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Many of the existing ethical analyses of genetic engineering technologies (GET) focus on how they can be used to enhance individuals – to improve individual wellbeing, health, and cognition. There is a gap in the current literature about the specific ways enhancement technologies could be used to improve our populations and species, viewed as a whole. In this paper I explore how GET may be used to enhance the species through improvements in the gene pool. I argue one aspect of the species that may be desirable to enhance is ‘persistence’, or long term viability. I then look at some of the ways in which GET could be used to improve human persistence, and argue that the use of GET to secure benefits for individuals may compromise persistence. This suggests conflicts between uses of GET to enhance individuals and uses to promote the persistence of the species may occur. As GET are further developed, the likelihood that these conflicts will actually arise, and how we should resolve them if they do, will need to be considered. 
Collective enhancement
Scientific and technological advances are making a future where we can radically modify the human genome increasingly probable – allowing us not only to alter our physical and cognitive capacities but also change our evolutionary trajectory. Much of the existing ethical analysis concerning genetic engineering technologies (GET) has focused on how these technologies will be used to enhance individuals – to increase their chances of living good lives or to improve specific capacities such as cognition. However individuals are not the only possible targets of these new technologies. GET may also be used to benefit groups of individuals, such as our populations and our species. GET will not only allow individual enhancement, they may also make possible forms of collective enhancement.
The purpose of this paper is to explore how we might use GET to approach one type of collective enhancement– the enhancement of the species through changes in the human gene pool.  
Enhancement concepts
Before discussing whether we could enhance the species, it is important to specify what I mean by ‘enhance’. Functional definitions of enhancement define it in terms of increasing or augmenting a specific capacity or power (Savulescu, Sandberg and Kahane 2011). This conception of enhancement is normally used in reference to the improvement of individual characteristics, such as health. However just as we can approach the enhancement of individual humans in a functional sense, we can also approach the enhancement of the human species in a functional sense. A broad functional definition of enhancement that could be applied to the species is ‘to raise in degree, heighten, augment’.  Under this definition we would enhance the species by augmenting, or increasing, one of its properties. 
In this paper I discuss how we could use GET to augment a specific property of the species –‘persistence’ or long term viability. In the future, GET may allow us to change the human gene pool in ways which increase ‘persistence’ and make the species more likely to survive in the long term. This may be achieved through changes to genes which affect our immunity, cognition, or moral capacities. GET could potentially be used to reduce our susceptibility to what Bostrom (2002) calls existential risks, i.e. threats to the existence of humanity. For instance, changing the frequency of certain genes in the gene pool could reduce our susceptibility to disease pandemics.
Using GET to increase the persistence of the species can be seen as a functional enhancement – it increases a specific quality or property. This leaves open the question of whether increasing persistence is also morally desirable. However I introduce some arguments in favour of such a view below.   
Species concepts 
Different ways of understanding human persistence can be derived from alternative conceptions of the term ‘species’. How best to define ‘species’ is widely debated. There are at least 26 different species concepts found in the scientific literature (Wilkins 2006). Different definitions have different implications for how we define the group ‘homo sapiens’ and therefore how we would go about promoting its continued existence. I will consider two ways of understanding human persistence based on two commonly-used species concepts. 
The Biological Species Concept (BSC) defines a species as a set of “populations which are actually or potentially interbreeding, and which are reproductively isolated from other such arrays under natural conditions" (Mayr 1970). This definition of species sees the human species as a group of organisms which are capable of breeding with each other and which lack the ability to breed with other groups. Agar (2010) has taken the BSC to imply that if we used enhancement technologies to give human beings radically different characteristics, the resulting organism would probably not be considered as a member of the human species. This is because radically enhanced individuals will likely be reproductively isolated from unenhanced individuals in some way – if not through post-zygotic (physiological) mechanisms than through pre-zygotic (psychological) ones. Individuals with greatly improved cognitive capacities, for example, would likely have very different interests from unenhanced individuals and behave very differently. This may make interbreeding between such groups unlikely – the enhanced are not likely to view the unenhanced as potential mates and vice versa (Agar 2010).  
One way of understanding persistence, then, utilises the BSC to determine the conditions under which the species will be considered to have become extinct. The current human species will have perished if in the future no organisms exist who would be reproductively compatible with current members of the species. Under this conception of persistence, the use of GET to increase the persistence of the human species would involve using such technologies to ensure the continued existence of beings that we would potentially breed with. This could rule out the use of GET to make radical changes to our capacities if this would result in pre or post-zygotic reproductive isolation barriers between enhanced and unenhanced individuals.

A different way to understand human persistence can be derived from the Evolutionary Species Concept (ESC), which defines species as ‘a lineage of ancestral descendant populations which maintains its identity from other such lineages and which has its own evolutionary tendencies and historical fate” (Wiley 1978). Under the ESC, the human species is comprised of individuals who occupy a particular lineage. As long as this particular lineage continues to exist and maintain evolutionary independence, the human species will continue to exist. It makes no difference if the organisms which occupy this lineage change radically over time, so that earlier members are very different to later members. Reproductive isolation can still be used to determine which current individuals should be considered as part of the same lineage, and hence the same species, but this test does not apply to individuals who are separated through time.  On this view, using GET to increase persistence would amount to using GET to ensure the survival of our current evolutionary lineage[footnoteRef:2], even if this involved making significant changes to our characteristics.  [2:  Under the ESC a species may technically become extinct when they split into two separate lineages (Wiley 1978). Theoretically then, one way that the human species may become extinct is by splitting into distinct daughter species which then evolve separately. In this paper I do not consider this type of event as affecting human persistence under the ESC. This is because the central reason that I believe we have to value the persistence of the evolutionary species (the continued existence of persons) is likely to hold in cases of lineage splitting. When I talk about the persistence of the evolutionary species, I mean the persistence of our lineage even if it splits and takes a branching form.  ] 

	
Hence the persistence of the species can be understood in at least two independent ways. In the next section I will refer to the persistence of the human species as understood through the above interpretation of the BSC as the persistence of the human biological species, and the persistence of the species as understood through the ESC as persistence of the human evolutionary species. 

The value of persistence

It is intuitive that the continued existence of the species is in some way valuable and many authors endorse such a view.[footnoteRef:3] For example, Bostrom (2002) describes reducing our susceptibility to existential risks as a ‘global public good’, which implies that the persistence of the species is also a good. Sidgwick (1874) describes the extinction of mankind as the ‘greatest conceivable crime’, a view with which Parfit (1987, 453-454) sympathises. In the following paragraphs I look at some positive arguments for why we should value the persistence of both the biological and the evolutionary human species.  [3:  Some theories imply there would be little or no value in human persistence. For example, Benatar (2006) argues for an asymmetrical theory of personal goods, according to which we harm people by causing the bad aspects of their lives, but we do not benefit them by causing the good aspects of their lives. It follows that it is wrong to create new humans and prolong the existence of the species. This theory has been criticised elsewhere (Harman 2009; Brown 2011). For the purpose of this paper I will assume that this theory, and others which imply that, in general, human lives contain more negative than positive value or that positive value cannot offset negative value, are false. ] 


Agar (2010) argues for a theory of goods based on ‘species relativism’, according to which ‘certain experiences and ways of existing properly valued by members of one species may lack value for the members of another species’. This theory can be taken to imply that we have reasons to value the persistence of the human biological species, but not the human evolutionary species.  Some of the experiences we value today are unique to our current species and dependent on our current range of capacities. For example, our experience of listening to Bach’s music is likely to be in some ways dependent on our current level of cognitive ability. If we changed into organisms with radically different cognitive abilities we would have a different experience listening to Bach than we have now. Similarly the experiences we have when we fall in love, laugh with friends, or run a marathon, would all be very different if we had different cognitive and physical capabilities. 
If we value a world in which people have experiences like we have now, this gives us a reason to perpetuate the existence of creatures that are capable of having these experiences. This not only provides us with a motivation not to become extinct, but also not to use enhancement technologies to radically change our characteristics (Agar 2010). 
One criticism of the species relativist approach is that it implies that there is no objective basis for valuing the experiences we have now, compared to the experiences had by other animals. For example, species relativism implies that a chimpanzee would have no reason to value our experience of food over its experience of food, and the same is true of our other experiences such as love. Therefore, if our species were currently phenotypically identical to chimpanzees, and had the opportunity to use enhancement technologies to transform ourselves into humans, we would have no reason to do so. However this implication is questionable. Many claim that our experiences are not only subjectively better than those experiences had by chimpanzees, but that they are objectively better (Harris 2007).  
Objective theories about values are unlikely to provide us with intrinsic reasons to value the persistence of the species. This is because they imply that we should favour any interventions which increase total value, even if these interventions make the species less likely to survive. However, objective theories about values may provide us with instrumental reasons to value persistence.  Singer (1995) argues that what matters morally is not being a member of the species ‘Homo sapiens’ but rather some intrinsic properties that most humans possess, namely self-awareness and rationality. Organisms that possess these characterises are referred to as persons. 
The intrinsic properties that make us persons may be important if we value total utility over time. Although sentience is often seen as the most fundamentally important organismic property for utilitarians, rationality and self-awareness may also be important as they influence the intensity and quality of experiences.  Many believe that persons are able to experience higher quality pleasures than other types of organisms. We have loving relationships, appreciate music and art, and get pleasure from intellectual pursuits. It could be that these higher pleasures are of such greater value than the pleasures experienced by other animals that a world without persons would, in nearly all cases, be worse than a world with persons. As Mill (1906) states “It is better to be a human being dissatisfied than a pig satisfied”. This implies that it is likely that a world in which persons exist will have more utility than a world where no persons exist.  This is the primary reason why Parfit (1987) believes classical utilitarians should value the continued existence of mankind.  
If we care about the continued existence of persons then we may have instrumental reasons to care about the persistence of the species. As discussed above, one way the human biological species can become extinct is if the characteristics of individuals change significantly in the future. Future individuals who lack the characteristics that make us persons (such as rationality) would certainly be very different from us and it is unlikely that these individuals would be seen as potential mates by current members of the species. This indicates that the persistence of the human biological species requires the continued existence of persons – if the biological species exists, persons must also exist. 
Similar arguments apply to the persistence of the evolutionary species. The persistence of the evolutionary species will not guarantee the continued existence of persons because it permits the possibility that future individuals could lose the characteristics that make us persons and still be considered as members of the human species. However if we continue to evolve to the point where we are no longer the same biological species, it is unlikely that we will lose the characteristics that make us persons. This is particularly the case if the way we evolve is through the intentional use of enhancement technologies. Hence it is likely that the persistence of the human evolutionary species will be associated with the continued existence of persons. 
Therefore the persistence of both the biological and evolutionary species is likely to promote the continued existence of persons. Currently, humans are the only species which are uncontroversially persons.[footnoteRef:4] This suggests that in the immediate future, the persistence of the species may be an important factor in the continued existence of persons. Therefore if we value the continued existence of persons, we may have instrumental reasons to value the persistence of the species. [4:  It is often claimed that certain non-human animals, such as dolphins and great apes, also meet the criteria for personhood that have been stipulated here – rationality and self-awareness (for example see DeGrazia, 2006). This is controversial and depends on how these properties are defined and what methods are considered to legitimately demonstrate them in other animals. At least some definitions of rationality, for instance, imply that it is a property confined to hominids (Sterenly, 2006). ] 

The above is just a quick sketch of some of the arguments that could be made as to why we should care about species persistence. The purpose of this article is not to provide a thorough investigation of this issue, but rather to show that if we do value species persistence there may be some interesting implications for how we approach the use of GET. I will therefore assume that it is plausible that the persistence of the species is something we should value, and for the remainder of the paper I will focus on the relationship between persistence and GET. I will primarily focus on the use of GET to promote the persistence of the human evolutionary species, but many of the arguments are also relevant to questions of the persistence of the human biological species. While in general GET may be expected to increase persistence, I argue that the use of GET solely to secure benefits for individuals will risk compromising persistence. This presents both an evolutionary and ethical conflict. The probability that such conflicts will be a practical problem for the use of GET, and how we should resolve such conflicts if they are, is beyond the scope of this paper. However these questions should be considered as GET are further developed.
Individual survival and persistence
It may initially be thought that enhancing persistence simply equates to enhancing the survival prospects of individuals that comprise the species. That is, if we make each individual more likely to survive, this would in turn automatically make the species as a whole more likely to survive. But this would be a mistake. In at least some cases, actions which increase the likelihood of each individual surviving can make the species as a whole less likely to survive. An example of this is seen in the frequently-cited case of the peppered moth. 
Prior to the Industrial Revolution the peppered moth was predominantly found in a pale form. This colouration allowed the moth to blend in with the light-coloured lichens and tree bark. The less frequently-occurring black moth, on the other hand, was more likely to be eaten by birds. During the industrial revolution in England, the trees became covered with soot. This led to an increase in predation on pale moths as their bodies now dramatically contrasted with the colour of the bark. Conversely, dark-coloured moths became well camouflaged by the blackened trees. During the course of many generations, the allele frequency gradually shifted towards the dark allele, as more and more dark-bodied moths survived to reproduce (Dickey Zakaib 2011). [footnoteRef:5]  [5:   It should be noted that the change in the colouration of the peppered moth is widely considered to be an example of change occurring within a species (Starr and Taggart, 2001). It is unlikely to have constituted a speciation event, under either of the species concepts defined above. ] 

I mention this example simply to show that improving the long term survival prospects of a population does not always equate to improving the survival prospects of all current individual members of that population. Before the industrial revolution, an intervention which changed all of the dark moths to light moths would have improved each individual’s chances of survival by reducing their risk of predation. However, an intervention which changed all of the dark moths to light moths would have reduced the persistence of the moth population. When conditions changed, the presence of the dark form in the population helped the population adapt. If the dark genotype had been removed from the gene pool before the industrial revolution, the population would have been at greater risk of extinction. 
Similarly, if we were trying to enhance the long term viability of the human species through changes to the human gene pool, this may not simply equate to improving the survival prospects of individual humans. The persistence of populations does not equate to the persistence of individuals. In some cases what promotes the survival of individuals may conflict with what promotes the survival of our population, and our species as a whole. 
Genetic diversity and persistence 
Given that enhancing the capacity for persistence in the gene pool does not simply equate to enhancing the survival prospects of individual humans, what does it involve?
One aspect of the gene pool that influences the persistence of species is genetic diversity. Many experiments have demonstrated links between low levels of genetic diversity and increased risks of extinction in a variety of species. As Frankham (2005) notes – a significant loss of genetic diversity “is expected to increase extinction risk by adversely affecting the ability of populations to evolve to cope with environmental change (evolutionary potential). Environmental change is experienced by essentially all species, whether it be due to global climate change, new or changed diseases, pests and parasites, new predators, climatic cycles, etc”. Other studies have found that even moderate losses in genetic diversity “may result in a reduced ability to adapt to environmental change” (Markett, et al. 2010).
In at least some cases, losses in diversity can reduce persistence. This is because it can reduce the ability of a population to adapt to environmental challenges. 
However, the relationship between genetic diversity and adaptability is complex, especially in humans. This is because selection acts primarily on phenotypes, and only indirectly on genotypes (Brandon 1990; Powell 2010). If genetic diversity has no impact, and no potential impact, on phenotypic diversity then it will not affect adaptability. It is not genetic diversity per se that is important to adaptability, but rather transmittable phenotypic diversity. If members of a population vary widely in their ability to respond to environmental pressures, and those who respond well can transmit aspects of their phenotype to others in the population, the population as a whole will be able to adapt to a greater range of challenges than a less diverse population.  
Genetic inheritance is only one potential source of transmittable phenotypic diversity, with others including epigenetic inheritance, parental effects, ecological inheritance and cultural inheritance (Danchin, et al. 2011). But insofar as genetic diversity contributes to transmittable phenotype diversity in humans, it also contributes to persistence.[footnoteRef:6] Even though the genetic component of transmittable phenotypic variation may generally be small in humans compared to the cultural component, it should not be viewed as insignificant. For some traits, phenotypic variation is heavily influenced by genetic factors (Pepper, et al. 2007). Hence, as diversity in the human gene pool contributes to transmittable phenotypic variation, it is an important element of persistence.  [6:  Note that the effect of genetic diversity on phenotypic diversity will differ depending on environmental circumstances. A given genotype can produce a range of phenotypes, depending on environmental conditions–referred to as ‘norms of reaction’. In one environment, the diversity of a gene pool may have a large effect on phenotypic diversity; in another it may only have a small effect. The effect of genetic diversity on persistence can, therefore, be variable depending on environmental conditions. ] 

However, enhancing persistence does not merely equate to increasing the capacity to generate phenotypic diversity. In some cases, populations require a distinct lack of phenotypic diversity in order to survive. If only a few specific phenotypes enable survival, then the population’s persistence will depend on its ability to quickly adopt these forms. For example the persistence of human populations may depend on how quickly they can adopt a phenotype that gives protection against a particular disease. In these circumstances enhancing persistence will not involve generating diversity. Instead, it will involve reducing diversity by increasing the frequency of successful phenotypes at the expense of others. Insofar as successful phenotypes are associated with particular genotypes, increasing persistence would involve increasing the frequency of specific genotypes in the gene pool. 
Exploitation and exploration
One model that might usefully encapsulate the challenge populations’ face with regard to genetic diversity is based on the concepts of ‘exploitation and exploration’. The use of these terms is borrowed from complexity theory. Many adaptive complex systems (such as ant colonies, the adaptive immune system and cellular metabolism) face challenges in their environments which require them to balance the exploration of new strategies and the exploitation of successful strategies (Mitchell 2009). 
The gene pool can both explore – by generating novel genes and genotypes that lead to novel phenotypes, and exploit – by increasing the frequency of genes and genotypes that are linked to successful phenotypes. The long term survival of a population is influenced by the way in which its gene pool is able to balance these two factors. Too much exploitation and it begins to lose adaptive genetic diversity and the ability to change in response to future environmental challenges. In the peppered moth example, if the light genotype had been too greatly exploited, the population would have lost the ability to adapt to environmental changes brought on by the industrial revolution. Too much exploration and populations may not adjust to environmental challenges quickly enough. If a particular genotype is associated with a phenotype that allows a population to successfully adapt to an environmental challenge, then persistence may depend on the genotype quickly spreading through the gene pool. 
The optimum balance between exploitation and exploration will shift from environment to environment. Certain environments favour the exploitation of known successful phenotypes. For instance, when environmental conditions are likely to remain stable in the near future, it will be optimal to limit exploration and exploit genotypes that are known to be successful in the previous environment (Ishii, et al. 1989). In contrast, if environmental conditions are unstable then exploiting strategies that have previously been successful is no guarantee of success. Instead it is optimal for a population’s gene pool to explore a range of genotypes, as this increases the likelihood of uncovering genotypes which are able to succeed in the new conditions. 
Importantly, the optimal balance between exploitation and exploration will also change from trait to trait. In any given environment, it will be optimal for a population to be exploiting successful phenotypes for some specific traits while exploring a range of different phenotypes for others. For example, some genes influence phenotypes that are both very specific and vital for humans to survive. Human populations would not benefit from increased exploration in these regions of the genome. Because of the importance and specificity of the genes involved in cellular respiration, for example, it would be detrimental to produce lots of variance in these genes. We already have a well-developed method of producing energy in our cells, and we need to exploit the genotypes that are associated with this successful strategy. Conversely, because pathogenic threats change from generation to generation, we may benefit from continued exploration in the genes that influence disease resistance. If genes that were good at providing disease protection in the previous generations were heavily exploited, this may make future generations more susceptible to future disease threats. 
It appears that these trait-specific differences in selection pressures have already influenced the structure of the human genome. Genes that code for traits which are essential to survival and highly specific, like those involved in DNA transcription, are found in regions of the genome that have low mutation rates. Conversely, genes that benefit from higher rates of change, such as those which control immune responses, are found in regions of the genome that have a higher mutation rate (Chuang and Li 2004).  
Exactly what is the optimum balance between exploration and exploitation in a given environment, and for a specific trait, will not always be clear. In many cases it will not be apparent as to what extent it would be optimal to exploit a particular genotype, and to what extent others should be explored. However, in some cases it will be clear that the benefits associated with a particular genotype justify its exploitation, even if this results in a reduced ability to adapt to future environmental changes. Similarly, in other cases, it will be clear that genotypes are not providing sufficient benefits, and over-exploiting them may be unnecessarily harmful to a population. 
In the future, GET may provide us with the ability to make changes in the gene pool which can improve persistence and make the human species more likely to survive well into the future. However, it is also possible that GET will be used to promote other goals which could have a harmful effect on the viability of the species. In the rest of this article, I will look at the potential of GET both to enhance and compromise persistence. 
How GET could enhance persistence
The intentional modification of genes could potentially have several advantages over modification that occurs as a result of random mutation (Powell and Buchanan 2011). These advantages might be used to secure benefits for both individuals and populations. Many of these advantages have been detailed in Powell & Buchanan (2011) and Powell (2010). I will briefly summarise the key potential advantages of GET with respect to increasing persistence. I will divide the potential advantages of GET into two categories based on the exploitation and exploration model above: those that improve exploration, and those that improve exploitation.
Improving exploration
One way GET may be able to improve human persistence is by increasing the range of phenotypes we are able to generate.  The physical structure of the human genome, being packaged in chromosomes which are generally inherited together, limits our ability to explore adaptive space under natural conditions. For example, genes which occur close together on a chromosome are nearly always inherited together, and so their effects are always experienced together. The ability of our species to explore the effect of specific genes on phenotype is, therefore, limited.  
The nature of natural selection also constrains our ability to explore adaptive space under natural conditions. In its current state the gene pool primarily moves incrementally through adaptive space, by small genotype changes. This means it can become stuck on so called ‘local optimums’ in the adaptive landscape.[footnoteRef:7] If a particular genotype has a high fitness value (and represents a peak in adaptive space), and all nearby genotypes have low fitness values (and represent valleys), then a population will end up clumped around the peak. It will not be able to move to other peaks in adaptive space, as each incremental move results in individuals who are less fit, and who are therefore selected against. The move to higher peaks in the landscape may require radical rather than incremental changes, which may only be possible through ‘macromutations’, the simultaneous changing of many different genes at once (Powell and Buchanan 2011). It is often impossible for such large-scale changes to be realised through natural processes alone, as the probability of many specific localised mutations occurring at once is very low. [7:  The adaptive landscape is a topographic representation of the relationship between genotypes/phenotypes and their fitness value. Peaks in the landscape represent genotypes/phenotypes that have high fitness value, and valleys represent low fitness values. ] 

GET could potentially remove the physical and fitness constraints that limit our ability to explore novel phenotypes. This would allow us to explore a greater range of phenotypes than is currently possible. This could increase persistence, as it would increase our capacity to solve design problems that might face our species in the future. For example, it could be that changes to the atmosphere require very specific changes to our respiration in order for us to survive. Such dramatic changes to our phenotype may be impossible through incremental changes to our gene pool. The only way to reach this part of adaptive space may be though macromutations, made possible through GET.  
Further, the fact that humans can non-randomly select mutations, and choose combinations that are likely to contribute to adaptive phenotypes, means that GET will allow us to more effectively explore adaptive space than is currently possible. Whereas mutations that occur under natural conditions are always random with respect to fitness, mutations that occur under GET will benefit from human foresight (Powell 2010). As people are unlikely to use GET to explore those phenotypes not expected to be adaptive in current conditions, novel phenotypes generated through the use of GET are more likely to be adaptive than novel phenotypes generated through natural processes. 
Hence GET could be used to enhance persistence by increasing our capacity to explore adaptive space. It could allow new phenotypes to be generated that may help our species survive in future environments and provide better solutions to adaptive challenges. 
Improving exploitation
Aside from increasing our ability to explore novel phenotypes, GET could also be used to improve our ability to exploit clearly beneficial genotypes – to enhance exploitation. As was the case with exploration, a general advantage of GET over random mutations is that genotypes exploited through GET would benefit from human foresight.
One way in which GET could enhance exploitation is by enabling the ‘lateral’ transfer of genes (Powell and Buchanan 2011). This would enable individuals to transmit genetic information to each other without sharing a parent/offspring relationship. As soon as beneficial genes arise in the gene pool, we could ensure they are quickly distributed throughout the population.  
Pandemics provide an example of an existential risk that may be diluted as a result of lateral gene transfer. Under present conditions it can take thousands of years for genes that help human populations become resistant to pathogens to become fixed in the genome (Powell and Buchanan 2011). This result of this can be catastrophic. For example, in Europe between AD 500 and 1700 humans faced a great selection threat from the bubonic plague. Eventually our populations were able to adapt to this threat and resistance genes became widespread in the gene pool (Galvani and Slatkin 2003). However, this process took hundreds of years and 30 per cent of Europe’s population died over the course of a few years in the mid-14th century (Zeigler 1969). This slow rate of adaptation can be seen as reducing the long-term viability of the human species. By increasing the speed at which our populations can respond to pathogens, GET could reduce our susceptibility to this type of existential risk.  
Today, naturally occurring disease epidemics may themselves not pose much of an extinction threat to our species. This is partly because humans can effectively deal with epidemics via cultural-behaviour modifications, such as the use of antibiotics, vaccination and sanitation (Powell 2012). However, in the future a genetically engineered pathogen, which may have been designed specifically to be resistant to culturally mediated responses, may pose more of a threat to persistence than natural pathogens do today. The ability to quickly fix naturally occurring resistance genes in our population may be an important tool that helps us preserve the persistence of our populations. Further, the lateral transfer of resistance genes may turn out to be a more reliable way of preventing epidemics in the future than other methods, particularly if the effectiveness of antibiotics continues to decline. If GET allows us to deal more efficiently with epidemic threats, then they will also increase persistence – even if disease threats are unlikely to drive us to extinction by themselves. This is because the severity of epidemics can influence our susceptibility to other existential risks. There is evidence from work in macroevolution that reductions in population size can increase extinction risk[footnoteRef:8]. Similarly in humans, a reduction in population size caused by a severe global epidemic may make us more likely to be driven to extinction by other causes, such as an asteroid or comet collision.  [8:  For example, ‘Dead Clade Walking’ refers to a phenomenon in which some groups of organisms that suffer population losses in mass extinction do not participate in postrecovery diversifications (Jablonski 2002). As a result, some species never fully recover from the drop in population and become highly susceptible to extinction. ] 

The ability to quickly spread beneficial genes through the gene pool may also reduce our susceptibility to existential risks that result in radical environmental changes.  For example, asteroid collisions or runaway global warming could result in rapid changes in our atmosphere. As soon as genes are uncovered that aid survival in these new conditions, GET may be used to ensure they are quickly spread through the gene pool, thereby allowing the species to rapidly adapt to the environmental changes.  
Perhaps the types of genotypes whose exploitation is most likely to reduce our susceptibility to existential risks are those that influence our moral motivations. Improvement in our moral motivations, known as moral enhancement (Douglas 2009), could reduce our susceptibility to a range of existential risks (Persson and Savulescu 2011) and increase persistence. Moral enhancement would presumably reduce the risk of malevolent individuals intentionally causing harm through the use powerful technologies such as nanotechnology or genetically engineered biological agents. Further, as moral limitations may contribute to an inability to cooperate effectively at a global level, moral enhancement could also reduce the probability of existential risks resulting from failures of nations to act together – such as global warming or nuclear holocaust (Persson and Savulescu 2011).
Therefore GET has the potential to increase persistence by increasing the speed at which at which genes associated with successful phenotypes spread through the population. Challenges that may be extreme enough to drive our species to extinction under natural conditions may be able to be successfully navigated with the help of GET. 
Ways in which GET could compromise persistence
As seen above, GET could be a powerful tool to improve persistence. Ideally GET could be used to improve both the lives of individuals and the persistence of the species.
However, whether GET increases human persistence or not will depend on the ways in which they are used. Some approaches to GET could potentially have detrimental effects on the species. This is especially relevant in cases where detrimental effects may arise through attempts to use GET to secure benefits for individuals. As I argued above, sometimes what is good for the persistence of populations can be at odds with what is good for the survival of individuals living in that population. Similarly, if we use GET purely to benefit individuals this may detrimentally affect the species.   
The concerns I discuss only apply to GET regimes that meet two specific conditions. I will be referring purely to germ-line engineering, as it is the most likely form of GET to have a significant effect on the capacity for persistence in the gene pool. I will also assume that GET are widely used within the populations I refer to. 
Loss of adaptive potential
One way in which the use of GET to secure benefits for individuals may have a negative effect on the species is by reducing the range of phenotypes that are explored. If GET are used to increase the frequency of specific genotypes that give individuals the best chance to have a good life, this will likely reduce the diversity of the gene pool. In some cases this loss of diversity will result in a loss of adaptive potential and potentially reduce persistence.  
One example of a trait where the interests of individuals may conflict with the long term viability of our species is in regard to immune responses. Individuals gain an immediate advantage when they have a phenotype that provides resistance to a disease present in their environment. However, if every individual in a population has this same phenotype this may make the population as a whole more susceptible to future threats. 
For instance, certain forms of genes expressed in macrophages give individuals resistance against HIV (He, et al. 1997). Macrophages are a type of white blood cell that play an important role in both innate and adaptive immunity. People who have the resistant form of this gene have a slightly different receptor on their macrophages which makes them more resilient to the HIV virus. However it is possible that having the mutant form of the macrophage will make individuals more susceptible to other disease threats. The altered form of the macrophage could be more easily targeted by other viruses that are yet to evolve.  
There is a difficulty here, as there is little doubt that for a population where HIV is prevalent it would be beneficial for the resistance gene to be widespread. However in areas where HIV is only a small threat, increasing the frequency of such genes may make a population worse off if it reduces its ability to adapt to future disease threats. This example demonstrates the complexity of the balance between exploration and exploitation. In parts of the world where HIV is prevalent, the benefits gained from heavily exploiting the resistance genotype will outweigh the detrimental effects of reduced exploration. However in areas where HIV is only a minor threat, a population may get only a slight benefit from having the resistance gene widespread in the gene pool. In these cases it may not be worth the cost of making the population less diverse and hence more susceptible to future disease threats. 
This problem could be exacerbated if GET allowed individuals to develop phenotypes that provided resistance to multiple diseases at once. It is obviously in an individual’s best interest to be resistant to the most likely disease threats in her environment. Today, that may include diseases such as influenza, TB and HIV. This multiple resistance phenotype would likely include specific forms of the cells of the innate immune system, such as macrophages. However having an entire population with this specific phenotype could make the population as a whole more susceptible to future disease threats. We might expect a population with individuals who have a variety of different macrophages, phagocytes, neutrophils, and other cells involved in innate immunity, to be resistant to a greater range of disease threats than a less diverse population. Hence if all individuals in a population have similar immune systems, and share immune cells that make them most likely to be resistant to diseases in their current environment, the population as a whole may be made more susceptible to diseases in future environments. 
These consequences would not affect persistence if we had the ability to engineer resistance genes as soon as a new disease threats arise. But a difficulty with this approach is that we often cannot know which specific genotypes will give resistance to specific disease threats ahead of time. There are many different complex interactions and it is extremely difficult to determine what genotypes would give optimal resistance to a disease. Therefore until we have the knowledge to accurately predict which genotypes will give resistance against novel disease threats, it would be a better strategy to preserve a certain amount of standing variation in the genes that influence immunity. This could mean limiting the use of GET. As Powell (2010) indicates, when using GET we could “significantly reduce the chances of an epidemic by deliberately preserving high levels of polymorphisms in the immunorelevant sections of the genome”. However, this may require some restrictions on GET – at least if species persistence is an important priority. We may not be able to allow parents to choose genes that will likely be best for their children – the ones that make their children the most likely to avoid disease. If everyone chose genotypes that provide protection against the most likely threats in their environment this would reduce diversity in immunorelevant sections of the genome. This may in turn reduce the persistence of our populations. 
There could be other traits in which a conflict of interest emerges between what is best for individuals and what is best for the population as a whole. If these traits can be influenced by GET, this could also potentially compromise persistence.      
For example, it is plausible that our populations benefit from having individuals with a wide range of cognitive traits. Research in social science has shown that cognitive diversity can be more important than individual ability for our collective capacity to solve problems (Page 2007). Cognitive diversity improves the ability of groups to make accurate predictions (Surowiecki 2005) and has been linked to increased innovation (Nemeth and Nemeth-Brown 2003). This indicates that cognitive diversity may be important for our collective capacity to respond to societal challenges, such as those posed by existential risks.  
But it is also possible that in a given environment a fairly specific set of cognitive traits gives an individual the best chance of achieving high levels of well-being. So if GET is able to influence cognition, and is used to select genotypes that give each individual this set of cognitive traits, this may limit the level of cognitive diversity present in our populations.
For example, the cognitive trait ‘extroversion’ has been linked to increased levels of happiness (Pavot, Diener and Fujita 1990) and has a genetic component (Rettew, et al. 2008). If we were to use GET to increase the frequency of genotypes that were associated with happiness, we may increase the frequency of extroverts in our population and consequently reduce diversity in this trait. However it is plausible that the persistence of our population benefits from having a high level of diversity in this trait, as both introverts and extroverts excel at different tasks (Stahl and Rammsayer 2008).  
That is not to say that there are no ‘all purpose good’ cognitive traits that would benefit both individuals and populations if they were widely possessed. Rather, the claim is merely that it is possible that there are some cognitive traits which benefit individuals, but would not benefit us collectively if they were possessed by each individual. Another example of such a trait could be creativity. Studies have indicated that individuals who perform badly on tests that measure latent inhibition (an ability to block out irrelevant stimuli) do well on tests of creativity, and vice versa (Carson, Peterson and Higgins 2003). It has been hypothesized that these traits may be somewhat mutually exclusive – people are creative precisely because their mind wanders and they cannot block out seemingly irrelevant information. It is also plausible that one of these mutually exclusive traits is more desirable for individuals to possess. For instance, people with good latent inhibition may be more likely to be able to concentrate and do better at school than more creative people, and thus may be more likely to succeed and have happy lives. Further, people who perform well on creativity tasks may be more likely to suffer from mental illness (Keri 2009). 
If we were able to use GET to select traits that were best for individuals to have, this may involve selecting individuals likely to have good latent inhibition. But this could be bad for us collectively. All else being equal, our collective ability to solve problems is improved when we have both individuals with good latent inhibition and others with poor latent inhibition but who are creative. 
Hence, as well as limiting GET in order to preserve the genetic component of “immunodiversity’, it is possible that we may also need safeguards to preserve the genetic components of ‘cognitive diversity’, to ensure our populations benefit from having people with different types of minds. 
To summarise, one way in which GET may compromise persistence is by over-exploiting certain genotypes that benefit individuals but not populations. It is plausible that there are certain phenotypes that are best for individuals to possess, as it makes them more likely to have a good life, but would be bad for populations if they occur in high frequencies. They may make our populations more liable to future disease threats, or reduce our capacity to respond to societal challenges. 
New local optimums
GET could also reduce exploration if it is constrained by non-biological factors. As discussed earlier, one of the disadvantages of the human gene pool in its current state is that it gets stuck on local optimums in the adaptive landscape. In that case the local optimums are determined by fitness constraints. The ability of parts of the gene pool to move around adaptive space is limited because small genotype changes cannot be sustained when they reduce individual fitness. This limits the ability of the gene pool to explore adaptive space and generate novel phenotypes. 
While GET may enable the gene pool to break free from local optimums that are determined by fitness constraints, other constraints specific to GET may impose similar limits on our ability to explore adaptive space. These could be conceptual, technological or commercial in nature.  
For example, when GET first becomes available only a few specific genotypes may be known to improve well-being. It is possible that other genotypes exist that lead to greater levels of well-being, but these genotypes are not known. In this limited state of knowledge, if we were to use GET to select children who we expected would be most likely to experience high levels of well-being, we would need to ensure all of them had one of the few genotypes that we knew were associated with improved well-being. Not using GET and leaving it to chance would likely mean individuals would suffer reduced levels of well-being. However using GET in this way would also limit the population’s exploration of adaptive space and may prevent them from drifting onto more adaptive genotypes.
This would be akin to our population becoming stuck on local optimums in the adaptive landscape. However, this time the local optimums are determined by knowledge and perceptual constraints rather than fitness constraints.  Because we do not know of other sequences that improve well-being, and because we select each individual with a view to maximising well-being, our populations end up being clumped around a particular point in adaptive space and stop exploring other areas.[footnoteRef:9]  [9:  Similar points can be made about attempting to use GET to increase persistence with imperfect knowledge. If we attempt to maximize persistence early in the development GET when only a few options are available, there is a danger that we will over-exploit certain genotypes. This may ultimately reduce persistence by limiting exploration.   ] 

Further, intense selection for specific genotypes which correlate with specific phenotypic traits may adversely affect other traits. This is partly due to the phenomenon of pleiotropy, where one gene may have multiple effects. If we increase the frequency of specific genotypes in the gene pool because they are associated with particular aspects of well-being, this may have unintended consequences on other traits. This has been a lesson with the artificial selection of specific traits in dog breeds. In some breeds, genotypes were selected because they associated with desirable phenotypes but also affected other traits through pleiotropy, which resulted in adverse health effects (Karlsson and Lindblad-Toh 2008). 
These types of concerns will be highly dependent on the precision of GET and how effectively they are able to achieve complex phenotypes. If we have precise technologies that allow maximum changes in phenotype with only minimal changes in genotype, these concerns may be ill-founded. However if the only way for complex phenotypes to become widespread through our populations is to make individuals share fairly specific genotypes, then these concerns may be relevant when assessing GET. 
Experiments in reproduction and conflict in GET
In his article “Genetic Interventions and the Ethics of Enhancement of Human Beings” Savulescu (2006) argues that one of the benefits of GET will be that it allows parents to conduct ‘experiments in reproduction’. 
Reproduction should be about having children who have the best prospects. But to discover what are the best prospects, we must give individual couples the freedom to act on their own value judgment of what constitutes a life of prospect. “Experiments in reproduction” are as important as “experiments in living” as long as they don't harm the children who are produced. For this reason, reproductive freedom is important. 
Savulescu relates the benefits of reproductive liberty to the benefits that John Staurt Mill saw in the freedom to experiment. Reference to the effect of GET on the gene pool gives us a further reason to believe that the ability of parents to conduct experiments in reproduction may be a desirable consequence of GET. In a constantly changing world, we often do not know which genotypes will be successful in future environments and which will not. For some traits, our populations benefit from conducting multiple trials and exploring different genotypes to see which are beneficial and which are not. GET will benefit our populations by increasing our capacity to explore adaptive space, and then allowing us to exploit clearly beneficial genotypes as soon as they arise. However, GET will only deliver these benefits if they are used in a particular manner – if individuals in a population choose to explore a diversity of traits for their children. As Powell (2010) notes, we need not expect people to share a common conception of the ‘good’, and fears that GET will lead to parents selecting highly similar traits for their children, resulting in something similar to a biological monoculture, are ill-founded. But, even if we expect people to vary in their conception of ‘the good’, we might expect much less variety in their conceptions of ‘a good immune system’ or ‘a good set of cognitive skills’. For some traits, we may expect very little diversity in what parents choose, as some choices seem more likely to benefit their children than others. While such choices are rational from the perspective of individuals, they may be irrational from the perspective of a population. If we make choices on the basis of what will be optimal for a group, it does not make sense to put all our eggs in one genetic basket. 
The above discussion demonstrates some of the potential tensions that should be considered during the development of GET. The use of GET to promote the liberty and interests of individuals may conflict with their use to secure collective goods, such as the persistence of the human species. Whether such conflicts will become a practical problem for GET, and how we should resolve them if they do, will need to be considered as these technologies are further developed.
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