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ABSTRACT

Question: How would a focus on limiting factors shape the development of conservation 
strategies that address biodiversity loss?

Background: Conservation challenges such as pollution via nutrient loading, loss of top 
predators associated with over-harvesting, and invasive species threaten biodiversity because they 
change the number and strengths of limiting factors in the community.

Theoretical basis: The limiting factors for a particular species are all the inorganic nutrients and 
species whose abundances shape the demographic rates of that species. The number of limiting 
factors that affect all the species at a given trophic level greatly influences the maximum number 
of species that can coexist, and the abundances of those limiting factors determine what ecological 
capabilities species must have to coexist.

Conservation implications: All conservation challenges cause biodiversity loss by changing the 
number and strengths of limiting factors, which are then propagated via indirect effects through the 
community. Thus, to restore biodiversity losses, conservation strategies should be rooted in an 
understanding of the limiting factors that regulate species abundances and how those strategies may 
affect the factors limiting species throughout the community.

Keywords: biodiversity loss, limiting factor, maximum species richness, paradox of the plankton.

INTRODUCTION

When I was a postdoc at the Archbold Biological Station in 1990, Dr H.J. Harvey of the National 
Trust of Great Britain came to give a seminar about conservation in the United Kingdom. He had 
been invited to Archbold to discuss the philosophy of conservation with our conservation 
biologists. He said that North American conservationists have a very different goal than their 
counterparts in the UK. He argued that we North Americans care too much about what is primeval 
and about trying to return ecosystems to their “natural state,” meaning to a state before significant 
human influence. He argued that in the UK, who could say what was primeval: ecosystems had 
been so altered by humans over the past 5,000 years that even if one could define an ecosystem’s 
“original states,” returning to those states would be impossible. He said (paraphrasing), “We 
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don’t worry about what is primeval. We simply try to conserve as many species as possible, 
regardless of which species they are or how we might have to do it. That’s why we do things like 
graze sheep in the fields above the White Cliffs of Dover” (e.g., Harper, 1969).

That seminar and the goal of “conserving as many species as possible” made a huge 
impression on me, particularly since it dovetailed quite nicely with the area of study I was 
pursuing—community ecology. A central focus of community ecology is to understand the 
processes that shape local species richness and diversity. Most ecosystems support hundreds to 
thousands of species, and the processes that foster this great diversity are a central focus of 
community ecology. Given that competition for limiting resources has been a central organizing 
principle of community ecology since Volterra (1926) propounded the first model of resource 
competition, explanations have centered primarily on resource competition. For example, over 
60 years ago, Hutchinson (1961) described what he called the “paradox of the plankton.” Most 
ponds and lakes harbor dozens to hundreds of phytoplankton species, even though during much 
of the year, they compete intensely for only a handful of resources. Hutchinson’s primary 
hypothesis for how so many phytoplankton species might coexist on only a handful of limiting 
resources focused primarily on shifting competitive abilities of those phytoplankton species 
over the course of the year, and almost all subsequent explications of this problem have also 
focused on temporal variation in competitive abilities (e.g., Chesson and Warner, 1981; Huisman and Weissing, 

1999, 2001, 2002; Litchman et al., 2004; Klausmeier, 2010; Li and Chesson, 2016).
While resource competition is surely an important process affecting most if not all species 

(everybody’s got to eat), resource competition is not the sole ecological process affecting the 
abundance and persistence of species in a community. All species must also interact with 
“enemies” of various forms. Many herbivorous arthropods eat the phytoplankton in lakes. 
Terrestrial plants must deal with herbivores, seed predators, and nectar robbers. Almost all 
animals have predators that feed upon them. And each of these species may have dozens of 
pathogens (e.g., viruses, bacteria, fungi, metazoans) that limit their demographic capabilities. 
Many species also have mutualist partners that benefit their existence. Thus, understanding 
what maintains the great diversity in ecosystems must be approached with this broader 
conception of the interactions in which species engage.

With this perspective in mind, I would like to discuss in this essay what I believe to be one 
of the most underappreciated concepts in community ecology, namely the role and operation of 
limiting factors in shaping species richness in an ecosystem. Limiting factors are not  
simply limiting resources. All of this great diversity of species interactions can function as 
limiting factors. In a very fundamental way, the species richness in a community creates 
opportunities for additional species because the limiting factors shaping community structure 
potentially include every species embedded in that structure. Thus, the species richness in a 
community is a self-perpetuating feature, because each species can serve as a limiting factor 
for other species in the community: species richness and diversity begets species richness and 
diversity.

In fact, the cascading species losses throughout an ecosystem that occur when certain “key” 
species are greatly depressed or extirpated—e.g., sea otters from kelp forests (Estes and Palmisano, 

1974; Estes et al., 1989), wolves from Yellowstone (Ripple et al., 2015), overfishing on coral reefs (Jackson et 

al., 2001; Shantz et al., 2020)—are exactly the features of the processes that reduce species richness and 
diversity because of the removal of limiting factors. Understanding the operation of limiting 
factors across a community can help us prevent species loss and promote the maintenance of 
diverse, functioning ecosystems.
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BUILDING A DIVERSE FOOD WEB FROM SCRATCH

To illustrate the fundamental role of limiting factors to species richness and diversity, I want to 
utilize a thought experiment that applies the body of theory of mechanistic species interactions to 
build a multitrophic level food web with multiple species at each trophic level. I will forego all 
the math and simply point readers to the relevant papers if they care to see the gory details. This 
exercise also illustrates that the natural histories of the species of concern should be the foundation 
for defining robust conservation strategies: what I call mechanistic natural history (McPeek, 2022).

To begin, imagine an ecosystem that is completely devoid of life—for example, a freshwater 
lake that has no living creature in it. Furthermore, imagine that you have an extensive pool of 
species that you can introduce to this lake to create a fantastically diverse food web. However, the 
rule for assembling this food web is that you must add species sequentially and one species at a 
time. To be efficient, you must think carefully about each new species you add, so as to maximize 
the likelihood that the new species will be able to invade and maintain its population—that is, 
coexist in the strict ecological sense of that word—with all the other species already present.

The ecosystem of this imaginary lake that is initially devoid of life has some set of abiotic 
conditions (e.g., temperature range, pH, conductivity, light availability across its depth gradient) 
and abundances of inorganic and organic chemical compounds (e.g., various mineral compounds 
such as ammonia, nitrate, phosphate, silicate, and organics) that are present. The first introduced 
species will be successful if it can increase when rare and ultimately support a population under 
these abiotic conditions (MacArthur, 1972; Turelli, 1981; Chesson and Ellner, 1989; Law and Morton, 1993, 1996). 
Therefore, it must be either an autotroph (e.g., a phytoplankton species) or a heterotroph that 
can make its living foraging on the available inorganic and organic compounds (e.g., a bacterial 
or archaeal species). Choose a phytoplankton species such as the diatom Asterionella formosa 
and introduce an aliquot of cells to the lake. If it can successfully invade and coexist under 
these conditions, this population will initially have a cell division rate that is greater than its 
cell death rate. As the population of cells increases, the population will deplete light availability 
and the various inorganic and organic compounds it uses as resources, and in so doing it will 
decrease its cell division rate or increase its cell death rate (or both). The population of 
phytoplankton cells will increase until it reaches some high abundance at a steady state (e.g., a 
stable equilibrium or limit cycle).

This very simple example illustrates a number of key issues for the success of a species in a 
given ecosystem. First, when it is rare, its per capita birth rate must exceed its per capita death 
rate. This property ensures that the species can invade and also increase if it is perturbed to low 
abundance in the future: community ecologists call this “invasibility” (MacArthur, 1972; Turelli, 1981; 

Chesson and Ellner, 1989; Law and Morton, 1993, 1996). Whether a species can increase when rare is determined 
by how the ecological conditions it experiences when rare shape its per capita birth and death 
rates. Namely, are the concentrations of the limiting nutrients sufficiently abundant for this to 
be so. Second, once the species reaches its long-term steady-state abundance, its per capita birth 
and death rates will be approximately equal. This property implies that the ecological features 
of the ecosystem that make the species a successful invader may not be the same as those that 
regulate its abundance. Finally, the increase in this species’ abundance results in the depression 
of the abundances of various properties (e.g., light) and inorganic and organic compounds that 
are crucial to that increase. For example, the cell division rate of the diatom species may 
depend critically on the concentration of silica-containing compounds such as silicate (SiO2) in 
the surrounding water (Titman, 1976; Tilman, 1977). The expansion of the diatom population depletes 
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silicate from the environment, and consequently the cell division rate of the diatom decreases 
(Titman, 1976; Tilman, 1977).

In this example, silicate is one of the environmental factors that regulates the Asterionella 
formosa population. In a seminal paper, Levin (1970) identified environmental features such as 
silicate as a “limiting” or “regulating” factor for this species (limiting factor has become the 
more common moniker, and so I will use it here). A limiting factor is some feature of the 
environment that (1) influences the per capita birth or death rate of the species, and (2) changes 
in abundance with the abundance of the species it influences. Thus, any number of environmental 
features may be limiting factors to a given species. For A. formosa, light concentration, and the 
availabilities of ammonia, nitrate, phosphate, silicate, and many other inorganic compounds 
may all influence its per capita growth rate and be depleted as its abundance increases.

Now introduce a second phytoplankton species. For it to successfully invade and coexist, the 
combination of limiting resources for the new species must have not been depressed to levels 
by A. formosa at which this second species does not have a positive per capita population 
growth rate when it is introduced. Many potential invaders will not be successful because they 
do not have their per capita birth rate greater than their per capita death rate under the abundances 
of those limiting factors. However, if successful, its invasion and establishment will further 
reduce the abundances of these limiting factors because of the combined removal by both 
phytoplankton species, and A. formosa’s abundance will also decrease because the abundances 
of other limiting resources are reduced (MacArthur, 1969; Hsu et al., 1981; Tilman, 1982; Kleinhesselink and Adler, 

2015; Letten et al., 2017; McPeek, 2019).
How many subsequent phytoplankton species can we introduce into this lake so that all have 

sustaining populations (i.e., coexist) with one another? Theory says that if the community 
comes to a stable point equilibrium (i.e., each species is regulated to the abundance where its 
per capita birth and death rates are equal), then the maximum number of phytoplankton species 
we can introduce and have coexist is equal to the number of limiting factors (Levin, 1970). For 
example, if only silicate were limiting, only one phytoplankton species would be present: the 
one that could depress silicate abundance lowest. With two limiting resources, two phytoplankton 
can coexist if each is more limited by a different resource (e.g., Tilman, 1982; Letten et al., 2017). With 
more than two limiting resources, the maximum number of coexisting phytoplankton species is 
equal to the number of limiting resources, but the constraint that each must be more limited by 
a different resource is relaxed (McPeek, 2019, 2022). Some may be more specialized in that they are 
limited primarily by only one or two, and others may be generalists that are more regulated by 
a large number of factors, but not significantly by any one (McPeek, 2019, 2022). Some forms of 
temporal variation in ecological conditions can permit more species than limiting factors to 
coexist, but the additional number of species is not large (Hsu et al., 1977; Armstrong and McGehee, 1980; 

Huisman and Weissing, 1999; Huisman et al., 2001). Thus, with or without temporal environmental variation, 
the number of limiting resources strongly influences the number of species competing for those 
that can coexist.

Because of this cap on species richness, Hutchinson (1961) described what he called the 
“paradox of the plankton,” namely that lakes typically have only a dozen or so limiting nutrients, 
but multiple dozens to hundreds of phytoplankton species can be found in moderate-sized lakes 
(for data on lakes across a huge size gradient, see Smith et al., 2005). His paradox was how so many 
phytoplankton species could coexist on so few limiting nutrients. The easiest solution to this 
paradox is that inorganic nutrients are not the only limiting factors impinging on the 
demographics of phytoplankton species. In addition to competing for light and inorganic 
nutrients, phytoplankton are fed upon by many grazing arthropod species. Such enemies also 



Limiting factors and species diversity 9

limit each phytoplankton species’ abundance on which they feed because the enemies elevate 
the per capita death rates of the phytoplankton, and so the abundance at which the phytoplankton 
species’ birth and death rates are approximately equal is lowered.

Return to the situation where only Asterionella formosa had been introduced to the lake. 
Instead of introducing a second phytoplankton species, we could have chosen to introduce a 
crustacean, such as Daphnia pulicaria, that feeds on this diatom. Daphnia pulicaria could 
invade if A. formosa abundance is high enough to make D. pulicaria’s per capita birth rate 
higher than its per capita death rate when it is introduced (the same invasibility criterion applies 
to every species in the community). If so, D. pulicaria will increase in abundance until its 
demographic rates balance. In doing so, A. formosa‘s abundance will decrease, and in turn the 
abundances of light and all the inorganic nutrients like silicate will increase. Note that we have 
now added a trophic level to our community to give a two-species food chain: a herbivorous 
crustacean feeding on an alga.

Imagine that silicate is the only limiting nutrient for phytoplankton and that A. formosa is the 
best competitor for silicate, meaning that A. formosa can depress silicate abundance in the 
absence of any grazers on it to a level at which no other phytoplankton species in our available 
species pool can support a population. This means that in the absence of D. pulicaria, only one 
phytoplankton species—A. formosa—will be present in the lake. However, the introduction of 
D. pulicaria may increase silicate abundance (because D. pulicaria depresses A. formosa’s 
abundance) to a level at which another phytoplankton species can invade and coexist with D. 
pulicaria and A. formosa. However, if silicate is the only limiting nutrient, and D. pulicaria is 
the only grazer that feeds on the phytoplankton, at most one additional phytoplankton species 
can invade and coexist. This new phytoplankton species must have a positive per capita 
population growth when it invades, given the availability of silicate and the abundance of the 
grazer. Here, two limiting factors act on the phytoplankton guild, one limiting resource from 
below and one limiting predator from above, and so only two phytoplankton species can coexist 
at a stable equilibrium (Inouye, 1980; Leibold, 1989, 1996; Grover, 1994; Holt et al., 1994; McPeek, 1996, 2014).

Now that we have two phytoplankton species coexisting with silicate and D. pulicaria as 
limiting factors, we know that we cannot introduce any more phytoplankton because we are 
currently maxed out on their limiting factors. Is it now possible to introduce a second grazer 
species that feeds on phytoplankton? The two phytoplankton species are currently the limiting 
factors for the grazer trophic level, and so a second grazer can invade and coexist with D. 
pulicaria to feed on the two phytoplankton species: this is no different than two phytoplankton 
species coexisting on two limiting abiotic nutrients (Tilman, 1982). Any grazer that has a positive 
per capita population growth rate at the combined abundances of the two phytoplankton species 
with D. pulicaria already present can invade and coexist.

Once this second grazer species establishes, three limiting factors then impinge on the 
phytoplankton (i.e., silicate and the two grazer species), and so a third phytoplankton species 
can invade and coexist. The addition of the second grazer decreases the abundances of both 
phytoplankton species and so increases silicate abundance, which is what permits a third 
phytoplankton species to be able to invade and coexist. Any species that has a positive  
per capita growth rate at the combined silicate and grazer abundances can fill this food web 
position. And once three phytoplankton species coexist, a third grazer species above them can 
invade and coexist. And once three grazer species coexist, a fourth phytoplankton species can 
invade and coexist.

We can continue this exercise by adding additional trophic levels, and adding additional 
species to each trophic level, until we run out of possible new species in our hypothetical 
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species pool. So what are the general principles? One general principle is that species additions 
at one trophic level permit species additions at adjacent trophic levels. More phytoplankton 
species should be able to coexist in a lake if more abiotic limiting factors impinge on it from 
below, and more grazer species impinge on it from above. The second general principle is about 
adding trophic levels. Once the grazer trophic level is present, the ecological opportunity then 
arises for species that feed on the grazers. This will be true when grazer abundance can support 
a population of predators. After the first predator has established, the number of predator species 
will be limited by the number of grazer species present. Obviously, species to be added to the 
community must have demographic properties for those ecological conditions that give them a 
higher per capita birth rate than per capita death rate when they are rare.

What evidence supports such a theoretical conclusion? One of the best studied lake systems 
is Trout Lake in northern Wisconsin (e.g., Elser and Carpenter, 1988; Carpenter and Kitchell, 1993). In 2005–6, 
intensive monthly surveys recorded 84 phytoplankton species in Trout Lake (data downloaded from 

https://portal.edirepository.org/nis/mapbrowse?scope=knb-lter-ntl&identifier=238 on August 22, 2019). In his paradox of the 
plankton paper, Hutchinson listed 19 possible limiting factors for phytoplankton, including 
light, CO2, phosphorus, nitrogen, and sulfur compounds, plus 14 elements (Hutchinson, 1958). The 
Trout Lake surveys also found 68 species of herbivorous or omnivorous copepods, cladocerans, 
and rotifers that feed on those 84 phytoplankton species (data downloaded from https://portal.edirepository.org/

nis/mapbrowse?scope=knb-lter-ntl&identifier=37 on August 22, 2019). The 19 abiotic resources listed by Hutchinson 
plus the 68 phytoplankton grazers give a total of 87 limiting factors that impinge on the 
phytoplankton trophic level. While not dispositive, these observations are consistent with the 
prediction that the number of limiting factors at adjacent trophic levels strongly influences 
species richness at a given trophic level. In essence, diversity begets diversity.

My focus here has been exclusively on explaining phytoplankton diversity. We can apply the 
same logic to the trophic level above them—that is, all those herbivorous and omnivorous 
copepods, cladocerans, and rotifers. These 68 species are limited by 84 phytoplankton species 
plus all the predatory crustaceans (e.g., predatory copepods and cladocerans), insects (e.g., 
Chaoborus), and fishes (e.g., Lepomis macrochirus, Perca flavescens) that feed on them. Thus, 
this trophic group has many fewer species than limiting factors. This is not surprising, since the 
number of limiting factors determines the maximum number of species that can coexist. Many 
additional planktivorous species could, in theory, be added to Trout Lake. However, only 
species that would have a greater per capita birth than per capita death rate when they were 
introduced, given the abundances of all the phytoplankton and predators, would be successful 
invaders. Perhaps those species do not exist in northern Wisconsin, and all the species in the 
regional assemblage that could invade have invaded. Or, perhaps, more will be successful when 
they finally invade in the future.

Limiting factors are not limited to species that interact with one another as consumers and 
resources (i.e., plants and herbivores, algae and grazers, predators and prey). Pathogens and 
mutualists can also be limiting factors that influence the number of coexisting species. Pathogens 
can limit the abundances of their hosts, just as consumers limit the abundances of their resources 
(e.g., Anderson and May, 1980, 1981; Holt and Pickering, 1985; Hall et al., 2005; Holt and Dobson, 2006; Keeling and Rohani, 2008; 

Bonsall and Holt, 2010), and so have very similar effect. Thus, every pathogen inflicting harm on their 
host may add to the species richness of a food web. Likewise, many species may compete for 
the rewards bestowed from interactions with mutualists (Bronstein, 2015). Mutualist partners can 
under limited circumstances promote coexistence of resource competitors (Johnson and Amarasekare, 

2013; Johnson, 2021), but because mutualists tend to inflate the abundances of their partners, they can 
often exacerbate instead of ameliorate competitive interactions and so not promote coexistence 
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but rather shift competitive hierarchies (e.g., Revilla and Křivan, 2016, 2018; Jiang et al., 2017). Consequently, 
mutualists may not serve as limiting factors under all circumstances: their importance as a 
primary cause of coexistence among other species should receive much greater theoretical and 
empirical study.

CONSERVATION IMPLICATIONS

The importance of limiting factors is obvious in many of our worst examples of human-induced 
environmental degradations that cause major species loss. Such losses can occur because of the 
alteration of limiting factors below or above. The eutrophication of inland lakes because of 
phosphorus addition was one of the most detrimental human impacts to inland lakes that caused 
large-scale reductions in species richness (e.g., Dillon and Rigler, 1974; Schindler et al., 1978; Edmondson and Lehman, 

1981; Zhang et al., 2019). Given that phosphorus is one of the major limiting resources for phytoplankton 
in many lakes (Schindler, 1977; Elser et al., 1990, 2007), the addition of large amounts of phosphorus to a 
lake removed it as a limiting factor on phytoplankton because it is now available in great excess 
and so relatively unresponsive to the abundance of organisms that consume it. Moreover, because 
it is in great excess, species that are more limited by phosphorus can now increase to great 
abundance, and consequently this will decrease the abundances of other limiting resources or 
inflate the abundances of their predators. These shifts in the abundances of alternative resources 
and predators are what drive species that are not as dependent on phosphorus for their success 
(see review and model results in McPeek, 2022). In this case, adding excess phosphorus has only 
removed one limiting factor, but most species are driven extinct by alterations in the abundances 
of the other limiting factors because of how a few species respond to the excess phosphorus. In 
effect, excess phosphorus indirectly causes the abundances of other limiting factors to move to 
values at which many species cannot support populations.

The reduction or extirpation of predators from over-harvesting also causes species losses 
through the same community effects as nutrient additions (Estes and Palmisano, 1974; Estes et al., 1989; 

Jackson et al., 2001). For example, the loss of biodiversity in kelp forests due to the extirpation of 
sea otters results from the removal of a strong limiting factor—namely, sea otter predation—on 
urchins and the consequent decrease in kelp on which urchins primarily feed (Estes and Palmisano, 

1974). Conversely, the reintroduction of gray wolves to Yellowstone National Park has caused a 
substantial decrease in the elk population, which in turn has allowed alder and cottonwood trees 
to repopulate riparian areas of the park (Ripple and Beschta, 2012; Ripple et al., 2015; Beschta and Ripple, 2016).

Given everything discussed so far, it may seem counterintuitive that adding a species may 
drive native species to very low abundances or extinction (Didham et al., 2005; Clavero et al., 2009; Doherty 
et al., 2016; Linders et al., 2019). However, it is also crucial to take into account the limiting factors of 
a system when considering the environmental problems caused by invasive species. Both the 
number and magnitudes of limiting factors determine whether particular species are able to 
coexist. For any particular species, coexistence requires that resources and mutualists are 
sufficiently abundant and enemies are not too abundant for the species to be able to invade 
when rare (Chesson, 2000; McPeek, 2022). The invasive species may directly harm native species, such 
as invasive mammalian predators greatly inflating the mortality rates of evolutionarily novel 
prey (Doherty et al., 2016). In these cases, the invasive predator does represent an additional limiting 
factor that has been added to the community, but the mortality that it inflicts is greater than 
what many of the native species can sustain. Pathogens can have the same direct effects, such 
as the devastation caused by the introduction of avian malaria to the Hawaiian Islands (Warner, 

1968; van Riper et al., 1986; Lapointe et al., 2012).
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Other types of invasive species that drive natives extinct may do so via indirect effects, much 
like excess phosphorus loading does. The establishment of such an invasive species alters the 
abundances of the factors limiting other species to levels at which other species cannot support 
a population, via decreasing resource abundances or inflating predator abundances, or both. For 
example, the invasive tree Prosopis juliflora has a wide range of effects on the East African 
drylands through indirect effects on changing both the species composition and abundances of 
many native species (Linders et al., 2019).

What does addressing biodiversity loss in various contexts in the framework of limiting 
factors actually entail? For over-harvesting of herbivores or predators, the primary original 
information that is necessary is which species were most limited because of direct interactions 
with the over-harvested species. These “released” species that have had a major limiting factor 
removed may be exactly the species that become problematic because they may now be able 
to increase to high abundance. Consequently, identifying them originally may be difficult, 
because the over-harvested species may have kept them at very low abundances (e.g., macroalgae 
on coral reefs are a primary example (Zaneveld et al., 2016)). Their identities may best be identified 
in diet preference studies and not diet content analyses (i.e., what do the over-harvested species 
prefer to eat instead of what they actually eat, since a highly preferred prey may be driven to 
very low abundance or may shift to safer habitats to reduce exposure to the predator, and so 
appear only very rarely in the predator diet). The follow-on issue is, then, what species are 
these “released” species going to affect the most because of their abundance increases and why 
will these consequences ensue.

Designing strategies to combat the consequences of invasive species also hinges on identifying 
the limiting factors that are perturbed by the presence of the invasive, and then determining 
how other species are impacted by these changes. For invasive plants, the first critical 
information needed is what abiotic resources (e.g., light, water, phosphorus and nitrogen 
compounds) might they deplete below levels at which many native plants can support 
populations and what consumers (e.g., herbivores, seed predators, parasitic gallers) and 
pathogens might they inflate to abundances that become problematic for other species. If the 
invasive is a predator, the primary information may be easier to gather since it would involve 
which species this invasive kills and consumes most.

It should be clear from these thought experiments and examples that focusing on a single 
species cannot address the issues needed to develop sound conservation strategies, and this is 
true whether the goal is to mitigate the effects of an invasive species or save a charismatic 
species from extinction. The critical issues all involve identifying the circuits of indirect species 
interactions that propagate through the community. This circuitry is always apparent in 
conservation responses. For example, the reintroduction of wolves to Yellowstone had great 
positive benefits on riparian vegetation, which resulted from an unexpected but important indirect 
effect mediated by the reduction of the elk population (Beschta and Ripple, 2016). In fact, wolf 
reintroduction may also have benefited frugivorous birds through the increase of berry-producing 
trees and shrubs that also resulted from elk reduction (Beschta and Ripple, 2012). Each and every species 
is embedded in a community and ecosystem, and altering any one species’ abundance either up 
(e.g., restoration) or down (e.g., eradication) will ripple through the entire ecosystem.

Thus, to accomplish the goal of our seminar speaker, Dr Harvey, to “conserve as many 
species as possible,” a fundamental understanding of the factors that limit species across the 
community of interest is critical. The mindset of limiting factors forces one to consider the full 
set of processes that shape species’ demographies and the workings of how direct and indirect 
species interactions shape those demographic rates. One of the major traps in this is to only 
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consider certain types of species interactions (e.g., resource competition) as the only driver of 
the effects one is considering: the paradox of the plankton is no paradox at all if one remembers 
that all those phytoplankton species also have herbivores and omnivores that feed on them, 
mutualists that benefit them, and pathogens that infect them. Individuals of all species must 
garner resources for themselves while trying to not become a resource for another. Effective 
conservation practices should be rooted in these basics of species interactions and community 
structure. This is how I interpret what our seminar speaker from the National Trust was trying 
to accomplish.
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