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Abstract
Through a brief survey of relevant topics such as ethnography, biology, astronomy, and physics, the dimensions of an “astro-anthropology,” or the study of extraterrestrial cultures and intelligences, can be imagined. More than pure conjecture, this paper aims to theorize the foundations of a new kind of anthropological endeavor, such that should the need ever arise, at least some segment of the anthropological discipline could be prepared with the theoretical and methodological tools necessary to engage in such research. Through understanding what we can presently know, we can determine those things that we cannot yet. With a knowledge of what those might be the field will better know what it should focus on, combined then with a broadening of the already inter-disciplinary approach anthropologists use to organize the researchers to best achieve the goals of understanding. More than any other field, anthropology is uniquely positioned to bridge otherwise unbridgeable divides, primarily to ensure peaceable and equitable relations with any such intelligences, and secondarily to expand the boundaries of our own self-knowledge through the study of others.

Introduction
Recently a theoretical field has emerged termed “Astrobiology”, which as it stands is the study of life on a cosmic scale. It encompasses both terrestrial biology and the theoretical concepts of exobiology, and their study in context of the greater universe. It strives to answer questions about what life is, how it fits into the universe, and how it adapts to survive varied environments. While predominantly limited to its aforementioned theoretical domain, it is by all accounts a serious scientific undertaking to propose answers to questions normally left to the imaginations of writers. The purpose of this paper is to propose a similar endeavor for those of us in the Anthropological disciplines, a sort of “Astro-Anthropology”. The question of the value and use of such an undertaking may be raised, and I agree that this might fall under a category of “recreational academics”. However a brief survey of the present data we have on life and the potential for it in the universe reveals that it may be a leisure activity with a great potential for future use. 
	To start, astronomical data must be considered. For life to exist, there must be somewhere where it can exist. Clearly there is at least one such location, our planet Earth. Our mere existence demonstrates that this is indeed a real possibility. Furthermore, we know that ours is not the only solar system out there. The work of the illustriously titled planet-hunters, the efforts of the Kepler Space Telescope in particular, has revealed thousands of confirmed planets with many candidates still awaiting verification (NASA Kepler Mission webpage 2015). Using the information we have about these worlds, astronomers have produced statistical models of the makeup of planets in the cosmos: what worlds are found around what types of stars, how large various planets tend to be, and so on. 
	Critically, planets within the habitable zone of a star, defined as the orbital radii within which liquid water could potentially exist (Kopparapu 2013), can begin to be modeled as well. The numbers can vary, but a recent estimate suggested as many as 22% of Sun-like stars may harbor earth-sized worlds in this zone (Petigura et. al. 2013). However enticing such a number might be though, it must be viewed with caution. The presence of a celestial body within the habitable zone is not a guarantee of the presence of life in the least. The moon is the same distance as Earth does from the sun, but the conditions on it are far from hospitable. 
	At the same time, pessimism about the existence of life elsewhere may be just as unwarranted. As will be shown later, life has an exceptional resiliency to adverse conditions. By utilizing mechanisms quite different from those of our own bodies, life has found methods of surviving exceptionally dangerous environments. Perhaps biochemistries divergent from our familiar terrestrial ones abound. Both within astrobiology and in other fields there has been a good deal of successful work aiming to find such alternatives.
	Of course the question can be raised, “If life is out there, why have we not found it yet?” Very specifically applied to intelligent life, this would be the famous Fermi Paradox. Given the scale of the cosmos, why are we thus far unaware of any other intelligent life? One can theorize potential answers all day, some optimistic, others cynical. The key there however is ‘theorize.’ Quite simply, we do not know the answer to this, and it could be a very long time before we ever might. 
	That being said, it is not inconceivable that civilizations could be out there. It is an expansive universe, and we simply do not know what the limits are for the forms that life can take. I assert that while we cannot know if life does exist beyond the Earth, it is apparent that it absolutely could, and we have no way to disprove that it does. Of course, this would place it into the domain of a hypothesis of dubious falsifiability. However the consequences for its veracity are not trivial. Any situation of contact, whether one or two directional, is bound to involve at least one technologically advanced society. This makes it potentially dangerous, whether due to a panicking public at the discovery of a civilization more sophisticated than our own, or catastrophic misunderstandings leading to immediate conflict between ourselves and another society. We have a responsibility as anthropologists to foster understanding between peoples, especially in the light of such risks. 
	To facilitate this task, this paper intends to use evidence presently available to look forward at how we ought to approach our thinking on the issue. The goal is to promote our own preparedness should any such events come to pass, in order to best assure the most beneficial outcome is the one that transpires for all interested parties. To begin we must first consider the biological diversity here on Earth, and extrapolate that diversity to the greater universe. After that the paper shall examine cultural diversity among the societies of the Earth found in the ethnographic record, in consideration of how that might manifest in cultures from entirely different worlds. Finally, we move on to a discussion of how technology will play into this endeavor. Then by combining these things into a coherent whole, the scope of the task before us can begin to take shape, and we can then postulate how it might be managed by our field. 

Biology
	The classic expectation of aliens in media is generally that of anthropomorphs, or species that bear a strong resemblance to us. Most are so similar I imagine that the genetic differences between such fictional entities and ourselves would only just constitute a boundary between species.  A momentary reexamination will reveal how bizarre and self-centered this notion is. However much it might amuse me, the chances that we would discover only ourselves out there in the universe is extremely slim. There are two lines of research in biology which can help to place things into a more accurate perspective.
To begin with the first, it is not controversial to say that we are accustomed to a very limited understanding of biology. ‘Life’ as a word conjures up ideas of trees, grass, elephants, lions, dogs, cows, birds, fish, and bacteria among other things. Most of these organisms operate upon very similar sets of principles in how they are structured, their chemistry, how they acquire energy, and so forth. Though many may be aware of them, extremophiles and other exotic lifeforms are often forgotten. This is most evident when thinking of non-terrestrial life. It is an issue that ought to be addressed, and astrobiologists have been doing so for some time now (Cavicchioli 2002).
Life on Earth does not always follow the common rules, and an examination of how this manifests can begin in a more familiar place, the deep oceans. Under the extreme pressures at these multi-kilometer depths, and in water that is barely above freezing, life has taken hold. In a place that would absolutely annihilate a human being in an instant, life has adapted to survive. By harnessing the energy and many rich chemicals emitted by geothermal vents, such as highly toxic hydrogen sulfide, vibrant ecosystems have developed in the midst of otherwise desolate ocean floors (Nybakken and Bertness 2005:175 – 186). On the scale of extreme creatures on our planet, hydrothermal ecosystems are rather tame. Even the inhospitable vacuum of space has been survived by some species. Famously, tardigrades, miniscule invertebrates known for their resilience, have been observed to continue living successfully for some time in complete exposure in low-Earth orbit (Jönsson et. al. 2008).
To touch on the extreme examples though, there is a form of bacteria called lithoautotrophs, which extract their nutrients from mineralogical sources (Fuhrmann et. al. 1998:194; Madigan 1997:490 – 491). In a more common parlance, they eat rock. This might sound like a spectacular ability, but it is in fact quite common. These bacteria pervade our soils worldwide, forming an important foundation for more complex life (Fuhrmann et. al. 1998:60-61). It is the more extreme members who attract attention, living up to three kilometers below the surface of the earth, consuming things as unappetizing as the iron found in the rocks to gain their energy (Madigan 1997:495). More surprising than eating bedrock however is the species known as thermococcus gammatolerans. It has been observed to survive radiation dosages of up to 30,000 Gy with relative ease (Jolivet et. al. 2003). For comparison, the lethal dose for a human is 5 Gy. Even after such an exposure, these bacteria are still viable and can reproduce (Jolivet et. al. 2003). While it may have the highest known radiotolerance, there are plenty of species other than gammatolerans that have been found living inside of nuclear reactors (Jolivet et. al. 2003; Cavicchioli 2002). 
	As for the second line of research, other possible configurations of biology have been theorized and even demonstrated that go beyond what has been observed in nature. Science fiction has a cliché staple of “silicon-based life,” however recent work in biology is suggesting that foreign forms of chemistry could indeed underpin life on other worlds. An excellent example is a very recent study that proposed an alternate kind of cell-membrane that could form in very low temperature environments, such as the one found on Saturn’s moon Titan (Stevenson, Lunine, Clancy 2015). The model is based on organic nitrogen compounds, which under those conditions could function almost identically to the phospholipid membranes of our own cells (Stevenson, Lunine, Clancy 2015). Critically, it has no need for liquid water, considered crucial for the formation of life (Stevenson, Lunine, Clancy 2015). In another quite recent article, researchers reported creating synthetic enzymes from a form of artificial DNA, suggesting that the genetic material of other worlds could be entirely different from our own (Taylor et. al. 2014). 
	 Cases like this illuminates a bad habit we have of describing life as fragile, or limited to surviving only certain conditions. It seems that the better description would be that life is vulnerable to forces beyond its adaptive limits. If given time, life can adapt to survive quite unforgiving surroundings, even thriving where everything else has died. Not only that, it can evolve to survive a wide range of possible conditions through many different strategies. Sometimes it will involve physiological and chemical processes that we can’t even imagine, as learned with the discovery of chemosynthetic life in the 20th century (Nybakken and Bertness 2005, 175). As a consequence, it is apparent that life could manifest in very different forms in different places in the universe. Therefore, it is just not within reason to expect to encounter anthropomorphic intelligence in the universe. Any species with a great enough intelligence and a sufficient capacity to physically manipulate the surrounding environment could develop a complex culture and technological civilization.

Culture
	If we are to study extraterrestrial societies, then we should think about how we might behave differently than them. Specifically, looking at the ethnographic record we can gain a sense of just what exactly we might be in for. Ethnographic work across cultures has been conducted for some time, and a rather large volume of data has been produced. Evident within this information is the conclusion that from region to region, and from one given time to another, the behaviors, beliefs, customs, and so forth of humans differs greatly. Sometimes these differences are obvious and predictable. One society may acquire food through herding, another through agriculture. One may exhibit religious rituals totally at odds with another’s. At times though these variations can be unpredictable, and some so deeply rooted as to engender incomprehensibility between groups. 
	The famous article, Shakespeare in the Bush, demonstrates a potent case of this. In it, the anthropologist Laura Bohannan attempts to explain Hamlet to the elders of the Tiv people, in the belief that it has a universal theme that anyone can understand. However, upon telling it to the men of the tribe one day, it did not go so easily as she had hoped. Perhaps the two largest areas of contention involved genealogy and the supernatural (Bohannan 1966). Their society had totally different rules regarding marriage, inheritance, seniority, and types of appropriate behavior between different relations. Notably, they were quite approving of Hamlet’s mother marrying his uncle so rapidly, because that was the responsible thing to do to them (Bohannan 1966). As for the ghosts, their society simply did not have any such thing. Spirits did not exist in their minds, and drowning was exclusively the result of witchcraft (Bohannan 1966). They repeatedly told her that she was getting the story wrong, and that she needed to go back to her country to consult the elders there to learn the important facts and truths about it that she obviously did not know (Bohannan 1966). By the end they had entirely discerned their own meaning for the story, which they also thought to be universal, since to them people were the same everywhere, and that she should go home and inform her elders that they, the elders of their village, had taught her good wisdom (Bohannan 1966). 
	Another famed case involves the Mbuti in the Congo of the 1950s. A group of peoples living in the densest forests of the region, they are known to be somewhat averse to the conditions of the world beyond (Turnbull 1961:259 – 260). In his popular account, The Forest People, the anthropologist Colin Turnbull conducted an extensive ethnography of them, and at one point took his travelling companion, a young Mbuti man named Kenge, to the nearby Ishango national park (Turnbull 1961:250). While touring the area one day, they came to a hill with a very extensive view of the surrounding plains for miles in every direction (Turnbull 1961:251). Of course having never left the forests of his home, Kenge was quite struck by the sight of a place with no trees, stretching out for what must have seemed impossible distances (Turnbull 1961:251). Or so Turnbull thought, until Kenge asked about the insects. 
	Turnbull was a bit confused until he realized that Kenge was referring to the herd of buffalo in the distance (Turnbull 1961:252). All those years in the confines of the forest had changed Kenge’s abilities of depth perception such that he had difficulty registering just how far away the buffalo actually were (Turnbull 1961:252). When both the park guide and Turnbull tried to tell him what they were, he simply did not believe them (Turnbull 1961:253). His culture, his environment, had altered how he perceived the world in a way previously unanticipated. 
	Cultural diversity can manifest in ways that we are totally unprepared for. More than just changing the color of one’s shoes, cultural differences can change the mere idea of a shoe. The search for universals of human behavior has repeatedly met failure. In short, almost anything can be fair game. Virtually anything we can conceive of, and many things that we cannot, can vary. We cannot limit ourselves by these things, even between humans. Imagining this applied to people who have evolved totally separate from us, with no common origin, the difficulty becomes self-evident. If we wish to be prepared for any astroanthropological work, we must be prepared for these unknowns.

Technology
	Crucial to astroanthropology will be technological environment in which it takes place. That is, there will be restrictions unlike any we have thus far faced in anthropology. Perhaps the most daunting of all of these is that of special distances and travel. The distances between stars is vast, measured in the years it takes light to travel those distances (Murdin 2001:1430). Given that light travels at roughly 300,000,000 meters per second, this gives a sense of just how immense these scales are (Murdin 2001:1420). Complicating those distances are the well tested principles of relativity, which prohibit anything with mass from traveling at or faster than light (Murdin 2001:2968). Even approaching a notable fraction of that speed requires exorbitant quantities of energy, well beyond practicality. 
	Often times our stories conceive of elaborate ways that these restrictions might be overcome. Words like “warp-drive” and “hyperspace” pervade the media when space travel is involved. While there is some scientific theorization that such a thing may be possible, the proposed solutions are still rather outlandish in large part (Alcubierre 1994). Perhaps on that basis it must be conceded that there is at least the possibility that we will meet a civilization which has, or we ourselves devise, a means to travel between stars in a reasonable time span, but it is much safer to relegate that to the more outlandish scenarios. 
	The stronger probability is that no face-to-face encounters will ever occur. Perhaps a craft where entire generations live out their lives might be sent, but even then it seems unlikely that we could ever “shake hands with ET.” It is well known that contact with Europeans brought Old World diseases to the New World, which devastated native populations (Hine and Faragher 2000:22 – 23, 50 – 51). It is not a new idea that biospheres from two different planets could have diseases that are exceptionally dangerous to one another. A carelessness for epidemiology could be disastrous. Furthermore, those two biospheres may not even be compatible in any way. If intelligent extraterrestrials came from a world with twenty times the gravity we experience here on earth, odds are that we would never be able to visit them. 
	These present obstacles to the study of an alien civilization. Chiefly that the traditional method of ethnographic study, where a researchers go into the field to live with, observe, and experience the lives of their informants, may be impractical and even entirely impossible. Whether due to disease, distance, or fundamentally different biological needs, there is a very real possibility that we will not be able to engage in any sort of participant observation or ethnographic study. Instead, we have the likelihood that our work will need to be done through the distant transmission of data, and the analysis of what we might receive. It is unclear if we will even be able to devise a sort of “remote presence” through some sort of drone, as even transmissions of information could take decades or longer to travel between stars without a more cunning, and incidentally less likely, solution. 

Hyper-Diversity in the Cosmos
	The preceding sections lay down a series of premises upon which the remainder of this paper must be predicated. From the section on biological diversity, the forms that life can take is explained. The section of cultural diversity suggests how different two peoples can see the world in totally different ways. Finally, the limitations of our technology could have profound effects upon any methodology we might develop. The goal now is to combine the first two in order to gain an insight into what the universe might hold. 
Of course, no actual extraterrestrial life has ever been discovered. The biological and cultural diversity that has been described both occur purely on Earth. They deal in contexts limited to those possible on this single planet. The astronomy discussed near the start of the paper presents an expansive and diverse cosmos. While it is not clear exactly how common life is, or even whether the conditions projected to exist on the many known and suspected exoplanets could harbor biology, one conclusion can be drawn. That is that whatever life is found beyond this planet will likely be of a spectacularly foreign nature compared to terrestrial life. The word ‘exotic’ likely cannot come close to capturing the true depth of it. That is not to say the discovery that life in the universe is relatively homogeneous would not be important, as the implications of such a thing on our understanding of the order of the universe would be rather profound, and certainly beyond the scope of this paper, but that it would seem improbable.
This biological deviation does not bode well for one attempting to study the culture of non-human intelligent life. As previously discussed, the differences between societies across geography and history can be quite large. If one imagines how things could potentially diverge if stellar distances are introduced, the only reasonable conclusion is that an alien culture would indeed be alien. What was described were purely terrestrial cases of cultural diversity. This is all derived from a single species that shares a common genetic makeup, common biology, a common neurology, and a common psychology. 
If the biological and cultural sections are taken together, the true difficulty begins to emerge. An anthropology of alien intelligences would be daunting. Odds are, they will not think like we do. To say that they could have different brain structures and neurotransmitters than we do would be to assume that the idea of a centralized cluster of neurons, or even the type of cell, or even a cell itself, will apply. Culture does has a profound impact upon our behaviors, but it is not the final or even primary determinant of behavior. Their behaviors may be more or may be less driven by their biological and environmental foundations than ours. The ways that these differ from our own will be of utmost importance. We will encounter scientific, ritual, artistic, intellectual, ethical, artistic, logical, customary, and other behavioral patterns as diverse and intricate as our own (perhaps even more so, though possibly less as well). This could very well be to the degree that these aforementioned categories simply do not apply. 
As such, the old axiom of cultural relativism applies stronger than ever before. Our most basic concepts of ethics may be fundamentally challenged in ways that we didn’t know that they could be. Or perhaps there is a level of culture shock we have not yet encountered that results from living amongst an alien culture? We must also deal with the potential of sparking violent conflict unwittingly. These people will likely not be limited to spears and bows in their destructive implements either. We must consider the quandary of ethics that might arise, as well as our own limitations as researchers. There must be an emphasis on context, as some cultures may present greater obstacles to study than others. To be able to adjust to life among another species, to be comfortable in the frame of their culture, and to cope with prolonged periods without direct human contact, will be a valuable skill indeed.
Though not a main focus here, we must also consider technological element. The ability of a culture to harness increasingly vast sums of matter, energy, and information with increasing precision on scales both increasingly large and increasingly fine, with greater and greater efficiency and rapidity certainly plays into this topic. It does so through a consideration of where our abilities and knowledge sit relative to theirs. Do theirs exceed ours or will the reverse be true? They might have a history on a scale of millions of years. Or perhaps we will be the more advanced one, encountering them on our own initial forays to other solar systems? While these factors do play into the theory a bit, their strongest effect is in the domain of methodology, and the means with which we will be able to conduct our research. Will ethnography even be possible? There is the very real possibility that such people could live on worlds for which no apparatus capable of sustaining our form of life could be built to withstand.
I contend that all of this is the starting point. This is the form of the problem we are faced with. It represents the bounds of the problems we might face. It is around these requirements that we must build our methodologies.

Preliminary Methodology
	To engage in the process of understanding a civilization of another world will require a new approach, involving a special emphasis on interdisciplinary work and areas of study our discipline has previously been apprehensive about pursuing. This approach can be explored by using what has been discussed previously in the paper to inform us of what we might need to do. Given the scientific limitations on interstellar travel, in all likelihood such a scenario begins with remote contact of some sort, whether through radio signal or some other method. Immediately necessitated will be linguists, preferably including those with an anthropological background to facilitate the cross-cultural mindset that may be required to translate a language from a truly alien intelligence. 
	Once this has been done, a multi-discipline project within, as well as outside, anthropology should be engaged in promptly. The first discipline I will discuss will be that of an exobiological subfield. Anthropologists do already engage in the study of human anatomy, and it is only natural that we will need to work with traditional biologists to understand another species. Through familiarizing themselves with their already extensive work in astrobiology, biological anthropologists will be better prepared to participate in researching extraterrestrials. Understanding fundamental life processes, how they acquire energy, how they physically interact with their environments, or their evolution will help us to know them as we know ourselves.
	The second field needed will be a bit more controversial, that of an exopsychological or exoneurological anthropological subfield. Historically anthropologists have been quite averse to attributing human behaviors to biology, and rightly so. These sorts of explanations have in the past been used to justify deeply inhumane and racist practices. This does not mean biology cannot have an influence. Something like the ability to digest lactose could certainly alter the survival strategies of a culture. Furthermore, we will be encountering beings that are not human. There is a very real possibility that they might be more or less intelligent than us, or perhaps more or less physically adept than we are. Unlike in popular media, these differences will almost certainly not poetically balance out. At least in this pursuit, it is something we cannot ignore. Understanding the biological differences between us and them will be crucial, but so too will be understanding the effects of those upon behavior and culture. An understanding of our own psychologies, our own brains, and their influences upon who we are, combined with an ability to collaborate with exobiological anthropologists, will provide a robust starting place from which we can begin to study these intelligences with efficacy. Psychological and neurological subfields of anthropology have already emerged (Society for Psychological Anthropology webpage 2015), and it is my opinion that these should be encouraged to develop so that they may be as mature and ready for this task as possible.
	Finally an exocultural subfield should be devised. Perhaps more than the previous two, the methodology of this subfield will be restricted by technological considerations. Will ethnography even be possible? If not, how much can we truly glean at a distance through information sent to us? Beyond that, even should ethnography be on the table as a method, culture shock is going to take on a new meaning, as researchers would spend prolonged periods with literally zero direct human contact. There are also other obstacles to be overcome in theory and ethics. For instance, imagine a species that much like insects might exhibit vast physiological differences within the same species to specialize for certain tasks. We are not afforded the classic luxury of enlightenment ideals in this pursuit as in studying humans, and the grounds we may have to tread could be very uncomfortable indeed. These are the questions that should be first pursued, so that the methods available to us can be discerned and engaged in as soon as possible. 
	Again, none of these preceding three necessarily comes before the other. Rather, they must inform one another’s research in tandem. The levels of risk, reward, and expense involved in an endeavor such as this do not permit scattered efforts by independent, ‘heroic’ academics. This will require a coordinated project, freely exchanging information between different areas of focus who are all in regular contact with one another about both their difficulties and their discoveries. 
	Also of note is that we must endeavor to study the entirety of their society. More than just studying one group or another, we must put forward efforts to study all members of their culture, across all lines of division. Once again harkening back to this idea of a unified project, cooperation between researchers will permit us to more efficiently distribute our efforts and resources, and reduce redundancies. The broader our scope of understanding of who they are, the more able we will be to foster an understanding between ourselves and them, and the better the chance that the outcomes will be positive. 

Conclusion
This is a suggestion only for the beginning of a project. How to proceed past the initial stages into any ethnographic or in-depth analysis of data is in many ways moving uncomfortably close to the border of speculation. We simply do not know enough to get a clear grasp on what we might be dealing with, and it will almost certainly be a long time before we find more answers that could point our research in the right directions. In fact, we may never get those answers. 
We are faced then with the dimensions of our own ignorance. Never the less, this does afford us an opportunity to know the most effective way that we can approach that ignorance should the time come. That is what this paradigm has attempted to explore. An examination of biological and cultural diversity has set forth the breadth of possibilities of what alien civilizations may be, while a consideration of technology suggests the kinds of limitations that we may be confounded by. From that, we can determine a need to understand forms of communication, biology, psychology, neurology, and culture that may be present in an expedited and coordinated manner.
I believe that more can be done than just this starting point. For instance many of the various technological scenarios can be imagined and their effects anticipated. We can also consider how ethnographies might be managed in such contexts, such as looking at experiments done on long-term human isolation conducted by space programs. As well, we must consider how this process might go in the opposite direction, as contact implies a two-way interaction. How do we establish communications with them? What sorts of messages do we compose and send? How would we handle their analogues of ethnographers, if any? 
These are the kinds of questions I believe are worth pursuing. This is of course beyond the scope of a single paper, however I believe that the imperative is there. Alien contact is a very real possibility, and a botched contact has the potential to cause permanent, catastrophic consequences for the human species. We can insist on ignoring this due to the scope of our ignorance, or refuse to take it seriously due to a prolonged history of viewing such scenarios as the realm of fiction and fantasy. I am of the opinion though that this outlook serves us no valuable purpose. 
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