking into account the coevolution of socio-ecological 

relationships. As I mentioned earlier, nature exists independent of, but in relation to, the 

social world. The same cannot be said about the social world, which is completely embedded 

within the environment. Thus, only an approach that understands the coevolution of the 

development of society through nature and the dialectical relations between organisms, 
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ecosystems, and socio-material relations of capital provides researchers with the opportunity 

to adequately grasp the problems of sustainability. Marx’s critique of political economy is 

well situated to deal with the two sides of the nature/society dialectic because it focuses on 

the internal logic of both as well as the transformations that occur through their interaction 

(Foster and Burkett 2000). Nikolai Bukharin (1925: 104) sums this dynamic perfectly: 

“human society is unthinkable without its environment.” The next sections will more fully 

integrate the previous discussion within a coherent framework of Marx’s metabolic rift. 

Particular attention will be placed on the antagonistic temporal processes of ecosystems and 

capitalist production. 

 
The Metabolic Rift 

 Marx was keenly aware of the important debates within a variety of disciplines, 

particularly the natural sciences (Foster 2000). One of the discussions that he paid special 

attention to was the concept of metabolism defined as, “the complex biochemical process of 

exchange, through which an organism (or a given cell) draws upon materials and energy 

from its environment and converts these by various metabolic reactions into the building 

blocks of growth” (Clark and Foster 2010). Metabolism was a useful metaphor for 

illuminating the relationships between biological and chemical processes internal to 

individual organisms and their relationship with the surrounding environment. Developed in 

an effort to better understand the biological processes of growth and destruction, scientists, 

such as Justus von Liebig, incorporated the concept of metabolism into their analyses of 

natural cycles and processes. Marx studied Liebig’s critique of modern agriculture, which 
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was disrupting the soil nutrient cycle. Marx was able to incorporate Liebig’s analysis within 

his own critique of capitalism (Foster 2000). 

 Marx sought to fit metabolism into a much broader context. He generated two 

analytically separate, yet dialectically related, concepts that provided the foundation for his 

critique of political economy: social and ecological metabolism. In Grundrisse, Marx (1993) 

explained that capitalism emphasizes exchange-value over use-value which generates a 

specific social metabolic order. There are two significant features of this order that need to be 

addressed: The alienation of individuals from one another and the increasing dependence on 

commodities to reproduce the metabolic order. The relationship of production, exchange, and 

its influence on the organization of society and our social relations runs throughout Marx’s 

work (Marx 1970, 1977, 1978a, 1993). Put in terms more closely associated with the natural 

science use of the term, the structural determinants of capital realized through the exchange 

and production processes shape social organization and reproduction. 

 Meszaros (1995) sees capitalism as a total system of social control that places 

constraints on individual’s actions that escapes the individual’s control. Capitalism, and its 

inner determinates (e.g., accumulation and expansion), places all aspects of life under its 

dictates. Those people or institutions that fail to adapt to its prescribed order tend to fail. 

Capital’s social metabolic order depends upon the hierarchically organized division of labor 

which structurally disenfranchises the majority of the population from the decision-making 

process in production. Even the individual capitalist must be subordinate to the imperatives 

of capital—accumulation—or risk being redundant, bought out by a more successful 

capitalist. Therefore, everybody under a capitalist metabolic order must compete and show 
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their productivity in the pursuit of profit. Everything must be subordinated to the capitalist 

logic of accumulation and reorganized to do so under the timeframe of capital’s needs. 

Furthermore, the competition and growth imperative inherent within the capitalist order 

necessitates continued renewal and growth to maintain the capitalist order (Meszaros 1995: 

41-45, 170-71).  

 Within a capitalist system this metabolic relationship is fundamentally contradictory 

because capitalism does not recognize barriers owing primarily to its relentless quest for 

continual accumulation and expansion (Mészáros 1995). The structural determinants of 

capitalism are counterintuitive to full human development because it focuses on the needs of 

capital over people (Lebowitz 2003). Rather than being seen as an aberration, the 

undercutting of societal reproduction is one of the fundamental contradictions of the 

capitalist system. Individual capitalists are compelled to continually find ways to increase 

their capital or fear being bought out by a more successful capitalist. István Mészáros (1995) 

points out that capitalism’s inability to “recognize any measure by which it could be 

restrained” is part of the essence of capital. This inability to recognize limits is inherent in 

capitalism’s absolute “imperative of self-reproduction on an ever-extended scale” (Mészáros 

1995: 173, 73). 

 Marx (1978a) also provides a more explicit ecological meaning of metabolism in his 

Economic and Philosophic Manuscripts of 1844. Even in his early work, before his explicit 

engagement with political economy, he explains how, through labor, our relationship with 

nature is mediated. Nature serves as our “direct means of life” and “the material, the object, 

and the instrument of [our] life activity.” Furthermore, “nature is man’s inorganic body—
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nature, that is, in so far as it is not itself the human body.” He goes on to conclude that 

humanity “lives on nature…nature is [our] body, with which [we] must remain in continuous 

intercourse if [we] are not to die” (Marx 1978a: 75). This passage is rich with dialectical 

insight into the fundamental relationship between humans and nature. Humans are world-

transformative beings that have their own metabolic needs internal to them. Yet, at the same 

time, they are individuals that exist within an encompassing ecological context, on which 

they depend for their biological reproduction. The means for sustenance are not found within 

corporeal bodies but in the external world and, therefore, if humans are to continue their 

existence, they must interact and transform the natural world. In this passage Marx 

demonstrates the Hegelian dialectic in describing the “material interconnections and 

dialectical interchanges associated with the fact that human species-being, similar to species-

being in general, finds its objective, natural basis outside of itself, in the conditioned, 

objective nature of existence” (Foster and Burkett 2000: 411). Without nature, humanity 

would not be able to survive. 

 Marx incorporates this theme throughout his work and it remains central to his 

critique of political economy (Foster 1999). In Capital, Marx (1977) analyzes the labor 

process itself and explicitly deals with the socio-ecological metabolism. Labor is a 

“purposeful activity aimed at the production of use values” and is “an appropriation of what 

exists in nature for the requirements of man” providing the “universal condition for the 

metabolic interaction [Stoffwechsel] between man and nature, the everlasting nature-imposed 

condition of human existence” (Marx 1977: 290). Labor in this case refers to the general 

form common throughout all periods of human history. It is within this context that we begin 
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to understand what Marx (1978c: 156) meant when he wrote that the first social historical act 

was “the production of the means to satisfy…the production of material life itself.” Human 

history is rooted in, and inseparable from, a metabolic relationship with nature. Through this 

daily process of reproducing themselves, humans have developed specific types of social 

structures that influence social organization and interactions with nature. Marx’s work, then, 

can be interpreted as an engagement with the dialectic between socio-ecological history and 

social structure.  

 The human relationship with the environment fundamentally changes under 

capitalism due to the altering of our material relations of production. Wage-labor for the 

production of commodities, the specifically capitalist organization of labor, with its radical 

separation of workers from nature, their inorganic body, becomes dominant and creates the 

conditions for a particular type of alienated existence. Capital’s hierarchical division of labor 

and antagonistic class structure creates the conditions of alienated labor and the subservience 

of individuals to a larger system that is not responsive to the material needs of humans. 

Instead, it focuses on realizing the needs of capital—accumulation and growth—and when it 

does meet human needs is merely incidental at best (Mészáros 2005). Human’s productive 

capacity is dependent on the material world and nature’s temporal processes. When we 

produce we actively transform the world around us while at the same time transforming 

ourselves. Our world-transformative ability reorganizes time within production and nature 

along particular lines given the distinct historical period.   

One of the major changes that marks a significant departure from the feudalistic order 

is the separation of town and country. As mentioned in the previous section the enclosure 
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movement and subsequent rise of private property pushed those who were not able to buy the 

land out of the rural areas, which contributed to urban migration and a heavy concentration of 

the population in condensed geographical areas. A consequence of this process was that 

consumption existed far away from the ecosystems where the materials for production were 

extracted and/or cultivated. This separation created a situation where organic matter and the 

nutrients contained within these goods were not recycled back to the land after consumption. 

As a result, soil fertility declined due to the loss of nutrients. The town-country divide 

contributed to the concentration of waste in cities, increasing the level of pollution of the air, 

water, and soil (Foster 2000).  Furthermore, as productive technology changed and science 

advanced, capitalism began to generate new types of waste (such as persistant organic 

pollutants that are a byproduct from pesticides) that do not biodegrade as easily in the soil 

and add new toxins into the atmosphere creating a different set of ecological contradictions 

(Jensen and McBay 2009; Schnaiberg 1980). 

 Technology, in addition to labor, plays a fundamental role in the reorganization of 

social and ecological organizations and, consequently, the socio-ecological relationship. 

Developed and utilized within the logic of capital, made possible by the rise to prominence of 

private property and the associated rights, technology facilitates the process of accumulation 

and valorization of surplus value. In the Marxian framework, technology cannot be seen as 

an autonomous force acting on its own and should not be conceptualized as neutral. Instead, 

it is rooted firmly in the capitalist relations of production (Marx 1977). Transportation and 

extraction technologies have made possible the quickening of the geographical expansion of 

capital enhancing the accumulation process. Additionally, technological development allows 



 

48 

capitalists to potentially overcome specific biological processes, which limit usefulness of a 

species to capital and the rapid realization of surplus value (Bunker and Ciccantell 2005; 

Tully 2011). For example, the development of chemicals during production to bind together 

wood fiber and pulp in order to make paper products allowed companies to harvest younger 

and smaller trees. Such developments enhance the ability of the capitalist metabolic order to 

expand to new territories bringing different ecosystems under the capitalist socio-ecological 

order. Furthermore, technology is utilized within the production and extraction process to 

further alienate workers and solidify the hierarchical division of labor in order to further 

generate surplus value. 

 Marx—in his critique of capitalist agriculture—explained how the accumulation 

process expanded geographically, in conjunction with the increasingly hierarchical division 

of labor and antagonistic division between town and country, created a metabolic rift in the 

nutrient cycle of the soil in England. Capitalist industrial agriculture “disturbs the metabolic 

interaction between man and the earth” and “hinders the operation of the eternal natural 

condition for the lasting fertility of the soil.” Attempts to alleviate this process—such as 

through the use of artificial fertilizers—fail to address the source of the disruption of the 

nutrient cycle. Thus, capitalist agriculture “is a progress in the art, not only of robbing the 

worker, but of robbing the soil.” Capitalist production, then, can only advance by further 

“undermining the original sources of all wealth—the soil and the worker” (Marx 1977: 637-

38). The social order and ecological context are bound together and coevolve through one 

another. Capital’s pursuit of profit expands these rifts as it continually realizes its growth 
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imperative. At the same time, it also generates new contradictions in the social metabolism 

with nature.   

 Metabolic rift theory, while staying true to an orthodox Marxian methodology, has 

extended its analysis to understand rifts in a variety of metabolic processes. Scholars working 

in this tradition have extended and applied this analysis to the ocean ecosystem (Clausen and 

Clark 2005; Longo 2010); the carbon cycle (Clark and York 2005); the nitrogen cycle 

(Mancus 2007); and a myriad of other planetary boundaries (Foster et al., 2010). All of this 

research focuses on how capitalism’s narrow-minded drive towards the generation of surplus 

value and continued expansion creates distinct ecological rifts in ecosystems and various 

environmental problems. The creation of rifts fundamentally alters the trajectory that 

capitalism takes, as it attempts to overcome whatever social and ecological barriers arise. 

From this metabolic perspective we can establish a more fully developed understanding of 

the socio-ecological dialectic in which the economy and environment develop through one 

another (Moore 2009). 

 
Temporality within the Metabolic Rift 

 The metabolic rift theory provides a number of useful insights about the socio-

ecological dialectic and the degradation associated with its production process. There are 

three points that I would like to highlight that are useful for illuminating how the social 

metabolic order of capital influences temporal patterns of society and the environment: the 

formal and real subsumption of the environment to capital; geographical expansion 

facilitated by technology; the accumulation of waste associated with ramping up production. 
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By the end of this abbreviated discussion it should become clear that the social metabolic 

order of capital fundamentally reorganizes ecosystems, creating metabolic rifts, altering 

temporal processes and undermining the goals of sustainability. 

 István Mészáros (1995: 42) forcefully adheres to the fact that capitalism is a totalizing 

system that will stop at nothing to bring every living thing under its metabolic order. In other 

words, capitalism is about control through reorganization of society and the environment. 

This sentiment is an extension of Marx’s (1977) elaboration of the formal and real 

subsumption of labor to capital. Formal subsumption refers to the changing of labor relations 

along capitalist lines; that is, to manufacture surplus-value. Formal subsumption does not 

necessarily refer to the total reorganization of the metabolic order. Within this 

conceptualization it is quite possible to have a capital-relation exist between employees and 

employers within a political-economic system that is not fully capitalist. Rather, this is the 

process of capital taking over an already existing labor process without radically changing 

the process: “The work may become more intensive, its duration may be extended, it may 

become more continuous or orderly under the eye of the interested capitalist, but in 

themselves these changes do not affect the character of the…actual mode of working” (Marx 

1977: 1021). The real subsumption of labor to capital builds off of the foundation set up by 

the formal subsumption. The capitalist mode of production, at this point, “transforms the 

nature of the labour process and its actual conditions” placing all of labor under conditions 

of alienation in the effort to realize more surplus value (Marx 1977: 1034-35). Labor, with its 

lack of control over the production process, is governed by the logic of capital. Capitalists 

control every part of the production process (as discussed in the previous section). Another 
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fundamental change resulting from this process is generalized commodity production. At this 

point commodities are produced not for subsistence or to meet human needs. Instead, the 

focus of production becomes geared predominately for the accumulation of profits. 

  In what follows, I will discuss how capital’s totalizing system and the real 

subsumption of social relations can be extended to the socio-ecological relationship. Capital, 

as it develops through pre-existing ecological conditions, is fundamentally reorganizing 

ecosystems and their associated temporal processes. The ability of nature to regulate its 

metabolic processes, achieving relative homeostasis, has been taken over by the capitalist 

time imperative through the constant expansion and accumulation process. Ecosystems are a 

complex set of relationships between different levels of organization. For example, within 

forests nutrients are cycled through the atmosphere, bacteria in the soil, plants, animals, and 

back to the atmosphere, soil, or water. This general abstraction of a forest ecosystem does not 

even take into account the different levels of forests such as the floor, understory, or canopy. 

While each level of organization exists independently of one another it is through their 

interaction that temporal patterns take a certain form. In other words, the forest ecosystem, 

like any other, is a set of qualitative relationships and the alteration of one aspect of it can 

potentially undermine its restorative capacity. 

 Capitalism reduces the parts of nature to isolated resources. Despite various attempts 

to conserve individual species there is very little room for the conceptualization of an 

ecosystem as a set of interdependent organisms. Furthermore, these resources are not treated 

as important contributors to ecosystem wide metabolic relations. They are reduced to an 

input in the metabolic order of capital abstracted from the ecosystem. Trees are no longer 
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valued for the type of ecosystem services that they provide: habitat for other species; 

absorption of nutrients; and cycling of oxygen and carbon dioxide. Instead trees are needed 

to grow as quickly as possible to help realize surplus value. After all, a tree does not have 

value, under the capitalist accounting system, unless it is harvested and turned into a 

commodity which furthers the accumulation process. Another feature of healthy ecosystems 

is biodiversity, which is essential for regulating the temporal processes of ecological 

metabolism. However, this qualitative relationship is not part of capitalist accounting. Within 

the realm of production, as was brought up in the discussion of scientific management, every 

part of the labor process is simplified and measured for efficiency. A similar logic can be 

seen in the foundations of the conservation movement and the department of forestry. 

Proponents of this form of ecological management sought to utilize resources efficiently for 

the sake of human development. The result of the scientific management of forests was a 

decline in the amount of old-growth forest and a rise in first and second cut forests (Hays 

1969). Forests started to be selectively cut to allow time for previously lumbered trees to 

develop just enough to be cut down again. Sometimes this period lasts thirty years and 

sometimes fifty to sixty years depending upon which industry demands the trees. Capitalist 

development generally involves breaking apart a complex set of ecosystem relationships to 

control nature in order to maximize economic efficiency. Often times these changes result in 

a decline in the number of species in a given ecosystem, which drastically alters the quantity 

and quality of relationships therein (Worster 1990; Foster 1999b). Ecosystems and biological 

processes can sometimes prove to be barriers to capitalist expansion. The biological 

processes associated with a tree, for example, to grow to the necessary size are not always 
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along the dictates of the capitalist time imperative. Obviously this is not acceptable and leads 

to the changes discussed prior. A pertinent example of this was the rubber tree in Brazil. 

British colonialists exploited the Amazon rainforest to extract rubber from havea brasiliensis 

(the rubber tree). However, the tree could only produce so much rubber in a given period of 

time. Unfortunately for the British this was not quick enough. To remedy this British 

scientists brought seeds to the Royal Botanic gardens in England where they were able to 

develop a hybrid tree that could grow more quickly. The new hybrid rubber tree was planted 

in plantations in countries with a more docile labor force alleviating demand for the Brazilian 

rubber tree (Brockway 1979). The point is, the forest and other ecosystems are fundamentally 

reorganized along the logic of increased accumulation, in order to reduce the amount of time 

for the production and circulation of commodities. 

 Technological developments to speed up the production and circulation processes are 

necessary for capitalism to maintain its growth imperative. Capitalism has, since its real 

subsumption of the production process, sought to explore all of nature for new materials to 

increase the types of commodities it can produce in order to expand profit. Furthermore, 

capitalism has a long history of exploring the world for alternatives to commonly used 

resources. Marx (1993: 409) indicated that capitalist development involves the “exploration 

of all nature in order to discover new, useful qualities in things; universal exchange of the 

products of all alien climates and lands; new (artificial) preparation of natural objects, by 

which they are given new use values. The exploration of the earth in all directions, to 

discover new things of use as well as new useful qualities of the old.” This process was 

greatly aided by the development of new transportation and communication technologies. 
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Communication such as the telegraph, telephone, mobile phone, and Internet, allow for the 

coordination of transnational productive and accumulation efforts, expanding the reach of 

capital into new biogeographical regions. Transportation advancements such as large freight 

ships, trains, motorized vehicles, and airplanes have facilitated the speeding up of the 

circulation process while locking regions into a particular mode of extraction—a path 

dependency (Bunker 2005). This led to a fundamental reorganization of nature for the 

interests of profit and the increasing exploitation of ecosystems.  

 Technological development has also been utilized to overcome the differing time 

imperatives of ecosystems and capitalism. While plants and other species are growing, 

capitalists are not able to realize potential profit from these resources. The longer they have 

to wait the more money they see themselves losing. Restoration and regeneration in the 

ecological sphere, increase production and circulation time, which extends the turnover rate, 

impeding the rate of accumulation. Marx (1992: 201-202) gets to the root of these tensions 

and explains that to a capitalist:  

 
It is clear the nearer production time and working time approach equality, the greater 
the productivity and valorization of a given productive capital in a given space of 
time. The tendency of capitalist production is therefore to shorten as much as possible 
the excess of production time over working time. 

 
Marx (1992: 321) specifically points out timber production and agriculture as being 

fundamentally different from other modes of extraction and production because of the rates 

of natural growth. Extra efforts are made to reorient natural processes to the dictates of 

capital, which often results in speeding up the time of regeneration, or, if that is not possible 

extracting organisms at earlier periods of development. For example, trees can be harvested 



 

55 

at younger ages, even though they may be of poorer quality, because of scientific and 

technological development that utilizes chemicals to bind the wood together; therefore 

making it useful to capital. Additionally, if the native species of trees do not grow quickly 

enough it is always easy, given the right scientific knowledge and technological acumen, to 

replace those trees with ones that do grow more quickly (Brockaway 1979; Tully 2011). 

Technology is utilized to synchronize production time and working time as much as possible 

to speed up the accumulation process of capital (Marx 1992). Reducing the amount of time 

that is needed to harvest, process, manufacture, and circulate goods helps enlarge the scale of 

production. Enlarging the economy of scale makes the exploitation of resources more 

efficient meaning that less capital is needed to produce more commodities more quickly. 

Given the expansion of production, more resources are generally consumed, increasing the 

overall demands on nature. Transportation and communication technologies increase the rate 

at which commodities can generate profit (Bunker and Ciccantell 2005; Harvey 1982; Marx 

1992).  

 The profit from this accumulation is then reinvested into the productive and 

circulation capacities of the capitalist metabolic order, allowing for the further development 

of trade networks and expansion of capitalism throughout the world. The deterioration of the 

environment and reorganization of ecosystems along the time imperative of capital is a 

necessary part of this process. Additionally, the continual cycle of production generates a 

vast amount of waste that tends to be geographically isolated from the point of extraction. 

Organisms, under natural circumstances, would decompose in the same biogeographical 

region where they lived when they died. However, given that the concentrated geographical 
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areas of consumption are so far removed points of production and extraction these organisms 

are not able to replenish the soil. Marx (1997) detailed the impact that capitalist agriculture 

had on soil quality. Since the majority of consumption occurred in cities, the nutrients 

embodied in the food were not recycled back to the soil, causing a decline in soil fertility. 

Britain helped establish a global fertilizer trade of guano and nitrates in an attempt to address 

the soil crisis and to replenish agricultural lands (Clark and Foster 2009). The removal of 

debris from one area can also be detrimental to biodiversity. Many animal species depend 

upon dead and rotted out trees to provide habitat and protection from other species. 

Additionally, fallen trees are often a spot for the growth of fungi and other microbial 

organisms that help regulate the metabolism within a forest (Luoma 1999). 

 Furthermore, wastes associated with the production process can become so highly 

concentrated as to become toxic to the environment. Edwards and Driscoll (2009) highlight 

how the concentration of nutrients from the waste of animals in concentrated animal feeding 

operations have damaged the quality of the surrounding bodies of water. This process has 

also occurred in the Adirondacks of New York. Acid rain, originating from the 

manufacturing factories in the rust belt (hundreds of miles away), has decimated the water 

quality of a number of relatively secluded lakes. Furthermore, the acid rain, a high 

concentration of sulfuric and nitric acids, depletes soil quality, which is necessary for plant 

growth. The forests are, to a certain extent, able to absorb nitrates and sulfates. However, a 

high concentration of these acids can diminish the ability a forest ecosystem to decrease or 

diminish the effects of acid rain (Jenkins and Keal 2004).  
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 Capitalism systematically exploits the natural world through its constant pursuit of 

capital accumulation and exploitation of labor. One of the ways it does this is through 

reorganizing ecosystems along the dictates of the time imperative of capital. Furthermore, 

within this process is an alteration of the qualitative operation of ecosystem processes. The 

temporal processes of nature are inimical to that of the time imperative of capital and the 

former are altered to match, as much as possible, the latter. Marx (1993: 409-410) sums up 

this reorganization quite succinctly: 

 
Thus capital creates the bourgeois society, and the universal appropriation of nature 
as well as of the social bond itself by the members of society. Hence the great 
civilizing influence of capital; its production of a stage of society in comparison to 
which all earlier ones appear as more local developments of humanity and as nature-
idolatry. For the first time, nature becomes purely an object for humankind, purely a 
matter of utility; ceases to be recognized as a power for itself; and the theoretical 
discovery of its autonomous laws appears merely as a ruse so as to subjugate it under 
human needs, whether as an object of consumption or as a means of production. In 
accord with this tendency, capital drives beyond national barriers and prejudices as 
much as beyond nature worship, as well as all traditional, confined, complacent, 
encrusted satisfactions of present needs, and reproductions of old ways of life. It is 
destructive towards all of this, and constantly revolutionizes it, tearing down all the 
barriers which hem in the development of the forces of production, the expansion of 
needs, the all-sided development of production, and the exploitation and exchange of 
natural and mental forces. 
 

 Capitalism, as a distinct metabolic order, fundamentally reorganizes social relations 

and ecosystems. Under this social metabolic order, nature is increasingly subjected to the 

logic of capital accumulation, which has profound effects on the temporal processes of the 

natural world. Nature becomes simplified in order to increase the rate of extraction and 

production, reducing the amount of time necessary to realize profit. Simultaneously as nature 

is subsumed under the logic of capital, technology is used to gain access to far away 
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resources and markets quickening the circulation process and expanding 

extraction/production. One of the byproducts of the growth and quickening of capital 

accumulation is the generation and concentration of waste. Components of ecosystems are 

removed from their context robbing the ecosystems of the means for regeneration, creating 

ecological rifts that further influence the temporal order of nature. Additionally, waste 

becomes concentrated to an extent that it becomes harmful to the environment and serves to 

further disrupt natural cycles. In what follows, I will show how these concepts apply to the 

socio-ecological relations in the context of the Adirondacks. I will place particular attention 

to the reorganization of social relations and technology of the lumber industry from 1800-

1900 and its influence on the forest ecosystem of the Adirondacks. 

 
CASE STUDY: THE ADIRONDACKS, CAPITAL, AND THE SUBSUMPTION OF 
NATURE 
 
 Thus far, my argument has been rooted firmly in theory. I have extended the 

metabolic rift to focus more specifically on the temporal dynamics of the socio-ecological 

dialectic. In the section that follows I present a historical analysis that grounds the theory 

with the history of logging in the Adirondacks. This history is complex and filled with 

tensions between the desire to conserve a beautiful forested ecosystem and the appropriate 

utilization of valuable resources. Throughout its settlement both the forest and the social 

organization of the Adirondacks regions have gone through a variety of transformations 

(Hyde 1974; Jenkins and Keal 2004). A number of factors have contributed to the alteration 

of the forest ecosystem in the Adirondacks, both “natural” and “anthropocentric.” In order to 

fully understand the Adirondack forest it is essential to understand the coevolution of these 
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two factors and the tensions that arise from an antagonistic class structure (Jacoby 1997). 

Many histories of the Adirondacks forest and the impact of the logging industry exist 

(Graham Jr. 1978; Hochschild 1962; McMartin 1994; Schneider 1997; Welsh 1995). 

However, few of these narratives, if any, apply a socio-ecological lens to these problems and 

they therefore overlook how social and ecological systems develop through one another. 

Furthermore, few of these histories, examine the conflicting temporal patterns of a 

burgeoning capitalization of the logging industry and the forest ecosystem. 

 
Geology and Ecology of the Adirondacks Pre-Settlement (1800) 

 The Adirondack area ranges from Lake Champlain to the St. Lawrence valley 

approximately 9,375 square miles. Perhaps most widely known for the Adirondack high 

peaks, the Adirondack area is quite varied. The acidic granite rocks that underlie the shallow 

soils are between 1,050 and 1,200 million years old. One of their most prominent features is 

that this slab of rock drains poorly which greatly influences the ecology and hydrology of the 

area. While there are no aquifers in the Adirondack region, the land is replete with lakes, 

creeks, and rivers that connect it to major areas such as Montreal and New York City. 

Geological processes, such as the movements of glaciers in and out of the region, have 

influenced the type and location of different soils. Hillsides in the Adirondacks tend to have 

denser soil, which has difficulty draining. Depending upon the nutrient content of the 

underlying bedrock, this soil has varying levels of fertility. The more fertile soils host 

hardwoods and can also be suitable for crops. Soils that are less fertile and more acidic are 

better suited to softwoods but not suitable for agriculture. The valleys of the Adirondacks 
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tend to have less stone close to the surface. As with the soil on the hillsides the quality varies 

and influences the types of species that are best suited to grow in that area. For example, the 

exterior of the Adirondacks tends to have more acidic soil and therefore more softwood trees 

like white pines and red spruce. Whereas in the interior and the elevated portions of the 

Adirondacks, the soil tends to be more fertile and welcoming of hardwood trees like beeches, 

maples, birches, ash, and oaks (Jenkins and Keal 2004; McMartin 1994). 

 The Adirondacks are also home to a number of important waterways that connect it to 

larger cities. In the east, the Glens Falls area is home to the Hudson River, which flows to 

Albany, where it is then joined by the Mohawk River, and eventually down to New York 

City. Just north of Glens Falls, Lake Champlain straddles the border of New York and 

Vermont and provides an outlet to Montreal, Canada. In addition to these major waterways 

the Adirondacks is riddled with rivers, streams, and lakes all throughout the region. It was 

along these rivers that the first settlers began to set up sawmills to create lumber for houses 

and to clear land for agriculture. It was this biogeographical context that set up the 

parameters and influenced the geographic trajectory of logging in the Adirondack region. 

Furthermore, these conditions represent a number of the boundaries that capital had to 

overcome to exploit the forest. 

 
From Logging for Subsistence to Logging for the Market 

 The Adirondack Mountains are the oldest in the United States and had, at one point, 

played a central role in satisfying international and domestic markets for wood products. 

Before the 1800s the Adirondack region was primarily inhabited part-time by various native 
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tribes and frontiersmen (Donaldson 1963). The Adirondacks occupy a rather unique 

geographical and hydrological position as it is accessible by river from major trading ports in 

Montreal, Canada, Albany, New York, and New York, New York, which made this 

uninhabited land valuable to the French and British colonial powers.  Due to the uneven 

geography, frigid temperatures, and variable soil quality early settlers, starting around 1800, 

were quite limited in where they could locate their settlements. Most of these settlements 

were greatly influenced by their proximity to two varieties of trees, white pines and spruce, 

which were particularly useful for a number of reasons and supplemented their primarily 

subsistence lifestyle. First, white pines were often utilized as the masts of ships and were 

sought after by both France and Great Britain (Dinsdale 1965; White 1968). Second, white 

pines and spruce are able to float down rivers, which made them much easier to transport 

before the development of trains and trucks. The majority of earlier settlers were primarily 

interested in being self-sufficient and trying to set up suitable agriculture. 

 This intent is, perhaps, best exemplified by the organization of resource extraction of 

the early settlers in small agricultural communities. Besides the limited amount of 

commoditized pines and spruce sold on the market, most of the cut trees were used for fuel-

wood, home-building, and tanneries (Harris 2002). Each of these small settlements had their 

own small-scale sawmill (White 1965). These sawmills were not equipped to deal with large-

scale, export-oriented lumber processing. In the beginning these mills were quite simple and 

dependent entirely upon water power and human labor. The sawmills usually consisted of 

one upright saw, which was powered by the water (Defebaugh 1907). The actual blades of 

the saw were not very fine and precise as ones we might see today. In fact, they were crudely 
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made to be able to cut the wood without any consideration to organized standards. Hand axes 

and wedges were used by the farmers to cut down the trees, which were then sent by horse 

drawn wagon or, to a limited extent, floated down river to the mill (Dinsdale 1963).  This 

effort to transport timber, however, was not much of an issue because the lumber was 

primarily used for local purposes and water had not yet become the major means of 

transporting trees. The time it took to cut down trees and process the lumber was, in this 

period, heavily dependent upon the flow of the rivers and the speed and stamina of the people 

sawing the trees.  

 All life in the Adirondacks followed the rivers. Roads were set up following the river 

valleys and the industrial iron and tanning centers set up facilities to take advantage of the 

power provided by water. Due to the vast amount of trees available, if a farmer or community 

cleared the forest around them, they could easily move downstream and set up a new 

community complete with a rudimentary sawmill. In this context, lumbermen primarily 

utilized the river to power sawmills. Lumbering in the Adirondacks began to change with the 

rise to prominence of Albany as a vital lumber port (McMartin 1994). As cities like New 

York and Albany began to develop, the demand for wood for construction purposes 

increased. However, due to the lack of adequate transportation technology, lumber 

transportation was restricted almost exclusively to the rivers, which limited the types of trees 

that were cut. Softwoods, which were located primarily along the exterior of the Adirondack 

forest region, float better than hardwoods. Trees like the white pine were, therefore, 

incredibly sought after due to their ability to float easily down the river. The Adirondacks 

had a large proportion of virgin forest, including white pines that easily stood over one 
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hundred feet tall and were sixty inches in diameter. White pines from these forests provided a 

plentitude of board feet for the markets in Albany and New York. 

 In the mid-1840s the Adirondack region became more incorporated into these 

markets. Loggers began to primarily use the rivers to transport logs to mills—instead of 

animal drawn carriages—which necessitated setting up a large, complex transportation 

system. Felling timber, during this time period, became less about self-sustenance and more 

about generating profit. Lumbermen began to send logs downriver to mills in such a large 

quantity that they could no longer keep track of which tree belonged to whom. To remedy 

this lumbermen began to brand their logs so the people at the sawmill would know who to 

reimburse. From the sawmills the logs were then sent, by river, down to markets in Albany 

and New York. In order to navigate the waters and not lose their stock the lumbermen began 

to send the trees, cut into thirteen to sixteen foot increments, down the river on rafts. Pines 

were laid ten to twenty across and a couple of layers on top and tied together to make 

transportation more orderly and efficient. Men, often referred to as river drivers, would 

navigate the rafts down the river (Defebaugh 1907). Logs were sent down the Hudson River 

to Albany at such a rate that the river was constantly jamming due to overfilling.  

Early on access to the river was not regulated and independent loggers and farmers 

would brand their trees and send them down the river at will. The high volume of timber and 

the haphazard way that logs were sent down the river caused problems. Logs and rafts were 

constantly jamming against the riversides and the bottom of the waterway despite the best 

efforts of the river drivers. Starting in 1846 a series of laws were passed that designated 

rivers (like the Saranac) a public highway. In addition to regulating timber flow, these laws 
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allowed for more technical improvements to the river flow (Forest Commission 1894). 

Rivers were now dammed to control the wild parts of some rivers to make it easier for the 

wood to flow and reach the mills and eventually the market more quickly and in better 

condition. Although there are no systematic scientific studies examining the ecological 

impact of dams on the rivers in the Adirondacks, we know that damming can alter river flow 

impacting ecosystems downstream. Additionally, when a raft had a full load of logs, the 

bottom of the vessel constantly scraped against the bottom of the riverbed dredging up 

sediment, which contributes to the erosion of the riverbed.  

 Beginning around 1850, slightly after the passing of the river highway laws, we begin 

to see the ecological impacts of harvesting lumber for sale in a distant market. While the 

damming of rivers is a byproduct of this process, the direct result of incorporating lumber 

into the capitalist market was the disappearance of almost all of the white pine in the exterior 

of the Adirondacks. Starting in earnest around 1830 and ending around 1850 the decline of 

the pine led to the rise in prominence of the spruce tree. In response to the decline of one 

resource, capital shifted to a new tree species. Spruce has an extra advantage of growing in a 

variety of landscapes. It thrives along the ridgelines—at this point inaccessible to 

lumbermen—and also in the low valleys and along shorelines. The spruce tree, however, is 

not as big as the white pine and typically grows to around eighty feet tall and eighteen inches 

in diameter. However, trees with a diameter of twelve inches were considered adequate for 

harvesting. Additionally, spruce was abundant throughout the forest making up an estimated 

ten to fifteen percent of the Adirondack forest. In other areas, within the private Whitney 
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Park area, spruce made up approximately thirty percent of all trees over ten inches in 

diameter (Fox 1895; Pinchot 1898). 

 Between 1800-1850, lumber activity accelerated as the Adirondacks became more 

incorporated into the capitalist markets of Albany, New York, and New York, New York. At 

first the time it took to fully process the lumber was dependent upon the natural flow of the 

rivers and the work rate of individuals. In some locations this did lead to clearing all of the 

usable white pines, however, that process was long in the making. Once the market demand 

increased in Albany and New York City more capital was sunk into developing more 

efficient means of extraction, transportation, and processing lumber. Through the 

construction of canals and dams, loggers and sawmills were better able to control the flow of 

rivers speeding up the transportation of logs to market. This reduction in circulation time 

allowed for an increase in profits to be reinvested into the extraction and processing of larger 

amounts of timber that will be discussed in the following section.  

 
The Rise of Logging as an Industry 

 From 1850 to 1880 the logging industry in the Adirondacks grew dramatically. Right 

after rivers were designated as highways board feet of lumber and pulp coming from the 

Adirondacks rose to around two hundred million per year. In 1860, the amount of lumber 

produced started to rise dramatically and reached around three times that number, 

approximately six hundred million board feet. Initially as board feet output began to increase 

so too did the number of sawmills. In 1850, in all of the counties within the Adirondacks 

there were around two hundred and fifty sawmills. However, in 1880 this number declined to 
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around two hundred and twenty. This change, though, does not tell the whole story. The 

majority of lumber and pulp production took place in sawmills in Glens Falls, which had the 

fewest number of mills on average. To contextualize this even more, there were over forty 

mills in Glens Falls in 1850 that produced around one hundred and twenty million board feet 

of lumber. In 1880, the number of mills dropped to a little over twenty, but the output of 

board feet jumped to almost two hundred million per year. Each mill in Glens Falls in 1850 

produced, on average, three million board feet of lumber and pulp per year. Production 

intensified in 1880 to where each mill, on average, created roughly nine and half million 

board feet per year, a three-fold increase in magnitude (U.S. Bureau of the Census 1850, 

1860, 1870, 1880). A variety of factors drove the concentration of milling and increase in 

output. 

 Late in the 1840s, an influx of capital entered the Adirondacks hoping to raise enough 

money to construct the infrastructure necessary to attract railroads to assist lumber 

transportation. Railroads promised to be the panacea to allow the supply of lumber from the 

Adirondacks to satisfy the demand in Albany and New York City. Not only could rail 

freights carry more of a load and transport it more quickly to mills for processing than rafts 

on the river they also allowed lumbermen to go deeper into the vast Adirondack forest (Gove 

2006). To put it differently, railroads promised to decrease the time that lumber spent in 

circulation and also extended the geographic range of logging operations. This development 

was a win-win situation for any person who was in position to take advantage. Railroad 

incorporation laws opened a vast portion of land for private purchase. The Durant family, and 

what was later to become the Adirondack Company, was able to purchase nearly six hundred 
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and fifty thousand acres of land (Gilborn 1981). However, railroads did not become a major 

feature of Adirondacks logging until around 1880. Despite that, the speculation of railroads 

generated enough capital to lead to the purchasing of an area that encompassed 

approximately one third of the remaining uncut timber in the Adirondacks. 

 Fresh with capital from the booming Glens Falls milling industry J.W. Finch was able 

to purchase a considerable amount of land along the Hudson River to access timber in 1850. 

Then, in 1866 Finch partnered with Samuel Pruyn to purchase the Glens Falls Co., which 

eventually became Finch, Pruyn and Company—a paper company of regional importance. 

By 1910 the company was able to purchase one hundred and sixty thousand acres of land, 

harvesting all but twenty thousand of those acres (Churchill 1929; McMartin 1994). Another 

giant paper company took advantage of the increasingly concentrated land ownership in the 

Adirondacks. In 1865 Jones Ordway, James Morgan, A.M. Adsit, and William McEchron 

decided to partner and purchase five mills along the Hudson River. These mills were able to 

process one hundred and fifty thousand logs per year. However, in 1890 Jones Ordway died 

and his owning interest in the company was split between the three remaining owners, two of 

whom decided to pool their money together and formed International Paper Company 

(Hochschild 1962). Officially incorporated in 1898 International Paper owned sixty thousand 

acres of land and consumed approximately thirty percent of all wood pulp in the Adirondacks 

(International Paper 1901). These companies had a vested interest in producing as much pulp 

and lumber as possible. The capital necessary to consolidate land and mill ownership mirrors 

the rise in board feet produced in the Adirondacks during period from 1850-1880 and the 

reduction of time it took to turn trees into profit. The incorporation of the Adirondacks more 
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fully into the capitalist time imperative led to a dramatic increase in the clearing of the forest 

in a shorter span of time.. 

 There was, though, a dramatic decrease in lumber production in 1890 coinciding with 

the fuller incorporation of railroads into the Adirondacks. By 1885 the State of New York 

had purchased nearly six hundred eighty one thousand acres of land throughout the 

Adirondacks. It was not until 1885, though, that the land became designated as a State Forest 

Preserve paving the way for the establishment of the Adirondack Park in 1892 (Harris, Gross, 

and Auerbach 2012). Essentially, the State was purchasing land to protect the ecological 

integrity of the forest and river ecosystems in the Adirondacks. George Perkins Marsh (1864) 

published a report decrying the impact that clear cutting was having on soil quality and river 

flow. He was able to point out a connection between deforestation, soil erosion, and water 

quality. Given that the Adirondacks has an important river system that supplies water to New 

York City, the State acted to place most of the publically owned land in the region under the 

designation of “forever wild,” meaning that it could not be used for logging or development 

purposes. While this was a victory for conservationists it had negative implications for the 

private land that was interspersed through the tracts of protected land. The border of the park 

limited the geographical area that the growing lumber industry could move, forcing them to 

harvest more trees from the same amount of land area that they held previously. In other 

words, lumber companies intensified the exploitation of select tracts of land. Lacking access 

to other stands of trees, loggers started cutting younger and younger trees because they could 

not wait for the trees to reach the previously desired size. Lumber companies needs for a 

constantly increasing flow of natural resources helped transform the organization of parts of 
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the Adirondack forest from virgin and old-growth forest to young stands of trees. As stated 

previously, these trees were cut at earlier ages to satisfy the accumulation demands of the 

logging industry.  

 In a few decades, the logging industry and ownership of land in the Adirondacks 

became very concentrated. Companies invested in new types of technology in the sawmills. 

Throughout the 1800s there was the development of the gang saw, the circular saw, and the 

steam-powered sawmills, which all contributed to an increase in board feet output 

(Defebaugh 1907; Richards 1870). Sawmills grew in capacity and were able to run three sets 

of gang saws (as opposed to single saws) that cut more wood more quickly. The advent of 

steam sawmills moved power generation from water to a coal-powered engine. Mills were no 

longer dependent on rivers, so they could be built deeper in the interior of the Adirondacks. 

Furthermore, the steam-powered sawmill allowed for the mechanization of the milling 

process (Fox 1902). Through mechanization sawmills became more efficient and were able 

to handle more logs in a designated amount of time, which helps explain the increase in 

board output. Unfortunately, it is difficult to find information regarding numbers of 

employees and labor costs for the lumber companies in the Adirondacks during this time 

period. However, if the Adirondacks example is typical of consolidation and mechanization 

of the lumber industry then it follows that less labor was required for higher output which led 

to a reduction in labor costs (Sternitzke 1963).   

 
Railroads and the Rise of Hardwoods 
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 Even into the 1890s railroads had not been widely adopted in the Adirondacks. There 

were a few small regional railroads, which allowed further access into the mountains; 

however, they did not make up a significant amount of the lumber traffic. Rivers were still 

the best means to transport timber, which meant that the logging industry continued to focus 

on softwoods. However, by the end of the 1880s, most of the valuable larger spruce trees had 

been harvested leaving behind smaller stumps. Up until this point about one million seven 

hundred thousand acres had been logged. At this point, though, forests were thinly felled as 

lumbermen were able to focus on large valuable spruce trees and leave smaller trees to grow. 

What followed was a simultaneous increase in investment in railroads to go deeper into the 

forest giving loggers access to hardwoods, the rise of pulp and paper products, which 

changed the standards for what was an acceptable size for a tree to be harvested, and the 

intensification of felling. 

 By the 1890s the majority of useful spruce had been cut down leaving hardwoods and 

smaller spruce trees and stumps. Cut trees were removed from the forest ecosystem reducing 

decomposable fodder that helped recycle nutrients back into the forest. Fortunately for the 

logging industry a number of new technologies gave rise to a new use for wood. By the end 

of the eighteenth century, the Fourdrinier machine made the mass production of paper 

possible. Additionally, Voelter (a company in Germany) figured out how to use wood pulp to 

make paper—prior to this invention paper was made out of rags. However, the pulp would 

not have been useful without the discovery of sulphite and soda processes to bind the pulp 

together to make it usable as paper. Finally, the Walter rotary press was developed in 1868, 

which allowed for the mass printing of paper (International Paper 1948). This complex set of 
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scientific and technological advancements turned once valueless trees into valuable 

commodities on the market. These technological innovations had grave implications for 

forests. Given the new market, loggers cut trees that had a smaller diameter. Trees were 

given less time to grow, given that there was a ready market. Thus, the dictates of capital 

intensified the exploitation of the forest as it was continually reorganized in accordance to 

profit opportunities. 

 Additionally, railroads increased the reach of the logging industry. Not only could the 

loggers go deeper into the forest, but the use of the railroad for transportation also meant they 

were not as restricted by seasonal conditions. Prior to this, ice would prevent the 

transportation of logs during the winter. Locomotion made logging more profitable than river 

transport because it was able to handle more large logs than traditional methods and the 

clearing of the forest could take place throughout the year (Gove 2006). The rise of the 

railroads and the opening up of a new market saw, for the first time, a major effort to harvest 

hardwoods. By cutting all of the softwoods on the exterior of the Adirondacks, hardwoods 

were given an opportunity to move in and dominate the landscape. Logging companies 

quickly took advantage of this and harvested previously cut lands (McMartin 1994). While 

hardwoods never became as important of a commodity as the softwoods of the Adirondacks, 

the expansion of the logging industry to hardwoods had further ecological implications. 

Railroads allowed for logging to occur for longer periods of time and quickened 

transportation of the logs for processing at the sawmills and for sale in the markets of Albany 

and New York City. 
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Accumulation-Driven Forest Change 

 The railroad industry had a brief but influential stint in Adirondack logging 

operations. There is more to the history that repeats a similar pattern. Newer, more efficient 

means of transportation and extraction were developed, which allowed for the cutting of 

more timber in a shorter amount of time. However, it should be noted that logging in the 

Adirondacks has declined significantly due almost entirely to the opening up of forests in the 

Pacific Northwest around the 1920s. Nevertheless, the one hundred plus year (1800s-1920s) 

history of timber harvesting in the Adirondacks has had some ramifications for the integrity 

of the forest. While this case study focused primarily on the trees, forests are complex 

ecosystems with many trophic levels interacting with one another. The forest is comprised of 

microbes, fungi, plants, animals, trees, and biogeochemical processes in interaction. Given 

that these levels are interconnected, it follows that if there is a change at one level it leads to 

alterations in the ecosystem as well. For example, older trees provide habitat for a variety of 

animal and microbial organisms (dead trees also provide this service). When they are 

removed from the forest certain species no longer have their protection and must adapt or 

leave that area. One of the most famous examples of this is the exodus of wolves from the 

Adirondacks into Canada. Furthermore, dead trees play an important role in not only 

providing habitat but also in cycling nutrients back into the soil. Logging removes the dead 

species from the ecosystem completely depriving it of an essential service. Additionally, as 

discussed earlier, deforestation is related to erosion and the decline of water quality. 

Although we do not know the specific rates of soil degradation or biodiversity loss it is quite 

clear that logging has changed the forest ecosystem creating a metabolic rift in the 
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functioning of the forest ecosystem. The trees, a vital part of regulating forest’s metabolic 

processes, were removed at ever increasing rates. Lumbering happened in such a way that the 

character of the forest changed from that of old-growth (virgin) to first and second cut forests 

drastically altering the quality of the forest.   

A look at the rapid decline of virgin forest on private lands in the Adirondacks 

provides us with a glimpse into the scope of this damage. In 1800 when timber was used for 

local purposes only about 1 percent of the forest had been used. Within one hundred years, 

90 percent of the forest was either cleared, burned, barren, heavily cut, or part of a 

commercial stand (Jenkins and Keal 2004). By the early 1900s there remained very little 

virgin, old-growth forest. These changes have important ecological implications in that the 

forest ecosystem is reorganized. Instead of a forest system dominated by multi-generational 

tree and plant species, an increase in the “litter” of the forest floor that keeps nutrients in the 

ecosystem, and larger sized trees, the Adirondacks were continually managed according to 

the interests of timber and paper companies (Lapin 2005). Paradoxically, though, this new 

type of forest produced trees that, due to their young age and poor quality, were of decreasing 

utility for paper and pulp companies (Jenkins and Keal 2004). Furthermore, old-growth 

forests, on average, tend to be a more nutrient rich ecosystem due to the biodiversity that it 

fosters—particularly in regard to bacteria, fungi, and lichens. Woody debris typically 

occupies the forest floor which helps store nutrients and water. Debris is also an important 

source of nutrients that flow back into the soil facilitating the development of healthy soil. 

Furthermore, old-growth forests are better able to process and fix larger portions of solar 

energy (Franklin and Spies 1991; Harmon and Hau 1991). The increasing demand upon the 
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forest for the sake of capital accumulation undercut its biological foundation making the 

Adirondacks a less desirable place for timber extraction. As capitalists continued to quicken 

rates of extraction, processing, and transportation, the forest ecosystem was fundamentally 

reorganized. The diversity of trees, in regard to both species and age, became more 

homogenous to facilitate the logging industries ability to turn trees into profit. Subsuming 

nature’s temporal processes under the time determinants of capital have simplified the 

organization of the forest ecosystem for the benefit of capital extraction, not ecological 

integrity.  

 The change in organization of the forest ecosystem accompanied the change in the 

organization of production in the Adirondacks—both processes were influenced by the drive 

for capital accumulation. The small-scale sawmills of earlier frontier times were unable to 

compete with the larger, more technologically advanced sawmills that were contracted or 

controlled by large paper and timber companies because they were not designed to process 

lumber as quickly.. Consolidation of paper and pulp production (the dominant lumber 

product of the Adirondacks by the late 1800s) led to the creation of primarily two industrial 

giants: International Paper Company and the Finch, Pruyn Company that were able to get 

wood products to market in greater concentration more quickly. International paper, 

throughout the late 1800s continued to buy out its competition while increasing the efficiency 

of its own sawmills. By 1899 it was consuming what amounted to 30 percent of the pulp in 

the north country of New York. By the mid-1900s International Paper had consolidated the 

majority of its operations to two mills. Sixty percent of pulp processed in these mills came 

from their 30,000+ acre holdings in the Adirondacks. Finch, Pruyn and Company, with more 
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roots in the Adirondacks, owned far more land (approximately 225,000 acres) (McMartin 

1995). The reduction of time necessary to profit from tree extraction was driven by the 

concentration of capital within the hands of a few large companies driven by the pursuit of 

realizing surplus-value. In other words, transformation of the forest ecosystem and the 

organization of production happened along multiple fronts; one of the most important of 

which being time.  

 
RUNNING OUT OF TIME 

 Different societies throughout history have experienced a variety of ecological 

problems, which have stemmed from unsustainable behavior. Both Clive Ponting (2007) and 

Jared Diamond (2005), amongst others, have demonstrated that a variety of factors have led 

to the collapse of once great civilizations. Civilizations as different in geographical location 

and time such as Easter Island and the Roman Empire engaged in unsustainable behaviors 

and fundamentally undermined their ecological basis of existence. The fact that these 

societies succumbed to ecological collapse is significant in its own right. However, merely 

pointing out that there have been historical antecedents to today’s environmental crisis does 

very little in understanding the driving forces behind ecological degradation. The focus of 

historical work that analyzes environmental problems and contemporary research on issues 

of sustainability should be on the relationship between how society is organized and the 

resultant environmental problems. As Marx (2003) indicated, there are general social forms 

that are constant throughout all history, and, at the same time, there are also historically 

specific modes of organization. The same is true for the story of environmental harm and the 
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issues associated with sustainability. Each historical period has different processes that 

operate under separate logics, which generate a unique set of contradictions specific to that 

era.  

 Ecological economists have employed a great deal of analytical and theoretical 

energy trying to solve the issue of sustainability. From this perspective economic growth and 

ecological integrity can coexist. Economists tend to emphasize the economic sustainability 

proffered by the Report from the Brundtlandt Commission, instead of environmental and 

social sustainability. From their perspective, modernization and improvements in efficiency 

in the market—primarily through technology and capital investment—will go a long way 

towards solving both environmental and social injustices. While it is good to see that 

economists are taking socio-ecological relationships more seriously, their fundamental 

assumptions and analytical models mask a variety of processes that are the driving force 

behind unsustainable behavior. Economics, by focusing on the market, hides the “material-

social relations of production and the dynamics they generate” (Burkett 2003: 27). In other 

words, there is no discussion about the hierarchical division of labor created by the 

antagonistic class structure of capital. Additionally, the conceptualization of the environment 

by economists is problematic. Within their models there is no room for the independent 

processes and relationships in an ecosystem. Instead, the environment is portrayed as a static 

stand of individual resources developed and maintained solely for human purposes. 

Furthermore, the approach that views the environment as a resource is focused on reducing 

species to a common element—quantifying them—turning them into capital that can easily 

be exchanged for other productive capital.  
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 To put it succinctly, the sustainability approach of ecological economists mystifies 

the relationships found within ecosystems, such as those between different trophic levels; it 

fails to adequately address the dynamics of a system of endless accumulation; and it ignores 

the dialectical tension that defines the socio-ecological relationship, including historical and 

temporal concerns. The metabolic rift perspective is well placed to understand socio-

ecological dynamics. First, it recognizes that nature exists independent of, but in relation to, 

human society. Second, it places the social world firmly within and completely dependent 

upon nature. The development of society is shaped, in part, by these environmental contexts. 

At the same time, social organizations transform the environment. By focusing on the 

coevolution of nature and society and the historically specific capitalist mode of production, 

the metabolic rift illuminates the driving forces behind environmental destruction and the 

types of contradictions capital develops. The metabolic rift theory, and Marxian sociology in 

general, provides a fundamental challenge to ecological economists’ assertions that the 

solution to sustainability is to be found in technology and a more efficient market. The 

metabolic rift situates the market and technology within the historical development of the 

capitalist metabolic order, and its constant drive to accumulate capital. Furthermore, the extra 

capital generated from more efficient technology and production is reinvested in the 

expansion of production in order to increase accumulation. Continued expansion and 

accumulation directs the capitalist system to other geographical regions subsuming them 

under the capitalist relations extending environmental destruction. As the scale and intensity 

of production increases the processes of nature are subsumed to the dictates of capital, which 

creates an array of ecological problems. 



 

78 

 Previous work within the metabolic rift tradition has explored the nature/society 

relationship and the impacts of the capitalist system. This scholarship directs attention to the 

larger system, which creates a particular path of development. Human production is geared 

towards expanding accumulation. In this paper, I have extended the metabolic approach by 

more explicitly analyzing the temporal processes in nature and those of the capitalist mode of 

production. The time processes of capitalism, particularly in the cycles of production and 

circulation, are in an enduring conflict with the environment. Capital needs to grow and bring 

everything under its time imperative in order to continue. It views any temporal process that 

gets in its way as a barrier to overcome. István Mészáros (2006: 30) explains the dynamics 

well when he points out that the “only modality of time which is directly meaningful to 

capital is necessary labor time and its operational corollaries, as required for securing and 

safeguarding the conditions of profit-oriented time-accountancy and thereby the realization 

of capital on an extended scale.” In a similar spirit, Marx (1963: 30) described the modern 

capitalist industry in this way: “Time is everything, man is nothing; he is, at the most, time’s 

carcase. Quality no longer matters. Quantity alone decides everything; hour for hour, day for 

day.”  

 In the logic of capital, labor, which is a quantified commodity, is reduced to a 

common element. Therefore, it is exchangeable. The same logic can be seen in how 

ecological economists view organisms in the environment—as resources that are considered 

capital, quantified, and therefore exchangeable for other forms of capital. Essentially, this 

one-sided approach towards sustainability does not take into account the qualitative aspects 

of the ecosystem or the social system and certainly not the socio-ecological relationship. 
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Marx (1963: 30) shrewdly pointed out that the quantitative difference of the worker’s labor 

inevitably becomes a qualitative one. Material conditions such as age and health can greatly 

influence the worker’s labor. A similar line of logic can be applied to ecological processes. In 

this case the transformation from quantity to quality highlights that different organisms—in 

relation to their surrounding ecosystem—do not operate in the same way and are not directly 

exchangeable with one another. In order to be controlled, capital simplifies these complex 

qualitative interactions for the benefit of profit and not ecological integrity. Subsuming the 

temporal processes of ecology under the strict time determinants of capitalism fundamentally 

undermines the tenants of sustainability by disrupting natural cycles and generating harmful 

wastes that further perpetuate this problem.  

 My case study showed how the process of accumulation intensifies over time through 

a series of historically specific moments. The ecology of the Adirondack region created a set 

of barriers to what types of trees were harvested and where they were cut down. Initially, 

trees were consumed locally to meet subsistence needs. However, over time, through the 

concentration of capital and land and the incorporation of Adirondack lumber into the 

markets of Albany and New York City extraction increased tremendously. Timber companies 

were cutting down trees at a quicker rate than the trees could grow and removing important 

nutrients from the forest ecosystem. In order to continue cutting down softwood trees capital 

had to extend its reach deeper into the forest. Railroads provided this access and also allowed 

for more timber to be shipped at a faster rate. Newer sawing technologies were developed to 

produce the lumber and pulp at an ever increasing rate. Production became more mechanical 

and streamlined reducing further the time needed to bring a product to market. The escalation 
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of production left even less time for trees to regenerate. However, a complex of scientific and 

technological advancements made it possible to use the younger and smaller trees thereby 

further ramping up productive capacity. The capitalist drive to expand and accumulate more 

and more fundamentally undercut the metabolic order of the forest ecosystem by 

reorganizing the temporal processes associated with tree growth and ecosystem health in 

general. 

 These conditions are linked entirely to the structural determinants of a particular 

social metabolic order with a distinct time imperative. While adjustments within the logic of 

capital are possible they fail to change the larger structure that is in conflict with the 

environment. As capitalism continues to reduce the time necessary for production and 

circulation it also decreases the time that human society has to make the changes needed for a 

truly sustainable social order. A more comprehensive conception of sustainability demands 

that we take these considerations into account. Sustainability demands that we fully 

recognize the forces of ecological degradation, the historical development of nature, and the 

contradiction between the time imperative of capital and the temporality of ecosystems. 
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