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This paper proposes a strategy for solving two classic problems in ecology: prediction and integration 

with evolutionary biology. These are widely-recognized problems, but they have proven difficult to 

solve. In what follows, I describe these problems and explain why they exist and why pursuing 

solutions is important. Then I argue for three claims which, taken together, suggest a strategy that will 

allow us to approach these problems successfully. The strategy is to identify key research areas with the 

potential to generate local solutions to these problems, and then to focus on achieving applied successes 

in these areas.  Finally, I give an example of the sort of research area I have in mind. Food web 

ecology, when supplemented by evolutionary considerations, can improve our functional understanding 

of ecosystems and increase the predictive power of ecology. 

More broadly, this paper seeks to respond to a shift in epistemic priorities within ecology – a 

shift from valuing simplicity and generality to valuing prediction. I relate this shift in priorities to the 

ecological problems of prediction and integration with evolutionary biology. As ecologists become 

more and more amenable to working with complex models, they create the space and opportunity to 

implement my strategy for addressing these problems. Researchers and policy-makers should take note 

of these shifting priorities and support projects in research areas like food web ecology that are likely to 

provide insights into the problems of prediction and integration. 

1. The problems: prediction and integration

1.1 Prediction 

Prediction is important in any science because much of scientific practice is centered on the 

development and testing of specific hypotheses. Making accurate predictions in the experimental 



context is a mark of scientific success. In some sciences, paradigmatically physics and chemistry, this 

approach has allowed scientists to identify “laws” which predict, almost without exception, how 

objects in the world will behave. Compared to physics and chemistry, ecology does not have a good 

record of this type of prediction (Shrader-Frechette 1997; 2001). But this fact on its own does not 

necessarily amount to a prediction problem for ecology. Whether there are any general ecological laws 

at all, and whether ecology is the kind of science that should seek to identify general laws in the first 

place are much-debated questions (Cooper 1996; Mikkelson 2003; Lange 2005). Depending on how 

one answers those questions, the issue of its own predictive success relative to other sciences may or 

may not turn out to be a problem for ecology. 

Regardless of what we decide about the status of ecological laws, however prediction will still 

be a difficult problem for ecology. The reason is that we want to be able to predict the effects of climate 

change and biodiversity loss on specific ecosystems, but ecology is not yet able to do this effectively 

(Evans et al. 2013a). This is not to say that ecology has no predictive successes at all. Through 

experiments and modeling, ecologists have achieved some general insights about the effects of climate 

change and biodiversity loss. For example, scientists have identified several intrinsic biological 

characteristics that can make a species vulnerable to extinction. These include high trophic level, large 

body size, small population size, complex social structure, and large habitat area (Purvis, et al. 2000). 

Knowing about these characteristics is valuable, but such knowledge is not actually very useful for 

predicting how a particular population will respond to a change in its environment. It is even less useful 

for helping us develop management responses to environmental changes. 

There are two main reasons why the general principles of ecology cannot generate specific 

predictions. First, there are many exceptions to the general principles. They do not hold in all cases, 

and we do not know which cases will be exceptions and which ones will not (Evans et al. 2013b). 

General ecological principles tell us that a certain relationship may hold, but not that it actually will in 

any particular case. Second, these principles are not specific enough for our purposes. Modern ecology 



offers blunt instruments rather than precise predictive tools. In order to respond effectively to climate 

change and biodiversity loss, we need to be able to predict the consequences for particular systems and 

particular species. We want to know, for example, how the biotic composition of the Bering Sea will 

change as the climate becomes more variable, and what the secondary effects will be of climate-

induced increases in the Bering Sea's population of pollock. At present, even our best and most detailed 

research has trouble identifying the mechanisms that control pollock population size, and thus cannot 

predict the long-term effects of population fluctuations (Aydin and Mueter 2007).  

Predicting the consequences of climate change and biodiversity loss for specific ecosystems is 

incredibly difficult. Ecosystems are very complex, and predicting how they will change in the future 

involves tracking numerous variables and causal relationships. Adequately representing this complexity 

and identifying the predictively relevant factors within it is a daunting task. 

But the difficulty of the problem is not the only reason that we have not yet solved it. The 

acuteness of the problem is also a result of a preference on the part of ecologists for simple and general 

models, rather than complex ones (Holling 1966; May 1973). The goal has been to abstract away from 

the complexity of real-world systems in order to identify general principles that apply in a variety of 

cases. Theorists have thought that, once identified, general principles would allow us to predict 

ecosystem behavior under a number of conditions. Thus, even though ecologists recognize that 

complex models which represent many parts of an ecosystem are more realistic than simple ones, they 

have thought that this realism is not worth the loss of generality that comes with increased model 

complexity. That there are such trade-offs between scientific desiderata is well established (Levins 

1966; Matthewson and Weisberg 2008).

There is, however, evidence that the situation is changing. Ecologists are beginning to recognize 

that their strategy of approaching generality via simplicity does not produce powerful, law-like 

principles. As researchers become more and more focused on understanding the consequences of 

climate change and biodiversity loss, they are revisiting the the generality--prediction tradeoff and 



electing to use more complex strategies such as individual-based modeling (Grimm 2013) and systems 

approaches (Norris 2012). This shift in epistemic priorities does not amount to a solution, but it does 

create an opportunity to take the problem of prediction seriously. Ecology has to become more complex 

in order to be more predictive, so now the question is how this should be done. 

1.2 Integration 

An equally pressing problem is that of integrating evolutionary biology and ecology. 

Evolutionary and ecological processes are related to one another in important ways (Schoener 2011). 

Ecological conditions often drive evolutionary change, while evolutionary dynamics can underpin 

certain aspects of ecosystem function (Pelletier et al. 2009). Despite the connections between the two 

disciplines, they are poorly integrated at the theoretical level. Evolutionary theory tends to study the 

way populations of organisms change within an environment that is held constant. Population 

ecologists usually take the opposite approach, focusing on the way that ecosystems change, but 

assuming that actual populations do not change at all. Another branch of ecology, called ecosystem 

ecology, focuses on the way energy and mass flow through biological systems but does not explicitly 

represent organisms and their environments separately at all. 

The extent to which this really is problem may not be immediately obvious. Why can't 

evolutionary biologists and ecologists take different theoretical perspectives on the world, developing 

models that represent different aspects of natural systems? All models and theories must abstract and 

idealize to some extent, and it might even be a good thing that evolution and ecology do this in 

different ways. Why care about integration? 

The answer is that evolutionary and ecological processes are intertwined in real-world systems, 

and if our science cannot represent this fact, we will not be able to understand the extent to which 

change within a population affects ecosystem dynamics, and vice versa. The problem is not necessarily 

that we model these kinds of change separately, but that we have not built bridges between the two 



disciplines. I am not alone in recognizing this as a problem. Calls for the integration of evolution and 

ecology are very common, and a growing body of empirical and theoretical work seeks to accomplish 

this goal (Matthews, et al. 2011; Lavergne, et al. 2010). “Evolutionary ecology” has even developed 

into a subfield of biology.

It is quite a tricky problem. One reason is that evolutionary and ecological processes often occur 

on different time scales (though this is not always true). It is hard to determine the effects of short-term 

ecological processes on long-term evolutionary ones, as well as to assess how long-term evolutionary 

dynamics matter to the structure of the ecosystems in which they occur. To get around these difficulties, 

recent work on eco-evolutionary dynamics focuses on cases in which ecological and evolutionary time 

scales converge (Pelletier, et al. 2009).

In addition to the time scale issue, integration is challenging because it requires us to relax or 

abandon the simplifying assumptions that have been so useful in achieving our current understanding 

of evolution and ecology. Ecological models of predator-prey dynamics, for example, assume that any 

adaptation focal populations experience occurs on such a different time scale from the predator-prey 

interactions that it is negligible and can be left out of the modeling process. This strategy has been very 

effective in the past, but since we know there are cases in which evolutionary change can occur on 

ecological time scales, our ecological theory  needs to be able to incorporate this fact. Unfortunately, it 

is far from clear how to do this, even though it is clear that we should. 

There is also a very practical side to this problem. While it is true that integrating these two 

disciplines will provide a fuller understanding of the biological world, what is at stake here is not 

merely academic. In their discussion of the issue, Barker and Odling-Smee (2014) point out that 

ignorance of ecological-evolutionary relationships has contributed to a number of environmental 

management failures: 

Such cases include the rapid evolution of resistant strains of weeds, pests, and especially 
pathogens (Spellberg et al. 2008; Choffnes et al. 2010); the effects of both the spread of 
invasive introduced species (plants, animals and pathogens) (Elton 1958; Mooney and 



Cleland 2001; Facon et al. 2006; Carroll 2011) and the removal of major niche- 
constructors or “keystone” species (Rosell et al. 2005; Estes et al. 2011); and the effects 
of human interventions affecting abiota such as the stocks and flows of carbon, water, 
and topsoil.

The convenient theoretical separation between evolutionary biology and ecology is no longer 

supportable. It does not adequately represent reality, and that this particular species of idealization is 

neither innocent nor justified is becoming more and more apparent. 

2. A strategy for solving the problems

I aim to offer a simple yet practical strategy for solving these two problems. In this section, I 

present this strategy by developing  and arguing for three different claims. They are (1) that the 

problems of prediction and integration are related to one another; (2) that neither problem has an 

elegant theoretical solution; and (3) that making progress on either one of them requires achieving 

applied successes in particular research areas.

2.1 The problems are related

The problems I have been discussing are both important ones in ecology, so naturally each one 

has generated a rich body of literature. There are a number of striking similarities between the two 

literatures, and while this fact has been noted in passing (see Odling-Smee et al. 2013 and Evans et al. 

2012, for example), no one has explicitly drawn the comparisons between the two. As a result, the fact 

that these two classic ecological problems are related in more than an incidental way has gone under-

appreciated. In this section I make the relationship between the problems of prediction and integration 

explicit by identifying three ways in which they are similar. First, they are conceptually related: both, at 

their core, are about taming biological complexity. Second, we have similar practical reasons to solve 

both problems because our ability to respond effectively to a rapidly changing world is at stake in each 

case. Third, these two problems have related solutions. It is particularly important to recognize this 



because it means we can pursue solutions to these problems simultaneously.

On a conceptual level, the problems of prediction and integration are so tightly linked that we 

can almost say they are two manifestations of a single, deeper problem: managing complexity. Ecology 

rarely makes specific predictions because for a long time, ecologists prioritized simple models. But 

now that the structure of the value trade-offs has become more explicit and the need for predictive 

ecology has become apparent, the conditions under which predictive ecology can develop are present. 

Nonetheless, actually achieving predictive success has not become any less difficult. Even though we 

know that our techniques of abstraction need to be revised,  scientists must still use  abstraction in order 

to understand the world. Thus, the core of the problem remain. We need more complex models in order 

to be predictive, but of all the various phenomena which could be theoretically represented, which ones 

ought to be? Which sorts of complexity do we need to take into account, and what can we abstract 

away from without losing important information?

Similarly, adding an ecological component to evolutionary analyses, and supplementing 

ecological studies with evolutionary considerations is a good idea and a necessary part of advancing 

both sciences. The scientific community has become more and more aware of this over the last several 

years, to the point that the idea of evolution and ecology informing one another has become something 

of a truism. There is even a body of experimental and theoretical work that takes this task seriously. But 

this work is still in its early stages and the question of how to approach the  general problem is still, in 

many ways, an open one. It makes sense to begin with cases in which the evolutionary and ecological 

time scales match, and this is where much of the research has focused, but the challenge of dealing with 

populations and environments that change and causally affect one another simultaneously is still 

formidable.

The problems of prediction and integration, then, both exist because the simplifying tendencies 

of the field have proven to be insufficient for our purposes. The complexity of ecology's object of study 

stubbornly resists representation along traditional lines, and the problems I have outlined here are two 



examples of this fact. 

Now, not only do making ecology more predictive and integrating it with evolution share this 

essential difficulty, the problems are also related because we have similar practical reasons to want to 

solve each of them. These practical reasons are the realities of climate change and biodiversity loss. In 

the case of prediction, the problem just is that we want to be able to predict the consequences of 

ongoing and catastrophic environmental change. Our interests in the science of ecology have become 

increasingly predictive because we need to develop management responses to these changes. In the 

case of integration, we have learned that not recognizing and studying the interconnections between 

evolution and ecology can compromise the management responses we do implement. So even our best 

predictions may be of limited value if the lack of theoretical bridges between evolution and ecology 

renders us unable to use these predictions effectively. 

 So far I have shown that the problems of prediction and integration in ecology are similar kinds 

of problems: the challenge of scientifically representing complex phenomena is what makes them 

difficult to solve, and we have similar reasons to care about solving them in the first place. The third 

parallel between these problems is that their solutions are related. This is, of course, true in a very 

general sense because if we could figure out how to deal with the broader issue of complexity in 

science, then we could move forward on both prediction and integration. But, as I shall argue in the 

next section, complexity is not the sort of issue that we are likely to find an elegant theoretical solution 

for. 

In any case, the solutions to the problems of prediction an integration are related in a different 

kind of way. They are related such that if we can make progress on the integration problem, these 

advances will also constitute progress on the prediction problem. Prediction depends on better 

understanding ecosystem function, and developing a better understanding ecosystem function requires 

us to consider evolution. 

Recall the earlier examples from Barker and Odling-Smee of cases in which ecological 



management efforts were compromised because of the gap between ecology and evolution. These 

examples show that certain important aspects of ecosystem function are inescapably evolutionary - we 

need evolution to understand ecosystems in which we want to control weeds, pests, etc. because weeds 

and pests evolve rapidly, and for the same reason, we need evolution in order to understand the effects 

of invasive species. In fact, in any ecosystems that contain populations that can evolve rapidly, 

evolutionary dynamics are likely to underpin ecosystem function. As a result, predictive efforts that 

rely on an understanding of ecosystem function will need to be cognizant of evolutionary processes.

2.2 Neither problem has an elegant theoretical solution

One might object to my suggestion that we try to solve the problems of prediction and 

integration simultaneously by arguing that one or both of these problems is essentially theoretical, 

implying that the solutions are to be found by looking within the pre-existing theory and fixing the 

parts that are problematic. On such an account, my suggested approach would be needlessly 

complicated. The problems might not require us to look outside the existing theory for a solution. 

But neither of these problems is essentially theoretical. The reason for these problems is not that 

the families of models that make up ecological theory are mistaken in some way that can be internally 

corrected. A good way to explain this is to contrast the problems of prediction and integration in 

ecology with a (now solved) biological problem that was largely theoretical. That problem is the one 

that was solved by what biologists call the Modern Synthesis.

The great achievement of the Modern Synthesis was to reconcile Darwinism with Mendelian 

genetics (see Pigliucci and Müller 2010). Before the 1940s, the great question in biology was, how can 

Mendel's theory of particulate inheritance generate the continuous variation we see in the biological 

world and which Darwin's theory predicts is characteristic of all life? Mendel's classic experiments 

involved discrete differences between organisms carrying different genes – smooth peas or wrinkled 

peas, red flowers or white flowers. It was far from clear how to think about quantitative traits such as 



height which vary continuously rather than discretely. 

When Fisher, Wright, Haldane and others developed a solution in the 1940s, they brought two 

different bodies of theory together in a powerful way. Their solution was theoretical in the sense that it 

dealt with incompatible theoretical predictions (discrete traits versus continuous variation) in a way that 

did not involve rejecting either Darwinism or Mendelism. Of course, vast amounts of empirical work 

went into the Modern Synthesis. But we are justified in seeing it as theoretical solution to a theoretical 

problem because the primary conflict really was between two different theories, rather than between a 

body of theory and the real world. The solution required working within the two theories (extending 

them, adjusting them), and as a result, the Modern Synthesis has an elegant, theoretical quality. It tells 

us that quantitative traits are controlled by many genes with multiple loci, and that the number of 

possible allelic combinations associated with any trait is sufficient to produce the continuous variation 

that is central to Darwinism. Though the reality that the Modern Synthesis describes is dizzyingly 

complex, the theoretical apparatus that describes it has an appealing simplicity. 

The Modern Synthesis, then, is a good example of a theoretical problem in biology. If the 

problems of prediction and integration in ecology shared important features of the Modern Synthesis, 

then holding out hope for a theoretical solution might be justified. But as it turns out, the problems of 

prediction and integration have quite a different character. These problems do not exist because of 

incompatible theoretical predictions or experimental results. Ecology itself is not divided by competing 

general principles, and ecology and evolution do not stand in the antagonistic relation to one another 

that Darwinism and Mendelism did. 

Instead, the problems of prediction and integration have arisen because of scientific abstractions 

and idealizations which we once thought were justified, but which we now know are not. We cannot do 

away with our abstractions and idealizations altogether, so what we must do is adjust the ones that we 

do make. These problems are actually more technical than theoretical. We need different modeling 

approaches in order to approach ecological complexity effectively. They are not merely technical 



problems, of course: even recognizing that they exist requires us to challenge existing assumptions and 

adjust our scientific value hierarchies. The point is, the problem itself is messy, and it has to do with 

model-world relations rather than theory-theory relations. So we cannot expect a solution that is elegant 

and theoretical. The messiness of the problem dictates the difficulty of finding a solution. 

2.3 Progress on either problem requires achieving applied successes in particular research areas

So how do we find a way forward? Scientists and philosophers have been calling for more 

realism and complexity for some time. That point is becoming well-appreciated. We probably do not 

need many more general calls for a deep engagement with the complexity of biological systems. Even 

among those who do not see prediction and integration as particularly serious challenges, there is 

widespread recognition that dealing with complexity is quite difficult. The scientific community is 

aware of the problems of prediction and integration, and the conceptual basis of these problems has 

been adequately described. 

Since an elegant theoretical solution to either of these problems is unlikely, it seems we will 

have to work slowly, trying out new approaches within particular research areas and documenting 

which approaches lead to predictive success. There are an infinity of ways to represent ecological 

complexity, and even though we have some idea of which features of the world are the most relevant 

for our purposes, the possibility space is still quite open. Hopefully, after enough applied successes 

we'll be able to discern a pattern amongst the ideas and approaches that work. We can learn from local 

successes in order to make our global approach more targeted and effective. 

For now, though, the important next step is to identify local research areas that are likely to 

yield applied successes. What methods and topics, if combined, can help us move forward on the 

problems of prediction and integration? These research areas should meet the following conditions:

• They should have the goal of predicting the ways in which climate change and biodiversity loss 

will affect ecosystems.



• They should allow for the incorporation of evolutionary thinking.

• They should already be of interest to practicing scientists. 

• They should be focused on empirical data-sets. 

The strategy I suggest is that we identify these research areas that meet these criteria and then support 

projects which advance them. We should monitor the results and keep track, not just of the particular 

findings, but of the larger goal – our desire to make progress on two problems of prediction and 

integration.

3. A place to start

The picture so far is of two problems that are related in a number of ways. Solutions to these 

problems can only be developed slowly, by means of applied successes in particular research areas. But 

this picture is of limited value on its own. What we need in order to complete it is an example of a 

research area that may be a site for the kind of applied success I discussed in the previous section. In 

this final section of the paper, I aim to provide such an example. The case I have in mind is the use of 

food web ecology to predict secondary extinctions. I will explain what food web ecology is, how 

researchers have already applied it to the goal of predicting extinctions, and how incorporating 

evolution into the food web approach can help us predict extinctions more accurately. 

3.1 Food web ecology 

A food web is a way of mapping an ecosystem. It is a network that keeps track of which taxa 

feed on each other. The nodes of the network represent specific taxa, and the nodes are linked by 

directed edges which represent feeding relationships. If two nodes are linked by an edge, it means one 

taxon is an energy source for the other. Edges can vary in thickness, and the thickness of an edge 

corresponds to the amount of energy that flows through it. Ecologists can create food webs for natural, 

laboratory, or model ecosystems, and analysis of these webs can provide information about ecosystem 



function. A few examples: the number of taxa and trophic links between them relates to ecosystem how 

complexity; food chain length relates to basal energy supply; and the number of edges a node has 

relates to whether the taxon is a trophic generalist or specialist. 

Food web ecology is rapidly developing, and scientists are currently working to increase the 

power of this type of analysis. Active areas of research include incorporating multiple trophic levels, 

body size, and spatial and temporal information into food web networks. The goal is to use food web 

ecology to study the way that biodiversity loss and climate change affect ecosystems (Thompson, et al. 

2012). In particular, researchers hope to be able to use food webs to predict secondary extinctions. In 

order to show why this hope is realistic, I will describe some successful applications of food web 

analysis.  

3.2 Food webs as predictive tools

Pockock et al. (2012) spent two years collecting samples in order to create a food web of a 125-

ha farm in the UK. They quantified interactions between 11 trophic levels (560 taxa, total). Using 

network analysis, they were able to identify the most important taxa – the ones which, if removed from 

the system, would lead to the greatest extinction cascades. Such information could be invaluable in a 

management context because it indicates which species should be the targets of restoration efforts. 

In another study, this one of several species of parasitoid wasps, aphid hosts, and plant food 

sources, Sanders et al. (2013) showed that removing one species of predator wasp from the food web 

could actually increase the likelihood of extinction of the other wasp species. Taking one predator out 

of the system allows for more competition for food resources among aphids and reduces the number of 

aphid hosts available for the remaining wasps. 

One final example: Cross et al. (2011) analyzed changes in the food web of a section of the 

Colorado river below the Glen Canyon Dam before and after a controlled flood. Rainbow trout are the 

dominant species in the portion of the river that Cross et al. studied, and they feed on a variety of 

invertebrate species. This study showed that after the flood, the trout population increased significantly 



(194%)  while paradoxically, invertebrate production decreased. The explanation for this result is that 

the particular invertebrates that the rainbow trout eat actually increased in number. The total decrease is 

accounted for by the fact that populations of another invertebrate, the invasive New Zealand mud snail, 

decreased. The mud snail is very common in the Colorado river, uses a lot of energy at the base of the 

food web, and contributes little to production at higher trophic levels. 

These and other empirical studies aim to characterize ecosystem function in terms of food webs. 

If ecologists can capture the functional relationships between the many different species of biota within 

a system, they can project how changes in climate and biodiversity losses will affect the underlying 

ecosystem structure. In particular, they can show how losing one species from the system will affect the 

rest of the network, predicting which, if any, secondary extinctions are likely to result.

3.3 Food webs plus evolution

As the previous examples suggest, food webs provide useful insights into the causal 

relationships underpinning ecosystem function, but they can only represent interactions among biota. 

Of course, biotic interactions are a crucial factor to consider when assessing vulnerability to extinction, 

but abiotic interactions are also important. Changes in abiota can effect nutrient cycling and habitat 

maintenance, for example. A more effective approach to predicting secondary extinctions would be able 

to take both biotic and abiotic interactions into account. 

Evolutionary considerations may be able to help us map these additional factors. A number of 

biologists, including Odling-Smee, Palkovacs, and Feldman, (2013) have proposed the concept of an 

environmentally mediated genotypic association (EMGA) as a way to incorporate abiota into the food 

web approach. EMGAs, like food webs, keep track of specific taxa and the direct trophic links between 

them. They also add an element: indirect effects that taxa have on one another through abiotic media. A 

classic example is that of earthworms. Earthworms indirectly affect plant life because they alter soil 

chemistry. This link between worms and plants would not show up in a food web because neither taxon 

transfers energy directly to the other. In an EMGA, however, the soil itself could be represented, in 



addition to the worms and plants, allowing us to draw the indirect connection between the two groups 

of biota. As in food webs, taxa are represented by circular nodes; abiotic elements are represented by 

squares, so EMGAs have two different kinds of nodes, and the edges that connect them are of different 

kinds. 

The way in which EMGAs represent abiota also allows them to capture evolutionary processes. 

When organisms modify their surrounding environments, they often alter the selection pressures 

affecting themselves and other organisms. Thus, the behavior of one population can be relevant to the 

evolution of another population. EMGAs can capture such dynamics by going beyond the traditional 

picture of selection pressures as features of the external environment that require little to no 

independent explanation. The fact that plants evolve partially in response to soil conditions is related to 

the fact that soil conditions are themselves modified by biota. The evolutionary and ecological 

relationships are intertwined. 

3.4 EMGAs and prediction 

The earthworm-soil-plant case is a useful one for explaining the concept of an EMGA, but it 

does not quite convey the potential predictive power of EMGAs. After all, the relationship between 

earthworms and plants is already well-understood, and the rate at which worms alter soil chemistry is 

slow, meaning that the worm-related selection pressures experienced by any given generation of plants 

were produced, not by living worms, but worms from many generations ago. In order to see the 

potential that EMGAs have, we need to look at another example.I have in mind a case in which the idea 

that evolution and ecology are relevant to one another actually motivated experimental work, as 

opposed to the earthworm example, in which the EMGA framework was applied in retrospect. This 

example also deals with evolutionary and ecological processes that occur on similar time scales. 

 During their lifetimes, Trinidadian guppies help drive nutrient fluxes in their stream habitats. 

They excrete nitrogen and phosphorus into the water, which are nutrients that algae need in order to 

photosynthesize. When the guppies’ rate of nutrient excretion increases, streams can support greater 



populations of algae (Reznick et al. 2001; Palkovacs et al. 2009; Post and Palkovacs 2009). It turns out 

that algal density is important to guppy evolution because male guppy color patterns covary with the 

availability of certain algal pigments (Grether 2000; Grether et al. 2005). The amount of algae available 

for consumption can influence guppy phenotypes. This means that when guppy fry hatch, they 

experience both a habitat and selection pressures that have been shaped by the previous generation of 

guppies. One generation of guppies leaves a legacy for the next.

Here there is, not only an indirect link between guppy and algal populations, but also between 

different generations of guppies. Guppies can evolve quite rapidly, so we do not have to deal with 

different ecological and evolutionary time scales. The different causal links, taken together, form a 

network that can be represented as an EMGA. This EMGA has the potential to make predictions that a 

food web could not. Suppose we want to know the effect of predation on algal biomass in a stream. A 

food web could only show how predation-related changes in guppy populations influence guppy 

feeding habits, which might tell us something about the relationship between guppies and algae, but it 

would leave out the fact that guppies also modulate algal biomass via their participation in nutrient 

cycling. 

The guppy example serves to illustrate the predictive power of EMGAs. It remains only to show 

that they can be used specifically to predict secondary extinctions. Of course, scientists have not yet 

applied EMGAs to the problem of secondary extinctions, so there are no actual examples of the 

approach in action. What I have done here is show that EMGAs have the same virtues as food webs, in 

addition to the ability to represent abiotic components of an ecosystem. This is a strong conceptual 

reason to think that EMGAs will be useful tools for predicting secondary extinctions, and that research 

combining food webs and EMGAs is likely to produced the local, applied success that my strategy for 

solving ecological problems calls for. 

If we go back to the Colorado food web example, we will be able to see this even more clearly.   

The Cross et al. study was not able to provide an mechanistic account of why the invertebrates that 



rainbow trout prefer to eat increased after the flood. The authors suggest that perhaps the flood 

improved habitat quality for these taxa or promoted the growth of algae that these invertebrates feed 

on, but they stress the importance of future research for determining the actual facts of the matter. 

This is a case in which identifying EMGAs could be helpful. In order to fully grasp how 

flooding affects the ecosystem, we need to know, not only which biota increased and which declined 

following the flood, but what kinds of relationships among biota and abiota modulated these increases 

and declines. Do trout, like guppies, play a role in nutrient cycling that affects algal populations? What 

determines invertebrate habitat quality? Was the flood directly responsible for improving habitats? Or 

are there indirect links, mediated by biota, that led to this result? When rainbow trout populations 

double in a short period of time, which selection pressures do they alter, and how could this effect 

future generations of invertebrates, algae, and trout? An EMGA can also represent the water level itself 

as an abiotic factor which humans (themselves a node in a food web) affect. 

As these questions illustrate, the evolutionary approach is equipped to address factors that a 

food web approach is not. The EMGA framework as developed by Odling-Smee et al. builds upon a 

food web approach, adding an evolutionary dimension, in order to provide additional insights about 

ecosystem function. 

4. Conclusion

This paper has covered a lot of ground. I have described, in broad strokes, two important 

problems in the discipline of ecology and pointed towards a general strategy for solving these 

problems. In the process, I have discussed an ongoing shift in priorities within ecology and made 

several claims about the nature of the problems of prediction and integration. The final section suggests 

that researchers and policy-makers direct their attention toward one research area in particular because 

it allows us to make progress on both problems at once. Food web ecology, supplemented by a focus on 

EMGAs, has the potential for both predictive success and for providing insights into the issues of 

complexity and modeling technique that make these problems so challenging in the first place. 
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