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Overview 
 There are over 1.5 million described species on earth, and the true number of species may 
be more than ten times higher. While the ultimate source of this diversity is speciation, its 
maintenance (or lack thereof) is a matter of ecology. Every species has the potential for rapid 
increase in abundance, for rapid spread in space, and for equally rapid decline to extinction. 
Further, no species is independent of the others, so a complete understanding of their population 
dynamics ultimately requires placing those dynamics in a community context. The dynamics of 
ecological communities—sets of multiple interacting species—is the subject of this book. 

I focus on what ecologists have learned, and can learn, about community dynamics from 
microbial microcosms: communities of single-celled organisms grown under highly controlled 
conditions in the laboratory. The classic work of Gause established microbial microcosms as a 
powerful model system in community ecology, and more than 70 years later their potential is far 
from exhausted. However, this is not a book about microcosm ecology, or even microbial 
ecology. Rather, it is a book about community ecology, which aims to show how studies in 
microcosms inform our understanding of nature, by providing complementary information to that 
gleaned from studies of other systems. I therefore place microcosm results in a broader 
comparative context wherever possible.  

A strength of microbial microcosms is that they often allow powerful, direct experimental 
tests of theoretical predictions that could otherwise be tested only indirectly, or not at all. This is 
one way in which microcosm studies complement studies in other systems. In particular, 
microbial microcosms allow much longer-term experiments, under much more tightly-controlled 
conditions and highly-replicated conditions, than are possible in other systems. Much theoretical 
work in community dynamics focuses on long term dynamics, and so can only be tested with 
experiments lasting dozens or hundreds of generations. Tight control allows manipulations that 
would not otherwise be possible while minimizing extraneous complications, and in combination 
with high replication facilitates powerful tests of hypotheses. The reader may be surprised to see 
just how many key ideas in community dynamics received their first, and often their most 
definitive, test in microbial microcosms.  

Microcosms are useful not just for testing existing theory, but for inspiring new theory. 
Microcosms have sometimes been regarded primarily as a tool for falsifying existing models, on 
the assumption that models that fail when applied to microcosms are highly unlikely to work in 
other systems. I hope to show that this assumption is questionable (indeed, Gause himself 
questioned it), and even if it were true it would neglect the value of microcosms as a positive 
source of conceptual inspiration. It is often thought that microcosms are too simple to suggest 
new ideas, that their behavior is somehow obvious. This view misses the fact that the complexity 
of microcosm communities can be manipulated in many ways, thereby testing which 
complexities alter community dynamics. But the view that microcosms are too simple to be 
useful is also based on a misunderstanding, perhaps best illustrated by the claim that microbial 
microcosms “just use organisms to solve equations.” This claim is true, but it does not have the 
implications it is often thought to have. For the challenge with microcosms, as with any system, 



    2 

is to figure out what equations the organisms are solving. As I will show, it is often not the 
equations the investigator originally thought they were solving. Microbial microcosms are 
complex enough to have the capacity to surprise, while remaining simple enough to be tractable. 
It is the combination of tractability plus capacity to surprise that makes microcosms a valuable 
source of inspiration for new theory. If they were too simple, their behavior would indeed be 
trivially obvious. If they were too complex, their capacity to surprise would be so overwhelming 
as to be unproductive, because both the surprises and their possible explanations would be too 
numerous.  

Community ecology has not traditionally placed much emphasis on the study of model 
systems, systems with features that make them convenient for studying particular phenomena. 
Presumably, this is because many community ecologists believe that no community is 
sufficiently “typical” to serve as a model for the rest. On this view, the polyglot variety of natural 
communities can only be summarized, if at all, via the inductive generalizations that emerge 
from the comparative study of many different systems. While I agree that the comparative study 
of statistical patterns in community structure and dynamics is an essential tool, like all tools it 
has limitations. On its own, comparative analysis of patterns in community structure is a weak 
tool for inferring the processes that generated those patterns, and an even weaker tool for 
estimating the relative importance of different contributing processes. Darwin’s general theory of 
the underlying causes of evolution did not emerge solely from his study of patterns in the 
distribution of organisms, extant or extinct. Darwin’s theory also emerged from his study of 
model systems such as fancy pigeons, in which the effects of one particular process (selection) 
are obvious. Microbial microcosms do not necessarily exhibit the same statistical patterns 
exhibited by natural systems (although they often do). But we can use microcosms to test 
whether the processes thought to underpin an observed pattern really do generate that pattern in 
the absence of other complicating factors. Microcosms also can reveal the potential importance 
of processes whose importance, and perhaps even existence, would not otherwise have been 
suspected. In these respects, microcosms are no different from other model systems, the utility of 
which is not limited to their ability to reproduce patterns observed in other systems. The 
outcomes of artificial selection experiments often are highly unrepresentative of the outcome of 
selection in nature, in no small part because many processes besides selection affect evolution in 
nature. But this is a reason to study artificial selection in simplified model systems, not a reason 
not to do so. Simplified model systems are useful not despite their simplicity, but because of it. 
By studying the outcomes of particular processes in simplified model systems, we enhance our 
understanding of those process and thus our ability to explain the patterns of variation in 
complex natural systems.     
 Below I sketch the content of the book. Microbial microcosms have been used to address 
the full range of topics that together comprise “community dynamics.” I have taken advantage of 
this fact and attempted to write what I hope is a reasonably comprehensive book. That is, the 
chosen topics are the ones I would choose to cover if I were writing a book on community 
dynamics without any special focus on microcosms. It is my hope that, by reviewing what we 
know (and don’t know) about community dynamics, and by highlighting the contribution of 
microbial microcosms to that knowledge, I will spur further theoretical and empirical work in the 
full range of systems that community ecologists study, and help tighten the links between the 
two. 
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Contents 
Introduction: Linking theory and data in community ecology  

In this chapter I provide a historical review of how theory and data have (and have not) 
been linked during the development of community ecology. Much of this history is driven by the 
difficulty of connecting microscopic processes to the macroscopic patterns they generate, leading 
community ecologists to either focus on the processes (and speculate on their macroscopic 
effects), or focus on the patterns (and speculate on the processes that generated them). An 
advantage of microbial microcosms is that they allow pattern and process to be studied together 
at large spatial and temporal scales.  

I also draw some lessons for community ecology from two closely-allied fields: 
population ecology and evolutionary biology. Modern population ecology increasingly casts 
alternative hypotheses about the mechanisms driving population dynamics in terms of 
mathematical models, and then uses time series and other data sources to parameterize, validate, 
and test those models. This is a powerful approach which, in microbial microcosms, can be 
scaled up to study many populations at once—i.e. whole communities. Evolutionary biology 
provides an object lesson in the value of general theory, such as the Price Equation, which 
unifies detailed, system-specific models into a common framework. General theory can clarify 
our understanding of system-specific models, and allow comparison of microcosm data to data 
from other systems. The infamous “messiness” and complexity of community ecology becomes 
much more manageable when viewed though the lens of general theory. 
 
Chapter 1: Competition, coexistence, and assembly rules 
 In this chapter I review results from microbial microcosm experiments on the dynamics 
of competition. Using meta-analysis, I compare the effects of competition in microbial 
microcosms to effects in field studies of macroscopic organisms. 

Much of what we know about the effect of competition on long-term population 
dynamics comes from microcosm studies. Even compared to microcosm experiments on other 
topics, experiments on competition ever since Gause’s classic work have stood out for tightly 
linking models and data in order to obtain quantitative, mechanistic insight. The linkage between 
mechanistic models and data is best-developed in studies of algae and other competitors for non-
living resources. Attaining mechanistic insight into competition for living resources (e.g., 
competing bacterivorous ciliates) has proven more difficult, due the difficulty of controlling and 
studying the resource base. 

I also discuss assembly rules, which may be loosely defined as rules for predicting the 
outcome of competition from the phenotypic traits of the competing species. One lesson from 
microbial microcosms, which has yet to be widely tested with larger organisms, is that 
“integrative” traits such as R* value often have greater predictive power than conventional 
phenotypic traits, as the latter affect the outcome of competition only via their effect on R* value. 
A key direction for future research is the need to understand the robustness of assembly rules. 
How do assembly rules (sometimes) maintain predictive power in the face of violations of the 
assumptions used to derive them? In particular, the derivation of many assembly rules depends 
on the explicit or implicit assumption of a lack of stabilizing mechanisms (negative frequency 
dependence) that would allow coexistence of multiple species. Microcosms offer unique 
opportunities to test the robustness of assembly rules by manipulating the strength and causes of 
negative frequency dependence. 
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Chapter 2: Predator-prey dynamics 
 Gause also recognized the utility of microbial microcosms for the study of predator-prey 
dynamics, and established the inherent oscillatory tendency of predator-prey interactions. Classic 
work by Luckinbill, Veilleux, and others has examined how this oscillatory tendency is modified 
by system productivity (the “paradox of enrichment”), predator-prey encounter rate, and other 
factors. As with studies of competition, studies of microbial predator-prey dynamics stand out 
for their tight linkage of models and data. Sophisticated model fitting and validation has revealed 
the important dynamical consequences of subtle features of predator foraging behavior. 
However, the simple life histories of microbial predators and prey prevent them from exhibiting 
several kinds of dynamics exhibited by macroscopic predators and prey.  
  
Chapter 3: Food web structure and dynamics 
 In this chapter I review what microcosm experiments have revealed about the dynamics 
of species embedded in simple “food web modules” such as food chains, apparent competition, 
and intraguild predation. Qualitative theoretical predictions about the equilibrium behavior of 
food web modules have received strong experimental support, both from microcosms and from 
the smaller number of studies in other systems, but more detailed quantitative predictions remain 
untested. Microcosm results aid interpretation of comparative and experimental data from nature, 
and in some cases results from microcosms and nature match surprisingly closely (e.g., trophic 
cascades are about as strong in microcosms as in natural systems). The next step is to link the 
dynamics of isolated food web modules to the dynamics of whole food webs, an issue discussed 
further in Chapter 5.  
 
Chapter 4: Assembly history 
 On ecological timescales, over which speciation can be neglected, local ecological 
communities are assembled via colonization from other sites, together with the within-site 
demographic processes that determine the ultimate fate of both colonists and residents. Many 
microcosm experiments have asked whether, or under what circumstances, the rate and order in 
which colonists arrive (the “assembly history”) affects long-term community composition by 
causing different assembly histories to lead to alternative stable states. These experiments have 
been surprisingly inconclusive, in large part because of the difficulty of distinguishing long-
lasting but ultimately transient effects of history from truly permanent effects. The former are a 
generic feature of ecological systems, while the latter are a feature only of systems with certain 
non-generic properties. The difficulty of distinguishing transient from permanent effects, along 
with other issues, hinders interpretation of putative examples of alternate stable states in nature. 
The effects of assembly history in microcosms appear to be rather poorly described by standard 
deterministic models, highlighting a need for assembly models incorporating stochastic 
population dynamics. Studies of secondary succession in nature highlight the same need. One as-
yet-unexplored opportunity is to use microbial microcosms to test models of how directional 
environmental change can lead to sudden, irreversible changes in system state (“regime shifts”).   
 
Chapter 5: Community variability and stability 
 Community variability, defined as the temporal variation in the total biomass or 
abundance of the species comprising a community, is of interest both in its own right, and as a 
putative index of community stability (short- and long-term resilience to perturbations). The 
most important issue is to explain how complex, diverse communities can be sufficiently stable 
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to persist at all. Studies of how diversity affects both community variability and stability have 
been hampered by lack of a general theoretical framework allowing the effects of different 
mechanisms to be teased apart and measured on a common scale. Drawing on the Price Equation 
from evolutionary biology, I develop a general theoretical framework for community variability, 
and apply it to existing data from microcosms and other systems. The results identify new 
mechanisms by which changes in species diversity affect community variability, and suggest 
new directions for studies of community stability. Pursuing these new directions will require 
“scaling up” the most powerful approach for understanding predator-prey dynamics: 
identification, parameterization, and validation of dynamical models. Recent studies of chaotic 
dynamics is a complex microcosm food web represent an important step in this direction. 
Microcosm data also reveal new questions in need of theoretical investigation, such as the 
possibility that food webs of intermediate connectance are less extinction-prone than food webs 
of low or high connectance.    
 
Chapter 6: Effects of demographic and environmental stochasticity 
 The sources and effects of stochasticity remain an underexplored problem in empirical 
studies of community dynamics, including microcosm studies. The ability of isolated populations 
to “track” environmental variation is well-understood, as are the effects of disturbance (discrete, 
density-independent mortality effects) on community dynamics. Microcosms could be used to 
test theories of fluctuation-dependent coexistence. Several microbial microcosm experiments 
suggest important dynamical effects of demographic stochasticity and subtle sources of 
environmental stochasticity, but these effects are difficult to study directly due to the difficulty of 
tracking the fate of individual microbes.  
 
Chapter 7: Spatial dynamics 
 Microcosms have well-defined boundaries and it is straightforward to manipulate the 
movement of organisms between culture vessels, making microcosms an ideal model system for 
the study of community dynamics in patchy systems (“metacommunity dynamics”). I review 
studies of how the rate and spatial pattern of between-patch movement affect community 
dynamics within patches and the variation in community dynamics across patches. Studies of 
natural metacommunities often attempt to statistically partition different sources of spatial 
variation in species composition. Experimental data from microbial microcosms illustrate that, 
on their own, such statistical partitionings often are a misleading guide to the processes driving 
metacommunity dynamics. A rich body of theory for metacommunity dynamics remains to be 
tested. Results from microcosms also reveal new phenomena in need of theoretical explanation, 
such as the possibility that dispersal among patches may alter per-capita demographic rates 
within patches.  
 
Chapter 8: Effects of community dynamics on ecosystem function 
 The species richness and composition of a community can affect primary productivity, 
decomposition rate, CO2 flux, nutrient retention, and other ecosystem-level properties or 
“functions.” Current elevated rates of species loss in nature are likely to have substantial 
ecosystem-level effects. In single-trophic level communities, these effects are well-studied both 
theoretically and experimentally. Results from microcosms and other systems are broadly 
congruent, although microcosm experiments reveal cases in which short-term functional effects 
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of species loss do not mirror long-term effects. Less is known, both theoretically and 
experimentally, about the dynamics of ecosystem function in multitrophic communities.  
 
Chapter 9: Prospectus 
 I conclude by re-emphasizing what I see as the greatest strength of research in microbial 
microcosms: the ability to forge tight links between dynamical theory and dynamical data. For 
many of the simplest problems, involving only a few species, those links are now well-
established. The challenge is to scale up this successful approach to communities with more 
species, in more spatially- and temporally-complex environments. I also highlight opportunities 
to explore feedbacks between ecological and evolutionary dynamics. Bacteria, viruses, and yeast 
are well-established model systems for the study of eco-evolutionary dynamics, and I highlight 
several novel questions that could be addressed in these systems.  
 
Audience and relationship to similar books 
The book would be aimed at graduate students, postdocs, and faculty interested in community 
ecology. The book would fill a unique niche. Peter Morin’s Community Ecology is a textbook. 
Accordingly, it is pitched at a lower level, does not specifically focus on microcosms, and places 
relatively heavy emphasis on classic studies rather than recent theoretical and empirical 
advances. Community Ecology: Processes, Models, and Applications (eds. Verhoef & Morin) is 
an edited volume with a strong focus on case studies of field systems and eclectic rather than 
systematic coverage of topics at the core of community dynamics. Recent or forthcoming 
Princeton Monographs in community ecology either focus solely or primarily on theory (Solé & 
Bascompte, Murdoch et al., Loreau), or focus on developing and evaluating one particular 
theoretical framework (Ritchie, Hubbell). Other recent books focus solely on one of the topics I 
propose to cover (e.g., several recent books on biodiversity and ecosystem function; Weiher & 
Keddy’s edited volume Ecological Assembly Rules).  
 
Length 
I anticipate a length typical of recent Princeton Monographs in Population Biology: 300-400 
pages. 
 
Figures 
I anticipate a number of figures typical of recent Princeton Monographs in Population Biology: 
perhaps 6-12 figures/chapter for a total on the order of 100 figures. 
 
Anticipated completion 
The completion date is the most difficult element for me to anticipate. A goal might be to 
complete the book around or shortly after the end of my upcoming sabbatical, so July-August 
2011. But this may be an ambitious goal. 
 


