Assignment question: One of the long standing debates in ecology is between the competitionist paradigm (Diamond 1978) and the variable environment paradigm (Weins 1977).  What is the current view on this debate.  Explain the evidence.

“Patterns do exist in species interrelationships and community organization, but these patterns may be produced by species-specific preadaptations to different resources and varying mixtures of processes such as competition, predation, physical disturbance, or recurrent but unpredictable environmental fluctuations.” (Wiens 1977)

“The importance of adaptations to physical factors is of course unquestionable. In many cases, however, the proximate limits of a species’ range are set not by its adaptations to the physical factors but by competitors.” (Diamond 1978)

Variable Environment or Competition?  A Tale of Two Paradigms


John Wiens (1977) and Jared Diamond (1978) present apparently conflicting explanations to address patterns of species distribution observed within biotic communities. At the time of their publications, the paradigms which shaped these explanations, variable environment by the former and competition by the latter, were the subject of long-running debate in the field of ecology. Roughly twenty-five years of empirical and mathematical exercises have taken place since Wiens and Diamond spoke their minds in the journal, American Scientist – what impact have these studies had on the status of their debate? 


The purpose of this paper is to present the current view of the debate reflected by ecological scientists of the day. In addition, I present my perspective as a student of ecology on the progress of this particular paradigm debate, and how it relates to the function of ecological paradigms in general. Given the timing and diversity of my training in ecology, it should not be surprising that my own perspective is not entirely different from that of the current scientific community. Yet, I hope to offer something valuable for the reader, or at least something amusing, that originates from my own synthesis of ecological evidence. To begin, I briefly relate the basic arguments of Wiens (1977) and Diamond (1978). This is followed by an explanation of my perspective on the variable environment/competition paradigm debate, including the utility of strong inference as described in Platt (1964) at addressing complexity of community structure. Lastly, I present results of a simple analysis of current studies (e.g., studies published since 1990) that I conducted to determine which process(es) is currently considered the dominant construct of biotic communities. 

Basic Paradigm Arguments by Wiens (1977) and Diamond (1978)

As the opening quote in this paper indicates, Wiens (1977) does not believe competition alone explains patterns of community structure. In fact, he is quite concerned about widespread acceptance of the competitionist paradigm by ecologists as “entrenched dogma”. Instead of competition acting as the dominant construct of biotic communities, Wiens (1977) holds that observed interspecies relations reflect a combination of biological and physical processes including, but not universally dominated by, competition. Wiens (1977) carefully examines the assumed conditions underlying the competitionist paradigm, questioning how well they reflect nature, and more specifically, how frequently they occur in nature. He also argues that competition occurs only when environmental conditions result in a resource bottleneck (“ecological crunch”), that such bottlenecks are relatively infrequent in nature, and thus, incidence of competition is too rare to be regarded as the primary structuring force in biotic communities. 

In contrast to Wiens (1977), Jared Diamond embraces the competitionist paradigm. The central notion Diamond (1978) presents is that Charles Darwin sheds light on the role of competition when he states its importance to species interactions in On the Origin of Species. Unfortunately, Diamond (1978) continues, ecologists following Darwin do not pursue the concept much further until niche theory appears early in the twentieth century. Characterization of niche dimensions becomes a popular study topic from that time on, both in the lab and in the field. In fact, Diamond (1978) describes niche theory more or less as inseparable from competition – “niche differences result from competition: they are the means by which species minimize competition in nature.” He summarizes several supporting studies, unwavering in his support of the evidence for the competitionist paradigm.

Given the apparently opposing viewpoints of the variable environment and competitionist paradigms, how can one recognize truth from speculation to explain the unknown?

A Student’s Perspective


I believe the role of ecological paradigms such as those presented by Wiens (1977) and Diamond (1978) is to offer a plausible explanation for widespread phenomena, a starting point from which theory can move forward. Subsequently, it is the responsibility of scientists to use strong inference when testing the predictions of paradigms, to divulge their inaccuracy, and to propel their findings forward where they cannot be refuted. 


 In their early stages, the paradigms at the heart of this paper appear inadequate, too broad and rather incomplete.  For example, Wiens’ (1977) argument that an unpredictably variable environment is the dominant element for structuring biotic communities offers little instruction for subsequent research efforts. Diamond (1978) is guilty of the same; he bases the primacy of competition on a collection of studies which conclude that competition dictates species interactions, though no causal mechanisms are offered. No matter how attractive the competitionist view, without more rigorous explanation of observed patterns, without proceeding beyond correlation of some measure (i.e., habitat, reproduction, food) for a given species with a potential competitor’s presence or absence, the competitionist paradigm remains untestable, and therefore, relatively weak. The variable environment paradigm suffers, too, from a lack of testability (although Wiens (1977) does offer one testable example – the “ecological crunch”). What then, is the utility of a paradigm, and how should it be treated by ecological scientists of today?  John Platt (1964) gives explicit instructions on how to address such questions, a step-wise procedure he terms “strong inference”.  



Platt (1964) describes strong inference as “a regular method for reaching firm inductive conclusions one after the other as rapidly as possible.”  The approach is simplistic   -- observe natural phenomena, develop hypotheses or experiments to explain the unknown, then apply The Question: “‘. . . what experiment could disprove your hypothesis?’ . . . or . . .  ‘what hypothesis does your experiment disprove?’”  This sort of inductive reasoning has been successfully applied in fields of science such as physics and molecular biology. I see no reason that application of this process in the field of community ecology cannot be equally productive.


Platt (1964) states the “method of most rapid progress in such complex areas. . .is going to be set down explicitly at each step just what the question is, and what all the alternatives are, and then to set up crucial experiments to try to disprove some.” Many scientists are discouraged by the challenging step of stating all existing alternatives. Diamond (1978) even seems to avoid this challenge when he simply shrugs off the importance of proof – “’Proof that the correlation [of a shift in some component of a species’ niche] with the competitor’s presence was causal is neither available nor possible.” Indeed, community systems are complex; many systems can essentially be described as universes in themselves, with spider web sensitivity and mountains of detail. Scientists pursuing answers to complex ecological questions are sent scrambling to understand the system of reactions with each tug of an individual strand in the web (i.e., the effect of a single biotic process). But as ecologists become increasingly multi-disciplinary thinkers, they are coming to more fully appreciate and recognize the spectrum of alternatives.  With further recognition by ecologists of the biotic AND abiotic processes which characterize species within a community, as well as relevant temporal and spatial scales of those processes, formulating the question and identifying the alternatives is proceeding markedly. 


I believe this progress is reflected in current studies on community structure; they are more inclusive of ecological processes of biotic and abiotic natures, they are challenging predictions of the competition and variable environment paradigms, and pursuing questions which could disprove them. In modern ecology, there is widespread acceptance of competition as a process occurring within many biotic communities, as well as a suite of other biotic interactions (i.e., mutualisms, predation) and abiotic mechanisms (i.e., features of hydrology, geology, chemistry, and climate). This focus on a combination of biotic and abiotic processes as the structuring mechanism of biotic communities seems to support the concept of the variable environment paradigm put forward in Wiens (1977)  (though not necessarily the concept of competition occurring only during ecological crunches). Recognition of spatial and temporal variability of processes dominating community structure is an important application of the variable environment paradigm, particularly as it explains the flux of local resources. As ecologists identify the intricate relations among species, and between species and local resources, the underlying scheme structuring biotic communities is revealed. 

How Current Studies View the Paradigm Debate


Multi-disciplinary thinking is evident in current ecological perspectives on community structuring processes, and the environmental variation and competitionist concepts are evolving as a result. This assertion is evident in the results from a review of studies I completed for this assignment. 

In order to get a sense of the current view on the paradigm debate at the heart of this paper, I conducted a simple review of current ecological studies (e.g., studies published since 1990) that considered the role of competition, variable environment, or both in structuring biotic communities. Sixty papers were included in this review, though hundreds more would certainly have qualified. I created general categories of community structuring mechanisms, and filed each study according to its finding on the matter. Of the sixty papers, the most frequent mechanism considered to play a dominant role in shaping community structure was a combination of ecological processes (21 of 60 papers). These processes include biotic interactions such as facilitation, predation, and host-parasitoid relationships, and abiotic mechanisms such as river hydraulics, disturbance, and the role of climate on resource availability among others. In general, these findings tend to support the ideas of the variable environment paradigm put forward in Wiens (1977)  (e.g., community structure is the result of a combination of biotic and abiotic factors). Although some authors still conclude that competition or a variable physical environment alone dominates community structure, their numbers are relatively few (see Appendix for Categorized Studies).

By conducting this simple review I conclude that in general, the variable environment paradigm is currently viewed as the major structuring force of biotic communities. Within a variable environment both biotic and abiotic processes act upon communities, and the degree of their effects are described in terms of conditions of local resources, and how these resources vary through space and time. I conclude with a quote from Bertness and Shumway (1993), whose study of facilitation and competition among marsh plants lead them to conclude the following:

 “…only by studying interactions between biotic and abiotic factors under a wide range of field conditions will the processes generating community structure be fully understood.” (Bertness and Shumway 1993).
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