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Understanding how intelligent life elsewhere in the
universe communicates is constrained by the ab-
sence of any data from extraterrestrial communica-
tion systems. Indeed, the only language available for
us to study is human language itself. However, hu-
mans are not the only intelligent and communicative
species on the planet, and for many years, animal be-
haviour researchers have been studying the commu-
nication systems of different animal species in an ef-
fort to uncover the evolutionary origins of human
language. We propose leveraging this experience in
a multidisciplinary effort to understand the funda-
mental and universal principles and constraints un-
derpinning the evolution of communication, and to
search for “fingerprints” of intentional and intelli-
gent communicative signals, whatever their origin.
We identify six key questions that are important for
SETI research, and that have already been partially
addressed by the animal behaviour research com-
munity, providing significant new insights into the
potential nature of alien communication. In addi-
tion, we propose the establishment of a uniquely
comprehensive cross-species database of communi-
cative signals, which will allow SETI researchers
easy access to the only non-human messages availa-
ble to us, in advance of genuine contact with extra-
terrestrial intelligence.

A key challenge in the search for extraterrestrial intelli-
gence is identifying an extraterrestrial signal as being
intentional communication, rather than random noise or
some other natural phenomenon that appears communi-
cation-like [7]. This problem is particularly challenging,
as human language is the only example available to us
of truly understandable linguistic communication.
Therefore, our interpretation of extraterrestrial signals is
inevitably shaped by our knowledge of human lan-
guage. The question posed by the SET]I Institute call for
white papers [3], “How does intelligent life communi-
cate?” has hitherto been answered primarily with refer-
ence only to human intelligence, and the conclusions
may or may not be relevant to communication by non-
human intelligent life [11]. Furthermore, at first glance

human language appears just as random and unstruc-
tured as non-intentional and naturally occurring se-
quences. A vital question therefore is, are there statisti-
cal or other “fingerprints” of intelligent communication
that are truly universal, i.e. underpin interaction across
species and planets, and can be used to distinguish com-
munication formats from other patterns found in nature?
Crucial to finding such universals is that we must be
able to analyse and measure them without the benefit of
the contextual information and semantic clues that we
take for granted when studying other human languages
[18].

The study of animal communication on Earth can
provide important clues to answer these questions. Alt-
hough no adequate test currently exists to determine if
another species exhibits a true language, many cogni-
tively sophisticated animal species use complex acous-
tic and other communication systems to convey inten-
tional information to conspecifics [18]. By studying
these communication systems, we can expand the scope
of our enquiry beyond purely human language; provid-
ing us with the only way to test hypotheses about com-
municative universals among species other than our
own. Furthermore, understanding the evolution of ani-
mal communication systems on Earth can give insight
into evolutionary constraints on language complexity
and structure, which may also apply in ecosystems on
other planets in other solar systems [14]. Indeed, specu-
lation to date about the nature of alien communication
has, with a few notable exceptions [6], been wholly the-
oretical, and has not taken advantage of the wealth of
research experience and knowledge among animal com-
munication scientists, who have developed techniques
and models for studying non-human communication for
many decades.

In this white paper, we propose a multidisciplinary
approach to answering the question, “how does intelli-
gent life communicate?” via a consortium of biologists,
zoologists, mathematicians, linguists, and SETI re-
searchers. Using this multidisciplinary approach, we
will synthesise new perspectives and provide shared re-
sources for SETI researchers from around the world. In
particular, we propose an open source database of ani-
mal communication corpora, to match the many human



language corpora currently available to computational
linguistics researchers. We also propose providing li-
braries of analytical algorithms, drawn from the state of
the art in both animal and human communication anal-
ysis, which can be applied to these corpora to further
comparative studies and to encourage the development
of testable hypotheses for detecting the presence of in-
telligent communication.

We specifically propose a series of projects in-
tended to address the following six questions:

1. Are there general principles of communication
that are evolutionarily constrained or convergent?
Certain patterns recur both in languages and in the com-
munication of other species: Zipf's law for word fre-
quencies [19], Zipf's law of abbreviation [8], Men-
zerath's law [10], that have been interpreted as indica-
tive of universal principles of communication. Recent
studies have suggested that language is constrained be-
tween complexity (for the sake of information content),
and simplicity (to reduce cognitive burden) [8,9]. Math-
ematical modelling can investigate the evolutionary ad-
vantages of balancing these two constraints, and may
point to a universal indicator of language. We will use
such models to look for hard constraints that may apply
to any communication system evolved on Earth or else-
where. By considering principles of communication that
for their abstractness can be valid across modalities, we
can remain agnostic to the physical modality itself,
thereby remaining open to the possibilities of what
might appear otherwise to be unexpected communica-
tion channels.

2. What is the biological basis of communicative
“meaning”?

We take it for granted that we understand the concept of
meaning in communication. However, animals have
evolved to communicate as part of a manipulative
game-theoretical process, where information is a re-
source just like food or shelter [2]. Other species may
perceive information very differently from the way that
we do [18]. What implications does this have for under-
standing how alien intelligence may need to encode in-
formation, given their different evolutionary histories?
Our proposal includes examining known and novel ex-
amples of animal communication and reassessing our
understanding of intentionality in the context of differ-
ent ecological constraints that may be relevant to extra-
terrestrial species.

3. How and why did communicative sequences
evolve from simple signals?

Only a few animal species communicate using complex
sequences that superficially resemble human language
[18], whereas many more animals use a small number

of simple signals [1]. Mathematical modelling and com-
parative studies can help us to understand what drives
the evolution of complex sequences, and what adaptive
and informational advantage these sequences provide.
In particular, is the advantage of communicating in
complex sequences a universal, or a peculiarity of hu-
man language? We suggest addressing this question
through models of evolutionary dynamics, and examin-
ing phylogenetic relationships between species with dif-
ferent tendencies to signal complexity.

4. Are there fingerprints of intentional or semantic
content across the communication systems of differ-
ent species?

Key to our investigation of extraterrestrial signals is the
identification of indicators that a particular signal is ei-
ther intentional, or that it contains semantic (i.e. contex-
tual) information. Some sequences (such as DNA) con-
tain information without being intentional [21], whereas
other sequences (such as most birdsong) is intentional,
but with little contextual specificity [4]. Several statisti-
cal indicators have been proposed to measure the lan-
guage-like nature of communicative signals, such as
complexity [19], entropy [16], and grammatical metrics
[22]. However, are these indicators truly universal? Do
they arise from physical or mathematical constraints
that apply to all intelligent species in the universe? We
propose a broad-ranging research program to look at
multiple different indicators and draw conclusions from
their results on corpora from multiple communicative
and non-communicative sources.

5. Is there such a thing as proto-grammar in non-hu-
man animals? Can we measure the degree of “lan-
guageness” in a communication system?

In recent years, a number of studies have shown evi-
dence of complex syntax in the acoustic communication
of several different species [5,15,17,23]. Yet, most re-
searchers still believe that among living organisms on
this planet, only humans possess the complex grammat-
ical elements necessary for true language [12]. But are
the syntaxes of animals “proto” grammatical, in the
sense that they represent a stepping-stone on the evolu-
tionary path to language? If so, then perhaps we can
measure where a particular communication system lies
on the spectrum between language and non-language. A
quantitative measure of linguistic tendency in a signal
would allow more discriminating classification of extra-
terrestrial signals, and provide a graded assessment of
the likelihood of intelligent origin, rather than a yes/no
determination. Our research will use an extensive data-
base of animal and human communications, together
with phylogenetic and behavioural measures, to deter-
mine whether such a quantitative approach is applicable
to natural communication systems.



6. Segmentation: how do we determine the correct
units of analysis of a signal without any contextual
information?

Any signal received from extraterrestrial intelligence
will likely be presented without context and without in-
dication of the natural units of composition (e.g. words
and letters) used in the information stream. Inappropri-
ate segmentation of the data could lead to erroneous in-
terpretation, or even to dismissal of the signal as being
non-communicative. Similar problems face human [20]
and animal communication researchers, who rarely have
access to information about how other animals perceive
and interpret the communicative stimuli of conspecifics
[18]. Further, zoologists often have to deal with animal
communication that makes use of multiple modalities
(e.g. acoustic, visual, electric, and chemical), either in-
dependently or synergistically [13]. We will develop
new methods, illustrated with examples from estab-
lished animal behaviour research, to overcome this
problem and to present potential solutions when dealing
with putative signals from extraterrestrial sources.

Conclusions

Animal communication research is the closest we are
likely to get to studying extraterrestrial signals, until
such signals are actually received. Many of the chal-
lenges facing SETI research are similar to those already
addressed in the investigation of animal behaviour, and
the evolutionary origins of human language. Indeed, the
evolution of language on Earth may in fact have been
driven and constrained by similar principles to those op-
erating on life on other planets. Therefore, many of the
tools and data developed in different scientific fields can
be used in a cross-disciplinary way.

Apart from ongoing research published in scholarly
journals, we propose the establishment of a large cross-
species database of communicative signals, made avail-
able to all SETI and animal behaviour researchers. In
addition, tools, algorithms, and software that are used to
analyse these signals will be made publicly available for
application to these data sets, so that comparative stud-
ies can take full advantage of the expertise from the bi-
ological, mathematical, linguistic, and astronomical
communities.

Additional Information:

(A) Our white paper is relevant to questions 2 & 3
of the Alien Mindscapes article: How does intelligent
life communicate? and How can we detect intelligent
life.

(B) Our project can make use of three types of Big
Data sets: (a) human language corpora, including con-
versational as well as written texts, (b) animal vocal data
sets, across modalities, and (c) data sets showing human

activity in the electromagnetic spectrum, as transmitted
away from the earth.
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