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Abstract  As space travel and intentions to colonise 
other planets are becoming the norm in public debate 
and scholarship, we must also confront the technical 
and survival challenges that emerge from these hostile 
environments. This paper aims to evaluate the various 
arguments proposed to meet the challenges of human 
space travel and extraterrestrial planetary colonisa-
tion. In particular, two primary solutions have been 
present in the literature as the most straightforward 
solutions to the rigours of extraterrestrial survival and 
flourishing: (1) geoengineering, where the environ-
ment is modified to become hospitable to its inhab-
itants, and (2) human (bio)enhancement where the 
genetic heritage of humans is modified to make them 
more resilient to the difficulties they may encounter 
as well as to permit them to thrive in non-terrestrial 
environments. Both positions have strong arguments 
supporting them but also severe philosophical and 
practical drawbacks when exposed to different cir-
cumstances. This paper aims to show that a principled 

stance where one position is accepted wholesale nec-
essarily comes at the opportunity cost of the other 
where the other might be better suited, practically 
and morally. This paper concludes that case-by-case 
evaluations of the solutions to space travel and extra-
terrestrial colonisation are necessary to ensure moral 
congruency and the survival and flourishing of astro-
nauts now and into the future.

Keywords  Space travel · Bioethics · Human 
enhancement · Terraforming · Geoengineering

Introduction

Many of the challenges concerning space explora-
tion and the potential colonisation of Mars will most 
probably be connected to the harsh and very different 
environments we will have to deal with compared to 
those we are used to on Earth. Many of these chal-
lenges can be confronted with the help of technologi-
cal solutions; others pose a significant, if not impos-
sible, obstacle to overcome for any extraterrestrial 
settlement mission. Despite questionable or limited 
feasibility, two primary solutions have been proposed 
in the last several years to meet these challenges. The 
first is radically changing the environmental condi-
tions in space. For example, Elon Musk, someone 
who openly aims to create a settlement on Mars and 
thinks that in subsequent centuries millions of human 
beings could inhabit the Red Planet, has argued that 
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we need to detonate 3000 nuclear bombs per day and 
for an indefinite period to render the planet habitable 
[1]. This approach to radically changing the environ-
ment is often called geoengineering or terraforming 
[2, 3]. This approach, however, is not possible at the 
moment and perhaps even for the coming decades. 
Others have proposed another vector: that the only 
solution is to modify human beings (terrestrials) to 
enhance them in ways that permit them to survive in 
extraterrestrial environments [4–6]. Extreme genetic 
adaptations like these, however, are likewise quite 
futuristic. Here, we do not aim to speak on the current 
feasibility of these approaches but rather on their phil-
osophical implications in terms of their moral accept-
ability if/when they are possible.1 Hence, this paper 
aims to outline and evaluate, all things being equal, 
the best solution to invest in from a moral perspec-
tive concerning Mars colonisation. In doing so, this 
paper distinguishes between two positions: (1) geo-
engineering (terraforming) is morally preferable to 
that of modifying human beings and (2) that interven-
tions in modifying human beings to make them better 
capable of surviving space explorations and extrater-
restrial settlement are morally preferable. This paper 
concludes that we do not always have reasons to sup-
port one position in all cases exclusively. Instead, all 
things being equal, one solution (e.g., geoengineer-
ing) is not superior to the other (e.g., human modi-
fication). To determine which is morally appropriate, 
the solutions must be evaluated on a case-by-case 
basis concerning the objectives at hand.

Geoengineering is Morally Preferable to Human 
Transformation (or Modification)

Those who take a principled stance against any form 
of human enhancement likewise hold that geoengi-
neering is always preferable to redesigning human 

beings. In the recent bioethics debate, this position 
has been defended by a broad spectrum of thinkers. 
For example, Habermas argued that (re)designing 
human beings means reducing them to objects since 
we are fundamentally evaluating the conformity of 
the object (or means) to an end. This line of reasoning 
can also be applied to missions into space or those 
to Mars. Doing so means we should not consider 
and calculate the advantages we can obtain from the 
enhancement, given that any (bio)enhancement pro-
ject is incompatible with human dignity. According to 
Habermas, moreover, and confirming the problematic 
nature of enhancement interventions, any genetic (re)
programming project of human beings would repre-
sent an unacceptable violation of the principles on 
which liberal-democratic societies are grounded, as 
it would not be possible to practice human enhance-
ment within a society that purports symmetrical rela-
tions amongst its members.2 People who resort to, 
for example, the (bio)enhancement of their children 
would be granted the possibility to choose the genetic 
heritage and, therefore, the life of those children (e.g., 
[7]). Consequently, those born would feel like puppets 
in the hands of others, given that they were born with 
a genetic heritage based on the personal preferences 
of their progenitors. The result—says Habermas—
would bring into question the notion of a pluralistic 
and democratic society, as the life of some people 
would directly depend on the choices of others:

In the context of a democratically constituted 
pluralistic society where every citizen has an 
equal right to an autonomous conduct of life, 
practices of enhancing eugenics cannot be ‘nor-
malized’ in a legitimate way, because the selec-
tion of desirable dispositions cannot be a priori 
dissociated from the prejudgment of specific 
life projects ([8], p. 66).

According to Sandel [9], on the other hand, the 
problem of the (bio)genetic enhancement project is 
not so much political but rather moral, as any project 
of redesign (of human beings) would have negative 

1  There is a potential third, more probable and feasible strat-
egy: to fight the consequences of low gravity and other harsh 
conditions with classical medical and technical interven-
tions and to live permanently in habitats. However, this paper 
eschews the feasibility claims of the approaches (they could be 
better categorised as near, medium, and long-term strategies) 
and instead aims to show that neither option, technically feasi-
ble or not, can be dismissed or assumed a priori but need to be 
evaluated on their own case-by-case merits.

2  For Habermas, the interventions of genetic modification of 
embryos are always morally questionable (both for therapeutic 
purposes and for purposes of strengthening). On the somatic 
level, however, interventions with therapeutic purposes are 
acceptable, while those with the sole purpose of enhancing are 
not.
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consequences for the moral character (and sensitivity) 
of those enhanced people. In other words, we can also 
go beyond therapeutic uses and use new (bio)technol-
ogies to endow future generations with dispositions 
and abilities that humans do not yet possess. How-
ever, the more we enhance human nature, the more 
we should expect morally corrupt people ([9], p. 86). 
Imagine an individual who no longer depends on oth-
ers thanks to their improvements. Consequently, we 
can see how that person will no longer have humility 
and thus find it difficult to feel compassion for others. 
Sandel’s conclusions are troubling when applying this 
reasoning to missions in space and on other planets. 
Dispositions (or qualities) such as humility and com-
passion have value in any context. It is evident, how-
ever, that the ability to cooperate with other people 
and, when necessary, to help them will be a very pre-
cious virtue on missions in space and the establish-
ment and sustainability of new settlements on Mars, 
as those undertaking such endeavours will deal with 
demanding and unpredictable living conditions. It 
will not be enough to have the ability to survive in 
different environments beyond Earth; it will also be 
necessary to have the ability to work and collaborate 
with other people with ease and, ideally, with pleas-
ure. Furthermore, at least in the beginning, one can 
imagine that the colonisers will not only have to share 
very small spaces but will probably have infrequent 
opportunities to isolate themselves (from each other). 
If, therefore, Sandel is correct and any human (bio)
enhancement project fuels pride and impoverishes 
our natural disposition to empathise with other peo-
ple (and feel compassion for them), resulting in the 
impediment of cooperation, we will undoubtedly 
be confronted with severe challenges for long-term 
settlement.

Nonetheless, we can still look with hope to mis-
sions in space or other (extraterrestrial) planets. 
Still, we should put aside the idea of improving or 
(re)designing human nature and thinking about the 
changes we can produce in the environment to make 
it more survivable (or habitable). By doing so, we can 
continue cultivating that capacity to be open to the 
unexpected, which, according to Sandel, is another 
fundamental human virtue that can be jeopardised by 
the development of those technologies that make it 
possible to plan the life of those to be born.

According to Fukuyama [10], the (bio)enhance-
ment project would have two other problems: first, an 

intervention that radically changes human nature can 
never be an enhancement, as it does not improve our 
essential characteristics but produces a new species. 
Therefore, it would be naive to think that a program 
of (bio)enhancement or redesign of human nature 
could be the solution for space travel or, possibly, 
allow our species to emigrate to other planets in the 
event of existential risk. The more life conditions on 
Earth become ever more complex, for example, due 
to reckless innovation programs or natural disasters, 
migration to other planets may be our only chance 
of survival [11–13].3 However, says Fukuyama, 
enhancement is never a morally acceptable solution, 
as it would lose (perhaps irreversibly) those essential 
characteristics that support the “sense of who we are 
and where we are going, despite all of the evident 
changes that have taken place in the human condi-
tion through the course of history” ([10], p. 101). 
This means that we could also think about enhancing 
and then transferring an entire population to another 
planet, but this would not save the human species 
from the risk of extinction, as the people who would 
leave the earth would no longer belong to our species. 
Furthermore, according to Fukuyama, the enhance-
ment would represent a threat to the survival not only 
of the human species but also of our culture and our 
fundamental values, as our moral concepts would be 
deeply rooted in human nature and would depend on 
the possibility of referring to characteristics that we 
share.

People born enhanced could receive essential ben-
efits or advantages; for example, a much longer life 
or the ability to carry out their work more efficiently. 
This, according to Fukuyama, is not in question, 
although the long-term consequences could be less 
favourable than we currently want or can imagine. 
For example, in line with the aspirations of any “tran-
shumanist” project or manifesto, we may also achieve 
longer life. Still, our quality of life may deteriorate 

3  We need to keep in mind that these potential reasons for 
colonisation are not sufficient conditions. However, the reasons 
mentioned require the precondition that such events or devel-
opments would devastate Earth to such an extent that it would 
become more hostile to life than Mars. This means, however, 
that if you can colonise a harsh planet like Mars, then one can 
similarly take similar measures to live on a severely damaged 
Earth. However, sudden disasters could make such impossible, 
whereas an extant colony on Mars would avoid having all eggs 
in one basket.
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because a more extended life typically involves more 
disease and (years of) suffering. The problem is that 
once we radically change the characteristics of human 
nature, we also lose our ‘moral sense’ and the natural 
ability to distinguish good from evil:

It may be the case that, as Nietzsche predicted, 
we are fated to move beyond this moral sense. 
But if so, we need to accept the consequences 
of the abandonment of natural standards for 
right and wrong forthrightly and recognise, as 
Nietzsche did, that this may lead us into terri-
tory that many of us don’t want to visit. To sur-
vey this terra incognita, however, we need to 
understand modern theories of rights and what 
role human nature plays in our political order 
([10], p. 102).

Finally, according to Kass [14], we would not even 
need to resort to so many (rational) arguments, as the 
feeling of ‘repugnance’ that we would feel towards 
any project of human (bio)enhancement would suf-
ficiently prove its moral unacceptability. After all, 
we think that moral issues should only be addressed 
rationally. Still, our feelings have more profound wis-
dom than any rational argument, so it is not always 
necessary to rationalise things or look for rational 
justifications:

In some crucial cases, however, repugnance 
is the emotional expression of deep wisdom, 
beyond reason’s power completely to articulate 
it. Can anyone really give an argument fully 
adequate to the horror that is father-daughter 
incest (even with consent), or bestiality, or the 
mutilation of a corpse, or the eating of human 
flesh, or the rape or murder of another human 
being? Would anybody’s failure to give full 
rational justification for his revulsion at those 
practices make that revulsion ethically suspect? 
Not at all. On the contrary, we find suspect 
those who think they can easily rationalize away 
our horror, say, by trying to explain the enor-
mity of incest with arguments about the genetic 
risks of inbreeding ([14], p. 150).

However, the attempt to show the immoral char-
acter of any form of enhancement is unsuccessful 
[15–19]. First, it is not true that enhancement always 
involves some form of exploitation or that it can only 
be practised by reducing a person to an object or 

product. The interventions of (bio)enhancement could 
be practised on the genetic patrimony of embryos at 
the parents’ request or the genetic code of the cells of 
an adult person. In the first case, we are talking about 
genetic modification interventions on the germline 
(because the genetic modification can be performed 
on the embryo or gametes, which will then be used 
in fertilisation). In the other case, however, in genetic 
modification interventions on the somatic line, the 
modification only concerns the subject involved and 
cannot be transmitted to future generations [20–24]. 
A parent could choose to ask for a genetic modifi-
cation or embryo enhancement intervention only to 
assure the child that they will have greater access 
to more abundant opportunities without having the 
slightest intention (or desire) to plan what their life 
will turn out to be. Habermas, that is, thinks that a 
parent can resort to enhancement only because they 
intend to have a child who can conform to their nar-
cissistic desires and ambitions. For this reason, from 
his perspective, the enhancement would always be 
exploitative and incompatible with the principles (or 
values) of a liberal democratic society. On the other 
hand, it can be argued that (bio)enhancement does not 
limit opportunities; on the contrary, it can put peo-
ple in the condition of being (much) freer to choose 
their own life, as it would allow them to have a better 
endowment than what otherwise they would.

In space travel or colonising other planets, describ-
ing (bio)enhancement interventions as a form of 
exploitation would make even less sense, as they 
would only serve to allow people to survive in hos-
tile environments [25, 26]. It is true that, in this 
case, the intervention could seem much more ‘ther-
apeutic’ than ameliorative [27]. Still, at least for 
the astronauts, it would be a form of (bio)enhance-
ment, as they could survive well even without this. 
More clearly, they would only be enhanced to travel 
into space and explore other planets, not because of 
the survival risk of continuing to live on our planet. 
Furthermore, we have no reason to think that (bio)
enhancement interventions can negatively affect the 
character or sensitivity of the people yet to be born. 
Sandel [9] is concerned that people with improved 
(enhanced) skills or dispositions may no longer have 
any reason to care for or worry about other people’s 
lives, as they will be self-sufficient (i.e., they will no 
longer get sick or otherwise live in good health, and 
perhaps, they will not even get old) and will no longer 
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need others. Furthermore, Sandel says that once 
any enhancement intervention can be chosen, it will 
become more challenging to think that we owe some 
debt to one’s community, as talents will no longer 
seem the result of chance but something that we can 
attribute to ourselves. Sandel says that those who are

successful would be even more likely than now 
to imagine themselves as self-made and self-
sufficient, and hence wholly responsible for 
their success. Those at the bottom of society 
would be viewed not as disadvantaged, and so 
worthy of a measure of compensation, but as 
simply unfit, and so worthy of eugenic repair. 
The meritocracy, less chastened by chance, 
would become harder, less forgiving ([9], p. 92).

However, Sandel’s mistake is to idealise the 
enhancement program because it is discussed inde-
pendently of any implementation problems. No mat-
ter what (bio)enhancement intervention we think 
about, it is unthinkable to give birth to individuals 
who will not need the assistance and love of other 
people, as—this can easily be imagined—even peo-
ple who will be born with enhanced dispositions will 
fall ill or have problems or accidents like any other 
person. Furthermore, the fact of being born with (or 
developing) improved dispositions and abilities is 
obviously not incompatible with the possibility of 
developing character traits and moral sensitivity, as it 
does not compromise the ability to feel the suffering 
and/or pleasure of other people or to consider what is 
the right thing to do from a firm and general point of 
view [28]. On the contrary, as Persson and Savulescu 
[29] explain, some forms of enhancement could pre-
cisely improve human beings’ moral abilities—for 
example, sympathy. We should not worry that the use 
of human (bio)enhancement interventions reduces 
our presumed ability to be open to the unexpected 
and accept life as a gift, as an attitude of openness 
to the unexpected and a disposition to humility and 
respect for the mystery of life are profoundly compat-
ible with any ethics of responsibility. Especially in 
the choices concerning the birth of other people, we 
should not rely on chance but evaluate the behaviour 
that promotes the well-being of the people involved. 
This means acting (behaving) responsibly towards our 
neighbours. Sandel’s concern is that the desire to con-
trol our contexts and master the mystery of life may 
compromise a parent’s ability to love their children 

unconditionally.4 However, one can love one’s chil-
dren unconditionally and still have the desire to pro-
tect them from disease (and suffering) and give them 
a good life. The latter seems directly in line with 
what is generally accepted to be the mores of good 
parenthood.

Finally, concerning Fukuyama’s concerns, it is 
not true that any enhancement program would have 
the necessary (even if perhaps involuntary) result of 
the end of the human species [30]. First of all, not 
only could we have different ideas about the alleged 
essential characteristics of the human species, but 
the upgrading interventions could modify secondary 
characteristics and dispositions and instead preserve 
the essential elements [31–33]. Furthermore, the end 
of the human species and, following Fukuyama’s 
argument, its replacement by a different living species 
could be a ‘morally’ irrelevant question, in the sense 
that what—from a moral point of view—matters is 
not the survival of the human species, but rather the 
well-being of the people who belong to the human 
species. If, as we are trying to argue, (bio)enhance-
ment interventions have positive consequences and 
improve the lives of the people concerned, why 
should we consider them immoral? According to 
Fukuyama, the risk is that changing human nature 
will not only replace one species (the human species) 
with another but also that we lose our values and ide-
als. However, this seems more like a bias than a mini-
mally justified conclusion or position. There seem to 
be no reasons why enhanced people cannot claim (or 
attribute) the same dignity or rights that we rightly 
claim today.

On the contrary, one can also think that empow-
ered humans—possibly even morally (for example, 
more capable of empathising with other people or 
simply more rational)—could be much more sensi-
tive to questions of justice [29, 34–38]. Furthermore, 
belonging to the human species is not a necessary 
(in the case of embryos) condition for dignity. We 
can attribute dignity not only to non-human animals 
but also to enhanced human beings. Finally, we can 

4  Sandel’s argument does contain further nuance that mer-
its presenting. He does not rule out that unconditional love is 
still possible; it is only made more difficult. The crux of San-
del’s argument is that there is no principled difference between 
genetic readjustment and other exaggerated forms of readjust-
ment.
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agree with Kass that feelings also matter in moral-
ity, but this does not mean that we cannot distinguish 
between more or less justified feelings. That is, we 
should retain the ability to critically confront the 
emotions we feel in order to accept or recognise the 
authority only of those feelings that seem justifiable. 
A feeling of repugnance towards (bio)enhancement 
does not seem justified.

The Transformation (or Modification) of Human 
Beings is Morally Preferable to Geoengineering

So far, we have shown that environmental interven-
tions are not always morally preferable to modifying 
human nature, as the improvement (or bioenhance-
ment) of human beings is morally acceptable, that 
is, practising interventions of this type does not seem 
morally wrong.

In this second part of our article, we will explore 
whether—concerning travel and missions in space 
and the colonisation of other planets—the transfor-
mation of human beings, in addition to being morally 
acceptable, can also be morally preferable to that of 
geoengineering. First, we intend to present a list of 
the most significant reasons or arguments that could 
be advanced in favour of the preferability of interven-
tions on human beings (that is, in favour of the moral 
preferability of human interventions over environ-
mental engineering). Then, in the next section, we 
will explore whether these reasons are sufficiently 
convincing and should guide our policies (or choices) 
regarding space travel.

Travelling in space and to other planets will test 
any crew. We will have to deal with very different sce-
narios and environments than those we are used to on 
Earth; even surviving for an extended period within 
these contexts could be impossible [39]. To face these 
journeys, therefore, we have no other choice: either 
we modify the environment to make it compatible 
with human life or alter human beings to adapt them 
to conditions that would otherwise be incompatible 
with even mere survival. The first reason for prefer-
ring the redesign of human beings to the redesign 
(and modification) of an extraterrestrial environment 
can be found in those positions in the environmental 
ethics debate that emphasise the moral value of any 
form of life [40]. In the environmental ethics debate, 
we can distinguish between positions that attribute 

moral relevance to individual living organisms and 
positions that instead hold that even superorganic 
entities—such as species, ecosystems, and planets—
deserve full moral relevance [41–49].

Apart from these differences regarding the enti-
ties that deserve full moral relevance, these posi-
tions broadly converge on the idea that we should go 
beyond the anthropocentric paradigm and recognise 
moral value applied even to ‘non-human’ entities 
and forms of life [50]. It seems correct to assume, 
therefore, that according to these perspectives, space 
missions should give priority to interventions on 
human beings over interventions in the environ-
ment, as in this way, there is no risk of damaging 
or endangering the survival of other living beings, 
who, for the sole reason of being alive, deserve 
our respect and moral attention [51]. It is true that 
even positions—such as biocentrism, earth ethics, 
and holism—strongly question the anthropocen-
tric paradigm and hope for it to be overcome do not 
affirm that we should always avoid causing damage 
to other living forms. On the contrary, they argue 
that the right to use or destroy other life forms only 
applies when we cannot survive or achieve a certain 
level of well-being. For example, it is not only per-
mitted to kill a lethal virus but also to destroy a for-
est or natural area because otherwise, we would not 
have space and material to build libraries, schools, 
universities, and infrastructures that favour mobility 
and economic exchange.

The important thing is that any development pol-
icy tries to Fit

human construction and ‘developments’ into 
natural surroundings in a way that preserves 
the ecological integrity of a region as a whole. 
Office buildings and stores, factories and ware-
houses, hotels and motels, houses and apart-
ment complexes, airports and highways, schools 
and libraries, bridges and tunnels, and other 
large-scale human artefacts are designed and 
located with a view to avoiding serious ecologi-
cal disturbances and environmental degrada-
tion. Natural areas in the region that are essen-
tial for ecological stability are left unmodified. 
Thus certain habitats used by wild species pop-
ulations are not destroyed, and some wildlife is 
given a chance to survive alongside the works 
of human culture ([42], p. 299).
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However, we are considering a scenario in which 
it is possible to face the difficulties associated with 
space travel and living on other planets through two 
equally effective solutions: (1) we can choose to mod-
ify humans or (2) the environment; the result would 
be the same.

Therefore, there is no situation of necessity to 
which we can appeal (or refer to) to justify the need 
to carry out essential modification interventions on 
the environment. Of course, survival is always at 
stake, but the problem can be faced and therefore 
solved without the need to damage the environment, 
but “simply” by modifying human beings. To be 
clear, we do not mean to say that when considering 
the colonisation of other planets, we will not have 
to consider the need and importance of carrying out 
essential interventions on the environment to create 
the conditions for making the planet fully habitable 
(and self-sufficient). The fact, however, that practising 
specific geoengineering interventions may be neces-
sary does not mean, or permits us to conclude, that 
then we can carry out any environmental engineering 
projects or, in any case, this is only the point of view 
that a strongly anti-anthropocentric position (which 
extends full moral relevance to non-human entities as 
well) could consistently argue [51, 52].

However, it can be argued that interventions on 
human beings should have priority over interven-
tions on the environment without the need to take 
an “anti-anthropocentric” position and affirm that 
any living organism (or superorganism) deserves 
moral relevance. For example, it could be argued 
that it is better to modify (or enhance) human beings 
because, in this way, we can preserve the beauty—
even natural—of the ecosystems we explore [53, 
54]. This argument can obtain independent of the 
moral relevance that can be recognised or attrib-
uted to them. For example, Robert Sparrow states 
that starting from an agent-based virtue ethics, it is 
possible to conclude that “terraforming reveals in 
us two serious defects of character. First, it demon-
strates that we suffer from ethically significant aes-
thetic insensitivity. We would become cosmic van-
dals. Second, it involves us in the sin of hubris. We 
show ourselves to be suffering from an excessive 
pride which blinds us to our own place in the world” 
([55], pp. 232–233).

On the other hand, any genetic modification of 
human beings engaged in space missions would 

not destroy the aesthetic value of human beings (of 
human biology), as an unenhanced population would 
continue to live on Earth. On the other hand, the radi-
cal transformation of a planet (one in which we aim 
to live) would forever deprive humanity of the beauty 
(or aesthetic value) of that particular natural ecosys-
tem and landscape. Other planets that are aestheti-
cally similar to those we aim to transform may also 
exist in the universe, but their history and geologi-
cal uniqueness will probably be unrepeatable. Add 
to this that any modification (genetic improvement) 
of human beings would confer even more significant 
beauty and aesthetic value to the planet, allowing 
these new colonisers to appreciate its characteristics 
even more. Some believe that aesthetic value is sub-
jective (and therefore, it simply depends on the view-
er’s reaction towards the object they observe). Others, 
however, believe that aesthetic value is “intrinsic” to 
the object and, consequently, independent of the spec-
tator and their ability to experience pleasure in its 
presence. If the aesthetic value were intrinsic to the 
object, any enhancement of the sensitivity of human 
beings could not contribute to increasing the aesthetic 
value of the planet. However, it could encourage 
human beings to continue to preserve or exacerbate it, 
given that they would have less difficulty recognising 
its beauty at any moment. In any case, affirming that 
the natural beauty of planets can be a moral reason 
for preferring the modification of human beings to the 
modification of the environment does not mean estab-
lishing that beauty (or aesthetic value) must always be 
preserved. A position of this type would be difficult to 
accept because it is somewhat counterintuitive: it is 
easy to imagine situations in which destroying some-
thing beautiful can be a necessary act to have the pos-
sibility of satisfying the basic needs of a large number 
of people. In our case, however, preserving natural 
ecosystems seems like a ‘luxury’ that we can afford 
since the same results can be had by intervening on 
human beings.

Still, even if they produce the same results and 
permit the survival of extraterrestrial missions, the 
modification of human beings could still seem pref-
erable to interventions on the environment based on 
reasons concerning the appropriate use of resources. 
For example, human modification interventions 
may have lower costs than any other program or 
long-term benefits for galaxy exploration or plan-
etary colonisation and settlement construction that 
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other programs do not have. Additionally, a human-
enhanced space program could contribute more to 
the success of any space mission, as it could encour-
age people to participate in space missions and even 
engage in colonising new planets or star systems. 
Although some changes  (such as greater resistance 
to disease, a longer life and orientation skills) will 
be much more therapeutic than ameliorative, in the 
sense that they will allow people to survive in very 
unwelcoming environments, others will improve and 
enable people to experience conditions and have 
advantages they otherwise would not have. It is not 
unreasonable to posit that a large number of people 
may believe that these advantages can amply com-
pensate for the risks and difficulties that can be con-
nected, especially at the beginning, to space travel. 
The possibility of passing on these enhancements 
to their children could make the idea of space travel 
or a period of work on another planet even more 
attractive. Lastly, we should also consider the fact 
that, whatever we choose to do to make a planet or 
colony (more) liveable, bioenhancement may still be 
inevitable, as people may still decide to genetically 
enhance their children to bestow them with new 
abilities and resiliencies to allow them to act better 
within their environment. This will have costs that 
will add to geoengineering interventions (i.e., first, 
there will be the costs of transforming the environ-
ment and then those of enhancements). Therefore, it 
is more reasonable to immediately opt for the space 
program based on (bio)enhancement. By doing so, 
the results will be the same, but the costs will be 
lower, as we will not need to consume resources 
to redesign extraterrestrial environments. For what 
reason, moreover, should we give up practising 
an enhancement program (or redesign of human 
beings) that could have immediate benefits for any 
program of space exploration or study and colonisa-
tion of other planets in the universe? The only rea-
son for preferring interventions in the environment 
(to those on human beings) can be the desire to pre-
serve human nature’s biological (or genetic) integ-
rity. However, we have already seen extensively that 
this is not an argument we can accept.

Finally, for missions in space and the explora-
tion of new planets, human enhancement interven-
tions could be ‘morally’ preferable to interventions 
on the environment. Why? It is because using these 
interventions for missions in space could encourage 

greater moral acceptability of human enhancement 
interventions on people living on Earth. Even if 
enhancement interventions do not confer more signif-
icant advantages to people participating in space mis-
sions or the colonisation of the planets than interven-
tions on the environment, they could have, however, 
better consequences for the people living on Earth, 
given that they can reduce their difficulty in accepting 
enhancement interventions. This would be an advan-
tage because we have seen that human enhancement 
can be both good and desirable despite the objections 
we considered earlier. Of course, we cannot establish 
a priori whether the enhancement of astronauts will 
make the intervention morally more acceptable on 
Earth; this is an empirical question that we can only 
verify a posteriori after we have put such a enhance-
ment into practice.

 However, some reflections are possible and allow 
us to frame the question better. First of all, it can-
not be said that (bio)enhancement interventions 
for space missions cannot represent a model of 
interventions that can be appropriated for our own 
planet, given that people living on Earth would not 
need upgrades to survive. It is not true that (bio)
enhancement interventions are morally justifiable 
only in  situations where people could not other-
wise survive. Suppose (bio)enhancement interven-
tions are safe and can improve people’s quality of 
life. In that case, we have an important reason for 
practising them, even if they are not undertaken for 
the purposes of mere survival. Furthermore, we can-
not exclude that even on Earth, situations may arise 
in the future that put our survival at risk, and that 
Make (bio)enhancements necessary (which would 
de facto make some (bio)enhancement interventions 
essential for our survival). For example, Persson 
and Savulescu [29] argue that without some form 
of moral (bio)enhancement, we may not be able to 
worry too much about environmental problems, 
depriving future generations of the possibility of 
still having a life worth living.

According to them, moral (bio-)enhancement could 
therefore be the only solution to avoid or at least limit 
the risk of terrorists or psychopaths using their cog-
nitive abilities to cause deadly harm to the whole of 
humanity. Furthermore, we cannot agree with those 
who argue that (bio)enhancement interventions prac-
tised in space would be more natural than those we 
could practice on Earth [27], as an action does not 
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change its nature only because it is practised in a dif-
ferent space. Even if the enhancements on earth were 
unnatural, this would not represent a problem, as it 
is an established point of philosophical reflection 
that what is (or appears) natural cannot be a point 
of reference for our moral reasoning. Not only what 
is unnatural can be ‘good’ and morally approach-
able, but something can be natural (think, for exam-
ple, of death) and, at the same time, be bad. Secondly, 
we may have reason to believe that practising (bio)
enhancement interventions on human crews leaving 
for space missions and journeys to Mars could make 
it easier to accept these (same) interventions on peo-
ple living on Earth. David Hume argued that we could 
not evaluate new things correctly, as novelty arouses 
a “natural” wonder that confuses the mind and judge-
ment [56]. We think that these considerations can also 
be applied to the case of (bio)enhancement and that 
some of our difficulties in considering human (bio)
enhancement morally acceptable depend solely on 
the fact that we are not yet used to this intervention. 
For this reason, space missions could help us change 
our perspective and enable us, for the first time, to use 
these biotechnologies and experience what it means to 
be an enhanced person.

First, before becoming a routine intervention for 
people participating in space missions, enhancement 
interventions will probably be practised on people 
suffering from diseases that are not curable by tra-
ditional means [5]. If, then, the people who leave 
for space missions must be first (bio)enhanced, over 
time, the chances of meeting them, both before and 
after their journey, will increase. While we may 
prevent them from returning, it would not be fair to 
deprive people who grew up on Earth and have spent 
a long time in space from moving freely. Also, if 
they stay on Earth and start a family (even with non-
enhanced people), their children could inherit at least 
some of their genetic modifications and (enhance-
ments). In this way, our concern for human (bio)
enhancement interventions could gradually fade 
away through the knowledge of enhanced people. 
After a certain period of time, we may not only per-
ceive people with enhanced abilities as something 
natural or as a simple variation in human biology, 
but we may also have the desire to ensure these same 
characteristics for our children.

Considerations of the Arguments According 
to Which Human (Bio)Enhancement is Morally 
Preferable to Geoengineering

Above, we presented a series of considerations to 
show the weakness of the arguments that defend a 
principled position against any human (bio)enhance-
ment intervention. What we aim to do now is to con-
sider the positions that instead affirm that human 
(bio)enhancement interventions can be morally pref-
erable to environmental interventions. First, we will 
start with the justifications that can be presented from 
an anti-anthropocentric perspective, and then we will 
move on to analyse and discuss the other positions we 
have already encountered.

The anti-anthropocentric positions present impor-
tant reasons for allowing humans to survive in extra-
terrestrial environments without the need to trans-
form the environment and by practising modification 
interventions exclusively on humans. The problem is 
that these conceptions (i.e., biocentrism, earth ethics, 
and holism) extend relevance beyond boundaries that 
seem morally acceptable and compatible with human 
survival. From a moral standpoint, it does not seem 
wrong to acknowledge full moral relevance or some 
form of moral relevance to non-human animals, as 
non-human animals are sentient beings whose well-
being can be affected by what we do. However, with 
plant-based life or superorganisms such as ecosys-
tems, species, or the planet, things are different, as 
whatever we do, we cannot cause them any harm 
or suffering. According to the supporters of anti-
anthropocentric positions, what we do towards plant 
organisms or superorganisms would still have moral 
relevance as they would have a condition of well-
being that would coincide with the natural capacity 
for development. In these terms, we deserve moral 
approval or disapproval, depending on whether our 
actions favour or hinder (or prevent) their (spontane-
ous) growth. Apart from the fact that in the case of 
some organisms or superorganisms, it could be chal-
lenging to ascertain which is their most natural or 
(‘spontaneous’) development (or growth) condition. 
For example, considering our planet, what is its con-
dition of ‘natural’ development? Would a planet not 
inhabited by living organisms be less natural than the 
current condition in which a wide variety of living 
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beings inhabit it? It does not make sense to attribute 
any condition of well-being to organisms (or super-
organisms) that do not have the slightest ability to 
perceive the surrounding world and their condition. 
Suppose we attribute a condition of well-being to a 
non-sentient organism or superorganism. In that case, 
we could also attribute a condition of well-being to 
any car and identify it with the ability to function at 
its best in relation to its potential. Even if, however, 
we could attribute to plant organisms or superorgan-
isms a condition of well-being and identify it with 
the ability to develop in their own environment, it is 
questionable that this condition of well-being could 
have any relevance for us, as we cannot (or it would 
at least be difficult) to empathise with a vegetable or 
an ecosystem.

Finally, any moral perspective that defends the 
importance (or the need) of extending moral rele-
vance to non-sentient beings (individuals and superor-
ganisms) is asking too much, as we cannot live or sur-
vive without using or destroying other living beings. 
According to supporters of anti-anthropocentric eth-
ics, there would be no contradiction in affirming the 
full relevance of (‘natural’) plant organisms or super-
organisms and simultaneously recognising that in 
conditions of necessity, we have the right to ‘destroy’ 
them. However, the appeal to necessity conditions 
does not make the theory more morally acceptable. 
If we had, in fact, the right to use or destroy other 
(non-sentient) living beings only in cases of necessity 
(when, in other words, our survival is at stake), we 
could also survive, but we could not have a good life. 
Why? An example of such a life would be where we 
should live in caves and have a diet reduced to what is 
strictly necessary, hardly a ‘good’ life. This problem 
cannot be solved with a broader definition of ‘condi-
tions of necessity’, as doing so risks slipping into an 
extreme form of anthropocentrism. Suppose by condi-
tions of necessity, we mean any situation in which our 
well-being or quality of life is at stake (consequently, 
even beyond mere survival). In that case, there is no 
longer any limit to what we can do to living organ-
isms or superorganisms, given that we can always 
appeal to a situation or condition of necessity. If our 
travels into space and exploration of other planets 
were to be marked by the need to protect and respect 
any “living form”, our possibilities of intervening 
in the surrounding environment and transforming it 
would be considerably reduced. In addition to having 

the duty to respect any living organism (or superor-
ganism), we should act with caution and be aware that 
in an extraterrestrial environment, we may have diffi-
culty or not be able to recognise the presence of other 
living forms immediately. In this way, the very value 
of these explorations would be called into question, 
as any of our intervention or interference could seem 
morally questionable.

A position that defends the not moral but aesthetic 
value of nature might seem more acceptable, as there 
is a very long tradition of thought that draws attention 
to the need to preserve our relationship with uncon-
taminated and spontaneous nature. However, it is 
legitimate to ask why we should think that the natural 
is (or must always be) superior to what is artificial and 
the result of human creativity and resourcefulness. 
Furthermore, on Earth, nature in its pristine state and 
not contaminated by human interventions that reduce 
biological variety (i.e., wild nature or wilderness) can 
arouse unique emotions, but the ‘natural’ landscape 
of other planets could be more monotonous and much 
less charming. It is legitimate to ask, then, whether 
the landscape of Mars we observe is genuinely natu-
ral. According to posthumanists, the Anthropocene 
would show that nature is already an artificial product 
because, through our actions, we can influence—even 
indirectly, for example, through actions that produce 
warming and climate change—any living thing. It is 
unthinkable that our behaviours could affect the ‘life’ 
of the planet Mars: however, the condition of Mars 
could be the product of uncontrollable geological and 
astronomical phenomena that, over time, have trans-
formed the original condition of the planet.

 In recent years, transhumanists have affirmed 
that the “human” should be overcome. Only through 
hybridisation with technology will we be able to get 
out of an innate condition of vulnerability and reach 
an “evolutionary stage” that allows for a better condi-
tion of well-being. One might think that overcoming 
the natural condition is desirable not only for humans 
but for all living beings (i.e., non-humans, includ-
ing nature/environment). According to posthuman-
ists, nature, at least on Earth, is already an artificial 
product. Through our actions, we indirectly influence 
any living thing (e.g., through activities that produce 
global warming and climate change).

Furthermore, it is difficult to think that the colo-
nisation of Mars can take place simply by chang-
ing human nature and, therefore, without making 
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radical changes to the planet. Even if we would ini-
tially choose to privilege interventions on human 
nature (and on the first astronauts and the first group 
of colonisers) over interventions on the environment, 
we could later be forced to practice increasingly radi-
cal interventions on the environment. With a small 
settlement, there is no need to completely transform 
the environment. However, if we want Mars to be 
inhabited by an ever-increasing human population, 
more homes, hospitals, schools, universities, infra-
structures, and sports centres, then such geoengi-
neering efforts will be needed. The change could 
take place more slowly than the change that could 
be implemented with a ‘space colonisation’ program 
that aims at the transformation of the environment 
(terraforming), but in the end, however, it would be 
no less radical. Add to this that any transformation of 
the ‘natural’ condition of the planet would not result 
in a significant reduction in the natural beauty of 
the world, as the number of planets not touched by 
humans in the universe would be immense.

It is also true that the economic costs of genetic 
modification (or enhancement) interventions for 
astronauts could be much lower than those for the 
transformation of the environment, but other consid-
erations could tip the balance in favour of environ-
mental interventions. One might think, for example, 
that, despite the costs, it is still preferable to intervene 
in the environment because, in this way, the danger 
that, over time, a different ‘human species’ will form 
on Mars than that which continues to live on Earth 
can be avoided. The fact that human beings who will 
live on the Red Planet tomorrow can become a new 
human species compared to the one that continues to 
live on Earth is not in itself morally relevant; how-
ever, the more ‘human’ species become different, the 
more the risk increases that they will not be able to 
mutually understand each other. Of course, in nature, 
the process of the formation of new species occurs 
very gradually. If, however, one opts to change human 
nature through genetic modification, the process of 
speciation could be much faster (and perhaps even 
uncontrollable). In this case, we should also consider 
that genetically modified people could have difficulty 
leaving Mars or returning to Earth, as they would now 
have very different genetic characteristics compared 
to those who departed originally. In other words, as 
Norman and Reiss argue, we should consider that 
we may have a responsibility, perhaps even a moral 

obligation, to ensure that our species does not divide 
into different human species:

Perhaps the most significant challenge raised by 
a long-term mission to Mars is the challenge to 
remain a unified species. This in itself addresses 
the problems of allegiance to Earth, raised in 
the context of conservation of our home planet, 
and presumes that, even if we are able to engi-
neer our genes to make life on Mars and deep 
space travel possible, we have a responsibil-
ity, even a moral obligation, to ensure that we 
remain one species. ([57], p. 161).

Furthermore, it is true that the costs of a radical 
transformation of a planet would be much higher than 
those of any genome editing intervention on the crew 
of a space mission. However, such costs could be 
amply compensated by the possibility of developing a 
technique for modifying the planet’s environment that 
we could then easily use for the colonisation of other 
planets.

Finally, to convince people that enhancement 
interventions are morally acceptable, perhaps there 
is no need to send genetically engineered astronauts 
to another planet. We could promote greater discus-
sion of ethical and bioethical issues in schools, or we 
could provide training programs that foster greater 
confidence in scientific practices and new proce-
dures made possible by scientific and technological 
development. It is also possible that genome editing 
interventions on the germline practised for therapeu-
tic purposes can encourage or make more acceptable 
the use of enhancement interventions. Furthermore, 
linking enhancement programs to space missions 
could somehow encourage the idea that human (bio)
enhancement interventions are still something excep-
tional and that they are not morally acceptable under 
more normal or ordinary conditions. 

Conclusion

This paper aimed to evaluate the various arguments 
proposed as solutions to meeting the challenges of 
human space travel and extraterrestrial planetary col-
onisation. In particular, two primary solutions have 
been present in the literature as the most straight-
forward solutions to the rigours of extraterrestrial 
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survival and flourishing: (1) geoengineering, where 
the environment is modified to become hospitable 
to its inhabitants, and (2) human (bio)enhancement 
where the genetic heritage of humans is modified to 
make them more resilient to the difficulties they may 
encounter as well as to permit them to thrive in non-
terrestrial environments. Both positions were shown to 
have strong arguments supporting them, but they also 
had some severe philosophical and practical draw-
backs when exposed to different circumstances. This 
paper aimed to show that a principled stance where 
one position is accepted wholesale necessarily comes 
at the opportunity cost of the other where the other 
might be better suited, both practically and morally. 
In sum, case-by-case evaluations of the solutions to 
space travel and extraterrestrial colonisation are neces-
sary to ensure moral congruency and the survival and 
flourishing of astronauts now and into the future.
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