Brain, Behavior
and Evolution

Dr. Heinz Stephan, Scientific Member
of the Max Planck Institute for Brain Re-
search in Frankfurt am Main, passed away
at the age of 91 years on January 3rd, 2016.
The scientific community has lost a most
influential comparative neurobiologist. Dr.
Stephan’s life-long research theme was the
evolution of mammalian brains as a func-
tion of the animals’ behavior and ecology.
He has left a voluminous body of work that
exhibits four principal characteristics:

o a sound theoretical background in
comparative neurobiology

» a broad empirical grounding based on
original data collected in the field

o a morphometric approach using brain
and brain part volumes calculated from
serial histological sections

o an allometric analysis of the brain data
focused on the brain/body weight rela-
tionship

Overall, Stephan showed that brain
evolution involves not simply a general in-
crease or decrease of brain size, but selec-
tive alterations of brain parts that are under
special demands or pressures in a given
ecological niche (adaptive evolution). He
focused on insectivores, primates and bats.

Stephan started the research, for which
he became so famous, in 1956, by collecting
brains of insectivores and other mammals,
first in the east of Zaire, and then in many
other countries around the world. Insecti-
vores attracted his interest because they are
said to present a basic, less differentiated
condition. He demonstrated that some in-
sectivores have relatively small brains, but
that these are by no means undifferentiat-
ed. For example, the Malagasy tenrec, Echi-
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nops telfairi, has an extraordinarily large
olfactory system. Moreover, the African ot-
ter shrews, Potamogale and Micropotamo-
gale, the Malagasy water tenrec, Limnogale
mergulus, and the European water shrew,
Neomys fodiens, all have enlarged trigemi-
nal systems, associated with numerous vi-
brissae that are used to detect prey under
water [Stephan et al., 1991].

Besides insectivores, Stephan focused
on primates, managing to collect many
prosimian and simian brains from speci-
mens in their natural habitat. The term
“prosimian” again implied some undiffer-
entiated, intermediate status on the way to
simians and humans. Again, Stephan dem-
onstrated that this assumption is only part-
ly true by showing a remarkable diversity
among prosimian brains. An outstanding
example is Tarsius from South East Asia, a
nocturnal insect hunter with a large brain
that exhibits a greatly enlarged visual sys-
tem; its primary visual cortex covers ap-
proximately one-fifth of the total neocorti-
cal surface and, in addition, shows an ex-
tremely differentiated laminar pattern.
Stephan’s data on simian brain and body
size elucidated, for example, that the telen-
cephala of folivorous Cercopithecidae
(Colobinae) are smaller than those of fru-
givorous Cercopitecidae (Cercopitheci-
nae). This pattern holds across all simians
and still requires explanation.

In his studies of apes and Homo sapiens,
Stephan was the first to demonstrate that
the limbic system, particularly the hippo-
campus, is by no means reduced in hu-
mans, as was commonly assumed. The im-
pression of a reduction is caused by the ex-

Heinz Stephan during the African expedi-
tion in 1979 (photo: Gerd Rehkimper).

tremely large neocortex of humans, in
relation to which the hippocampus seems
small. Stephan’s allometric approach re-
vealed a very different situation, namely an
extraordinarily large human hippocampus.
Because the limbic system is associated in-
ter alia with affective behavior and memo-
ry, Stephan’s results suggest that affective
behavior is still important in humans, who
are obviously not guided by solely “rational
reasoning.” Stephan’s data also revealed
that an outstandingly large neocortex
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clearly sets humans apart from apes. When
asked to explain this, Stephan often point-
ed to increased intraspecies competition,
which is, today, what we essentially call the
Machiavellian theory of human brain evo-
lution.

Stephan was not uncritical about his
own methods of comparison. The investi-
gation of orangutans and gorillas, with
their strong sexual dimorphism in body
size, gave him the opportunity to demon-
strate the limitations of the allometric ap-
proach. So did the investigation of species
that have either undergone an evolutionary
reduction in body size, such as Daubento-
nia, Miopithecus, and Hylobates, or a dra-
matic increase, such as the African ele-
phant, Loxodonta, and whales. It is quite
obvious that the low encephalization indi-
ces of such large mammals do not reflect
their differentiated social behavior and
cognitive abilities. Today, we refer to this
idea as somatization versus encephaliza-
tion.

Another mammalian order that attract-
ed Stephan’s interest was the bats (Chirop-
tera). Again, he went into the field to collect
brains and body weight data all around the
world. The Microchiroptera are sometimes
said to be especially “intelligent” because of
their echolocation system. Stephan showed
that their neocortices are actually much
smaller than expected but that, instead,
their cerebellar structures are enlarged.
This finding again demonstrated adaptive
brain evolution, because the cerebellum is
known to coordinate movements in three-
dimensional space, like bats experience
during flight. Stephan even identified the
limits of the extent to which mammalian
brains can be reduced. Because the bamboo
bat, Tylonycteris, roosts inside the hollow
interior of bamboo plants (internodes), it
has an extremely small and flattened skull
that allows it to crawl into these small spac-
es. Stephan showed that the brain of Ty-
lonycteris is one of the smallest mammalian
brains, perhaps outdone only by the large-
eared tenrec Geogale aurita, which he stud-
ied as well.

Two very interesting groups of bats are
the South American Phyllostomidae and
Desmodontidae. Like Darwin’s Galapagos
finches, they have adapted to many ecolog-
ical niches. Stephan demonstrated that this

variety is reflected in the varied patterns of
the volume of brain regions. Some impres-
sive examples are the contrast between nec-
tar-feeding bats, which behave like hum-
mingbirds and have very large cerebella,
and blood-eating vampire bats, which have
well-developed olfactory regions. Stephan
and his collaborators published this work
on bats as a series of original papers, as well
as in a three-volume opus magnum with
Georg Baron and Heiko Frahm [Baron et
al., 1996].

Stephan’s data were used by many oth-
ers, as reflected in the fact that his 1981 pa-
per in Folia Primatologica [Stephan et al.,
1981] has been cited 500 times. This subse-
quent work stimulated vivid discussions of
Stephan’s approach and yielded evolution-
ary conclusions that were sometimes con-
troversial. Those who worked primarily
with fossilsand endocasts disliked Stephan’s
concept of the adaptive enlargement or
shrinkage of brain parts, because it compli-
cated the task of inferring brain anatomy
from endocasts. Others advocated against
using taxonomic groups to calculate allo-
metric slopes and baselines, focusing in-
stead on ecoethological entities such as di-
etary types. Stephan was open to this argu-
ment and used this concept in addition to
his original approach. Similarly, Stephan
recognized that adjusting his encephaliza-
tion indices for basic metabolic rates caused
many interspecies differences to become
small or even to disappear. He was not hap-
py about this, because metabolic rate-ad-
justed data should correspond with taxon-
omy and ecology, including dietary types.
Interspecific diversity, for example in the
neurobiology of the animals, is evident; he
therefore questioned the use of basic meta-
bolic rate as a “corrective.” Another inter-
esting development was the issue of devel-
opmental constraints on brain region sizes.
Stephan himself did not actively take part in
this evo-devo discussion, but we are sure
that he would have been happy to learn how
the brain of a given species develops into
the adult form that is the target of natural
selection. Finally, Stephan’s approach to
mammalian brain evolution provided an
exemplary paradigm for the investigation
of brain evolution in other vertebrate class-
es, an area of research that has blossomed in
recent years.
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Stephan, whose intellectual power was
accompanied by a remarkably peaceful and
balanced personality and mind, also pro-
duced another major monograph, namely
“Allocortex” [Stephan, 1975], which he
worked on for 20 years to summarize all
that was known about the archi- and pa-
lacocortex at the time. In addition, he
amassed a brain collection that is outstand-
ing for its size, diversity, and documenta-
tion. At the end of his active scientific life,
he gave one of us (K.Z.) this collection, and
it has continued to be used by many scien-
tists. Housed at the Cécile and Oskar Vogt
Institute of Brain Research at the Univer-
sity of Diisseldorf, the collection is still free-
ly accessible.

We, who were fortunate to work closely
with Heinz Stephan, have lost a wonderful
mentor and friend. A strong memory of
him will undoubtedly endure in our minds,
as well as in the minds of numerous other
comparative neurobiologists.
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