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HUMINOIDS ON OTHER PLANETS?

by ROBERT BIERI

¢ ;THE PROBABILITY of evolving some living system was likely high. That evo-

lution would go in a particular direction is a different matter. Thus the a prieri
probability of evolving man must have been extremely small—for there were an
almost infinite number of other possibilities. Even the probability of an organism
evolving with a nervous system like ours, was, I think, extremely small because of
the enormous humber of alternatives. I am therefore not at all hopeful that we will
ever establish communication with living things on other planets, even though there
may well be many such on many planets’[1].

I think that at least a few biologists would disagree with all but the
first sentence of this statement. Because of continued interest in possible
interplanetary communication, I would like to present arguments for
the opposite view, namely, that if life has evolved on other planets in
other solar systems and if some population has reached the level of
conceptual thought, it is highly probable that the organisms so endowed
will bear a strong resemblance to Homo sapiens.

HEssentially this argument is based on the premise that the physical
properties of the elements, the forms of energy available, and the environ-
mental conditions which would allow life to arise and evolve are such that
severe limitations are imposed on the number of routes available to
evolving forms. The number of alternative possibilities is by no means
infinite; on the contrary, the number is quite limited. This limited num-
ber of available routes has led to the innumerable cases of convergent
evolution in plants and animals.

Man is the result of a series of evolutionary “breakthroughs’; he is
the result of the solution of a number of major evolutionary problems.
Only a few of these are discussed here in order to illustrate the validity
of the premise of limited solutions or routes available at each turn in
the long evolution from abiogenetically produced organic matter to
conceptualizing being.

In this discussion, life is defined as a system of matter having herit-
ability and mutability. Such a system of matter requires periodic or
continual capture of matter and energy. As long ago as 1913, Hender-
gon 2] advanced the argument that, of all the elements known, only
carbon fulfills the many requirements necessary for the existence of a
duplicating, living system. He further argues that such a system could
only develop in water. Urey (3] has recently reaffirmed this idea. This
argument is now so generally accepted by scientists that it is seldom
emphasized that it is a major limit on the number of evolutionary path-
ways available to life 2). More recently, biochemists have argued that
a living system based on carbon must also be based on the high energy
phosphate bond. The fact that the ATP-ADP system is common to all
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living systems illustrates the limited range of biochemical alternatives
53 The construction of living systems on a carbon framework in water
means that we are limited to a temperature range not widely different
from that of our earth.

Because of the limited time available, on the order of five to ten
billion years, and because of other limiting factors, it is most probable
that a living system will arise within 2 liquid medium after chemical
contributions have been made from the solid-liquid and liquid-gas inter-
faces. The emergence of life from a solid or gaseous system, although
perhaps not impossible, certainly is highly improbable.

If a living system is to evolve to any significant degree of complexity,
some form of autotrophic organism must.evolve to support the primary
heterotrophic forms. Because of the greater energy capture possible,
photosynthesis and an oxidizing atmosphere will eventually supersede
the many possible chemosynthetic autotrophic energy systems.

In the long evolution within a sea that must precede invasion of the
land, herhivores and carnivores will have reached a high degree of com-
plexity and specialization. Both types of organisms will be bilaterally
symmetrical because the viscosity of the medium demands streamlining
for speed of pursuit, speed of escape, and the efficient use of captured
energy. There are many radially symmetrical animals in the earth’s
oceans. However, nearly all of these have evolved from bilaterally
symmetrical ancestors after adopting a sessile mode of life. The Radio-
laria among the protozoa and the majority of the coelenterates represent
animals that probably show primary radial symmetry. They are good
examples of the low level of organization attained by radially sym-
metrical animals. Probably the best examples of secondarily derived
radial symmetry are found in the annelids. Many modifications acecom-
pany sessile living but the most important for the present discussion are
the reduction of sensory structures and degeneration of the nervous
system. Only an active mode of life, the pursuit of prey and escape from
predators, has led to larger, more complex nervous systems [6].

Active search for food and pursuit of prey have resulted in a bilaterally
symmetrical animal with an anterior mouth and a posterior anus (7).
Invariably the mouth is surrounded by sensory and grasping organs.
There may be small sense organs scattered along the body and at the
trailing end, but in essentially all cases known in the animal kingdom
the leading surface of the bilateral animal has the largest and greatest
variety of sensing devices (s1. This i8 not because of some accident in the
dim past, only one of many possibilities. The anterior mouth with sur-
rounding sense and grasping organs has been independently evolved in
group after group, again and again. It is not surprising therefore to find
the largest ganglion or the brain at the front end in close proximity to
the major sensing organs.
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An organism with brain and sense organs at the front end has several
major adaptive advantages. First, it takes time to send sensed data aver
nerves and the successful animal i not one that sends the data to its tail
and then back to the grasping or feeding organs. Secondly, the ganglion
or brain is the integrating center that evaluates various incoming signals
and sends out the command signal. T'o save space, to reduce the chance
of damage, and to reduce interference and noise, it is more efficient to
have short sense conductors and long command conductors. Thus, the
brain and m_ajor sense organs are close together. Even in highly efficient
two-directional animals such as the squids, the major sense organs are
grouped at one end of the body next to the brain and pear the mouth.
The major sense organs do not migrate to distant parts of the body nor
does the brain.

Thus, we can be more than reasonably sure that advaneed animals will
be bilaterally symmetrical, and will have a large brain at the front end
near the mouth in close proximity to the largest and most diverse sense
organs.

Given that life will first arise in a liquid medium, water, we can be
sure there will be a long evolution in the liquid environment before any
population of organisms is able to invade and occupy the solid-gas
interface. It is conceivable that an aquatic population might leave its
ocean milieu by way of a subterranean route or directly penetrate the
air from the ocean surface. However, if we recall that an invading
population needs an energy source, it becomes apparent that both of
these possibilities are very remote. Also, we can probably rule out the
possibility of flying plants or burrowing chemosynthetic autotrophs.
Permanent invasion and extensive utilization of the land-air interface
require terrestrial plants, autotrophs, decomposing heterotrophs, and
terrestrial animals, heterotrophs, evolving together in interdependent
communities. The air, in all probability, can only be occupied after the
land-air interface and by way of the land-air interface. Although some
fish and squids are able to make short journeys into the air, all true
fliers have evolved from the land. The aquatic insects have secondarily
invaded the water from the land.

On the earth, the evolution of the largest brain occurred at the solid-
air interface. We now know that at least five different chemical synaptic
transmitters are used in various nerve tissues. It secems highly probable
that the higher forms of terrestrial life have adopted the most efficient
of these and have achieved the greatest miniaturization of nerve cells
and conductive tissue possible. If this supposition is correct, large
integrating centfers, brains, of a size similar to ours will be necessary for
conceptual thought (e1. If this assumption is accepted, we can be
reasonably certain that a large brain will not develop underground or in

—~—, Gheacrial habitat.
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Recent work on the dolphins [107 indieates that we cannot be as cer-
tain that the largest brain on other earths would not develop in an
aquatic medium. However, I think that this is highly unlikely for the
following reasons. It is now reasonably well established that man’s
large brain evolved concurrently with social behavior, the use of tools,
and speech [11). If any one of these had been suppressed, Homo would
never have reached the level of development of conceptual thought.
Although social behavior and speech or at least communieation would
have and have had great adaptive and survival value in the sea, the
development of tools in a liquid medium is highly improbable because
of the density and viscosity of water. The sea otter rises to the surface to
brealk his fragile, sea urchin food on his chest while floating on his back.
It is very difficult to slam one’s fist against one’s chest while completely
submerged in water. Using a lever to pry rocks or food from the bottom
while completely submerged is also difficult. The simplest tools, thrown
rocks and sticks, would be useless in the sea. Thus, on the basis that tools
would be much less effective under water than on land it is highly prob-
able that the largest-brained animal will evolve at the air-land inter-
face (i2]. Similarly the use of tools while flying is a very remote pos-
sibility.

This then raises the question of locomotion on land. There are many
answers and solutions to this problem including sliding on slime, wrig-
gling, and walking with legs. There can be no doubt that the latter
method is superior to all others when we consider the friction involved,
the energy required, and the speed and maneuverability obtainable.
It is quite significant that wheels, one of man’s greatest achievements,
have never been evolved in any living organism. The primary reason for
this is that living tissue just is not suitable for the high pressures that
must be sustained at the bearing of a wheel. On land there is the further
limiting factor of an inadequate amount of flat surface on which to use
wheels. Thus, again, the number of possible structures is quite limited.
Legs will be required.

We come then to the question of how many legs, one, two, three, four,
six, ten, one thousand? The fossil record shows that there are strong se-
lective pressures in both the marine and terrestrial environments that
lead to the reduction of multiple appendages. This is so well demon-
strated that it is given the distinetion of a “law,” Williston’s Law. We
can probably eliminate the odd number of appendages approached in
many different animal groups but never really achieved. There are the
three “pointed” kangaroos, the seven “legged” Collembola or spring
tailg, the five “armed” platyrrhine monkeys and many other examples.
All of these can, for various reasons, be eliminated as real challengers
to the paired appendage body plan. Although there are all numbers of
paired appendaged organisms living on the earth, all but the vertebrates ==
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with two pairs and the insects with three pairs are essentially back water
fugitives of only moderate or less success (with apologies to the
acarologists and their eight-legged friends). Just why the higher ver-
tebrates ended up with four legs is another tale that takes us baclk to the
liquid medium of their early evolution. As higher and higher speed
swimmers evolved, stabilizing and steering appendages of various sorts
were developed [13). The details of why four came out on top is only
briefly discussed in vertebrate zoology treatises although this surely
was a fundamental necessity for the vertebrate invasion of the land
[14].

Just why the inseets have six legs is not immediately apparent but is
perhaps related to their small size and exoskeleton of chitin. At any rate,
it seems most probable that our extraterrestrial huminoid will have
either two or three sets of paired appendages. I'm willing to bet on the
smaller number.

Muiltiple sense organs with diverse functions have often been postu-
lated for extraterrestrial animals. Almost certainly, outer space hu-
minoids will have sensors for light (vision), sensors for chemicals in
solution or dispersed in air (taste and smell), and for pressure changes
(hearing). Whether they will have sensors for magnetic fields is less
certain [15). Strong arguments can be advanced for the presence of only
two eyes set for binocular vision and two ears for binaural hearing.
We can also argue strongly for the smell sensor being directly over the
mouth. Its primary function in animals with high visual acuity, and
probably in most others, is to test the nature of materials about to enter
the mouth, is it poisonous or edible?

Could the conceptualizing organism have additional sense organs
based on other parts of the electromagnetic spectrum besides the visual
portion? Wald (16, on the basis of biochemical limitations and energy
requirements, argues no. Certainly, the ability to detect infrared at
night would have great survival value. An acoustical ranging system
similar to that of bats might be present, in which case the ears would be
proportionately larger than ours. However, in this case the eyes might
be reduced somewhat. On the other hand, any marked reduection in the
visual sensors would be a serious Impediment to the evolution of tools
and the associated evolution of a large brain.

What about the daectyls? Although the human hand is considered to
be a relatively unspecialized vertebrate structure, it is hard to visualize
a more effective arrangement. Three, four, six, or seven fingers might
work as well, but certainly an arrangement of claws, fingers, tweezers,
knives, and so forth would not work as well. If we accept two as the
minimum number and ten as the maximum, then four, five, or six dactyls
would seem most probable and our extraterrestrial huminoid will count

== by eights, tens, or twelves.
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We might consider the nature of the outer covering. Will it have scales,
feathers, hair, foam, a cellophane wrapper? I would suspect that a com-
petent vertebrate zoologist consulting with a biochemist could make a
strong argument for skin and hair.

No doubt many other possibilities have occurred to the reader and the
task of answering them is endless. I have considered and rejected green
skin, reproductive organs on the chest, antenna systems, a ventral
nerve cord, different temperature regimens, stronger and weaker gravita-
tional systems and many other possibilities. .

Those who wish to suggest alternatives not considered here, should
realize that, if their suggested modifications of the extraterrestrial humi-
noids are to be considered seriously, a reasonable set of evolutionary steps
must be set up to explain the final structures derived.

To restate the argument, a conceptualizing population of living or-
ganisms can only develop by the process of evolution. Given the ninety-
two known, naturally occurring elements, the forms of energy available,
and limited time, the number of alternative solutions to the major steps
leading to a conceptual organism are strictly limited. The phenomenon of
convergent evolution is so widespread in both the plant and animal
kingdoms that it needs no special elucidation here. Suffice it to say that
the evidence shows that, again and again, animals and plants have
independently evolved not only similar structures but also similar
biochemical systems and similar behavioral patierns as solutions to the
same fundamental problems.

If we fail to communicate with conceptualizing beings on other
planets it will not be because they are fundamentally different from us
but because they have either far surpassed our state of technology and
have no interest in communicating with us or have not yet reached
our state of advancement and are thus unable to do' so. This
probably is the fundamental factor which would greatly reduce the
number of such populations attempting to communicate with us.

If we ever succeed In communicating with coneeptualizing beings in
outer space, they won't be spheres, pyramids, cubes, or pancakes. In
all probability they will look an awful lot like us.
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