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1. Introduction
Human beings have an enormous capacity to modify the living world on earth. The terms ‘genetic modification’, ‘cis-genesis’[endnoteRef:1], ‘synthetic biology’[endnoteRef:2], ‘ecosystem restoration’[endnoteRef:3], ‘assisted migration’[endnoteRef:4], ‘de-extinction’[endnoteRef:5], and ‘domestication’, for example, refer only to a handful of different ways of conceptualizing intentional human impacts on living entities. From the point of view of biodiversity, how should these human influences be understood? Should the term ‘biodiversity’ be taken to include everything living from the deep sea fish to genetically modified crop plants and from primeval forests to stocks of industrial broiler farms? What about living entities unintentionally influenced by human beings, for example, through pollutants and species introductions? [1:  Cis-genesis is a form of plant breeding in which genes from plant species itself or from crossable species are introduced to it by GM-technology. Cis-genesis is comparable to the way existing genetic variation is used in traditional methods of plant breeding: the genes transferred by it could also have been transferred by traditional breeding techniques. (Jacobsen and Schouten 2009: 240; Schouten et al. 2006; Eriksson et al. 2014.)]  [2:  The goal of the synthetic biology is to create artificial life from scratch. In practice, two distinct lines of research can be distinguished. In its first sense, the term ‘synthetic biology’ refers to “the design and fabrication of biological components and systems that do not already exist in the natural world” and in its second sense to “the re-design and fabrication of existing biological systems” (Synthetic Biology Community 2014). Synthetic biologists working for the first goal use natural or artificial molecules and assemble them to create novel types of biological systems. The ones working for the second goal use artificial molecules to mimic natural molecules with the goal of creating artificial life. (Synthetic Biology Community 2014; Synthetic Biology Project 2014.)]  [3:  The term ”ecosystem restoration” refers to different kind of procedures aiming to diminish human disturbance or destruction on an ecosystem. In one extreme, cleaning trash away from a stream can be considered as restoration. In the other end of the continuum are cases in which a human destroyed ecosystem is rebuilt. (Katz 2012: 69.)]  [4:  Assisted migration is by Hällfors et al. (2014), defined as “safeguarding biological diversity through the translocation of representatives of a species or population harmed by climate change to an area outside the indigenous range of that unit where it would be predicted to move as climate changes, were it not for anthropogenic dispersal barriers or lack of time”.]  [5:  ‘De-extinction’ means bringing extinct species back to life, or to put it more precisely, creating an organism which is similar to members of an extinct species. De-extinction has not been carried out yet, but biotechnology offers various promising alternatives for achieving this purpose, and various research groups around the world are working towards the goal of de-extinction (Revive and Restore 2015; Oksanen and Siipi 2014).] 


The questions presented do not concern the possible effects of the use of genetically modified, cis-genetic or synthetic organisms in agriculture and industry. Nor is the interest in the risks assisted migration, de-extinction and species introductions may pose to the receiving ecosystems. Rather it is asked whether the outcomes of these procedures themselves, regardless of their effects, should be understood as constituents of biodiversity.

The academic world is far from agreeing. Many biodiversity definitions and descriptions omit to take an explicit stand on the issue, although it is common to suggest the term ‘biodiversity’ to refer to all biotic variety (see e.g. Thomas Eisner, Terry Erwin and Reed Noss in interviews of Takacs 1996: 47-48). Daniel P. Faith (2008), for example, describes biodiversity as “the variety of all forms of life, from genes to species, through to the broad scale of ecosystems”. However, despite the commonness of the ‘all’ indicator in definitions, some scholars are keen to associate biodiversity with ‘wilderness’ (for criticism see Guha 1997; Sarkar 1999) or with ‘nature’ (see e.g. Reed Noss, Michael Soulé and David Woodfuff in interviews of Takacs 1996: 76-79; Lanzerath 2014). Some go as far as explicitly stating their willingness to exclude at least some anthropogenic entities from the sphere of biodiversity:

Our definition [of biodiversity] excludes exotic organisms that have been introduced […] (Sala et al. 2000). 

Other misuses of the term [biodiversity] stem from inclusion of human-generated elements in assessments of an area’s biodiversity (Angermeier and Karr 1994: 692).

I consider artificial diversity to be generated by any addition of biotic elements to wild systems through direct manipulation by humans. Diversity may be enhanced artificially at any organizational level, including genome (by gene transfer), assemblage (by exotic species), and landscape (by fragmentation) levels. […] Artificial diversity should be explicitly excluded from conceptions of biodiversity […]. (Angermeier 1994: 600, 602.)

Contrasting views can also be found. Some writers define biodiversity to include any living entity regardless of its relation to human beings. 

Biodiversity […] might be wherever you find it – including genetic labs, inner cities, zoos, the halls of office buildings, artificially constructed “landscapes” […]. Certainly, human design and intervention of the sort that destroys wilderness does not necessarily have a biodiversity-diminishing effect. Nor does the lack of discernible human design and intervention now and in the past have a biodiversity enhancing one. In fact, human influence might just as well increase biodiversity, while human restraint might just as well decrease it. (Maier 2012: 114.)

The term biodiversity refers to the totality of species, populations, communities, and ecosystems, both wild and domesticated, that constitute the life of any one area or the entire planet […] it specifically includes cultural modifications of natural world (Dasmann 1991: 8).

Limiting the scope of biodiversity to that which is native because of the value judgment about the importance of native biodiversity would allow a number of other biases to be built into definition of the term (DeLong 1996: 743).

Whether “unnatural living entities” should be included in the sphere of biodiversity partly depends on what is understood by (un)naturalness. The terms ‘natural’ and ‘unnatural’ are highly ambiguous (Van Haperen et al. 2012; Heller and Hobbs 2014; Vogel 2011; Mill 1969) and they are used in variety of different ways in biodiversity conservation and research (Hobbs et al. 2010; Aplet and Cole 2010; Willis and Birks 2006). The crucial question is, whether the term ‘natural’ has meaning that pertains to all those and only to those entities that we are in the name of morality and consistency willing to include in the sphere of biodiversity.

In this paper six different understanding of (un)naturalness are analyzed with respect to their implications regarding genetic modification, cis-genesis, synthetic biology, ecosystem restoration, assisted migration, de-extinction, domestication and unintentional human influences. The analysis does not take a stand on which, if any, of the outcomes of these human influences should be accepted to the sphere of biodiversity. Rather the goal is to reveal what it would mean to limit the sphere of biodiversity to living entities that are natural in the presented six senses. If implications of all of the presented understandings of (un)naturalness turn out to be problematic, this may offer one reason to include also unnatural entities to the sphere of the biodiversity. If a tolerable way of limiting the sphere of biodiversity to natural entities can be found, this opens the door for a naturalness based understanding of biodiversity but does not, alone, imply that such understanding should be adopted.

2. Types of (un)naturalness
The different understandings of (un)naturalness can be divided in two groups depending on whether (un)naturalness is understood as a continuous gradient or as an all-or-nothing affair (Siipi 2008: 77; Varner 1998: 125-6; Attfield 1999: 15-16). When (un)naturalness is understood as continuous gradient it is seen to vary between extremes of entirely natural and entirely unnatural. Often naturalness is associated with absence of human influence. The more human dependent and the more affected by humans a living entity is, the less natural it is taken to be. (Rolston 2001: 272; Verhoog et al. 2003; Van Haperen et al. 2012: 806-7.) Conceptualizing (un)naturalness as a continuum enables one to judge human-influenced beings as differing in degree with respect to their (un)naturalness. One may think, for example, that outcomes of cis-genesis are more natural than other transgenic organisms, or that outcomes of ecosystem restoration are more natural than gardens (even though both are less natural than primeval forests). (Un)naturalness as continuous gradient does not offer much help in determining whether a particular human-influenced entity should be taken to belong to the sphere of biodiversity or not. This goal requires dividing living entities into two classes – to those that belong and those that do not belong to the sphere of biodiversity – and a continuum cannot easily provide a tool for that. This is not to say that naturalness as continuous gradient cannot offer any help for conservation decisions. 

(Un)naturalness as an all-or-nothing affair is a conceptual dichotomy with no degrees. In it entities are divided into natural and unnatural ones, and everything is taken to be either natural or unnatural (or to escape the definition). (Siipi 2008: 77; Varner 1998: 125-6; Attfield 1999: 15-16.) (Un)naturalness is understood as an all-or-nothing affair, for example, when unnaturalness is associated with acting against God’s will (for this interpretation see Mill 1969; Sagoff 2001; Cooley and Goreham 2004) or with being supernatural (for this interpretation see Mill 1969; Vogel 2002: 26). Even though we may be unaware of God’s will or whether a happening is supernatural, in both cases the understanding of (un)naturalness rests on idea of dichotomy of two mutually excluding groups. Happenings either are supernatural or not and actions either are against God’s will or not. Even though a murder, for example, may be more serious violation of God’s will than a pickpocketing they both belong to group of actions that are against his will. When (un)naturalness is understood as an all-or-nothing affair, the crucial question concerns the way of distinguishing between natural and unnatural entities: what it is that sets natural living entities apart from the unnatural ones?

There are three main ways that commentators have tried to justify this distinction: by appealing to the history of an entity, its current properties, or its relationships to other entities. Strictly speaking all of the three ways concern relations an entity has to other entities. History-based naturalness is about its past causal relations, property-based concerns similarity to other entities, and relation-based is taken to cover other relations that offer a reason for taking something to be natural or unnatural. Thus, the first two ways can be taken as instances of the third. Yet, centrality of history-based and property-based understandings in environmental philosophy and conservation justifies discussing them separately from other relation-based understandings of (un)naturalness.

The idea of history-based understanding of (un)naturalness is that the way an entity came into being and the kinds of modifications it has gone through determine whether it should be considered natural or not (Siipi 2008; Varner 1998: 125; Vogel 2003: 160). The interest is in causal relations behind existence and features of entities, in their history and genesis. For example, animal clones and transgenic plants are often understood to be unnatural in this sense for they are outcomes of intensive high-technology-based human activities (see e.g. Cooley and Goreham 2004; Lee 2003; Verhoog et al. 2003). In ecosystem context, naturalness is often strongly associated with non-manipulation, lack of human influence or at least lack of certain kinds of human influences (Boldt 2013; Yung et al. 2010; Hobbs et al. 2010).

In the property-based understandings of (un)naturalness the interest is not in the entities’ history or genesis, but in their current properties – for example in species composition and functions of an ecosystem or in morphological, genetic and behavioral features of an organism (Siipi 2008; Varner 1998: 125; Vogel 2003: 160). Naturalness is seen as a question of similarity to properties of non-human-influenced entities. Due to their extraordinary properties, many genetically modified organisms can be taken to be unnatural also in this sense. However, because of their similarity to non-modified entities, perfect clones of wild organisms are natural with respect to their properties. Analogously, property-based naturalness of an ecosystem implies that it is approximately similar to some human-independent ecosystem. According to this line of thought, even when the ecosystem is human produced (and thus unnatural in the history-based sense), it may be natural with respect to its properties provided that appears and functions similarly to some human independent ecosystem. (Aplet and Cole 2010, 23; Hobbs et al. 2010, 485.)  

Also other relations besides similarity (property-based (un)naturalness) and causal origin (history-based (un)naturalness) can offer a basis for understandings regarding (un)naturalness. This is the case when naturalness is taken to mean an entity’s familiarity to someone (for this understanding see Mill 1969; Richards 1984) or that an entity is suitable to someone or something. The expressions “fish is natural food for human beings” and “savanna is a natural environment for antelopes”, for example, may be interpreted to refer to nutrition’s suitability for humans or an environment’s suitability for antelopes. (Siipi 2011.) Of the six understandings of (un)naturalness to be discussed in what follows, the first three are instances of history based (un)naturalness, the two after them of property-based (un)naturalness and the last concerns relation-based (un)naturalness distinct from the other two. 

3. History-based (un)naturalness: Naturalness as independence from humans
Sometimes naturalness is understood as absence of (almost) all human influence and as independence from human beings. Natural entities are then an opposition to everything that is human produced or affected by humans. (Lanzerath 2014: 2; Delaney 2003: 34; Lee 1999: 82) In his End of Nature, Bill McKibben understands (un)naturalness this way:

[N]ow that we have changed the most basic forces around us, the noise of […the] chain saw will always be in the woods. We have changed the atmosphere, and that will change the weather. The temperature and rainfall are no longer to be entirely the work of some separate, uncivilizable force, but instead in part a product of our habits, our economics, our way of life. (McKibben 1989: 47.)

With some rare exceptions (such as subglacial lakes of Antarctica), every place on earth and every living being on earth is at least indirectly affected by humans. As a result, we have, according to McKibben (1989), literally destroyed nature and nothing is natural anymore. Since unnaturalness is seen to follow from any human influence, all human-influenced living entities, from transgenic cotton to penguins, and from unexplored rainforests to industrial corn fields, are equally unnatural.

Even though understanding naturalness as total independence from human beings may be fruitful in other contexts, this sense of (un)naturalness is useless for the task of distinguishing between entities that belong and those that do not belong to the sphere of biodiversity. Restricting the concept of biodiversity to living entities unaffected by humans would leave the sphere of biodiversity (almost) empty. As a result, there would not be biodiversity to conserve and conservation of biodiversity could never be a sensible goal. Conserving biodiversity, the sphere of which is limited to entities that are natural in this sense, would be as reasonable as defending the Holy Roman Empire or protecting Tyrannosaurus Rex. (Vogel 2011.)

However, history-based (un)naturalness as an all-or-nothing affair can be interpreted also in other ways. Naturalness does not need to indicate absence of all human influences. Rather naturalness may refer to lack of certain kinds of human influences, for example ones that rely on advanced technologies (for this understanding see Angermeier 2000: 374; Verhoog et al. 2003; Lee 2003: 56) or ones that stem from human culture (or from the human mind) and not from the biological side of human beings (or human bodies) (for this understanding see Fukuyama 2002: 130; Brennan 1988: 88; Vogel 2011: 93). According to these lines of thought, only certain kinds of human influences in the history of a living entity make it unnatural. Other human influences are compatible with naturalness (Siipi 2008; Lee 1999: 83). This kind of understanding of (un)naturalness, of course, raises the question about the kinds of human influences that are (and are not) relevant for (un)naturalness. Two alternatives are discussed next: naturalness as a lack of intentional human influences and naturalness in contrast to being an artifact.

4. History-based (un)naturalness: Intentional control as a source of unnaturalness
Some living entities - most insects of inhabited areas, for example - are only indirectly and unintentionally affected by human beings. At the same time, other living entities are under continuous, direct and intentional human control for example in farms, laboratories, and homes. Following these differences, Richard J. Hobbs et al. (2010: 484) define naturalness as “absence of intentional human control”. Along the same lines, Gregory H. Aplet and David N. Cole (2010: 13), identify one meaning of the term ‘natural’ with the “freedom from intentional human control”. They further clarify, that a natural ecosystem may well bear marks of human presence and it may be influenced by human beings. An ecosystem may retain its naturalness even when it suffers from pollutants or invasive species. What is crucial to naturalness is that the area is “not subject to intentional manipulation and human intervention”.

The idea behind this understanding is that natural entities do not follow human-set goals or targets. They do not have, lose or retain their properties because human beings have urged them to be of certain kind. As Holmes Rolston III (2001: 274) puts it, “intentional, ideological construction is exactly what natural entities do not have”. Naturalness does not follow from human-set endpoints or goals of being of certain kind (for further discussion see Heller and Hobbs 2014); rather it follows from absence of them. A river ecosystem affected by pollutants, for example, is not unnatural in way that a cultivated corn (as a species) and a corn field (as an ecosystem) are. The polluted river ecosystem differs from them in being left to its own devices, to react to human inputs according to its own tendencies, and in that way being “free from the constraints of human intentionality” (Aplet and Cole 2010: 13). 

If (un)naturalness in the presented sense is used as a criterion for belonging to the sphere of biodiversity, outcomes of domestication, genetic modification, cis-genesis, synthetic biology, de-extinction and intentional species introductions fall outside the sphere of biodiversity. Unnaturalness of outcomes of intentional species introductions does not hold only with respect to the creation of gardens and commercial fields, but also with respect to environmentally motivated species introductions. Outcomes of ecosystem restoration, assisted migration and projects aiming to protect ecosystems by introducing members of keystone species (or populations of a closely related species[endnoteRef:6]) are unnatural in this sense and cannot contribute to conservation of biodiversity.  [6:  For example, in 1990’s Texas panthers were introduced to Southern Florida ecosystem to supplement the native stock of Florida panthers. The justification for the introduction was to save the Southern Florida ecosystem. Without a top predator the ecosystem would have disappeared. (Bowen 1999.)] 


According to the presented sense of (un)naturalness, not just uninfluenced, but also unintentionally influenced living entities are natural. Thus, using it as a criterion for belonging to the sphere of biodiversity implies that, contrary to intentionally introduced species, unintentionally introduced species are constituents of biodiversity. This is not to say that unintentionally introduced species cannot be causes extinctions or other losses of biodiversity. The point is that, apart from their consequences, outcomes of unintentional species introductions are not unnatural and thus not excluded from the sphere of biodiversity. 

Aplet and Cole’s (2010) example of (un)naturalness as lack of human control is the Chesapeake & Ohio(C&O) Canal. It is a human created waterway parallel to the Potomac river. The canal was used for transportation of coal and other products during industrial revolution. It fell into commercial disuse in the beginning of 20th century and since then its ecosystem has been left to develop in its own order. (National Park Service 2014.) Even though the ecosystem of the canal is now natural in not being intentionally controlled by humans, it seems clear that the canal itself, as a waterway, is far from being natural. It is a human-made artifact. What are the implications of using the distinction between natural entities and artifacts as a base for determining which entities belong to the sphere of biodiversity?

5. History-based (un)naturalness: Natural in contrast to an artifact
Artifacts are outcomes of intentional human labor. Yet, all intentional human influences on living entities do not turn them into artifacts and not all living entities under “intentional human control” should be considered as artifacts. Many game animal populations, for example, are controlled by feeding and hunting and this is not sufficient for them to be artifacts. Thus, as a criterion for belonging to the sphere of biodiversity the natural-artifact distinction implies broader sphere of biodiversity than the lack-of-intentional-control criterion.

What is crucial for being an artifact is that an artifact is brought into existence by human beings. As Keekok Lee (2003: 4) puts it, an artifact “does not exist in the absence of human manipulation and intervention, but is deliberately created by humans”. Risto Hilpinen (1995: 138) argues along the same lines: “an artifact necessarily has a maker or author, or several authors, who are responsible for its existence. […] Artifacts are products of intentional making”. 

Neither Hilpinen nor Lee is suggesting that human production is sufficient for an entity to be an artifact. Even though human babies, interpersonal relationships, and great physical fitness may be intended products of human action, they cannot be considered as artifacts (Katz 1997: 122; Vogel 2011: 92). Thus, further requirements for being an artifact are set. Hilpinen (1992: 65) considers artifacts to be distinct from their raw materials; different sortal descriptions distinguish them from each other. Artifacts also differ from other human-influenced entities in having designed functions (Dipert 1986: 402; Lee 1999). One possibility is to consider the union of modification and creation as necessary for being an artifact and claim that artifacts are brought into existence by intentionally causing them to have certain properties (Siipi 2003). 

All in all, distinguishing between artifacts and natural entities has proven to be a complicated issue and no academic consensus prevails regarding it (for further discussion see e.g. Vogel 2003; Lee 2003; Brennan 1984). Despite the conceptual disagreements, some implications of using artifact-natural distinction as a criterion for belonging to the sphere of biodiversity seem clear. Excluding artifacts and only artifacts from the sphere of biodiversity implies that biotic entities that are (even to a great extent) modified, controlled and influenced by human beings may be constituents of biodiversity as long as they are not created or brought into existence by humans. This means that species introductions that do not cause the receiving ecosystem or the organism translocated to lose its identity (as a certain kind of being) may, as such, enhance biodiversity. Assisted migration as well as other environmentally oriented species introductions might well, under this understanding, be used for biodiversity conservation.

The other side of the coin is that many ecosystems brought into existence by human beings are artifacts and, thus, fall outside the sphere of biodiversity. Eric Katz (1992; 2012) and Robert Elliot (1982) famously argue that restored ecosystems are artifacts (and thus less valuable than the original ones). When restoration means rebuilding a destroyed ecosystem, the outcome of the restoration activities certainly should be considered as an artifact. (Siipi 2003.) Analogous cases can be found from the level of species and organisms. Animals born from de-extinction procedures have, despite their similarity to members of the natural species that once died out, been brought into existence by human beings and fulfill all mainstream criteria set for being an artifact. Along the same lines, outcomes of synthetic biology seem to be artifacts. (Oksanen 2014: 161.) 

Domestic plants and animals, genetically modified organisms as well as cis-genetic organisms are less clear cases. According to J. Baird Callicott “[d]omestic animals are creations of man. They are living artifacts, but artifacts nevertheless […]” (Callicott 1980, 330; see also Katz 1997: 128-9; Lee 2003; Lee 2004). Yet, with respect to some species it seems unclear whether the process of domestication should be seen as a form of creating a new type of being or merely as a modification of already existing species. Even though domestic horses, for example, differ from the wild ones in many respects, it is not clear whether they should be considered as a distinct human-created species (Gibbons 2014). Same kind of lack of clarity seems to concern genetically modified organisms. As indicated by their name, they are usually considered merely as varieties of already existing types of organisms. However, this may not be self-evident: “The other [possibility] is to say that it differs so fundamentally from a normal non-transgenetic […] tomato plant that it would be misleading to say simpliciter that it is a common or garden variety. One could perhaps call it […] a Tgtomato plant.” (Lee 2003: 154.)

To conclude, the above discussion indicates that limiting the sphere of biodiversity to any sense of history-based (un)naturalness may not be simple. If naturalness is understood as absence of all human influences the sphere of biodiversity becomes empty. For some, naturalness as lack of intentional human control and naturalness as a contrast to artifacts may seem to be too tight (over-exclusive) and too loose (over-inclusive) at the same time. It is likely that this is the case also regarding many other history-based understandings of (un)naturalness.

6. Property-based (un)naturalness: Naturalness as similarity to human-independent entities
In property-based understandings of (un)naturalness the interest is in the current (non-historical) properties and features of entities, not in the influence and modifications that they have gone through. (Vogel, 2003; Cooley & Goreham, 2004; Siipi, 2008; Siipi, 2011; Heller & Hobbs, 2014) Property-based (un)naturalness is always a question of comparison and similarity. In order to find out whether something is natural in this sense, its current properties and features need to be compared with properties and features of some ideally natural entity. Entities that are similar to the ideally natural entity are taken to be natural. (Siipi 2008; Cooley & Goreham, 2004.) Thus, it is possible for a totally artificial entity, an outcome of synthetic biology for example, to be natural in this sense. The crucial question concerns the choice of comparative models: which entities should be used as the ideally natural entities the properties of which the other entities are compared?

The idea of property-based naturalness is that an ecosystem is natural if and only if its current properties (species composition, functions, etc.) are similar to those of an ecosystem that is natural with respect to its history. In other words, if an ecosystem is similar to an ecosystem that has not been (at least not to a great extent) modified by human beings then that ecosystem is natural – regardless of the way it received its properties. For example, outcomes of a “historically accurate but highly manipulated prairie restoration project” (Aplet and Cole 2010: 21) may be natural in this sense. Restored ecosystems are controlled and strongly modified by humans. Some of them can even be considered human artifacts. Yet, their properties are not due to human invention but similar to (and copies of) the ones of a human independent ecosystem that was in the place before destruction. (Heller and Hobbs 2014; Yung et al. 2010.) Thus, accepting the proposed sense of property-based (un)naturalness as a criterion for belonging to the sphere of biodiversity allows one to consider ecosystem restoration as an important contribution to biodiversity conservation. 

Using this sense of naturalness as a criterion further implies, that organisms translocated in (intentional and unintentional) species introductions may well retain their naturalness and be constituents of biodiversity – provided that their properties do not change in this process. Naturalness of the receiving ecosystems, however, is more questionable. With an introduced species in it, an ecosystem usually cannot be considered natural with respect to its species composition. Yet, an ecosystem with an introduced species may, depending on what kind of changes the introduced species does and does not brings about in it, retain its naturalness with respect to its functions. As a matter of fact, retaining these functions may be the goal of some species introductions (see e.g. Bowen 1999) and in such cases the introductions may be taken to conserve the functional aspects biodiversity.

Transgenic organisms, cis-genic organisms, members of most domestic species and those outcomes of synthetic biology that are not copies of already existing organisms are clearly not natural in this sense and do not, according to the criterion set, belong to the sphere of biodiversity. Outcomes of successful de-extinction projects, however, differ from them in this respect. The goal of de-extinction is exactly to bring into existence organisms (or even populations), properties of which are similar to ones of members of a naturally evolved species (Revive and Restore 2015; Oksanen and Siipi 2014). In similar lines, those outcomes of synthetic biology that are copies of organisms that have come into being through natural evolution are natural with respect to their properties and can, thus, be taken as constituents of biodiversity. 

7.  Property-based (un)naturalness: Naturalness as similarity to entities that could have existed
Sometimes property-based naturalness is understood as similarity, not to living entities that exist or have existed without human influence, but to living entities that would or could have existed under certain counterfactual circumstances. 

The goal of ecosystem restoration is not always to bring about an ecosystem similar to one that existed in the site before human-caused destruction. Since ecosystems are changing and evolving entities, the goal of restoration is sometimes to create an ecosystem similar to one that would have existed in the site had the human-caused destruction not taken place (Aplet and Cole 2010: 13; Heller and Hobbs 2014). Outcomes of this kind of restoration project are considered natural because of their similarity to an ecosystem that has never existed but would have existed had a certain human destruction not taken place. Hällfors et al.’s definition of assisted migration rests on a similar idea of (un)naturalness:

Assisted migration means safeguarding biological diversity through the translocation of representatives of a species or population harmed by climate change to an area outside the indigenous range of that unit where it would be predicted to move as climate changes, were it not for anthropogenic dispersal barriers or lack of time (Hällfors et al. 2014, italics added).

Hällfors et al. (2014) consider species translocations to predicted ranges more natural and greater contributions to biodiversity than species introductions to other areas, because in the former case the species would migrate to the predicted range were human created obstacles removed. This counterfactual understanding of (un)naturalness is strongly connected to naturalness as similarity to historically natural entities. In both understandings, naturalness is associated with similarity to something uninfluenced by human beings. The difference lies in whether that human-independent something ever existed. That an entity never came into being is not an obstacle for using it as the ideal comparative model. Its failure to come into being was, after all, caused by humans. In practice these counterfactual entities used as ideal comparative models probably have to be quite similar to historically natural entities.

[bookmark: _GoBack]The often presented view that outcomes of cis-genesis are more natural than outcomes other forms of genetic modification (see e.g. Eriksson et al. 2014; Holme et al. 2013) seems to rest on another kind of a counterfactual. With respect to their history outcomes of cis-genetics are quite similar to ones of GMOs. Neither GMOs nor cis-genic organisms are similar to beings that exist, have existed or would exist without human made obstacles. The outcomes of cis-genesis are considered natural (or at least more natural than other transgenic organisms) because they could or might have come into being without human assistance (or at least without use of modern genetechnologies) (Jacobsen and Schouten 2009: 240; Schouten et al. 2006; Eriksson et al. 2014). Accepting this understanding of (un)naturalness as a criterion for belonging to the sphere of biodiversity opens that sphere to various beings that could have come into existence (without human assistance) under different counterfactual circumstances.

8. Relation-based (un)naturalness: Naturalness as suitability and belonging
In addition to similarity (property-based (un)naturalness) and causal relations (history-based (un)naturalness) also other relations have been suggested to offer a basis for (un)naturalness. One might, for example, be tempted to judge a palm tree in Lapland to be unnatural, even when one is unaware of its genesis and properties, if one thinks that palm trees simply do not belong to the nature of Lapland. (Un)naturalness is then taken to mean that Lapland is not a suitable place for palm trees. 

Naturalness as suitability can refer to something being beneficial or, at least, harmless to something else. Certain ecosystems can be said to be natural for an organism, for example, when the organism in question can succeed in it. In other words, an ecosystem x is suitable for an organism y, if organism y has adapted or can easily adapt to the ecosystem x. (Siipi 2011; Brennan 1988.) To put it in another way, an organism can be (un)natural for an ecosystem in this sense. (Un)naturalness then refers to the influences of the organisms has or would have to the ecosystem in question: an invasive species driving others to extinction is unnatural for them. Along these lines, Nicole Heller and Richard J. Hobbs (2014: 6) suggest understanding (un)naturalness as a relationship between humans and other living beings: “recognizing naturalness as a process and a relationship between organisms, not an intrinsic identity; human behavior may be more or less natural”. 

Accepting this sense of naturalness as suitability to be the criterion for belonging to the sphere of biodiversity rests on an understanding of what counts as success, harm and benefit in natural world. Yet, it is not certain whether the language of harms and benefits can sensibly be used of collective natural entities (for discussion see e.g. Sober 1988; O’Neill et al 2008). Moreover, capability to enhance biodiversity cannot offer a sensible criterion for belonging to the sphere of biodiversity. Such criterion is circular as in order to say whether something enhances biodiversity, we already need to know which entities belong to its sphere. 

The relations of suitability and belonging may justify (un)naturalness statements even when an organism (e.g. the palm tree in Lapland) is not causing any changes in an ecosystem. The idea then is that living entities have an essence or “nature”. Naturalness means that something is authentic and true to its essence or nature (Sagoff 2001; Bergin 2009). A natural entity has all its necessary constituents and it is not spoiled by materials not belonging to it. Materials that do not belong to an entity and that are not suitable for it make it unnatural.

Along these lines, some have seen the unnaturalness of transgenic organisms to follow from the foreign genes that do not really belong to these organisms (for discussion see e.g. Bergin 2009; Cooley and Goreham 2004). Since genes transferred in cis-genesis originate from the same (or closely related) species to which they are moved cis-genetic organisms may escape this kind of unnaturalness. When it comes to ecosystems, presumably the most oft-cited example of assisted migration concerns Torreya Guardians who transplanted seedlings of Florida Torreya (Torreya taxifolia) in North Carolina. The translocation was motivated by the endangered status of Florida Torreya and by their view that the species belongs to the Appalachian Mountains as it is thought to have lived there before (Torreya Guardians 2014). As these examples show, naturalness as belonging leaves room for different kinds of interpretations of the relation of ‘belonging’. One might see this as a weakness that hinders the possibility of using this sense of naturalness as a criterion for something being a constituent of biodiversity. Yet, Gill Aitken (2004) sees the openness of the understanding as its strength. For her, belonging can offer guidance for biodiversity conservation for “it succeeds in taking into account the human/cultural perspective” and, thus, is not indifferent to human desires regarding environments. 

9. Conclusions and Suggestions
The above presented six understandings of (un)naturalness differ widely with respect to their implications. Many living entities are natural in one sense of the term and unnatural in another sense. As a result, in order to offer any guidance for biodiversity conservation and research, all attempts to restrict the sphere of biodiversity to natural living entities must contain a description of the sense of (un)naturalness meant. 

Can any of the presented understandings of (un)naturalness offer an acceptable criterion for what belongs to the sphere of biodiversity? One cannot realistically expect everyone to be ready to accept any single one of them. More problematically, implications of the understandings may seem intolerable also to those who, at the outset, would be willing to restrict the sphere of biodiversity to natural entities. If that is the case, the first alternative is to claim that the most significant understanding of (un)naturalness has not been presented here and formulate a better interpretation. The second alternative is to state that (un)naturalness should be understood in a multidimensional way that consists of bringing together some of the different senses of (un)naturalness. Instead of merely pronouncing the term ‘natural’ to be ambiguous, one should bring some of the different understandings of (un)naturalness together and take each of them as a necessary condition for (un)naturalness. The downside of these kinds of multidimensional understandings of (un)naturalness is that they easily become over-restrictive and, in practice, leave the sphere of biodiversity empty.

It may seem tempting to conclude that the implications of the above-presented understandings of (un)naturalness are enough to show that the sphere of biodiversity cannot consistently be limited to natural living entities. It is better to understand biodiversity to include, literally, all diversity of life – also the anthropogenic one. However, this solution is not unproblematic. Many authors have worried that including unnatural living entities in the sphere of biodiversity might imply a loss of value of natural biodiversity and even the natural biodiversity itself. Angermeier, for example, famously writes:

Through genetic engineering, species introduction, and environmental modification, we conceivably could manufacture a world even more biologically “diverse” than the one derived through evolutionary processes. Moreover, none of that variety needs to consist of native elements or share any evolutionary history. Such “management” strategy is arguably consistent with some conceptions of biodiversity. Nevertheless, to most conservation biologists – including me – such a world would present a straggling loss of biodiversity, and such management strategy would be unconscionable. (Angermeier 1994: 601.)

Dieter Birnbacher (2014: 41) calls Angermeier’s worry ‘a substitution problem’ and connects it to biodiversity’s indifference to individuals. The problem is that, if unnatural living entities are accepted in the sphere of biodiversity, then, in principle, every natural living entity can be replaced by an unnatural living entity without loss of biodiversity. If a substitute differs more from other living entities than the replaced entity, such substitutions might even increase the overall diversity. One might then go as far as suggesting that we should increase biodiversity by creating new lifeforms and ecosystems (for discussion see Boldt 2013). Very few are ready to accept that this kind of substitution of natural entities with unnatural ones can even in principle enhance biodiversity. The common solution to problem is, following Angermeier, to exclude unnatural diversity from the sphere of biodiversity or to argue that unnatural diversity is less valuable than natural diversity. However, these are not the only possible solutions.

One solution to the substitution problem is to accept the different senses of (un)naturalness as factors of biodiversity. The idea is that, just like a world with many plants species is more diverse than a world with only a few plant species, also a world in which all living entities are similar with respect to their (un)naturalness (e.g. all are artifacts) is less diverse than a world in which living entities differ with respect to their (un)naturalness (e.g. some are artifacts and other are not). Thus, substituting all natural entities with unnatural ones would imply a great loss of biodiversity. (Analogously, of course, losing all unnatural living entities would diminish biodiversity.) If different senses of (un)naturalness are accepted as factors of biodiversity in the presented sense, conserving natural living entities (in different senses of the term) becomes an important goal – and it becomes especially important in current world in which naturalness in a certain sense of the term has already been lost. 
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