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Abstract
1.	 Discussions of defaunation and taxon substitution have concentrated on mega‐

faunal herbivores and carnivores, but mainly overlooked the particular ecological 
importance of megafaunal omnivores. In particular, the Homo spp. have been al‐
most completely ignored in this context, despite the extinction of all but one hom‐
inin species present since the Plio‐Pleistocene. Large omnivores have a particular 
set of ecological functions reflecting their foraging flexibility and the varied  
disturbances they create, functions that may maintain ecosystem stability and re‐
silience. Here, we put the ecology of Homo sapiens in the context of comparative 
interspecific ecological roles and impacts, focusing on the large omnivore guild, as 
well as comparative intraspecific variation, focusing on hunter‐gatherers.

2.	 We provide an overview of the functional traits of H. sapiens, which can be used 
to spontaneously provide the functions for currently ecologically extinct or en‐
dangered ecosystem processes. We consider the negative impacts of variations in 
H. sapiens phenotypic strategies, its possible status as an invasive species, and the 
potential to take advantage of its learning capacities to decouple negative and 
positive impacts.

3.	 We provide examples of how practices related to foraging, transhumance, and 
hunting could contribute to rewilding‐inspired programs either drawing on hunter‐
gatherer baselines of H. sapiens, or as proxies for extinct or threatened large om‐
nivores. We propose that a greater focus on intraspecific ecological variation and 
interspecific comparative ecology of H. sapiens can provide new avenues for con‐
servation and ecological research.

K E Y W O R D S

defaunation, hominin, hunter‐gatherer, interspecific comparison, intraspecific variation, 
omnivory, taxon substitution

1  | INTRODUC TION

In this paper, we take the unusual position of talking about Homo 
sapiens in ecological terms in exactly the same way that an ecologist 

would talk about nonhuman species. We do so because we have ob‐
served that H. sapiens is systematically considered within the eco‐
logical literature as an exception to normal ecological processes. 
Specifically, ecologists use different terminology to write about 
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H. sapiens, generating a unique set of hypotheses and predictions. 
Indeed, it is almost as though H. sapiens were not an animal (for an 
explicit statement of this see Ellis, 2015). One could engage in a phil‐
osophical debate about whether the unique things H. sapiens does 
eclipse and negate the ways in which it is an animal, ecologically 
speaking. However, we find this approach overly conceptual and, 
instead, adopt an empirical, data‐based approach. There are already 
many ways of researching H. sapiens. We would like to contribute an 
additional, complementary, form of academic discourse about H. sa‐
piens, centered modestly on the ecological processes in which H. sa‐
piens may participate. Although we are not the first to make many 
of these points (see Bliege Bird & Nimmo, 2018; Castilla, 1999), this 
perspective remains challenging to address and develop.

Perhaps the most central and most challenging issue is address‐
ing both interspecific and intraspecific considerations. We attempt 
this through a comparative framework (Figure 1). At the interspe‐
cific level, we present the argument that there is a large range of 
overlap between H. sapiens ecology and the ecology of nonhuman 
species, which allows us to discuss H. sapiens in ecological terms. 
Our challenge in this paper is to examine the ways in which H. sa‐
piens can be a subject of ecological enquiry, while not antagonizing 
researchers who either believe (a) H. sapiens is incomparable to 
nonhuman species because it has proved itself to be evolution‐
arily unique and any discussion must give priority to all of these 
differences (primarily ecologists); or (b) H. sapiens is infinitely more 
variable and flexible than ecology is willing to account for, and any 
discussion must therefore consider all of these variations (primarily 
anthropologists). Indeed, within ecology there may be a tendency 
to give relatively little emphasis to intraspecific variation in repro‐
ductive life‐histories, foraging strategies and diets, physiology, de‐
velopment, and social organization, such that the discovery of the 
importance of such variation is noteworthy and surprising (e.g., in 
animal ecology see Ford et al., 1997; Hebblewhite & Merrill, 2007, 
2009; Montgomery et al., 2018; Putman & Flueck, 2011). We also 
note that there is no equivalent general term within ecology and 

evolution comparable to the terms “lifeway,” “livelihood,” or “sub‐
sistence strategy,” except possibly “phenotype,” in the sense of the 
expression of genes and epigenetic factors, and their plastic inter‐
actions with the environment, including development and physiol‐
ogy, behaviors, and morphology. We will use the term phenotype 
in this broad sense (not limited to gene expression as morphology) 
in the rest of the paper (Jablonka & Lamb, 2007; Piersma & Van 
Gils, 2011; West‐Eberhard, 1989).

For the purposes of this paper, we deliberately generalize about 
H. sapiens in exactly the same way that ecologists generalize about 
nonhuman species. This is intended as a provocation: What hap‐
pens, intellectually, to our understanding of H. sapiens ecology if 
we generalize in an ecological style, rather than particularizing in 
an anthropological style (see Gremillion, Barton, & Piperno, 2014)? 
Generalizing in an ecological style specifically does not mean that 
we are following in the footsteps of other ecologists, who claim 
about H. sapiens, for example, that their impacts on the environ‐
ment are “not biological” (Ellis, 2015) and that the paleohistory of 
their impacts on the global environment constitutes a “single event” 
(Chase‐Dunn & Lerro, 2013) without significant intraspecific varia‐
tion in those impacts (Ellis, 2015). Indeed, our claim is that, far from 
being “romantic” or naive to view H. sapiens as an animal (Ellis, 2015), 
it is rather eminently scientific and rational: It is a removal of the 
anthropocentric exceptionalism bias and thus a claim to treat all data 
the same without prejudice. We hope to raise questions as to what 
forms of knowledge are made available to or occluded from ecolog‐
ical enquiry by treating species (or some species, but not others) at 
the intraspecific level as either uniform and phenotypically inflexi‐
ble in their interactions with the environment, or vice versa, as so 
variable and flexible as to defy ecological generalizations about their 
interactions with the environment. We propose that valid ecological 
generalizations about all species would take into account both inter‐ 
and intraspecific variation.

We believe that taking a provocatively recentered view of 
H. sapiens ecology is important for at least two reasons: (a) A move 
away from an implicit position of human exceptionalism can help 
form new interdisciplinary connections based on commonalities 
between H. sapiens and nonhuman species across the life and en‐
vironmental sciences; (b) the world can be different because it 
already is (Gibson‐Graham, 2006): as suggested by this famous 
claim, recognizing hidden realities can open up new bases for 
future action—here, we are thinking specifically of sustainability 
and conservation approaches. To again cite Ellis (2015), only be‐
cause it is exceptionally explicit, the orthodox ecological view is 
that H. sapiens is enacting its “single event” destiny, following a 
unidirectional path of cultural development without significant in‐
traspecific variation in its ecological impacts, leading to global de‐
struction. Though many ecologists repeatedly claim that if only we 
understood the relevant variables better we could engineer pos‐
itive socio‐ecological outcomes, one honestly has to ask whether 
their own reasoning provides any theoretical basis for their claim 
that the future can be radically different from all of the past (which 
they claim forms a single trajectory). Shifting the frame away from 

F I G U R E  1   The framework of interspecific comparison and 
intraspecific variation in which we position this paper. The axes 
are not scaled. The overlap shown between Homo sapiens and 
other species' ecologies is not intended to be to scale or to make a 
quantitative claim about how much overlap there is
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this exceptionalist discourse that denies significance to both in‐
terspecific comparison and intraspecific variation, toward an em‐
pirically based attention to the range of possible ecological roles 
and impacts of H. sapiens, opens up new theoretical grounds for 
practical conservation work.

We opened the paper by stating that we want to move from 
overly conceptual debates to empirical data, so why are we now call‐
ing for a critical shift in conceptualization? Our claim is that this shift 
will refocus how we attend to empirical data. A good example of how 
a shift in perspective can reveal unexpected empirical observations 
and new research directions is Bond and Keeley (2005). This review 
paper reframed fire as a type of herbivory, leading to novel insights 
about the role of fire in ecosystems and in interactions with (animal) 
herbivores, its “naturalness,” and its role in evolution, with important 
impacts on the field of fire ecology. Another example comes from 
Marx's environmental writings (Foster, 1999). Marx had the insight, 
during the English soil fertility crisis of the mid‐1800s, that the mi‐
gration of peasants to urban industrial centers meant that nutrients 
were exported, as food, from agricultural lands to cities, and then 
not returned to the ecosystems of origin since urban human feces 
were channeled through sewage systems to the sea, leading to a 
gradual loss in soil fertility. This early reframing of agriculture, indus‐
trialization, and social change as nutrient dynamics contributed to 
Marx's critique of capitalism. More prosaically, Root‐Bernstein and 
Svenning (2018) suggest that new approaches to managing overuse 
of nature tourism trails could emerge from refocusing this issue on 
the ecology of how and when H. sapiens and small mammal trails, 
which they demonstrate have similar effects, positively affect plant 
biodiversity.

Here, we consider a reframing of H. sapiens as an ecological 
actor through the lens of its potential roles in ecological resto‐
ration. We first discuss the ecological theoretical context in which 
we frame this discussion; we then consider the phenotypes and 
niches of H. sapiens, other Homo species, and large omnivores, and 
their possible ecological impacts. Finally, we consider some possible 
impacts of H. sapiens as a taxon substitute for the considered eco‐
logical impacts where they have been lost, and provide a general 
overview of approaches to doing so. This subject is so vast that we 
do not claim to have written a review paper; it is rather the outline 
for a giant interdisciplinary review project that could take years, if 
not decades.

2  | CONTE X T OF ECOLOGIC AL THEORY

Species extinctions are one of the most urgent conservation 
threats today. A large “extinction debt” is thought to already exist, 
with many species possibly fated to disappear (Kuussaari et al., 
2009; Tilman, May, Lehman, & Nowak, 1994). Long before species 
entirely disappear, however, their ecological functions may go 
extinct (Janzen, 2001; Valiente‐Banuet et al., 2015). The loss of 
ecological functions can result when a species is at too low a den‐
sity or too few in number to significantly carry out an ecological 

process. In biodiverse ecosystems, multiple species with similar 
ecological roles are expected to be functionally redundant, act‐
ing as buffers so that environmental perturbations and ecological 
and/or evolutionary extinctions do not immediately impact the 
ecosystem (Tylianakis, Laliberté, Nielsen, & Bascompte, 2010). 
Nevertheless, many ecological communities eventually suffer 
“ecological downsizing” in which successively smaller species 
are extirpated or go extinct (Norkko, Villnas, Norkko, Valanko, 
& Pilditch, 2013; Pérez‐Méndez, Jordano, & Valido, 2015). This 
defaunation contributes to degradation by altering the spa‐
tiotemporal patterns of many ecological processes (Bruun & 
Fritzbøger, 2002; Dirzo et al., 2014; Root‐Bernstein et al., 2016). 
Contemporary defaunation is not the only baseline for restora‐
tion, however. Various baselines for defining a functioning eco‐
system may be proposed, since the dramatic loss of species with 
key ecological roles has been ongoing since the late Pleistocene in 
many areas (Donlan et al., 2006; Martin, 1970). Loss of ecological 
functions due to Pleistocene extinctions may continue to affect 
current ecosystem dynamics (Gill, Williams, Jackson, Lininger, & 
Robinson, 2009; Guimarães, Galetti, & Jordano, 2008; Johnson, 
2009; Martin, 1970; Rule et al., 2008).

At least two approaches exist to reverse ecological extinction. 
One is to reintroduce missing species to a sufficient population 
size that their ecological functions are restored (Seddon, Griffiths, 
Soorae, & Armstrong, 2014). However, when the extinct ecological 
functions were only carried out in a particular ecosystem by a species 
that is now evolutionary extinct, functionally equivalent species may 
be introduced to restore the ecological function, known as “taxon 
substitution” (Searcy, Rollins, & Shaffer, 2016). Rewilding has devel‐
oped as one conservation and restoration approach that may use 
either reintroduction or taxon substitution to restore functions that 
underlie ecological processes (Lorimer et al., 2015; Root‐Bernstein, 
Galetti, & Ladle, 2017; Svenning et al., 2015). Implicit in the rewil‐
ding approach is the goal or intention to establish self‐managing 
ecosystems whose biodiversity and ecosystem processes are main‐
tained spontaneously and endogenously by the species and abiotic 
elements in the ecosystem (Lorimer et al., 2015; Root‐Bernstein et 
al., 2017; Svenning et al., 2015). Increasing recognition of ecological 
extinction, and attempts to reverse it through reintroductions and 
taxon substitutions, has contributed to a recent focus on functional 
ecology, and on the ecology of many extinct and endangered large 
and medium‐sized mammals (Andriuzzi & Wall, 2018; Galetti, Pires, 
Brancalion, & Fernandez, 2017; Johnson et al., 2018; Naundrup & 
Svenning, 2015; Root‐Bernstein & Svenning, 2016; Sanderson et al., 
2008).

However, we observe a rather startling set of underdeveloped 
areas in this literature: What are or were the ecological roles of 
H. sapiens, its recently extinct congeneric clade members, and ex‐
tant guild members (omnivores)? In what follows, we consider the 
phenotypes and ecological extinctions of these species, their func‐
tional ecology, and possible ecological impacts, and consider some 
approaches to restoring potentially missing ecological functions at‐
tributable to them.
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3  | THE PHENOT YPES AND ECOLOGIC AL 
E X TINC TIONS OF HOMO SAPIENS , 
HOMININS,  AND L ARGE OMNIVORES

To develop our comparative framework, we first describe the phe‐
notypes in the broad sense of H. sapiens, then those of the extinct 
species from the genus Homo, and finally those of other large om‐
nivores that can be considered to form an ecological guild including 
H. sapiens.

The genus Homo includes one extant species (Homo sapiens 
Linnaeus) listed globally as Least Concern (IUCN Red List, accessed 
2014). Homo sapiens has the largest distribution of any terrestrial 
mammal, has populations in many protected areas, and is regulated 
under Appendix II of CITES as well as a number of species‐specific 
international treaties and national laws. There is debate about its na‐
tive status across its range, implications for which we discuss below. 
H. sapiens is megafaunal by some definitions, at >44 kg (Martin, 1984; 
Stuart, 1991). It is an omnivore, defined as acting as both a preda‐
tor and an herbivore (Bonhommeau et al., 2013; Kratina, LeCraw, 
Ingram, & Anholt, 2012). Homo sapiens is also a habitat generalist 
that uses cultural innovations unusually extensively in the acquisi‐
tion and processing of resources, and is notable for the exceptional 
magnitude and breadth of its niche constructing effects (Boivin et 
al., 2016; Burnside et al., 2012; Ellis, 2015; Rowley‐Conwy & Layton, 
2011; Sullivan, Bird, & Perry, 2017). Indeed, due to its extensive and 
pervasive role in many ecosystems Homo sapiens has been argued to 
be a “hyperkeystone” species (Worm & Paine, 2016).

Homo sapiens populations have at least two distinct phenotype 
clusters, not in the morphological sense, but in the broader sense of 
life‐history strategies, foraging, diet and physiological strategies, and 
social organizations: the hunter‐gatherer strategy and the agricul‐
ture strategy (Gremillion et al., 2014; Kelly, 1995). Here, we include 
pastoralism within agriculture (Diamond, 2002; Grigg, 1974), al‐
though some researchers consider this as a separate strategy. These 
two (or three) strategies form the extreme ends of a gradient, with 
agriculturalists often performing some hunting or gathering activi‐
ties, and hunter‐gatherers often performing some plant and animal 
tending (Harris, 2012). As we move toward the agriculture strategy, 
ecological interactions become, in general, limited to a smaller num‐
ber of interacting species, higher intensity, more predictable (less 
flexible) in space and time, and involving a greater number of less 
flexible partitions in ecological roles between individuals, compared 
to a hunter‐gatherer strategy within the same habitat (Gepts et al., 
2012). Both strategies involve populations at low density engaged 
in a highly variable suite of disturbance activities, mutualisms, and 
ecosystem engineering/niche construction activities. The hunter‐
gatherer strategy, while varying widely, can be characterized by a 
common specialization of males as functional carnivores, while fe‐
males remain functional omnivores, that is, they both hunt game 
and gather animal, plant, and fungal foods (Allendorf & Hard, 2009; 
Bleige Bird, Codding, & Bird, 2009; Estioko‐Griffin, 1986; Kelly, 
1995). Another way to describe this is that males tend to special‐
ize in high‐variance forms of foraging that result in unpredictable 

“windfall” harvests; this usually means hunting large mobile prey 
(Bleige Bird et al., 2009). The agriculturalist strategy, which emerged 
only in the last 10,000 years (Gremillion et al., 2014), generally also 
includes sex‐based differentiation in ecological roles (though what 
the roles are varies), as well as individuals who, though they depend 
on agriculture sensu stricto for food, have facultative behavioral 
specializations that may not involve food production, and inhabit 
complex, ecosystem‐engineered and constructed habitats at high 
population densities. Hunter‐gatherer and agriculturalist H. sapiens 
often co‐occur (Bharucha & Pretty, 2010).

Homo sapiens is well known to demonstrate significant pheno‐
typic plasticity and environment–phenotype interactions (Collard & 
Wood, 2007; Gilbert & Epel, 2009; Ross, Moate, Marett, Cocks, & 
Hayes, 2013; Rowley‐Conwy & Layton, 2011). All species have some 
combination, which varies across species, of fixed species‐specific 
genetic control over the phenotype, and epigenetic and environ‐
mentally induced variation and plasticity (Gilbert, 2001; Tinbergen, 
1989). For H. sapiens, there are debates over how this integration 
works (Hawkes & Coxworth, 2013; Jones, 2015; Kelly, 1995; Loo, 
Hawkes, & Kim, 2017; Marlowe, 2005; Svizzero & Tisdell, 2015). 
Though sometimes unproductive, due to the difficulty of distin‐
guishing between the nature of the different influences on the phe‐
notype in the broad sense, these debates put a particular emphasis 
on within‐species variation, which, as we noted in the Introduction, 
is sometimes underappreciated in ecological studies of nonhuman 
species. The loss of phenotypic intraspecific variation—variation in 
foraging, diet and physiological strategies, social organization, and 
life‐history strategies—is potentially just as important to ecological 
extinction as the loss of entire species (Booke, 1981; Brown, Agee, 
& Franklin, 2004; Jesmer et al., 2018). Within H. sapiens, the hunter‐
gatherer end of the life‐history strategy gradient, with its many 
regional and local variants, is currently threatened with biocultural 
extinction (Rapport & Maffi, 2010).

Up to 15 hominins (the clade more closely related to Homo sapi‐
ens than to chimpanzees and bonobos) evolved and went extinct be‐
tween the Plio‐Pleistocene and the Holocene (Table 1; Wood, 2017; 
Wood & Lonergan, 2008; Wood & Richmond, 2000). We arbitrarily 
choose the Plio‐Pleistocene here as our starting point. All known 
extinct hominins were likely to have been group‐living omnivores, 
some of which coexisted, at least temporarily (Klein, 2005; Pickering, 
2006). Although many snapshots of hominin species’ diets in partic‐
ular places and times are emerging (Blasco & Peris, 2012; Boschian 
& Saccà, 2015; Ferraro et al., 2013; Hardy & Moncel, 2011; Henry, 
Brooks, & Piperno, 2014; Macho, 2014), compared to living species, 
less is known about the ancient hominin niche and their phenotypes 
in the broad sense (Richards, 2002).

The guild of large omnivores shares (by definition) some niche 
and phenotype features with H. sapiens, including flexible and gen‐
eralist feeding strategies, and a suite of disturbance and ecosystem 
engineering/niche construction behaviors, though at lower intensi‐
ties and complexities than found in H. sapiens. We discuss specific 
examples of these below. Similarly to H. sapiens, other large omni‐
vores are opportunistic foragers, targeting areas with nonmobile 
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prey and hunting for mobile prey as they encounter it (Bastille‐
Rousseau, Fortin, Dussault, Courtois, & Ouellet, 2011; Kelly, 1995). 
There does not seem to be any literature on sex‐based specialization 
in foraging strategies in large omnivores other than H. sapiens. We 
are also not aware of studies on intraspecific variation in phenotypic 
strategies in large omnivores, though this may be a lacuna in the data 
rather than a unique feature of H. sapiens.

Omnivores have a high proportion of historical extinction and 
contemporary threat, with one third (32%) of terrestrial Pleistocene/
Holocene large omnivores extinct, and of those remaining, half (51%) 
classed as at least “vulnerable to extinction” (Table 2). Large omni‐
vores are not present in all ecosystems, but they are widespread 
(Terradas & Penuelas, 2011; Thompson, Hemberg, Starzomski, & 
Shurin, 2007). Despite considerable attention and debate about 
the outcomes of top predator loss and megaherbivore defaunation 
(Ripple et al., 2014, 2015), there seem to be few equivalent field 
studies of the effects of defaunation on large omnivore loss, or the 
effects of large omnivore loss on ecological functioning.

We thus identify a set of interrelated underdeveloped areas in 
the literature on ecological extinction and defaunation. Next, we 
briefly consider evidence for the kinds of ecological functions and 
processes that may be missing: those of the omnivore guild where it 
experiences defaunation, of the Homo genus, and of the H. sapiens 
hunter‐gatherer phenotype where it has been or is being lost. The 
historical presence of different H. sapiens phenotypes in the broad 
sense, hominins, and other large omnivore species varies with lo‐
cation and is not equivalent in all areas (Faurby & Svenning, 2015; 
Sandom, Faurby, Sandel, & Svenning, 2014). We argue that especially 
where they existed on longer time scales, their loss may have had 
ecological consequences that have been inadequately considered.

4  | THE NICHES AND FUNC TIONAL 
ECOLOGY OF L ARGE OMNIVORES, 
HOMININS,  AND HOMO SAPIENS

Functional traits are phenotypic traits of organisms that enable and 
control the rates and distributions of ecosystem processes (Díaz et 
al., 2007). Functional ecology is the study of the links between spe‐
cies phenotypes and ecological processes. Research on animal func‐
tional traits is somewhat underdeveloped (Hortal et al., 2015); for 
example, there are no authoritative lists of animal functional traits 
and their relationship to ecosystem processes comparable to those 
existing for plants. However, animal functional traits are extremely 
interesting due to the many ecosystem processes that animals af‐
fect, through trophic and nontrophic interactions such as creating 
intermediate disturbances, herbivory, predation and associated cas‐
cading effects, or ecosystem engineering and niche construction 
(Vanni, 2002; Wall & Moore, 1999). Understanding the key func‐
tional traits and resulting ecological functions and spatiotemporal 
patterns that are lost to defaunation or extinction is thus critical to 
selecting the most ecologically equivalent proxy species, when the 
lost species itself cannot be reintroduced (Chalcraft & Resetarits, 
2003; Searcy et al., 2016).

We first consider the ecological functions of omnivores, to pro‐
vide a basis for ecological comparisons between the omnivore guild 
in general, and specific functions of Homo sapiens and the extinct 
species of the Homo genus.

Omnivores appear to have some distinctive ecological functions 
(Figure 2). Omnivores often maintain multiple weak links across 
trophic levels, which contribute to long‐term persistence and resil‐
ience of food webs (Gellner & McCann, 2011; Kratina et al., 2012; 
Stouffer & Bascompte, 2010). Due to their ability to exploit spatially 
and temporally discrete resources, omnivores can damp resource 
pulses at both the primary and secondary trophic levels (Shaner & 
Macko, 2011; Visser, Mariani, & Pigolotti, 2012). For illustrative and 
comparative purposes, here we provide some specific examples of 
the ecological roles of selected large omnivores. Bears eat grasses, 
forbs, ferns, fruits, roots and tubers, insects, honey, birds, ungulates 
(particularly neonates), and mammal carrion, in different propor‐
tions across the year, and across habitats (Laurie & Seidensticker, 

TA B L E  1   Hominin species since the beginning of the 
Pleistocene, following Wood (2017)

Species Category

Homo sapiens Anatomically 
modern Homo

H. neanderthalensis Premodern Homo

H. heidelbergensis Premodern Homo

Denisovans Premodern Homo

H. naledi Premodern Homo

H. rhodesiensis Premodern Homo

H. antecessor Premodern Homo

Dmanisi Premodern Homo

H. ergaster Premodern Homo

H. erectus Premodern Homo

H. florsiensis Premodern Homo

H. habilis Transitional 
hominins

H. rudolfensis Transitional 
hominins

Australopithecus africanus Archaic hominins

Au. sediba Archaic hominins

Paranthropus robustus Megadont and 
hyper‐megadont 
archaic hominids

Au. garhi Megadont and 
hyper‐megadont 
archaic hominids

P. boisei Megadont and 
hyper‐megadont 
archaic hominids

P. aethiopicus Megadont and 
hyper‐megadont 
archaic hominids
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1977; Munro, Nielsen, Price, Stenhouse, & Boyce, 2006; Noyce, 
Kannowski, & Riggs, 1997; Servheen, 1983). Bears predate large 
as well as a range of medium‐sized and small prey species (Stirling 
& Derocher, 1990). Pigs also eat fruits, seeds, invertebrates, eggs, 
reptiles, birds and mammals, carrion, roots, and grasses (Ghiglieri, 
Butynski, & Struhsaker, 1982; Leus & MacDonald, 1997; Skinner, 
Breytenbach, & Maberly, 1976). These represent some of the spe‐
cies, taxonomic groups, functional traits, or nutrient pools that these 
large omnivores may regulate. Omnivores also provide a range of 
ecological disturbances. While foraging, large omnivores may dig in 
the soil, overturn rocks, and help to break down fallen trees, affect‐
ing soil processes for example (Andriuzzi & Wall, 2018; Ghiglieri et 
al., 1982; Laurie & Seidensticker, 1977; Munro et al., 2006; Skinner 
et al., 1976). Sus scrofa is considered an ecosystem engineer due to 
the impacts of its extensive disturbances created during foraging 
(Barrios‐Garcia & Ballari, 2012). Grizzly bear digging for lily bulbs has 
an ecosystem engineering effect increasing soil nitrogen and promot‐
ing the growth of lilies (Tardiff & Stanford, 1998). Black bears Ursus 
americanus and brown bears Ursus arctos in a wide range of habitats 
excavate dens, which provide an insulated microhabitat (LeCount, 
1980; Miller, 1990). Grizzly bears and wild boar create nests from 
depressed vegetation (Barrios‐Garcia & Ballari, 2012; Munro et al., 
2006) affecting microhabitat structure, the microclimate, and poten‐
tially the accumulation of plant litter. Bears and pigs both scratch 
trees (Heinken, Schmidt, Oheimb, Kriebitzsch, & Ellenberg, 2006; 
Laurie & Seidensticker, 1977; Skinner et al., 1976), damaging the bark 
and providing a niche for molds and fungi, which may contribute to 
tree death and forest succession (Schmidt, 2006). Pigs may make and 

F I G U R E  2   Some generic ecosystem impacts of large omnivores. 
Large omnivores eat, for example, (1) berries, seeds, and nuts, (2) 
grasses and other plants, (3) eggs. (4) They damage tree bark, (5) dig 
in soil and litter, (6) overturn rocks, and (7) help break down rotting 
wood while foraging for invertebrates and other food sources. They 
(8) make nests, (9) trails, and (10) burrows. They also connect, as 
shown, a variety of habitat types. Image © MR‐B. Inset: Examples 
of large omnivores: black bear Ursus americanus and semi‐wild 
Tamworth pigs (photographs © Jens‐Christian Svenning)

O
rd

er
Fa

m
ily

G
en

us
Sp

ec
ie

s
Te

rr
es

tr
ia

l
Fr

es
hw

at
er

M
ar

in
e

Fl
yi

ng
Si

ze
 (g

)
Tr

op
hi

c 
Le

ve
l

M
as

s (
kg

)
D

ie
t

D
en

si
ty

St
at

us

C
ar

ni
vo

ra
Ph

oc
id

ae
H

yd
ru

rg
a

le
pt

on
yx

1
0

1
0

36
0,

00
0

2
35

2.
67

5
6

LC

C
ar

ni
vo

ra
Ph

oc
id

ae
Le

pt
on

yc
ho

te
s

w
ed

de
lli

i
1

0
1

0
36

0,
00

0
2

40
0

6
LC

C
ar

ni
vo

ra
U

rs
id

ae
U

rs
us

m
ar

iti
m

us
1

0
1

0
38

8,
75

0.
4

2
37

1.
70

3
3

7.
05

E−
03

V

C
et

ar
tio

da
ct

yl
a

H
ip

po
po

ta
m

id
ae

H
ip

po
po

ta
m

us
le

m
er

le
i

1
1

0
0

50
0,

03
4.

5
2

X

C
et

ar
tio

da
ct

yl
a

H
ip

po
po

ta
m

id
ae

H
ip

po
po

ta
m

us
m

ad
ag

as
‐

ca
rie

ns
is

1
1

0
0

50
0,

03
4.

5
2

X

C
ar

ni
vo

ra
U

rs
id

ae
A

rc
to

du
s

bo
na

rie
ns

is
60

0
X

C
ar

ni
vo

ra
U

rs
id

ae
A

rc
to

du
s

si
m

us
72

0
X

C
ar

ni
vo

ra
Ph

oc
id

ae
M

iro
un

ga
an

gu
st

iro
st

ris
1

0
1

0
75

0,
00

0
2

1,
11

2.
39

6
LC

C
ar

ni
vo

ra
O

do
be

ni
da

e
O

do
be

nu
s

ro
sm

ar
us

1
0

1
0

82
5,

00
0

2
V

C
et

ar
tio

da
ct

yl
a

H
ip

po
po

ta
m

id
ae

H
ip

po
po

ta
m

us
am

ph
ib

iu
s

1
1

1
0

1,
41

7,
49

0
2

15
36

.3
1

2
2

V

N
ot

e.
 O

m
ni

vo
re

s 
ar

e 
lis

te
d 

in
 o

rd
er

 o
f i

nc
re

as
in

g 
m

as
s.

 T
he

 c
ol

um
ns

 “
Te

rr
es

tr
ia

l,”
 “

M
ar

in
e,

” “
Fr

es
hw

at
er

,” 
“F

ly
in

g,
” “

Si
ze

,” 
an

d 
“T

ro
ph

ic
 le

ve
l” 

co
m

e 
fr

om
 M

am
m

al
D

IE
T,

 w
hi

le
 “

M
as

s,”
 “

D
ie

t,”
 a

nd
 “

D
en

si
ty

” 
co

m
e 

fr
om

 P
A

N
th

er
ia

. W
hi

le
 2

 in
di

ca
te

s o
m

ni
vo

ry
 in

 th
e 

tr
op

hi
c 

le
ve

l c
la

ss
ifi

ca
tio

n 
of

 M
am

m
al

D
IE

T,
 P

A
N

th
er

ia
 li

st
s t

he
 n

um
be

r o
f t

ro
ph

ic
 le

ve
ls

 e
at

en
 fr

om
 u

nd
er

 “D
ie

t.”
 “S

ta
tu

s”
 re

fe
rs

 to
 IU

C
N

 e
xt

in
ct

io
n 

ris
k 

st
at

us
. E

xt
in

ct
 s

pe
ci

es
 a

re
 s

ha
de

d.
 S

om
e 

an
im

al
s 

th
at

 a
re

 ty
pi

ca
lly

 c
on

si
de

re
d 

no
t b

e 
om

ni
vo

re
s 

ar
e 

in
cl

ud
ed

 h
er

e,
 s

uc
h 

as
 h

ip
po

po
ta

m
us

; o
ur

 ta
bl

e 
si

m
pl

y 
re

fle
ct

s 
th

e 
so

ur
ce

 d
at

ab
as

es
.

TA
B

LE
 2

 
(C

on
tin

ue
d)



10882  |     ROOT‐BERNSTEIN and LADLE

TA B L E  3   Some functional traits of hunter‐gatherer Homo sapiens and their relations to some ecological processes

Trait
Associated 
process Type of process Suggested measure

Indicative specific examples or 
review papers

Fruit‐eating Seed dispersal via 
endozoochory

Facilitation/
mutualism

Gape width 
Incisor length 
Fruit‐opening technology 
Tree climbing height

Ungar (1996), Pires et al. (2014), and 
Kraft, Venkataraman, and Dominy 
(2014)

Basket technology Volume of basket relative to 
fruit, fruit load 
Home range

Oswalt (1972)

Defecation microhabitat Overlap with germination 
microhabitat

Bassotti and Villanacci (2013) and 
Reinhard, Hevly, and Anderson 
(1987)

Hairiness Seed dispersal via 
ectozoochory 
(epi‐anthropo‐
chory)

Facilitation/
mutualism

Height 
Hair density 
Hair length

Rantala (2010)

Clothing Clothing material (adhesive‐
ness) 
Clothing area 
Clothing height

Wichmann et al. (2008), Ansong and 
Pickering (2014)

Bee keeping Pollination 
mutualisms

Facilitation/
mutualism

Bee population 
Bee‐pollinated plant 
populations

Dale and Ashley (2010)

Fire technology Fire regulation: 
area affected and 
intensity

Disturbance/
predation

Type of technology 
Home range (dispersal) 
Frequency of use

Roebroeks and Villa (2011), 
Archibald, Staver, and Levin (2012)

Trail formation Area, frequency, density Johnson et al. (2018)

Digging in soil and litter Area, frequency, density

Terra preta or trash heaps Soil formation Niche construc‐
tion/coevolution

Rate of accumulation 
Volume formed

McMichael et al. (2012) and Schmidt 
(2013)

Dams, canals, drainage Hydrological 
cycling

Niche construc‐
tion/coevolution

Associated practices and 
technologies

Williams et al. (2014)

Defecation microhabitat Nutrient flux Niche construc‐
tion/coevolution

Habitat distribution of each Foster (1999), Andriuzzi and Wall 
(2018)

Burial microhabitat Brandt (1988)

Trampling Bioperturbation Disturbance/
predation

Area, frequency, density Ejrnæs (2015), Mason et al. (2015), 
Root‐Bernstein and Svenning 
(2018)

Trail formation Area, frequency, density

Digging in soil and litter Area, frequency, density, 
digging tool technology

Hunting and gathering Herbivore (bird, 
mammal, reptile, 
fish, mollusk, etc.) 
population 
control

Disturbance/
predation

Hunting technology, species 
richness hunted, rate of kill 
Body size 
Running speed, endurance, 
limb length 
Diet 
Tooth morphology

Oswalt (1972), Kelly (1995) and 
Lieberman and Bramble (2007)

Hunting and gathering Carnivore (bird, 
mammal, fish, 
etc.) population 
control

Disturbance/
predation

Hunting technology, species 
richness hunted, rate of kill 
Body size 
Running speed, limb length 
Diet 
Tooth morphology

Oswalt (1972) and Kelly (1995)

Hunting and gathering Arthropod control Disturbance/
predation

Diet Oswalt (1972) and Kelly (1995)

(Continues)
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use trails (Blouch, 1988), which can affect plant and animal biodiver‐
sity and seed and nutrient dispersal patterns. Trails could also act as 
natural fire breaks, while foraging by digging in leaf litter and soil can 
reduce fuel loads: These functions will affect fire intensity and dis‐
tribution and thus successional dynamics (Johnson et al., 2018). Both 
bears and pigs act as seed dispersers (Ghiglieri et al., 1982; Heinken 
et al., 2006; McConkey & Galetti, 1999). Large omnivores are also 
often habitat generalists, or inhabit habitat mosaics, and thus could 
be implicated in landscape mosaic dynamics (Munro et al., 2006; 
Saunders & Giles, 1995; Servheen, 1983). Large omnivores could also 
be important long‐distance link species (Lundberg & Moberg, 2003); 
salmon‐eating brown bears, for example, are a key link moving oce‐
anic nutrients into terrestrial forests (Gende, Miller, & Hood, 2007; 
Holtgrieve, Schindler, & Jewett, 2009). Brown bears are adapted to 
a wide range of environmental conditions and thus may create eco‐
logical connections between distinct habitats through foraging and 
dispersal (Fergusen & McLoughlin, 2000). Wild boars flexibly adjust 
their home ranges depending on ecological conditions (Morelle et al., 
2014). While bears tend to be solitary, pigs often form fission–fusion 
social structures (Ghiglieri et al., 1982). These social structures and 
territorial patterns will lead to different spatial distributions of eco‐
logical functions and processes.

Hominins, as large omnivores, almost certainly had similar eco‐
logical functions and characteristics. For example, they certainly 
varied in their trophic level, with Neanderthals obtaining most of 
their protein from larger herbivores, while comparable Homo sapiens 
populations in Europe ate a wider variety of smaller herbivores and 

fish (Richards & Trinkaus, 2009). Hominin trophic levels and diets 
also changed with location and time (Weyrich et al., 2017). During 
the Pleistocene, Homo spp. evolved a hunter‐gatherer strategy con‐
current with the evolution of cognitive and social adaptations for 
group hunting, meat and plant part processing, and food storage 
(Ungar, Grine, & Teaford, 2006). Gatherable, slow‐maturing, overex‐
ploitable species such as tortoises and shellfish were supplemented, 
by the Pleistocene–Holocene transition, with hunting and trapping 
of fast‐moving small game with rapid population growth, such as lag‐
omorphs and small birds (Stiner, 2002). While bears hibernate and 
wild pigs dig for tubers to survive winter food shortages, Homo spp. 
in temperate climates may have primarily relied on hunting high‐fat 
adult ungulates, a foraging tactic in some cases dominated by males 
as in contemporary Homo sapiens hunter‐gatherers (Stiner, 2002). 
Kuhn et al. (2006) argue that this sex‐based specialization in forag‐
ing emerged only around 50,000 years ago. Prior to this, hominins, 
including Neanderthals, appear to have lived in highly cooperative 
groups without clear specializations in foraging. The male special‐
ization for hunting large prey, nevertheless, developed before the 
Late Pleistocene/early Holocene megafaunal extinctions in which 
it may have played a critical role (Sandom et al., 2014). Kuhn et al. 
(2006) also emphasize that even within modern H. sapiens societ‐
ies with sex‐based foraging specializations, foraging strategies are 
flexible, and roles are exchangeable between sexes under various 
circumstances, and may change over the lifetime of an individual. 
This intraspecific and indeed intra‐individual variation is important 
to keep in mind and suggests that Homo spp. foraging strategies are 

Trait
Associated 
process Type of process Suggested measure

Indicative specific examples or 
review papers

Scavenging Disease and 
parasite lifecycle 
control

Niche construc‐
tion/coevolution

Frequency 
Time to clean carcass 
Volume consumed 
Tooth/tool morphology

Lieberman and Bramble (2007) and 
Pickering and Bunn (2007)

Defecation microhabitat Distance to food preparation, 
gathering 
Distance to water

Bassotti and Villanacci (2013) and 
Reinhard et al. (1987)

Medicinal ethnobotany Number of species uses known Elanchezhian, Kumar, Beena, and 
Suryanarayana (2007)

Planting Plant community 
succession

Facilitation/
mutualism

Species richness planted Michon, De Foresta, Levang, and 
Verdeaux (2007), Manner (1981) 
and Zvelebil and Rowley‐Conwy 
(1984)

Weeding Species richness weeded

Clearing (swidden) Frequency, area, density 
Tool use

Association with “beater” 
birds or honeyguides

Feeding mutual‐
isms or other 
mutualisms

Facilitation/
mutualism

Frequency Whelan, Wenny, and Marquis (2008)

Domestication Frequency 
Abundance

Larson et al. (2012)

Note. Some “traits” that Homo sapiens make or build are also included (cf. the “extended phenotype” or “constructed niche”). Quantitative measures are 
suggested wherever possible. “Control” may refer either to increase or decrease. The “indicative specific examples” column contains at least one exam‐
ple of a paper primarily from the ecology literature or a closely related literature, attending to this set of traits and/or the ecological processes it con‐
tributes to. There are obviously hundreds if not thousands of ethnographic examples for each category but it was beyond our capacity to cite all of 
these. For the types of processes, “niche construction/coevolution” refers to interactions linking biotic and abiotic processes, and feeding back to 
evolution; “facilitation/mutualism” refers to interactions that allow or increase ecological processes, and “disturbance/predation” refers to ecological 
processes characterized by destruction/conversion of biomass.

TA B L E  3   (Continued)
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not, on the whole, significantly different from those of other large 
omnivores. We can thus assume that the now‐extinct hominins had 
comparable ecological functions and affected ecological processes 
in ways similar to those discussed above, for other omnivores.

Homo sapiens hunter‐gatherers have roles in a wide range of 
ecosystem processes. Since a comprehensive review of H. sapiens 
hunter‐gatherer ecological roles would include the entire fields of 
ethnography, human ecology, and archaeology, we do not claim to 
be exhaustive. However, it should be noted that not only do hunter‐
gatherers have many different kinds of ecological roles, there is a 
strong functional trait x environment interaction (Kelly, 1995), and 
also variation among the outcomes of all these different interactions, 
ranging from very positive to neutral to very negative outcomes, at 
various scales (see also next section). The hunter‐gatherer pheno‐
type (as well as along the gradient toward agricultural strategies) has 
many commensal and mutualistic species, which benefit from H. sa‐
piens disturbances and niche construction (Diamond, 2002; Keller, 
2007; Lundholm & Richardson, 2010). For some plants, H. sapiens 
appears to have emerged as a substitute mutualistic partner after 
the extinction of megafauna (Kistler et al., 2015). Homo sapiens gath‐
ering can create trophic cascades that favor increased biodiversity 
(Castilla, 1999). Comberti, Thornton, Echeverria, and Patternson 
(2015) have described as “services to ecosystems” a suite of eco‐
logical roles performed by H. sapiens in the Amazon, including co‐
evolution, facilitation, seed dispersal, niche construction of aquatic 
or inundation‐free sites, burning, soil improvement, and habitat cre‐
ation for other species. Although there is more research on the eco‐
logical roles of H. sapiens than for the extinct species of the Homo 
genus or for the omnivore guild, this area of research is still patchy 
and not well integrated with standard ecological approaches.

In Table 3, we have attempted to summarize some key ecological 
processes contributed to by H. sapiens, and the functional traits of 
H. sapiens that support them. We approached the task of summa‐
rizing H. sapiens hunter‐gatherer ecological functions and functional 
traits comparatively, by consulting papers on nonhuman animal 
functional traits, and indicatively, drawing on the literature on H. sa‐
piens hunter‐gatherers. While there is no morphological difference 
underlying the different ecological functions across agriculturalist 
and hunter‐gatherer strategies, their functional traits nonetheless 
interact with the environment differently, given their phenotypes 
in the broad sense; we did not attempt to summarize agriculturalist 
ecological roles, which are not as a whole endangered (though of 
course many agricultural practices are in decline, such as transhu‐
mance; we do not wish to minimize the importance of the loss of tra‐
ditional small‐scale agricultural practice diversity, but it is, perhaps 
arbitrarily, outside the scope of this paper). We indicate functional 
traits for seed dispersal, soil formation and disturbance, interac‐
tions with fire, changes to the hydrological cycle and the nutrient 
cycle, population control of various taxa, and mutualisms affecting 
the ecological functions of other species. We can recognize at least 
three major kinds of ecological roles of H. sapiens that can have posi‐
tive (biodiversity increasing) outcomes: niche construction/coevolu‐
tion, facilitation/mutualism, and disturbance/predation.

By contrast, the widespread, negative ecological impacts of 
the agriculturalist phenotype cluster, or specifically, the variant 
that is currently most abundant (“conventional agriculture”), are 
well known and abundantly researched. Negative impacts include 
reduction in coevolved ecological interactions, reduction in de‐
gree of H. sapiens omnivory, increases in environmental distur‐
bances leading to degradation, and reduction in the frequency 
and extent of other agriculturalist strategies (at different points 
along the gradient) with lower risks of degradation impacts. Many 
of the existing ecological interactions within agricultural strate‐
gies, some of them involving coadaptations between species, are 
currently at risk of ecological extinction, leading to loss of agro‐
biodiversity (Gepts et al., 2012). Within H. sapiens, the emergence 
of agriculturalist populations and the increasing dominance of 
agriculture as a life‐history strategy had the effect of exposing 
H. sapiens to acute and chronic malnutrition, resulting in a low 
mean trophic level, equivalent to a reduction in degree of om‐
nivory (Benyshek & Watson, 2006; Pearson, 1997). The trophic 
level is now rising globally with the expansion and continued de‐
velopment of the agriculturalist H. sapiens constructed niche, no‐
tably the emergence of the so‐called “conventional agriculture” 
strategy, which however comes at the cost of a regime of severe 
chronic and pulse disturbances and environmental degradation 
(Bonhommeau et al., 2013; Darimont, Fox, Bryan, & Reimchen, 
2015; Pearson, 1997; Richards, 2002).

Various approaches to estimating the impact of H. sapiens on the 
global environment have been proposed (Ellis et al., 2013). A new 
era, the Anthropocene, has been proposed to indicate the period of 
H. sapiens’ planetary impact, starting around 1945, but with import‐
ant antecedents since the emergence of the Homo genus (Crutzen, 
2002; Foley et al., 2013). These impacts are largely attributable to 
the more extreme end of the agriculturalist phenotype gradient, al‐
though significant debates are ongoing about the contribution and 
roles of other phenotype clusters along this gradient. While there 
is a tendency to view this as an irreversible and accelerating eco‐
logical/evolutionary transition toward unsustainable environmen‐
tal destruction, various scholars have pointed out that variations in 
H. sapiens behaviors with different ecological impacts are still possi‐
ble (Roelvink, St. Martin, & Gibson‐Graham, 2015; Svizzero & Tisdell, 
2015).

5  | NEGATIVE AND POSITIVE IMPAC TS 
OF REINTRODUCING SOME H . SAPIENS  
ECOLOGIC AL FUNC TIONS

Restoration of the ecosystem functions discussed above, where they 
are missing, is broadly expected to have positive ecosystem impacts, 
although as with any restoration, reintroduction, or rewilding con‐
text, the scale and habitat specificity of the reinstated trophic and 
nontrophic interactions need to be carefully considered to ensure 
that negative impacts are avoided or minimized. The native status 
or temporal depth of large omnivore, hominin, and hunter‐gatherer 
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H. sapiens populations in different areas will play a part in deter‐
mining the expected historical and future impacts of their ecologi‐
cal roles (Faurby & Svenning, 2015; Sandom et al., 2014). In many 
cases, restoration of ecosystem functions may be possible through 
improved species‐ and population‐focused conservation actions or 
reintroductions. However, in the remainder of the paper we concen‐
trate on another possibility that we think is promising where such 
traditional approaches fail or are not feasible, that of H. sapiens act‐
ing as a substitute for lost ecological functions.

Research on proxy species and taxon substitutes for various 
restoration scenarios to reverse defaunation, as discussed in the 
Section 2, has considered a wide range of candidate taxa, nota‐
bly tortoises (Griffiths, Zuel, Jones, Ahamud, & Harris, 2013) and 
mammalian large fauna including horses and cattle (Naundrup & 
Svenning, 2015; Navarro & Pereira, 2015; Taylor, 2009; Sandom, 
Hughes, & Macdonald, 2012; Wilder et al., 2014). This approach 
has been criticized with the argument that proxy species introduc‐
tions, like invasive species introductions, could reduce biodiversity, 
damage ecosystem and evolutionary processes, and put H. sapiens 
populations at risk (Nogues‐Bravo, Simberloff, Rahbek, & Sanders, 
2016; Rubenstein, Rubenstein, D, Sherman, & Gavin, 2006). There 
is no standard definition of invasive species, but generally they are 
considered to be species that are outside their native range, have a 
rapidly increasing population or have become widespread and abun‐
dant, and harm the ecosystem (Colautti & MacIsaac, 2004). This is 
particularly relevant for H. sapiens as a potential proxy species. Many 
ecologists are accustomed to consider only the negative ecological 
impacts of H. sapiens and will undoubtedly be skeptical that it can 
safely be used as a taxon substitute. Researchers in conservation, 
restoration, and rewilding commonly use significant H. sapiens im‐
pact as a baseline, and seek to restore to before that impact in many 
cases (Corlett, 2013; Jachowski, Kesler, Steen, & Walters, 2015; 
Svenning et al., 2015). Here, we consider whether H. sapiens is an 
invasive species, and whether its negative environmental impacts 
can be decoupled from its positive ecosystem functions. Essentially, 
this is another version of an argument about whether H. sapiens has 
significant intraspecific variation in its ecological impacts, and/or 
whether the most environmentally destructive forms of agricultural‐
ist strategy are on an irreversible path to dominating the planet and 
the species (whether “things can be different because they already 
are,” or not).

The effects of H. sapiens’ activities on species and landscapes are 
widespread, profound, and historically old (Ellis et al., 2013). However, 
outside Africa and southern Eurasia, these impacts are recent in an 
evolutionary sense (≤50,000 years in Australia; ≤15,000 years in 
the Americas, and <1,000 years on New Zealand and many other is‐
lands; Sandom et al., 2014). Some definitions of invasiveness include 
the characteristic that the species range expansion is facilitated by 
H. sapiens (see e.g., Lee, 2002). By this definition, the original and all 
subsequent range expansions of H. sapiens from Africa were cases 
of invasion by self‐facilitation. In addition, there are undoubtedly 
negative impacts of H. sapiens range expansions. As noted above, 
the dominant varieties of agriculturalist strategy are now causing 

widespread negative environmental impacts (often with a consider‐
able lag time after the original range expansion and/or due to sec‐
ondary range expansions) (Bonhommeau et al., 2013; Darimont et 
al., 2015; Pearson, 1997; Richards, 2002). But the hunter‐gatherer 
phenotype can also have negative ecosystem impacts. Populations 
of hunter‐gatherer H. sapiens have been implicated in the extinction 
of many other species, including megafauna, island species, and 
others (Grayson, 2001; Holdaway et al., 2014; Kay, 1994; Koch & 
Barnosky, 2006; Martin, 1984; Martin & Szuter, 1999; Sandom et 
al., 2014). The small‐scale disturbances of hunter‐gatherer H. sa‐
piens may locally minimize biodiversity at certain spatiotemporal 
scales (Anthony, Marriner, & Morhange, 2014; Barlow, Gardner, 
Lees, Parry, & Peres, 2012; Bishop, Church, & Rowley‐Conwy, 2015; 
Feurdean et al., 2012; Kuneš, Pokorný, & Šída, 2008; Muler et al., 
2014). Homo sapiens’ hunting and gathering of the largest individuals 
within species reduces the value of large size as a defense structure 
and has been suggested to reduce the genetic variation needed to 
evolve new defense strategies (Vermeij, 2012). These negative im‐
pacts can be enough to establish the invasive status of H. sapiens of 
both phenotypes throughout its range, with the sole exception of 
some African populations (which, without being invasive, may still 
have negative impacts). This constitutes a serious argument against 
using H. sapiens as a taxon substitute (compare Nogues‐Bravo et al., 
2013), if we assume that these negative impacts are the result of 
invariant and fundamental functional traits of H. sapiens.

However, an appealing aspect of using H. sapiens as a taxon 
substitute is the possibility to draw selectively on its functional 
traits, taking advantage of its learning capacities and phenotypic 
flexibility. H. sapiens obviously cannot learn to perform any ecolog‐
ical function that exists, but of those in Table 3, individuals may be 
able to learn many variants. The examples of ecological functions in 
Table 3 in many cases have positive impacts on environmental vari‐
ables (see also Angelsen et al., 2014; Barrett, Lee, & McPeak, 2005; 
Bauch, Sills, & Pattanayak, 2014; Belcher, Ruíz‐Pérez, & Achdiawan, 
2005; Milder, Hart, Dobie, Minai, & Zaleski, 2014; Root‐Bernstein & 
Svenning, 2018; Sunderlin et al., 2005; Wunder, Angelsen, & Belcher, 
2014). Projects can facilitate trait–environment interactions of H. sa‐
piens that do not tend toward degradation and species extinctions.

Of the three main kinds of ecological functions summarized in 
Table 3, disturbance/predation (removal of biomass) is perhaps the 
kind of ecological role most likely to be expected to have negative 
impacts. However, the intermediate disturbance hypothesis states 
that high intensities reduce biomass, productivity, and species rich‐
ness, but medium intensities increase it (Shea, Roxburgh, & Rauscher, 
2004). This seems to be generally the case across forms of biomass 
destruction that could be described as either disturbance or preda‐
tion, whether in terms of gathering mollusks, grazing herbaceous 
plants, or destruction through fire or trampling (Root‐Bernstein, 
2013). Intensity of disturbance is notoriously difficult to measure 
(Shea et al., 2004). However, we estimate that medium intensities 
of disturbance may occur all across the gradient of hunter‐gatherer 
to agricultural strategies, although the impacts of those intensi‐
ties should vary with environmental conditions and the ecological 
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context. Bleige Bird (2015) argues that landscape‐scale intermedi‐
ate disturbance may drive positive ecological feedbacks and may 
also lead to shifts along the phenotype strategy gradient. This per‐
spective provides an argument for case‐by‐case analysis of the net 
environmental impacts of habitat‐specific H. sapiens phenotypes. 
As we describe in the next section, with examples, given existing 
documentation of positive effects of H. sapiens ecological roles, we 
believe it is possible for H. sapiens to learn to perform specific eco‐
system functions at adjustable and appropriate rates and densities 
(Armitage et al., 2009; Cundill, Cumming, Biggs, & Fabricius, 2011; 
Folk, Hahn, Olsson, & Norberg, 2005).

The history of domination by agriculturalist H. sapiens popula‐
tions and the decline or disappearance of hunter‐gatherers, other 
hominins and many large omnivores, may have contributed to a mov‐
ing baseline effect that has blinded ecologists to the ecological ef‐
fects of their functional extinctions (Anderson, Kelly, Ladley, Molloy, 
& Terry, 2011; Papworth, Rist, Coad, & Milner‐Gulland, 2009). 
Further research on the spatiotemporal patterns resulting from the 
particular foraging tactics, trophic interactions, and disturbance re‐
gimes of extant and extinct large omnivores (including Homo spp.) 
and H. sapiens hunter‐gatherers would help to develop more specific 
predictions about the possible impacts of their restoration where 
they are missing.

Finally, we provide a broad overview of approaches to using 
H. sapiens as a taxon substitute and the practical forms they might 
take. An “adaptive” approach assumes that a project has identified a 
contextual variation on the H. sapiens hunter‐gatherer phenotype, 
or a specific set of functional roles, that once had, or are expected 
to have, a net positive environmental impact. Secondly, the “proxy” 
approach is a use of specific H. sapiens behaviors and capabilities to 
generate a functional proxy for one of the many extinct or endan‐
gered large omnivores, including extinct hominins, in regions where 
they have a deep history.

We emphasize that, in our view, the appropriate way to em‐
ploy H. sapiens as a taxon substitute is to facilitate, with free prior 
informed consent and respecting human rights (Boyle & Anderson, 
1996; UNESCO, 2010), the spontaneous emergence of a self‐orga‐
nizing sustainably functioning ecological system not requiring coer‐
cive management interventions by conservation managers or other 
outside actors. Self‐determination, and the integrity of culturally ac‐
quired behaviors and information are key considerations (UNESCO, 
2018). However, we do not mean that populations of H. sapiens 
must each reinvent these ideas for themselves. We believe there is 
a clear role for facilitation through training, capacity building, and 
adaptive learning, if there is free prior informed consent for the ex‐
change of ideas and practices (Cundill et al., 2011; Worm & Paine, 
2016). Training and teaching can be coercive and unjust even when 
intentions are good: It is thus a responsibility of any conservation 
biologists wishing to implement any of our suggestions here in any 
kind of community to work with social scientists or development/
humanitarian/social work experts, along with community members, 
in the design of any form of facilitation, and to take into account how 
knowledge frames, values, and power are interrelated (Batterbury, 

2018; Borrini, Kothari, Oviedo, & Oviedo, 2004; Infield, Entwistle, 
Anthem, Mugisha, & Phillips, 2018; Reid et al., 2016; Stripple & 
Bulkeley, 2015; UNESCO, 2018). Any programs implementing any 
of the ideas sketched out below should be based on best practice in 
noncoercive exchange of ideas with self‐determining communities.

Homo sapiens could be employed as a proxy for many of the 
species we have focused on here (Table 3). While preserving the 
populations of endangered large omnivores is clearly a priority in its 
own right, in some cases it will not always be feasible to reintroduce 
them across their historical ranges, and proxies may be considered. 
Although H. sapiens spends time in freshwater and marine habitats, 
it is especially well adapted to a wide range of terrestrial habitats 
where the greatest losses of mega‐omnivores have occurred; for this 
reason, we focus on terrestrial contexts. Equally, where hunter‐gath‐
erer groups still exist, the priority should go toward safeguarding or 
improving their own capacity to carry out ecological functions.

We discuss three examples that could be implemented either 
through a “proxy” or an “adaptive” approach as outlined above, in‐
cluding foraging, transhumance, and hunting. Our discussion focuses 
on the ecological aspects of these roles rather than the governance, 
political, economic, environmental justice, or socio‐ecological is‐
sues, which are very important but have been extensively treated 
elsewhere.

Foraging of plant parts and mushrooms (and sedentary animals 
or life‐history stages, e.g., eggs) is an activity present throughout 
the ranges of H. sapiens, the hominins, and other mega‐omnivores, 
compatible with many baselines up to the present day. There are 
examples of foraging for plant parts or mushrooms leading to extinc‐
tions or species endangered status, but harvest for illegal globalized 
markets plays a role in all or most of these (Swarts & Dixon, 2009). 
Thus, we do not recommend encouraging foraging for products sold 
on to distant, unregulated, or black markets.

Ecological functions that H. sapiens can help to reintroduce 
through foraging include provision of intermediate disturbance 
(paths and trampling) promoting biodiversity and succession (Ejrnæs, 
2015) and seed dispersal (Pires et al., 2014), as well as potential food 
web stabilization via generalist omnivory (see above). As always, 
these potential benefits to ecosystem processes are habitat and 
context dependent. In Australia, for example, native plants do not 
appear to recover from Homo sapiens trampling even after a year, 
with potentially negative habitat impacts (Mason, Newsome, Moore, 
& Admiraal, 2015).

Hunting remains a very common activity of H. sapiens whether or 
not its primary function is to supplement the diet. Hunting strategies 
adapt to ecological and environmental conditions (Alves, Mendonça, 
Confessor, Vieira, & Lopez, 2009; Berkes & Jolly, 2002; Byers & 
Broughton, 2004; Gell, 1996). Thus, the local ecological knowledge 
(LEK) of hunters is often important to developing scientific man‐
agement plans (Tidemann & Gosler, 2012; Tori, McLeod, McKnight, 
Moorman, & Reid, 2002). On the other hand, unregulated and illegal 
hunting (poaching) is a scourge for many species and has led to many 
extinctions or expected extinctions (Dirzo et al., 2014). We would 
not advocate encouraging indiscriminate hunting of the largest prey 
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species, a phenomenon that has led to defaunation and “ecological 
shrinkage” throughout the tropics (Abernethy, Coad, Taylor, Lee, & 
Maisels, 2013; Corlett, 2013; Hansen & Galetti, 2009). Darimont et 
al. (2015) show that all contemporary H. sapiens hunters combined 
(sport, market, and subsistence) disproportionately target adult an‐
imals, which can also skew prey populations. Darimont et al. (2015) 
recommend emulating other predators’ hunting patterns as a form 
of management. Here, we add that emulation of omnivore hunting 
patterns could contribute to restoring the lost influences of extinct 
or threatened large omnivores.

Comobility of H. sapiens and large herbivores, which evolved 
into forms of domestication, pastoralism, and transhumance (Niven 
et al., 2012), is a possible proxy function representing a movement 
along the gradient away from agriculturalist life‐histories. Many re‐
lationships between H. sapiens and large herbivores lie somewhere 
between transhumance and hunting, such as with wild vicuñas 
(Vicugna vicugna) and guanacos (Lama guanicoe), which are captured 
every couple of years and shorn for their wool before being re‐
leased, a practice of the Inca that has recently been revived for sus‐
tainable exploitation (Bonacic, Feber, & Macdonald, 2006; Montes, 
Carmanchahi, Rey, & Funes, 2006). Reindeer (Rangifer tarandus) pro‐
vide another example of herded and exploited semi‐wild large herbi‐
vores, with a number of forms of interaction with H. sapiens (Ingold, 
1980). Large herbivore‐H. sapiens comobility is increasingly under 
threat (Sayre, McAllister, Bestelmeyer, Moritz, & Turner, 2013). Long‐
distance migrations of wild megaherbivores are also threatened by 
land use changes (Ito et al., 2013). Restoring large‐scale comobility 
could contribute to a number of ecosystem processes, such as seed 
dispersal (Poschlod & Bonn, 1998), and top‐down vegetation control. 
Krader (1955) argues that nomadic pastoralism constitutes a nearly 
closed symbiosis, with for example the dung of the ungulates being 
collected to use for fuel, rather than returning to the soil. Thus, one 
approach to “rewilding” pastoralism to move toward spontaneous 
comobility might include returning a proportion of dung, carcasses, 
and so on, to the local detritivores, so that less biomass production 
is monopolized and diverted by H. sapiens (Krausman et al., 2013).

6  | CONCLUSION

Ecologists increasingly recognize that H. sapiens has always been 
deeply enmeshed in ecological interactions. Despite widespread 
concern over the increasing negative environmental impacts of agri‐
culturalist H. sapiens, almost no attention has been paid to the extinc‐
tion of other ecological roles that this uniquely flexible species once 
played. Here, we have briefly considered the range of threatened or 
extinct functional roles of hunter‐gatherers, extinct hominins, and 
large omnivores. Conservationists will notice that our practical sug‐
gestions for using H. sapiens as a taxon substitute to replace some 
of these functions align closely with many existing livelihoods, con‐
servation practices, and emerging management approaches around 
the world. Our suggestions thus represent minor changes in prac‐
tice, but major changes in perspective. Ignoring the potential roles of 

H. sapiens within restoration projects overlooks their ecological roles 
as omnivores, their many commensalisms, mutualisms, disturbances, 
and niche constructions that can favor other species, their abundance 
and widespread distribution, and their ability to learn. It also ignores 
that they have previously, over evolutionary time, taken over the eco‐
logical roles of extinct species and are thus capable of doing so in the 
future (Kistler et al., 2015). This does not mean, in our view, that H. sa‐
piens could or should aim to simulate and replace all or any nonhuman 
species’ roles (Cantrell, Martin, & Ellis, 2017): Our argument is based 
on phenotype/niche similarities within the large omnivore guild, 
and the possibility of otherwise irreversible ecological extinctions. 
Because H. sapiens is capable of high levels of population density, 
trophic control, competition, and disturbance, many ecologists see it 
as fundamentally unlike nonhuman species, and inherently damaging 
to the environment. Using our comparative frame, we have attempted 
to show that this is a limited and biased view. Future research on re‐
ducing H. sapiens environmental harms should attend to the condi‐
tions under which H. sapiens’ negative environmental impacts can be 
successfully decoupled from important positive ecological roles.

We argue that H. sapiens is both a fully ecological subject, fully 
comparable to other species in its ecology, and an excellent exam‐
ple of intraspecies phenotypic variation and plasticity, influenced 
by a wide range of environmental, developmental, and learning and 
behavioral factors and processes. These should not be contradic‐
tory. A focus on the ecology of H. sapiens highlights the tension 
within ecology between variation and plasticity on the one hand, 
and global, conceptual patterns and evolutionary generalities on 
the other. This tension is not unique to H. sapiens ecology; it is 
increasingly evident as new observations of nongenetic, habitat‐
specific forms of adaptation, and ecological response to environ‐
mental change are accumulated in various biological and ecological 
disciplines. Perhaps thoughtful attention to the ways in which in‐
traspecific variation and plasticity in H. sapiens can translate into 
species‐level ecological generalities, but also to how to translate 
species‐level ecological generalities into habitat and community‐
level particularities, would be a helpful meeting point for cross‐dis‐
ciplinary research.
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