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Human Eltonian niche

ABSTRACT

Recent research has highlighted several influential roles that humans play in ecosystems,
including that of a super predator, hyperkeystone species, and niche constructor. This work has
begun to describe the Eltonian niche of humans, which encompasses humanity’s cumulative
ecological and evolutionary roles in trophic systems. Yet, we lack a unifying framework that
brings together these strands of research, links them to eco-evolutionary and social-cultural
theory, and identifies current research needs. Here, we present such a framework in hope of
facilitating a more holistic approach to operationalizing human roles in trophic systems across an
increasingly anthropogenic biosphere. The framework underscores how humans play numerous
nuanced roles in trophic systems, from top-down to bottom-up, that entail not only pernicious
effects but also benefits for many nonhuman species. Such a nuanced view of the Eltonian niche
of humans is important for understanding complex social-ecological system functioning and

enacting effective policies and conservation measures.
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INTRODUCTION

Ostensibly, the study of ecology, which encompasses the relationships between organisms and
their environments, should include humans within its purview, since Homo sapiens is a species
that interacts with both biotic and abiotic components of ecosystems. Yet historically ecology
has maintained a disciplinary tradition that has tended to place humans “outside” of ecosystems,
or even of nature more broadly (Tansley 1935, Alberti et al. 2003). This dualistic view
dominated the formative early years of ecology in Western societies (Tansley 1935, McDonnell

and Pickett 1993). In the modern era, however, humanity’s local, regional, and global effects on
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ecosystems have begun to render such human-dominated versus “natural” dichotomies untenable
(Alberti et al. 2003). Although humans have strongly influenced ecosystems for millennia (Jones
1969, Dunne et al. 2016, Trant et al. 2016, Fisher et al. 2019), the scale and magnitude of
anthropogenic effects have soared in recent decades (Ellis 2011). As it has become increasingly
clear that humans act as a dominant species across Earth’s ecosystems (Vitousek et al. 1997),
ecologists have begun incorporating humans as a functional species into ecological thought and
theory (McDonnell and Pickett 1993, Alberti et al. 2003, Dorresteijn et al. 2015, Dunne et al.

2016).

Only recently, however, have ecologists explored how humans act as an intrinsic,
functional species within trophic systems. Hereafter, we use the term trophic systems in a general
sense to refer to ecological communities consisting of more than one trophic level. Trophic
systems are therefore inclusive of the classical ecological notion of food webs (cf. Polis and
Winemiller 1995), but extend to include relationships beyond consumer-resource dynamics.
Contemporary research has now documented how humans influence trophic systems in a variety
of ways. For example, humans moderate the effects from apex predators by lethally exploiting
them, modifying their behavior, and altering landscapes, and such effects can have cascading
influence over broader trophic system dynamics in terrestrial and aquatic contexts alike (Ferretti
et al. 2010, Estes et al. 2011, Ordiz et al. 2013, Oriol-Cotterill et al. 2015). Accordingly, humans
have often been envisioned as affecting trophic systems from top-down positions (i.e., as an apex
predator; Roopnarine 2014, Bugir et al. 2021). This top-down perspective has been reinforced by
recent work classifying humans as super predators (i.e., a species that exploits another species at

high rates or targets adult individuals with certain "trophy" characteristics; Darimont et al. 2015)
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and a hyperkeystone species (i.e., a high-order species that regulates other keystone species;

Worm and Paine 2016).

However, humans should not only be envisioned to affect trophic systems through top-
down pathways but also via those that are bottom-up. For instance, humans fix more atmospheric
nitrogen than all other nonhuman sources combined (Vitousek et al. 1997), have caused the
atmospheric carbon dioxide concentration to rise to a level that would be sustained for a
millennium even if all human-related emissions immediately ceased (Solomon et al. 2009), and
have transformed vast landscapes across the globe via agricultural practices and urbanization
(Grimm et al. 2008, Pickett et al. 2011). In these and other ways, humans shape trophic systems
by acting as a niche constructor that exerts intense selective pressure on nonhuman species via
bottom-up pathways (Palumbi 2001, Smith 2007, Albuquerque et al. 2017). Moreover, humans
not only shape trophic systems but also respond to them. Given that anthropogenic effects on
such systems can feedback to affect human behavior, attitudes, and decision-making, humans
must be viewed as an interactive agent that both affects and is affected by trophic system

dynamics (Ostrom 2007; Box 1).

What is presently lacking is a unifying framework that brings together these strands of
research and links them to eco-evolutionary theory and the social-cultural dimensions of human
action and behavior. Here, we present such a framework by drawing upon the classical
ecological concept of the Eltonian niche, which encompasses a species’ functional roles within a
given system (Sales et al. 2021, Elton 1927, Mittelbach 2012). Importantly, the Eltonian niche of
modern humans is unlike that of nonhuman species in that it is more complex, multi-faceted, and
system-dependent. As outlined above, humans should be expected to exert positive or negative

direct influence on many — and perhaps all — species in a trophic system along multiple
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pathways, with complex indirect modifications to a variety of interactions between organisms.
These human-triggered and multi-faceted effects can in turn alter system-level processes and
feedback to influence human decision-making and behavior. Further, the intensities of such
effects and their feedbacks vary considerably from system to system. For instance, North
American and European hunters remove prey at rates roughly ten times that of their African
counterparts, thereby acting as very different kinds of super predators, each with system-specific
effects (Darimont et al. 2015). Given the potential for this complexity, ecologists must strive to
take a multi-faceted approach to define the ecological roles of humans in a given system,
operationalize them, analyze them systematically to determine their relative importance, and link
the most salient anthropogenic effects stemming from these roles with policy and conservation

efforts (Montgomery et al. 2018, 2020).

Below, we first describe a general Eltonian framework aimed at facilitating this goal and
then we illustrate how it clarifies several prominent Eltonian roles humans play within trophic
systems. To borrow classical terms from Hutchinson’s definition of the niche (Hutchinson 1957),
this effort can be viewed as first defining the fundamental Eltonian niche of humans writ large as
all of the actions, roles, and trophic effects of humanity as a whole, and then highlighting several
aspects of humans’ realized Eltonian niche on a case- and system-specific basis (cf. Sales et al.
2021). We conclude by discussing the implications of our analysis for future research,
conservation, and policy. We acknowledge that the concept of the niche has evolved over time
and presently many different, occasionally conflicting, viewpoints are held (Sales et al. 2021).
Here, we focus on the Eltonian concept, which emphasizes a species’ role or “what it is doing” in
a trophic system (Elton 1927). This focus is roughly analogous to the ecosystem ecology view as

described by Chase and Liebold (2003) which emphasizes how species’ functional traits impact
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systems rather than how environmental factors govern species’ distributions (cf. Sales et al.
2021). Our focus also reflects the classical Hutchinsonian view that the niche is a property of a
species rather than the environment (Hutchinson 1957). This species-centric aspect of the niche
is especially pertinent to humans, as the functional ecological roles of humans have changed —

and will continue to change — over time.

FRAMEWORK DESCRIPTION

At the highest and most general level, we structure the Eltonian framework of humans around
five central, interconnected components (Fig. 1): human decision-making drives human actions
that result in ecological and evolutionary effects. Human actions and their effects are
characterized by several key qualities. Finally, the combination of human actions, ecological and
evolutionary effects, and their qualities can lead to humans playing one or more of five unique

Eltonian roles in a given system. Below we describe each of these components in turn.

At a fundamental level, human decision-making drives human actions and is responsive
to reciprocal feedbacks emerging from the ecological and evolutionary effects of those actions
(Fig. 2). Importantly, the cognitive capabilities and socio-cultural nature of humans are unlike
any other species on Earth and translate to trophic effects that are not merely ecological in nature
(Manfredo 2008, Ellis 2015). We would be remiss not to mention that human actions are driven
by normative attributes (e.g., values, attitudes, beliefs, interests, etc.) and social phenomena and
processes (e.g., markets, governance, culture, etc.; Fig. 1), which are ultimately responsive to
both ecological and non-ecological changes in social-ecological systems (Fulton et al. 1996,
Manfredo 2008, Manfredo et al. 2014, Bennett et al. 2017). These drivers of human action are
the subject of vast amounts of literature and research across disciplines beyond ecology, such as

economics and philosophy, and thus fall outside the scope of this article. Nonetheless, drawing
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connections between ecological phenomena and the diverse socio-cultural drivers of human
decision-making is crucial, and has given rise to interdisciplinary efforts such as the social-
ecological systems framework (Ostrom 2007; Box 1). Although included in our framework,
these drivers are not strictly a part of the Eltonian niche of humans, which is ecological in nature.
Rather, they are the socio-cultural constructs and processes that give rise to particular

realizations of the Eltonian niche of humans in a given system and location (Ellis 2015).

Thus, our framework focuses on the ecologically-relevant human actions that result from
individual and collective human decision-making and their effects on trophic systems. We have
organized these actions into four categories, including lethal exploitation (hunting, poaching, or
culling), nonlethal activities (movement, travel, or recreation), landscape modification
(infrastructure development, agricultural production, or activities associated with livestock), and
translocation of nonhuman species (Fig. 2). This is because each of these actions have particular
ecological and evolutionary effects. Ecological effects include direct effects on individual
animals (e.g., via altered traits such as behavior) and populations (e.g., reductions, establishment,
or persistence; Fig. 2). These direct effects can lead to indirect effects that can propagate through
a trophic system vertically or horizontally, and can take any form of indirect effects described in
classical ecological theory (Strauss 1991, Wootton 1994; Fig. 2), namely, exploitative
competition (e.g., humans competing with marine predators for fish; Fig. 3a; Hansson et al.
2018), trophic cascades (e.g., humans lethally exploiting carnivores, thus benefiting their prey;
Fig. 3b; Henke and Bryant 1999), apparent competition (e.g., human hunters targeting one
species that leads to exploitation of a symatric species; Fig. 3c; Clayton et al. 1997), and indirect
commensalisms and mutualisms (e.g., the "human shield" effect whereby humans benefit prey

by repelling their predators; Fig. 3d; Hebblewhite et al. 2005, Berger 2007).
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The aggregate consequences of direct and indirect effects are ecosystem-scale outcomes
involving species’ persistence, community dynamics, and ecosystem function and services (Fig.
2), which can result in singular, pulsed, or long-lasting changes to trophic systems (cf. Williams
et al. 2020). For example, local, regulated hunting of wildlife species can result in pulsed
compensatory mortality across seasons while altered soil chemistry due to agricultural practices
can trigger rapid changes in microbial community structure that persist for many decades
(Skalski et al. 2005, Fichtner et al. 2014). The intensity and temporal nature largely determine
the evolutionary effects of these human-induced ecological dynamics. Finally, ecological
outcomes related to both direct effects and their systems-level consequences feedback into
human decision-making (Fig. 2; Box 1). For example, the ecosystem-level effects of apex
carnivores include the regulation of nutrient cycles, hydrological dynamics, and community
stability (Estes et al. 2011, Marshall et al. 2013, Ripple et al. 2014). These processes
subsequently influence ecosystem services such as carbon storage (Schmitz et al. 2018). Thus,
ecologically-focused human actions (e.g., reintroductions of these carnivores into systems where
they have been extirpated) can have positive, trophic-mediated feedback effects on society,
which in turn can influence human decision-making regarding land management, animal
conservation, and carbon storage (Nelson et al. 2008, Schmitz et al. 2018). In such feedbacks, the
lines between the ecology and sociology of humans become interactive. Much recent work in
social-ecological systems has focused on understanding such connections, and the framework
presented here serves to operationalize human-related roles in trophic systems from an ecological
perspective (Box 1). Similarly, human actions can trigger direct and indirect ecological effects
that feedback upon themselves (human-mediated ecological feedbacks; Fig. 2). For instance, in

many areas across North America, white-tailed deer (Odocoileus virginianus) have become
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overabundant due to a lack of natural predators (DeYoung 2011). This species is a keystone
herbivore that strongly influences vegetation structure and function through foraging pressure,
and its overabundance can reduce plant diversity (Waller and Alverson 1997, Greenwald et al.
2008). Controlling white-tailed deer populations through lethal exploitation has been shown to
not only effectively reduce their abundance (a direct effect), but also promote native plant
biodiversity (an indirect effect) that in turn supports native bird communities (a human-mediated

ecological feedback; McShea and Rappole 2000, Coté et al. 2004).

Human actions and their associated effects can be further characterized by three central
qualities, namely their spatial scale (ranging from local to global), temporal nature (i.e., singular,
occasional, pulsed, or continuous), and intensity (Fig. 2; see examples in Fig. 4). Often the
qualities of human actions and their ecological effects will be tightly coupled. For example, more
intense lethal exploitation of a given species is likely to have more intense ecological effects in
the form of population decline (Packer et al. 2009, Fuller 2014, Darimont et al. 2015). Similarly,
as human actions occur over larger spatial scales and become more continuous, their resultant
ecological effects are likely to share these qualities. For instance, the burning of fossil fuels
occurs near-continuously on a worldwide spatial scale, resulting in global ecological changes
that will likely persist for millennia (Vitousek et al. 1997, Solomon et al. 2009). The intensity
and scales of these ecological effects in turn drive evolutionary responses (Johnson and Munshi-
South 2017, Des Roches et al. 2021). There are, of course, exceptions to these patterns. Low
intensity, small scale, and singular human actions could have strong, large scale, and long-lasting
ecological consequences, such as a single campfire igniting a large swath of prairie or forest
(Balch et al. 2017). Likewise, high intensity human actions do not always translate to uniformly

intense ecological or evolutionary effects. For example, the effects of herbicide applications can
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range from relatively innocuous to highly pernicious depending on the toxicity and
environmental persistence of the chemical employed (Pratt et al. 1997, Newman 2014). Adding
to these complexities are the non-linear changes that frequently occur in both human actions and
their effects over time. For example, Native Americans in North America hunted the passenger
pigeon (Ectopistes migratorius) at sustainable intensities for centuries, but European
colonization and the hunting technologies that accompanied it non-linearly intensified and
expanded hunting pressure to the point where the once-hyperabundant species was exterminated
over several decades (Fuller 2014, Murray et al. 2017). Moreover, given the globalized nature of
human economic activity and travel, local effects can be driven by human actions originating at
vast distance. Such telecoupled relationships are common in social-ecological processes related
to agriculture, ecotourism, commercial forestry, and exotic species translocation (Liu et al. 2007,
2013). Cataloguing all combinations of human actions, their effects, and their associated
qualities is clearly beyond the scope of this paper (but see examples in Fig. 4). Nonetheless, the
Eltonian framework presented here serves to help systematically identify these components so
that they can be more effectively operationalized and examined for a given system or ecological

issue (cf. Moll et al. 2019).

ELTONIAN ROLES PLAYED BY HUMANS

The Eltonian framework components described above provide context to clarify the nature of
several prominent Eltonian roles that humans play in trophic systems and how they connect to
the broader view of the Eltonian niche of humans. Stated another way, the broad components
above define the fundamental Eltonian niche of humans in general terms that capture all the
ways humans can function in trophic systems, while what follows focuses on the realized

Eltonian niche of humans in particular cases (cf. Hutchinson 1957). Below we highlight three

10



Human Eltonian niche

Eltonian roles that have been previously identified (super predators, hyperkeystone species, and
niche constructors), and two which have been less formally articulated in the literature (pseudo-

mutualists and risk-responders; Fig. 2).

Super predators

Humans can act as super predators when exploitative or nonlethal actions induce strong effects
on species’ populations or traits (Fig. 2). Notably, humans exploit wild animals at rates higher —
sometimes much higher — than those documented among nonhuman species. In aquatic systems,
for instance, humans exploit fish species at rates 14 times greater than those associated with
nonhuman marine predators (Fig. Sa; Darimont et al., 2015). In terrestrial systems, human
hunting of certain species can nearly double mortality from nonhuman predators (Darimont et al.
2015). Indeed, there are numerous examples of continent-wide defaunation events that exemplify
humans’ super predatory role over terrestrial fauna (Schwartz et al. 2003). Humans also function
as super predators by removing predators and individuals that face virtually no threat from
nonhuman predators. For example, unlike any other species, human hunters often target the
healthiest and largest adult individuals or those possessing “trophy” characteristics (e.g., large
antlers; Darimont et al. 2015). Note that the above super predatory rates calculated by Darimont
et al. (2015) examined only the mortality of adults in prey populations rather than all individuals,
further underscoring humans’ unique focus on large, reproductively mature individuals. On
broader timescales, both humans and related hominin ancestors have uniquely exerted strong
top-down control over Earth’s megafauna, leading to declines and extinctions of modern and
historical species alike (Baker and Clapham 2004, Estes et al. 2011, Smith et al. 2018). Although
unconstrained super predation typically leads to overexploitation and deleterious population-

level effects (Darimont et al. 2009, 2015), humans’ removal of adult individuals can also benefit
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ecosystems by controlling overabundant prey populations where nonhuman apex predators are
absent (e.g., regulated hunting of herbivorous ungulates; McShea and Rappole 2000, Coté et al.

2004, Greenwald et al. 2008).

Initially, the term super predators focused on humans’ lethal capabilities (Darimont et al.
2015). However, humans can also non-lethally alter species’ behavior via the pathway of fear. A
variety of species, from waterfowl to large ungulates, make behavioral adjustments to avoid
encountering humans and vehicles (Frid and Dill 2002, Montgomery et al. 2020). These non-
lethal risk effects even influence species situated in apex trophic positions (Clinchy et al. 2016,
Smith et al. 2017, Montgomery et al. 2020). For example, many apex carnivores alter their
spatio-temporal movement, activity, and foraging behavior to avoid humans, including pumas (
Puma concolor; Smith et al. 2017; Fig. 5b), African lions (Panthera leo; Loveridge et al., 2017),
brown bears (Ursus arctos; Ordiz et al., 2011), tigers (Panthera tigris; Carter et al., 2012) and
Eurasian lynx (Lynx lynx; Gehr et al., 2017). Thus, humans function as super predators along
lethal and nonlethal pathways. This role becomes increasingly prominent as lethal exploitation
and nonlethal human activity grows more intense, spatially expansive, and continuous in nature

(Darimont et al. 2015, Montgomery et al. 2020).

Hyperkeystone species

Humans can also play the role of a high-order hyperkeystone species when anthropogenic effects
influence nonhuman keystone species, that is, those species whose trophic effects are
disproportionately large to their abundance (Power et al. 1996, Worm and Paine 2016). Such
cascading effects can result in dramatic consequences for ecosystem functioning, with the
potential to restructure species assemblages and trophic system dynamics (Gill et al. 2009, Worm

and Paine 2016). With respect to the broader Eltonian niche of humans (Fig. 2), this role can
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emerge any time that human actions begins to affect nonhuman keystone species in ways that
modify the degree to which such species influence overall trophic dynamics. Examples of
humans functioning as a hyperkeystone species include local extirpations of keystone species in
both aquatic (e.g., sea otters Enhydra lutis; Estes and Palmisano 1974) and terrestrial systems
(e.g., large carnivores; Fig. 5c; Darimont et al., 2015; Estes et al., 2011; Ripple et al., 2014).
Such extirpations can release herbivore populations from predation pressure, triggering impacts
that cascade down to vegetative communities (Estes et al. 2011). The hyperkeystone conception
of humans as a functional species in trophic systems provides a bridge between research
approaches focused on human behavior and those emphasizing classic food web theory (Worm

and Paine 2016).

Niche constructor

A third Eltonian role humans can occupy is that of a niche constructor (Albuquerque et al., 2017,
Ellis, 2015). Niche construction occurs when a species alters the environment in ways that
initiate selective pressure inter- or intra-specifically (Odling-Smee 2003). Within this context,
ecosystem engineering (Jones et al. 1994, Smith 2007) falls under the broader umbrella of niche
construction (see Odling-Smee et al., 2013). In nonhuman species, classic examples of niche
construction include the soil chemistry-altering effects of earthworms (Lee 1985) and “home
construction” activities performed by numerous species (e.g., nest-building, burrowing, dam
building; Odling-Smee et al., 2013). Humans are prolific niche constructors, with urbanization
and animal domestication representing clear cases (Jones et al. 1994, Odling-Smee et al. 2013).
In many instances, humans have created niches for species that in turn benefit society, a dynamic

that has resulted in the coevolution of humans and agricultural crops and livestock (Ellis 2015).
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Humans’ role as a niche constructor often results when landscape modification is intense
and alters ecosystems through bottom-up pathways (Fig. 2; Box 2). For example, urban
development replaces native habitat with artificial structures and landscaped vegetation, leading
to a variety of effects on the species inhabiting a given system. In contexts with low basal
resource levels (e.g., those in desert biomes), such urban development can translate to increased
plant productivity and biodiversity due to water provisioning and landscaping (Faeth et al. 2005,
Grimm et al. 2008, McKinney 2008), especially in wealthy areas of cities (i.e., a “luxury” effect;
Hope et al. 2003). These changes can intensify bottom-up competition for resources by urban
specialist species while reducing top-down pressures through the elimination of fragmentation-
sensitive predators (Faeth et al. 2005). Urban areas in particular and landscape development
more generally also elevate environmental noise and light to levels unprecedented in
evolutionary time (Swaddle et al. 2015, Shannon et al. 2016). This anthropogenic sensory
pollution alters selective pressures on a variety of ecological traits and processes, including
physiology, mate selection, communication, and predator-prey interactions (Swaddle et al. 2015,
Roca et al. 2016, Shannon et al. 2016; Fig. 5d). These pressures can drive rapid phenotypic
changes over contemporary timescales (i.e., years to decades) and might result in eco-
evolutionary feedbacks that impact ecosystem services and human health, although the potential
for such dynamics are understudied (Francis et al. 2009, Alberti 2015, Swaddle et al. 2015,
Alberti et al. 2017). On the whole, the acceleration of urbanization and other forms of landscape
modification is resulting in a proliferation of emergent niches within evolutionarily novel
“anthromes” across the planet (Ellis 2011). The spatial scales, temporal dynamics, and ecological

characteristics of such anthromes vary considerably, but all are generally characterized by novel
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selective pressures driven by human actions that result in strong changes in eco-evolutionary

dynamics and feedbacks (Ellis 2011, Alberti 2015, Miles et al. 2019).

Pseudo-mutualists

The roles above have been formalized in the literature and have tended to focus on the negative
effects of humans on trophic systems. Such effects are certainly deserving of research attention.
However, humans can also positively influence animal populations, and such positive influences
can have reciprocal benefits for humans. Biocontrol efforts exemplify this phenomenon, whereby
humans intentionally augment one species to control another that is considered undesirable from
an anthropogenic perspective. For instance, human promotion of pest-controlling vertebrates
(e.g., raptors) via nest box provision can benefit agricultural production by reducing seed and
fruit predation (Lindell et al. 2018; Fig. 5e). Ecotourism is another example of how humans
intentionally benefit species that are actively managed (e.g., via space and resource provision for
species within a reserve) while receiving benefits in the form of pleasure derived from wildlife
viewing and interaction (Skibins et al. 2012; Box 2). Consumptive human activities, such as
hunting and fishing, are also often mutualistic when financial resources and enjoyment from
recreation feedback to support the sustainable management of animal populations (Organ and
Fritzell 2000, Granek et al. 2008). Finally, recent research has highlighted how human
habitation, particularly by indigenous groups, over long periods (e.g., centuries to millennia) can
enhance rather than degrade forest productivity and maintain a diverse mosaic of vegetation,
often through the judicious application of fire (DeGraaf and Yamasaki 2001, Trant et al. 2016,

Hoffman et al. 2017).

In the above and other instances, humans act as pseudo-mutualists that benefit other

species while furthering human well-being. Notably, these beneficial human actions are often
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intentional and direct rather than mere incidental, auxiliary outcomes of human decision-making.
In describing this role, the prefix pseudo- indicates that the benefits accrued to humans do not
necessarily reflect the positive effects traditionally implied by mutualisms, such as enhanced
fitness (Bronstein 2009). This, however, does not imply that such mutualism categorically fails
to affect human fitness in the classic sense. For example, benefits accrued from wildlife in the
form of psychological well-being improve human health (Miller 2005, Shanahan et al. 2016) and
ecosystem services provided by numerous species (e.g., organic waste removal by scavengers;
Whelan et al. 2008) likely have indirect effects on human life expectancy and population
dynamics. However, studies on these human demographic responses are rare (Butler et al. 2005)

and represent an intriguing line of future work.

Risk-responders

Humans are not only initiators of effects on trophic systems, but also recipients. For instance,
humans regularly make behavioral decisions to avoid risks associated with perceived danger
from non-human animals (Slovic and Peters 2006). Humans’ evolutionary ancestors (i.e., species
in the Primate order) exhibited a range of antipredator behaviors, including alarm calls, mobbing,
and spatial avoidance (Gursky and Nekaris 2007). Similarly, humans’ closest ancestors, Plio-
Pleistocene hominins (6.0-1.8 Ma), mitigated predation risk from predators via vigilance, flight,
and counterattack (Treves and Palmqvist 2007, Hart and Sussman 2009). These behaviors played
a crucial role in hominid daily life in as recently as one million years ago (Hart and Sussman

2009).

Of course, most modern humans engage in lifestyles that are very different from those of
our hominid ancestors. Nonetheless, evolutionarily-embedded antipredator behaviors linger in

human consciousness, influencing individual and collective behavior (Hart and Sussman 2009),
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meaning humans can play the Eltonian role of risk-responders. For example, even though risk of
injury from large carnivores is at a historic low, most people today still strongly express fear and
intensify vigilance when presented with scenarios involving large carnivores (Jacobs et al. 2014).
Humans also become more protective of household members (e.g., keeping children or pets
indoors) when living in areas where carnivores are regularly encountered (Crooks and Soulé
1999, Collard 2012). Beyond such anti-predator responses, humans adjust behavior to avoid risk
of discomfort or disease from many invertebrates and microbes (Curtis 2014). For example,
Lyme disease, the most common vector-borne zoonotic in North America, is transmitted to
humans via the bite of Ixodes ticks that carry an infectious bacterium (Nelson et al. 2015,
Schwartz et al. 2017). Humans act as risk-responders and reduce exposure to ticks by changing
their behavior, such as avoiding brushy areas that are favorable for ticks and reducing off-trail
hiking during outdoor recreation (Fig. 5f; Center for Disease Control and Prevention 2020). Such
altered behavior can reduce humans’ ecological impact in forests and grasslands by spatially
constraining human activity that would otherwise disturb animals and damage vegetation

(Stankowich 2008, Barros and Pickering 2017).

Despite these behavioral responses to risk, the human role of a risk-responder has rarely
been integrated into studies of human-trophic system interactions (Prokop and Fancovicova
2010). Doing so is crucial because the risk of negative interactions with nonhuman species not
only influences human behavior (Killion et al. 2020), but also plays a role in shaping policy,
conservation, and management by influencing human attitudes and values. For example, fear-
inducing species, such as sharks or snakes, receive lower amounts of conservation support
compared to neutral or aesthetically-pleasing species (Knight 2008, Liordos et al. 2017).

Therefore, as in pseudo-mutualism, risk-responses entail feedbacks between humans and
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nonhuman species (Fig. 2). These feedback pathways can quickly become complex as the
number of species related to a particular risk increase. For instance, although Lyme disease is
transmitted to humans by ticks, as noted above, its overall prevalence is related to numerous
abiotic and biotic ecological factors. One of these factors is the presence and abundance of
certain mesocarnivores (e.g., foxes and mustelids), which are hypothesized to reduce Lyme
disease via predation on the rodents that serve as a natural reservoir for the infectious bacteria
(Levi et al. 2012, Hofmeester et al. 2017, Moll et al. 2020). Wildlife authorities typically allow
for regulated harvest of such mesocarnivores. Recently, a citizen group petitioned for protection
of these mesocarnivores with the aim of an indirect reduction of rodent populations and Lyme
disease risk (Royar 2018). In this instance, one group’s risk-response to ticks took the form of
protecting other species in the trophic system, which created tension with a second group’s value
for harvesting those species. This example highlights how ecological and social values combine
with complex trophic processes to create situations where humans play multiple Eltonian roles
that can be in tension with one another, underscoring the need to take a social-ecological

approach to finding resolutions for complex issues (Box 1).

IMPLICATIONS FOR FUTURE RESEARCH, CONSERVATION, AND POLICY
Ecologists are currently situated in a unique and somewhat perplexing position whereby virtually
all systems under current study are strongly shaped by a species that has often been omitted from
classical ecological theory and inquiry: humans (Tansley 1935, McDonnell and Pickett 1993).
Today, this historical tendency is no longer defensible, and ecologists have increasingly sought
to understand the myriad of ways that humans shape trophic systems (Alberti et al. 2003, Worm
and Paine 2016). At the same time, social scientists studying human and natural systems have

taken a broader approach to understand linked social and environmental outcomes (Ostrom 2007,
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Binder et al. 2013). The framework that we have developed here (Fig. 1, Fig. 2) provides a
connection between these approaches unified under the classical ecological concept of the

Eltonian niche.

Perhaps more than anything else, our analysis emphasizes how humans play numerous
interconnected roles in trophic systems. As the above examples have shown, many ecologically-
and evolutionarily-relevant human actions occur simultaneously, meaning that humans can play
multiple influential Eltonian roles within a given system. An important first step to examine such
complexity is to operationalize human actions by identifying their categorical classifications (i.e.,
lethal exploitation, landscape modification, nonlethal activity, and translocation) and
characteristic qualities (i.e., their spatial scales, temporal nature, and intensity) within a given
system (Box 2; Fig. 4). Such operationalization helps crystallize what is meant by the often-
invoked but typically vague concept of “anthropogenic effects” (Moll et al. 2019, Montgomery
et al. 2020). Humans’ Eltonian roles vary between and within systems, and are propelled by
diverse social and cultural forces that underlie human value systems and governance (Ellis
2015). We therefore discourage monolithic conceptualizations of modern humans as being a
particular type of species, or as playing singular ecological roles. Casting the human species as
predominately playing any one of the five roles discussed above — or any other singular
ecological role — oversimplifies the manifold and context-specific ways in which humans affect
trophic systems (Montgomery et al. 2020). Such oversimplifications undermine efforts to
develop a clear understanding of the complexity of human-natural systems, which in turn hinders
the development of effective policy and management for a given ecosystem (Liu et al. 2007,

Montgomery et al. 2018).
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Rather, we recommend that ecologists endeavor to capture the complexity of human
effects in trophic systems by operationalizing multiple human-related variables in models and
analyzing them systematically to determine which anthropogenic roles matter most in a given
system (Dorresteijn et al. 2015, Dunne et al. 2016). Given that much research on human effects
on trophic systems has focused on direct effects, there is a particularly pressing need to examine
the extent to which such direct actions lead to indirect and system-level consequences (cf. Worm
and Paine 2016) and resultant socio-eco-evolutionary dynamics (Des Roches et al. 2021).
Importantly, multiple human-related variables should be integrated into broader interdisciplinary
efforts that analyze social-ecological models by connecting humans’ realized Eltonian niche to
corresponding social drivers (Box 1). Certainly, efforts are currently being pursued towards these
ends (Carter and Linnell 2016, Montgomery et al. 2018). One aim of our analysis is to make such
endeavors more effective by organizing the manifold effects of humans on trophic systems in a

coherent, ecologically-based framework.

Lastly, it is crucial to note that conservation policy and management will fail if they do
not comprehensively account for the multifarious impacts humans have on trophic systems. For
example, harvest management that only considers lethal effects of hunters while omitting their
nonlethal effects on species’ behavior will likely underestimate the overall impact of harvest
regulations (Cromsigt et al. 2013). In contrast, policy that neglects the positive roles humans play
in trophic systems will overestimate potential harm due to anthropogenic activity. For instance,
policy aimed at bird conservation (e.g., the United States’ Migratory Bird Treaty Act) must
consider not only pernicious anthropogenic effects such as land conversion, but also human
actions such as feeder provision that result in enormous benefits for many species (Davies et al.

2009). Therefore, the formation of effective policy and management requires taking a holistic
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view of the Eltonian niche of humans, cataloguing the roles played by humans in a given system,
and identifying which of those are most prominent. Indeed, conservation policy has evolved over
the last several decades from taking a species- and problem-specific approach to more holistic
efforts focused on ecosystems (Nesshover et al. 2017). We hope the framework presented here
will advance these efforts by providing ecologists a common structure to account for human
roles in trophic systems and a common language regarding these roles that can be shared by

researchers, managers, policymakers, and conservation organizations.

ACKNOWLEDGEMENTS

We thank the handling editor, C. Darimont, and two anonymous reviewers for their constructive

feedback.

REFERENCES

Adams CE. 2016. Urban Wildlife Management. 3rd ed. CRC Press.

Alberti M. 2015. Eco-evolutionary dynamics in an urbanizing planet. Trends in Ecology and
Evolution 30: 114-126.

Alberti M, Correa C, Marzluff JM, Hendry AP, Palkovacs EP, Gotanda KM, Hunt VM, Apgar
TM, Zhou Y. 2017. Global urban signatures of phenotypic change in animal and plant

populations. Proceedings of the National Academy of Sciences of the United States of
America 114: 8951-8956.

Alberti M, Marzluff JM, Shulenberger E, Bradley G, Ryan C, Zumbrunnen C. 2003. Integrating
human into ecology: Opportunities and challenges for studying urban ecosytems.
BioScience 53: 1169-1179.

Albuquerque UP, Gongalves PHS, Ferreira Junior WS, Chaves LS, Oliveira RC da S, Silva TLL
da, Santos GC dos, Araujo E de L. 2017. Humans as niche constructors: Revisiting the
concept of chronic anthropogenic disturbances in ecology. Perspectives in Ecology and
Conservation 16: 1-11.

Baker CS, Clapham PJ. 2004. Modelling the past and future of whales and whaling. Trends in
Ecology and Evolution 19: 365-371.

Balch JK, Bradley BA, Abatzoglou JT, Chelsea Nagy R, Fusco EJ, Mahood AL. 2017. Human-
started wildfires expand the fire niche across the United States. Proceedings of the National
Academy of Sciences of the United States of America 114: 2946-2951.

Barros A, Pickering CM. 2017. How networks of informal trails cause landscape level damage to

21



Human Eltonian niche

vegetation. Environmental Management 60: 57—-68.

Bateman PW, Fleming PA. 2012. Big city life: carnivores in urban environments. Journal of
Zoology 287: 1-23.

Bennett NJ, Roth R, Klain SC, Chan K, Christie P, Clark DA, Cullman G, Curran D, Durbin TJ,
Epstein G, Greenberg A, Nelson MP, Sandlos J, Stedman R, Teel TL, Thomas R, Verissimo
D, Wyborn C. 2017. Conservation social science: Understanding and integrating human
dimensions to improve conservation. Biological Conservation 205: 93—108.

Berger J. 2007. Fear, human shields and the redistribution of prey and predators in protected
areas. Biology Letters 3: 620—623.

Beschta RL, Ripple WJ. 2016. Riparian vegetation recovery in Yellowstone: The first two
decades after wolf reintroduction. Biological Conservation 198: 93—103.

Binder CR, Hinkel J, Bots PWG, Pahl-Wostl C. 2013. Comparison of frameworks for analyzing
social-ecological systems. Ecology and Society 18: 26.

Bojarska K, Kwiatkowska M, Skorka P, Gula R, Theuerkauf J, Okarma H. 2017. Anthropogenic
environmental traps: Where do wolves kill their prey in a commercial forest? Forest
Ecology and Management 397: 117—-125.

Bronstein JL. 2009. The evolution of facilitation and mutualism. Journal of Ecology 97: 1160—
1170.

Bugir CK, Peres CA, White KS, Montgomery RA, Griffin AS, Rippon P, Clulow J, Hayward
MW. 2021. Prey preferences of modern human hunter-gatherers. Food Webs 26.

Bull JW, Ejrnaes R, Macdonald DW, Svenning J, Sandom CJ. 2018. Fences can support
restoration in human-dominated ecosystems when rewilding with large predators.
Restoration Ecology 1-12.

Bullock JM, Bonte D, Pufal G, da Silva Carvalho C, Chapman DS, Garcia C, Garcia D,
Matthysen E, Delgado MM. 2018. Human-mediated dispersal and the rewiring of spatial
networks. Trends in Ecology and Evolution 33: 958-970.

Butler CD, Corvalan CF, Koren HS. 2005. Human health, well-being, and global ecological
scenarios. Ecosystems 8: 153—-162.

Carter NH, Linnell JDC. 2016. Co-adaptation is key to coexisting with large carnivores. Trends
in Ecology and Evolution 31: 575-578.

Carter NH, Shrestha BK, Karki JB, Man N, Pradhan B, Liu J. 2012. Coexistence between
wildlife and humans at fine spatial scales. Proceeding of the Royal Sociaty London
Biological Sciences 109: 15360-15365.

Center for Disease Control and Prevention. 2020. Preventing tick bites. Lyme disease. (24
December 2020; https://www.cdc.gov/lyme/prev/index.html).

Chase JM, Leibold MA. 2003. Ecological niches: Linking classical and contemporary
approaches. University of Chicago Press.

22



Human Eltonian niche

Clayton L, Keeling M, Milner-Gulland EJ. 1997. Bringing home the bacon: A spatial model of
wild pig hunting in Sulawesi, Indonesia. Ecological Applications 7: 642—652.

Clinchy M, Zanette LY, Roberts D, Justin P, Newman C, Macdonald DW. 2016. Fear of the
human “super predator” far exceeds the fear of large carnivores in a model mesocarnivore.
Behavioral Ecology 27: 1826—-1832.

Collard RC. 2012. Cougar-human entanglements and the biopolitical un/making of safe space.
Environment and Planning D: Society and Space 30: 23—42.

Cote M, Nightingale AJ. 2012. Resilience thinking meets social theory: Situating social change
in socio-ecological systems (SES) research. Progress in Human Geography 36: 475-489.

Coté SD, Rooney TP, Tremblay J-P, Dussault C, Waller DM. 2004. Ecological impacts of deer
overabundance. Annual Review of Ecology, Evolution, and Systematics 35: 113—-147.

Cromsigt JPGM, Kuijper DPJ, Adam M, Beschta RL, Churski M, Eycott A, Kerley GIH,
Mysterud A, Schmidt K, West K. 2013. Hunting for fear: Innovating management of
human-wildlife conflicts. Journal of Applied Ecology 50: 544-549.

Crooks KR, Soulé¢ ME. 1999. Mesopredator release and avifaunal extinctions in a fragmented
system. Nature 400: 563—-566.

Curtis VA. 2014. Infection-avoidance behaviour in humans and other animals. Trends in
Immunology 35: 457-464.

Darimont CT, Carlson SM, Kinnison MT, Paquet PC, Reimchen TE, Wilmers CC. 2009. Human
predators outpace other agents of trait change in the wild. Proceedings of the National
Academy of Sciences 106: 8—10.

Darimont CT, Fox CH, Bryan HM, Reimchen TE. 2015. The unique ecology of human
predators. Science 349: 858—-861.

Davies ZG, Fuller RA, Loram A, Irvine KN, Sims V, Gaston KJ. 2009. A national scale
inventory of resource provision for biodiversity within domestic gardens. Biological
Conservation 142: 761-771.

DeGraaf RM, Yamasaki M. 2001. New England wildlife. University Press of New England.

Delcourt PA. 2004. Prehistoric Native Americans and ecological change: Human ecosystems in
eastern North America since the Pleistocene. 1st ed. Cambridge University Press.

DeYoung C. 2011. Population dynamics. Pages 147-180 in Hewitt DG, ed. Biology and
management of white-tailed deer. Taylor & Francis.

Dorresteijn I, Schultner J, Nimmo DG, Fischer J, Hanspach J, Kuemmerle T, Kehoe L, Ritchie
EG. 2015. Incorporating anthropogenic effects into trophic ecology: predator—prey
interactions in a human-dominated landscape. Proceedings of the Royal Society B:
Biological Sciences 282: 20151602.

Dunne JA, Maschner H, Betts MW, Huntly N, Russell R, Williams RJ, Wood SA. 2016. The
roles and impacts of human hunter-gatherers in North Pacific marine food webs. Scientific
Reports 6: 1-9.

23



Human Eltonian niche

Ellis EC. 2011. Anthropogenic transformation of the terrestrial biosphere. Philosophical
Transactions of the Royal Society A: Mathematical, Physical and Engineering Sciences
369: 1010-1035.

Ellis EC. 2015. Ecology in an anthropogenic biosphere. Ecological Monographs 85: 287-331.
Elton CS. 1927. Animal Ecology. University of Chicago Press.

Estes JA, Palmisano JF. 1974. Sea otters: Their role in structuring nearshore communities.
Science 185: 1058—-1060.

Estes JA, Terborgh J, Brashares JS, Power ME, Berger J, Bond WJ, Carpenter SR, Essington TE,
Holt RD, Jackson JBC, Marquis RJ, Oksanen L, Oksanen T, Paine RT, Pikitch EK, Ripple
WIJ, Sandin S a, Scheffer M, Schoener TW, Shurin JB, Sinclair ARE, Soulé ME, Virtanen
R, Wardle D a. 2011. Trophic downgrading of planet Earth. Science 333: 301-306.

Faeth SH, Marussich WA, Shochat E, Warren PS. 2005. Trophic dynamics in urban
communities. BioScience 55: 399.

Ferretti F, Worm B, Britten GL, Heithaus MR, Lotze HK. 2010. Patterns and ecosystem
consequences of shark declines in the ocean. Ecology Letters 13: 1055-1071.

Fichtner A, von Oheimb G, Hardtle W, Wilken C, Gutknecht JLM. 2014. Effects of
anthropogenic disturbances on soil microbial communities in oak forests persist for more
than 100 years. Soil Biology and Biochemistry 70: 79-87.

Fisher JA, Shackelford N, Hocking MD, Trant AJ, Starzomski BM. 2019. Indigenous peoples’
habitation history drives present-day forest biodiversity in British Columbia’s coastal
temperate rainforest. People and Nature 1: 103—114.

Francis CD, Ortega CP, Cruz A. 2009. Noise pollution changes avian communities and species
interactions. Current Biology 19: 1415-1419.

Frid A, Dill L. 2002. Human-caused disturbance stimuli as a form of predation risk. Ecology and
Society 6: 11.

Fuller E. 2014. The passenger pigeon. Princeton University Press.

Fulton DC, Manfredo MJ, Lipscomb J. 1996. Wildlife value orientations: A conceptual and
measurement approach. Human Dimensions of Wildlife 1: 24-47.

Gaynor KM, Hojnowski CE, Carter NH, Brashares JS. 2018. The influence of human
disturbance on wildlife nocturnality. Science 360: 1232—1235.

Gehr B, Hofer EJ, Muff S, Ryser A, Vimercati E, Vogt K, Keller LF. 2017. A landscape of
coexistence for a large predator in a human dominated landscape. Oikos 1-11.

Gill JL, Williams JW, Jackson ST, Lininger KB, Robison GS. 2009. Pleistocene megafaunal
collapse, novel plant communities, and enhanced fire regimes in North America. Science
326: 1100-1103.

Granek EF, Madin EMP, Brown MA, Figueira W, Cameron DS, Hogan Z, Kristianson G, de
Villiers P, Williams JE, Post J, Zahn S, Arlinghaus R. 2008. Engaging recreational fishers

24



Human Eltonian niche

in management and conservation: Global case studies. Conservation Biology 22: 1125—
1134,

Greenwald KR, Petit LJ, Waite TA. 2008. Indirect effects of a keystone herbivore elevate local
animal diversity. Journal of Wildlife Management 72: 1318-1321.

Grimm NB, Faeth SH, Golubiewski NE, Redman CL, Wu J, Bai X, Briggs JM. 2008. Global
change and the ecology of cities. Science 319: 756-760.

Gursky, S. L., and K. A. I. Nekaris, eds. 2007. Primate anti-predator strategies. Springer.

Hansson S, Bergstrom U, Bonsdorff E, Harkonen T, Jepsen N, Kautsky L, Lundstrom K,
Lunneryd SG, Ovegard M, Salmi J, Sendek D, Vetemaa M. 2018. Competition for the fish -
Fish extraction from the Baltic Sea by humans, aquatic mammals, and birds. ICES Journal
of Marine Science 75: 999—-1008.

Hart D, Sussman RW. 2009. Man the hunted. Expanded Ed. Westview Press.

Hayward MW, Kerley GIH, Adendorff J, Moolman LC, O’Brien J, Sholto-Douglas A, Bissett C,
Bean P, Fogarty A, Howarth D, Slater R. 2007. The reintroduction of large carnivores to the
Eastern Cape, South Africa: an assessment. Oryx 41: 205.

Hebblewhite M, White CA, Nietvelt CG, McKenzie JA, Hurd TE, Fryxell M, Bayley SE,
Paquet PC. 2005. Human activity mediates a trophic cascade caused by wolves. Ecology 86:
2135-2144.

Henke SE, Bryant FC. 1999. Effects of coyote removal on the faunal community in western
Texas. Journal of Wildlife Management 63: 1066—1081.

Hoffman KM, Lertzman KP, Starzomski BM. 2017. Ecological legacies of anthropogenic
burning in a British Columbia coastal temperate rain forest. Journal of Biogeography 44:
2903-2915.

Hofmeester TR, Jansen PA, Wijnen HJ, Coipan EC, Fonville M, Prins HHT, Sprong H, van
Wieren SE. 2017. Cascading effects of predator activity on tick-borne disease risk.
Proceedings of the Royal Society B: Biological Sciences 284: 20170453.

Hope D, Gries C, Zhu W, Fagan WF, Redman CL, Grimm NB, Nelson AL, Martin C, Kinzig A.
2003. Socioeconomics drive urban plant diversity. Proceedings of the National Academy of
Sciences 100: 8788—8792.

Hutchinson GE. 1957. Concluding remarks. Cold Spring Harbor Symposia on Quantitative
Biology 22: 415-427.

Jacobs MH, Vaske JJ, Dubois S, Fehres P. 2014. More than fear: Role of emotions in
acceptability of lethal control of wolves. European Journal of Wildlife Research 60: 589—
598.

Johnson MTJ, Munshi-South J. 2017. Evolution of life in urban environments. Science 358:
eaam8327.

Jones CG, Lawton JH, Shachak M. 1994. Organisms as ecosystem engineers. Oikos 69: 373—
386.

25



Human Eltonian niche

Jones R. 1969. Fire-stick farming. Australian Natural History 16: 224-228.

Killion AK, Ramirez JM, Carter NH. 2020. Human adaptation strategies are key to cobenefits in
human—wildlife systems. Conservation Letters e12769.

Knight AJ. 2008. ‘Bats, snakes and spiders, Oh my!” How aesthetic and negativistic attitudes,
and other concepts predict support for species protection. Journal of Environmental
Psychology 28: 94—-103.

Lee KE. 1985. Earthworms: their ecology and relation with soil and land use. Academic Press.

Levi T, Kilpatrick AM, Mangel M, Wilmers CC. 2012. Deer, predators, and the emergence of
Lyme disease. Proceedings of the National Academy of Sciences 109: 10942—-10947.

Lindell C, Eaton RA, Howard PH, Roels SM, Shave ME. 2018. Enhancing agricultural
landscapes to increase crop pest reduction by vertebrates. Agriculture, Ecosystems and
Environment 257: 1-11.

Liordos V, Kontsiotis VJ, Anastasiadou M, Karavasias E. 2017. Effects of attitudes and
demography on public support for endangered species conservation. Science of the Total
Environment 595: 25-34.

Liu J, Dietz T, Carpenter SR, Alberti M, Folke C, Moran E, Pell AN, Deadman P, Kratz T,
Lubchenco J, Ostrom E, Ouyang Z, Provencher W, Redman CL, Schneider SH, Taylor
WW. 2007. Complexity of coupled human and natural systems. Science 317: 1513—-1516.

Liu J, Hull V, Batistella M, DeFries R, Dietz T, Fu F, Hertel TW, Izaurralde RC, Lambin EF, Li
S, Marinelli LA, McConnell WJ, Moran EF, Naylor R, Ouyang Z, Polenske KR, Reenberg
A, de Miranda Rocha G, Simmons CS, Verburg PH, Vitousek PM, Zhu C. 2013. Framing
sustainability in a telecoupled world. Ecology and Society 18: 26.

Loveridge AJ, Valeix M, Elliot NB, Macdonald DW. 2017. The landscape of anthropogenic
mortality: how African lions respond to spatial variation in risk. Journal of Applied Ecology
54: 815-825.

Manfredo MJ. 2008. Who cares about wildlife? Springer.

Manfredo MJ, Teel TL, Gavin MC, Fulton D. 2014. Consideration in representing human
individuals in social-ecological models. Pages 137—158 in Manfredo MJ, Vaske JJ,
Rechkemmer A, and Duke EA, eds. Understanding society and natural resources: Forging
new strands of integration across the social sciences. Springer.

Marshall KN, Hobbs NT, Cooper DJ. 2013. Stream hydrology limits recovery of riparian
ecosystems after wolf reintroduction. Proceedings. Biological sciences / The Royal Society
280: 20122977.

Marzluff JM, Ewing K. 2001. Restoration of fragmented landscapes for the conservation of
birds: A general framework and specific recommendations for urbanizing landscapes.
Restoration Ecology 9: 280-292.

McDonnell, M. J., and S. T. A. Pickett, eds. 1993. Humans as components of ecosystems.
Springer-Verlag.

26



Human Eltonian niche

McKinney ML. 2002. Urbanization, biodiversity, and conservation. BioScience 52: 883—890.

McKinney ML. 2006. Urbanization as a major cause of biotic homogenization. Biological
Conservation 127: 247-260.

McKinney ML. 2008. Effects of urbanization on species richness: A review of plants and
animals. Urban Ecosystems 11: 161-176.

McShea WJ, Rappole JH. 2000. Managing the abundance and diversity of breeding bird
populations through manipulation of deer populations. Conservation Biology 14: 1161—
1170.

Miles LS, Breitbart ST, Wagner HH, Johnson MTJ. 2019. Urbanization shapes the ecology and
evolution of plant-arthropod herbivore interactions. Frontiers in Ecology and Evolution 7:
1-14.

Miles LS, Johnson JC, Dyer RJ, Verrelli BC. 2018. Urbanization as a facilitator of gene flow in a
human health pest. Molecular Ecology 27: 3219-3230.

Miller JR. 2005. Biodiversity conservation and the extinction of experience. Trends in Ecology
and Evolution 20: 430-434.

Mittelbach GG. 2012. Community ecology. Sinauer Associates, Inc.

Moll RJ, Cepek JD, Lorch PD, Dennis PM, Robison T, Millspaugh JJ, Montgomery RA. 2018.
Humans and urban development mediate the sympatry of competing carnivores. Urban
Ecosystems 21: 765-778.

Moll RJ, Cepek JD, Lorch PD, Dennis PM, Tans E, Robison T, Millspaugh JJ, Montgomery RA.
2019. What does urbanization actually mean? A framework for urban metrics in wildlife
research. Journal of Applied Ecology 56: 1289—1300.

Moll RJ, Eaton JT, Cepek JD, Lorch PD, Dennis PM, Robinson T, Tsao J, Montgomery RA.
2020. Dynamic rodent behavioral response to predation risk: Implications for disease
ecology. Oecologia 19: 67-78.

Montgomery RA, Elliott KC, Hayward MW, Gray SM, Millspaugh JJ, Riley SJ, Kissui BM,
Kramer DB, Moll RJ, Mudumba T, Tans ED, Muneza AB, Abade L, Beck JM, Hoffmann
CF, Booher CR, Macdonald DW. 2018. Examining evident interdisciplinarity among prides
of lion researchers. Frontiers in Ecology and Evolution 6: 1-13.

Montgomery RA, Macdonald DW, Hayward MW. 2020. The inducible defences of large
mammals to human lethality. Functional Ecology 1-16.

Murray GGR, Soares AER, Novak BJ, Schaefer NK, Cahill JA, Baker AJ, Demboski JR, Doll A,
da Fonseca RR, Fulton TL, Gilbert MTP, Heintzman PD, Letts B, McIntosh G, O’Connell
BL, Peck M, Pipes ML, Rice ES, Santos KM, Sohrweide AG, Vohr SH, Corbett-Detig RB,
Green RE, Shapiro B. 2017. Natural selection shaped the rise and fall of passenger pigeon
genomic diversity. Science 954: 951-954.

Nelson CA, Saha S, Kugeler KJ, Delorey MJ, Shankar MB, Hinckley AF, Mead PS. 2015.
Incidence of clinician-diagnosed lyme disease, United States, 2005-2010. Emerging

27



Human Eltonian niche

Infectious Diseases 21: 1625-1631.

Nelson E, Polasky S, Lewis DJ, Plantinga AJ, Lonsdorf E, White D, Bael D, Lawler JJ. 2008.
Efficiency of incentives to jointly increase carbon sequestration and species conservation on

a landscape. Proceedings of the National Academy of Sciences of the United States of
America 105: 9471-9476.

Nesshover C, Assmuth T, Irvine KN, Rusch GM, Waylen KA, Delbaere B, Haase D, Jones-
Walters L, Keune H, Kovacs E, Krauze K, Kiilvik M, Rey F, van Dijk J, Vistad OI,
Wilkinson ME, Wittmer H. 2017. The science, policy and practice of nature-based
solutions: An interdisciplinary perspective. Science of the Total Environment 579: 1215-
1227.

Newman MC. 2014. Fundamentals of ecotoxicology: The science of pollution. CRC Press.

Newsome D, Moore SA, Dowling RK. 2012. Natural area tourism: Ecology, impacts and
management. 2nd ed. Channel View Publications.

Odling-Smee FJ. 2003. Niche construction: The neglected process in evolution. Princeton
University Press.

Odling-Smee J, Erwin DH, Palkovacs EP, Feldman MW, Laland KN. 2013. Niche construction
theory: A practical guide for ecologists. The Quarterly Review of Biology 88: 3-28.

Ordiz A, Bischof R, Swenson JE. 2013. Saving large carnivores, but losing the apex predator?
Biological Conservation 168: 128—133.

Ordiz A, Steen OG, Delibes M, Swenson JE. 2011. Predators or prey? Spatio-temporal
discrimination of human-derived risk by brown bears. Oecologia 166: 59—67.

Organ JF, Fritzell EK. 2000. Trends in consumptive recreation and the wildlife profession.
Wildlife Society Bulletin 28: 780-787.

Oriol-Cotterill A, Valeix M, Frank LG, Riginos C, Macdonald DW. 2015. Landscapes of
Coexistence for terrestrial carnivores: The ecological consequences of being downgraded
from ultimate to penultimate predator by humans. Oikos 124: 1263—1273.

Ostrom E. 2007. A diagnostic approach for going beyond panaceas. Proceedings of the National
Academy of Sciences 104: 15181-15187.

Packer C, Kosmala M, Cooley HS, Brink H, Pintea L, Garshelis D, Purchase G, Strauss M,
Swanson A, Balme G, Hunter L, Nowell K. 2009. Sport hunting, predator control and
conservation of large carnivores. PLoS ONE 4: e5941.

Palumbi SR. 2001. Human as the world’s greatest evolutionary force. Science 293: 1786—1790.

Parsons AW, Forrester T, Baker-Whatton MC, McShea WJ, Rota CT, Schuttler SG, Millspaugh
JJ, Kays R. 2018. Mammal communities are larger and more diverse in moderately
developed areas. eLife 7: 1-13.

Pickett STA, Cadenasso ML, Grove JM. 2005. Biocomplexity in coupled natural-human
systems: A multidimensional framework. Ecosystems 8: 225-232.

28



Human Eltonian niche

Pickett STA, Cadenasso ML, Grove JM, Boone CG, Groffman PM, Irwin E, Kaushal SS,
Marshall V, McGrath BP, Nilon CH, Pouyat R V., Szlavecz K, Troy A, Warren P. 2011.
Urban ecological systems: Scientific foundations and a decade of progress. Journal of
Environmental Management 92: 331-362.

Polis GA, Winemiller KO. 1995. Food webs: Integration of patterns and dynamics. Springer.

Power ME, Tilman D, Estes JA, Menge BA, Bond WJ, Mills LS, Daily G, Castilla JC,
Lubchenco J, Paine RT. 1996. Challenges in the quest for keystones. BioScience 46: 609—
620.

Pratt JR, Melendez AE, Barreiro R, Bowers NJ. 1997. Predicting the ecological effects of
herbicides. Ecological Applications 7: 1117-1124.

Prokop P, Fancovic¢ova J. 2010. Perceived body condition is associated with fear of a large
carnivore predator in humans. Annales Zoologici Fennici 2450: 417-425.

Pulver S, Ulibarri N, Sobocinski KL, Alexander SM, Johnson ML, Mccord PF. 2018. Frontiers
in socio-environmental research: components, connections, scale, and context. Ecology and
Society 23: 23.

Ripple WJ, Estes JA, Beschta RL, Wilmers CC, Ritchie EG, Hebblewhite M, Berger J,
Elmhagen B, Letnic M, Nelson MP, Schmitz OJ, Smith DW, Wallach AD, Wirsing AlJ.
2014. Status and ecological effects of the world’s largest carnivores. Science 343: 1241484.

Rissman AR, Gillon S. 2017. Where are ecology and biodiversity in social-ecological systems
research? A review of research methods and applied recommendations. Conservation
Letters 10: 86-93.

Roca IT, Desrochers L, Giacomazzo M, Bertolo A, Bolduc P, Deschesnes R, Martin CA,
Rainville V, Rheault G, Proulx R. 2016. Shifting song frequencies in response to

anthropogenic noise: A meta-analysis on birds and anurans. Behavioral Ecology 27: 1269—
1274.

Des Roches S, Brans KI, Lambert MR, Rivkin LR, Savage AM, Schell CJ, Correa C, De Meester
L, Diamond SE, Grimm NB, Harris NC, Govaert L, Hendry AP, Johnson MTJ, Munshi-
South J, Palkovacs EP, Szulkin M, Urban MC, Verrelli BC, Alberti M. 2021. Socio-eco-
evolutionary dynamics in cities. Evolutionary Applications 14: 248-267.

Roopnarine PD. 2014. Humans are apex predators. Proceedings of the National Academy of
Sciences 111: E796-E796.

Royar K. 2018. Red Fox and Lyme Disease — Is there a connection in Vermont ?

Sales LP, Hayward MW, Loyola R. 2021. What do you mean by “niche”? Modern ecological
theories are not coherent on rhetoric about the niche concept. Acta Oecologica 110: 103701.

Schmitz OJ, Wilmers CC, Leroux SJ, Doughty CE, Atwood TB, Galetti M, Davies AB, Goetz
SJ. 2018. Animals and the zoogeochemistry of the carbon cycle. Science 362: eaar3213.

Schwartz AM, Hinckley AF, Mead PS, Hook SA, Kugeler KJ. 2017. Surveillance for Lyme
Disease — United States, 2008-2015. MMWR. Surveillance Summaries 66: 1-12.

29



Human Eltonian niche

Schwartz CC, Swenson JE, Miller SD. 2003. Large carnivores, moose, and humans: a changing
paradigm of predator managment in the 21 st century. Alces 39: 41-63.

Shanahan DF, Bush R, Gaston KJ, Lin BB, Dean J, Barber E, Fuller RA. 2016. Health benefits
from nature experiences depend on dose. Scientific Reports 6: 1-10.

Shannon G, Mckenna MF, Angeloni LM, Crooks KR, Fristrup KM, Brown E, Warner KA,
Nelson MD, White C, Briggs J, Mcfarland S, Wittemyer G. 2016. A synthesis of two
decades of research documenting the effects of noise on wildlife. Biological Reviews 91:
985-1005.

Skalski JR, Ryding KE, Millspaugh JJ. 2005. Wildlife demography: Analysis of sex, age, and
count data. Elsevier Academic Press.

Skibins JC, Hallo JC, Sharp JL, Manning RE. 2012. Quantifying the role of viewing the Denali
‘Big 5’ in visitor satisfaction and awareness: Conservation implications for flagship
recognition and resource management. Human Dimensions of Wildlife 17: 112—-128.

Slovic P, Peters E. 2006. Risk perception and affect. Current Directions in Psychological Science
15:322-325.

Smith BD. 2007. The ultimate ecosystem engineers. Science 315: 1797-1798.

Smith FA, Smith REE, Lyons SK, Payne JL. 2018. Body size downgrading of mammals over the
late Quaternary. Science 360: 310-313.

Smith JA, Suraci JP, Clinchy M, Crawford A, Roberts D, Zanette LY, Wilmers CC. 2017. Fear
of the human ‘super predator’ reduces feeding time in large carnivores. Proceedings of the
Royal Society B: Biological Sciences 284: 20170433.

Solomon S, Plattner G-K, Knutti R, Friedlingstein P. 2009. Irreversible climate change due to
carbon dioxide emissions. Proceedings of the National Academy of Sciences of the United
States of America 106: 1704-9.

Stankowich T. 2008. Ungulate flight responses to human disturbance: A review and meta-
analysis. Biological Conservation 141: 2159-2173.

Strauss SY. 1991. Indirect effects in community ecology: Their definition, study and importance.
Trends in Ecology and Evolution 6: 206-210.

Swaddle JP, Francis CD, Barber JR, Cooper CB, Kyba CCM, Dominoni DM, Shannon G,
Aschehoug E, Goodwin SE, Kawahara AY, Luther D, Spoelstra K, Voss M, Longcore T.
2015. A framework to assess evolutionary responses to anthropogenic light and sound.
Trends in Ecology and Evolution 30: 550-560.

Tansley AG. 1935. The use and abuse of vegetational concepts and terms. Ecology 16: 284-307.

Trant AJ, Nijland W, Hoffman KM, Mathews DL, McLaren D, Nelson TA, Starzomski BM.
2016. Intertidal resource use over millennia enhances forest productivity. Nature
Communications 7: 1-8.

Treves A, Palmqvist P. 2007. Reconstructing hominin interactions with mammalian carnivores
(6.0-1.8 Ma). Pages 355381 in Gursky SL and Nekaris KAI, eds. Primate Anti-Predator

30



Human Eltonian niche

Strategies. Springer.

Valeix M, Fritz H, Loveridge AJ, Davidson Z, Hunt JE, Murindagomo F, Macdonald DW. 2009.
Does the risk of encountering lions influence African herbivore behaviour at waterholes?
Behavioral Ecology and Sociobiology 63: 1483—1494.

Vitousek PM, Mooney H a, Lubchenco J, Melillo JM. 1997. Human domination of earth’s
ecosystems. Science 277: 494-499.

Waller DM, Alverson WS. 1997. The white-tailed deer: A keystone herbivore. Wildlife Society
Bulletin 25: 217-226.

Whelan CJ, Wenny DG, Marquis RJ. 2008. Ecosystem services provided by birds. Annals of the
New York Academy of Sciences 1134: 25-60.

Williams JW, Ordonez A, Svenning JC. 2020. A unifying framework for studying and managing
climate-driven rates of ecological change. Nature Ecology and Evolution 5: 17-26.

Wootton JT. 1994. The nature and consequences of indirect effects in ecological communities.
Annual Review of Ecology and Systematics 25: 443-466.

Worm B, Paine RT. 2016. Humans as a hyperkeystone species. Trends in Ecology and Evolution
31: 600-607.

Wright GJ, Peterson RO, Smith DW, Lemke TO. 2006. Selection of Northern Yellowstone elk
by gray wolves and hunters. Journal of Wildlife Management 70: 1070-1078.

31



Human Eltonian niche

Box 1 Connections to social-ecological systems science

Humans and the environment are inherently connected. Several frameworks have been
developed to address the various interactions, feedbacks, and complexities between these two
systems (Pickett et al. 2005, Liu et al. 2007, Binder et al. 2013). Here we use the term social-
ecological systems (SES) science to encompass this research. These paradigms position humans
and the environment as interfacing parts of a larger, integrated, complex system to measure the
effects of many multidirectional relationships. SES research relies on methodologies from
diverse disciplines, where various epistemologies are applied to understand particular
interactions between humans and the environment (Binder et al. 2013). For example, many SES
approaches use social science theories to understand human decision-making processes in
response to environmental changes (e.g., climate change adaptation, human-wildlife conflict,
environmental hazard preparedness; Cote and Nightingale 2012). In these instances, traditional
ecological models are paired with social data to simultaneously assess the effects of feedbacks
between social and ecological units across spatial and temporal scales. Despite their promise,
such approaches have been hindered by failing to adequately incorporate and operationalize

ecological rules and theory (Rissman and Gillon 2017, Pulver et al. 2018)

Our ecologically-based evaluation of humans as a functional trophic species enhances a
SES approach by clarifying how to operationalize humans’ multifaceted effects on trophic
processes as well as the feedbacks that emerge from such effects. Rather than reconstructing
social processes as ecological ones, the roles described herein provide researchers with an
ecological foundation to account for how humans interact with and impact trophic systems. For
example, social surveys and interviews could be used to measure land owner attitudes and beliefs

to estimate the probability of a land use decision, and the impact of that decision on local
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ungulate populations could be measured within an ecological framework using established
principles (e.g., niche construction theory; Odling-Smee 2003, Smith 2007; Fig. 1). In this
manner, the result of human behaviors is converted to ecological terms to better measure
ecological effects, which forms a component of a larger SES analysis. Additionally, the
framework can help operationalize the drivers of human behaviors, which are both ecological
and social in nature. For example, an urban area with a nearby bear population might propose the
use of secure garbage receptacles. The local community’s acceptance of such a proposal could be
analyzed using both ecological (e.g., human fear of physical harm) and socio-economic variables
(e.g., a desire to protect property and belongings). In turn, the ecological effects of such a
decision on bear behavior on lower trophic levels could be analyzed under the paradigm of
anthropogenic niche construction. Thereby, such an analysis would evaluate the full feedback
cycle of the ecological and social drivers of human decision-making as well as the trophic

processes affected by those decisions.
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Box 2 Applying the framework to contrasting systems

Although the framework can be applied to any trophic system, we illustrate its utility here by
comparing the Eltonian niche of humans in contrasting systems: 1) that of a populous city with
several hundred thousand inhabitants and 2) that of a large (i.e., thousands of km?) nature reserve
or national park (hereafter reserve). Of course, specific realizations of such systems will vary
according to many factors such as regional abiotic conditions and the socio-economic
characteristics of states or nations. These differences notwithstanding, comparing humans’
Eltonian niche across these prototypical systems helps clarify its context-dependence.

In the city, intense landscape modification will result in a heterogeneous mosaic of land
covers ranging from city centers to greenways to less densely populated residential areas. The
ecological consequences of these bottom-up trophic changes are manifold: connectivity and gene
flow declines for most species but can increase for a select few well-adapted to fragmentation
(Marzluff and Ewing 2001, Miles et al. 2018); overall biodiversity may be elevated compared to
the city’s surrounding area due to habitat heterogeneity, although non-native species will abound
(McKinney 2002, Grimm et al. 2008, Parsons et al. 2018); lethal exploitation is typically highly
regulated, limiting humans’ super predatory role to particular species (e.g., pest species; Adams
2016); top predators are rare, resulting in increased bottom-up control of trophic dynamics (Faeth
et al. 2005, Estes et al. 2011); resource availability is elevated and seasonally stabilized due to
landscaping and water provisioning, which intensifies resource competition and favors
generalists species tolerant of humans (Faeth et al. 2005, McKinney 2006). Additionally,
nonlethal human activity in cities is very high, especially along transportation routes and areas of
congregation such as commercial shopping centers. This activity triggers behavioral adaptations

in wildlife (e.g., increased nocturnality; Gaynor et al. 2018, Moll et al. 2018), and vehicular
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traffic acts as a major source of animal mortality (Bateman and Fleming 2012) and a conduit for
translocation events (Bullock et al. 2018). Thus, the predominant Eltonian role played by humans
in this system is that of a niche constructor via intense and long-lasting landscape modification in
the form of the built environment and the high-volume, daily-pulsed nonlethal human activity it
supports (Pickett et al. 2011).

The Eltonian niche of humans in a large reserve differs markedly from that described
above. Assuming effective regulation exists, lethal exploitation in the reserve is low overall but
occasionally present and targeted (e.g., hunting a closely managed species; Wright et al. 2006).
Landscape development is likewise relatively minimal, typically taking the form of road
development, fencing, or waterhole provisioning (Valeix et al. 2009, Bojarska et al. 2017, Bull et
al. 2018). Nonlethal human activity depends on recreation opportunity and interest, but is much
lower than an urban context and exhibits temporal pulsing across tourist seasons (Newsome et al.
2012). Translocation events are infrequent but could be ecologically influential when exotic
species are removed or keystone species are reintroduced (Hayward et al. 2007, Beschta and
Ripple 2016). The gestalt ecological result of these collective actions is a relatively “intact”
trophic structure where species interactions and food web dynamics more closely resemble those
expected prior to human settlement of an area (although this will vary according to ecological
and socio-cultural context; Jones 1969, Delcourt 2004). In contrast to the city, the predominant
Eltonian role played by humans in such a reserve is that of a pseudo-mutualist via providing
space for wildlife and plants that benefit of human well-being through the mechanisms of

tourism, recreation, existence value, and ecosystem services.
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FIGURES

Figure 1. A framework for the Eltonian niche of humans: human decision-making drives human
actions that result in ecological and evolutionary effects. Human actions and their effects are
characterized by several key qualities. The combination of human actions, ecological effects, and

their qualities often lead to humans playing one or more of five predominant and unique Eltonian

roles in a given system.
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Figure 2. A detailed view of the Eltonian niche of humans. Arrows indicate causal processes.
Eltonian roles (1-5) are special cases of broader categories in the framework, as follows: 1) super
predation occurs when lethal exploitation or human-induced fear is of large magnitude, 2)
landscape modification entails niche construction if resultant selective pressures persist across
generations, 3) humans act as a hyperkeystone species when trophic effects are propagated via
keystone species, 4) risk-response occurs when fear modifies human behavior, and 5) pseudo-
mutualism occurs when humans benefit species that provides desirable services or value to

humanity.
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Figure 3. Incorporating humans into classic food web modules. Diagrams depict direct lethal and
nonlethal effects (solid and double-lined arrows) and positive (+) and negative (-) indirect effects
(dashed arrows). H = Human, C = Consumer Species, R = Resource Species. Panels: (a) human
fishing of herring (Clupea harengus) results in exploitative competition with grey seals
(Halichoerus grypus); (b) human exploitation of coyotes (Canis latrans) positively affects their
prey, black-tailed jackrabbits (Lepus californicus); (c¢) apparent competition from human
exploitation of sympatric ungulate species, white-tailed (Odocoileus virginianus) and mule deer
(Odocoileus hemionus); and (d) a human shield effect provides elk (Cervus canadensis)

protection from human-averse wolves (Canis lupus). Images: Public Domain.
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Figure 4. Examples of human actions across categories and qualities. In each colored graph, the
spatial scale of the action increases vertically while intensity increases horizontally. The
temporal nature of actions include singular or occasional, pulsed across various timescales, or

relatively continuous. Colored arrows depict human actions that bridge categories.
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Figure 5. Humans’ Eltonian roles. Dashed arrows indicate effects that are behaviorally rather
than numerically-mediated. Panels: (a) humans can act as super predators via lethal exploitation
or (b) by inducing fear in apex predators (e.g., mountain lion Puma concolor); (¢) humans can
act as hyperkeystone species, as in gray wolf (Canis lupus) reintroduction into Yellowstone
National Park, USA; (d) humans act as niche constructors by altering selective pressures via
urbanization; (e) humans act as pseudo-mutualists by providing nest boxes for raptors that hunt
agricultural pests; (f) humans act as risk-responders that avoid threatening species (e.g., the
Ixodes ticks that act as a vector for Lyme disease). Images: Panel e — Florida Fish and Wildlife;

others — Public Domain.
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