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Niko Tinbergen Chair in Behavioral Biology,

Univercity of Groningen,The Netherlands

Serge Daan

Life on a rotating planet-
Challenge and Opportunity

Evolution took place from its very beginning on a '
planet exposed to cosmic periodicities. The earth
spins around its axis once every 24 hours, and
around the sun every 365.25 days. The axis of
rotation itself circles relative to the the plane
around the sun once every 26,000 years in a
process called precession. All of these periodicities
influence human life and culture. In addition the
moon circles around the earth in 28 days, causing
the tides once every 12.4 h. I review the extent to
which these periodicities affect human life.

The frequency of the tides sharply influences life
in the tidal zones and has led to intricate
adaptations, but not in humans.

The day is the primary natural unit of time. It has
deeply affected all plant and animal life ever since
the dawn of life. The eternal alternation of light
and darkness posed a major challenge to evolving
organisms. They often needed to specialize in
adaptation to life in either the day or the night. It
also presented an opportunity: the opportunity to
separate maintenance processes (such as sleep)
from active behaviour and thus optimize each
without mutual interference. The predictability of
night and day led to the evolution of endogenous
circadian oscillations that program physiology and
behaviour. These became firmly rooted in the
genetic make-up of all species. They have the
capacity to continue their oscillations under
specific constant conditions. In animals the
coordination of oscillations in the body became
allocated to specific central pacemakers in the
nervous system. These synchronize the internal
biological periodicity to the light and darkness
outside, employing specific responses to the light.
Modified genes causing aberrant coupling are

?

weeded out by natural selection as recent
experiments demonstrate. Humans share these
mechanisms of entrainment with virtually all other
animals. Recent studies demonstrate that in
modern society the sunlight entraining the
biological clocks overrides social cues in the
control of sleep and wakefulness.

The week is an intriguing cycle in human culture
since it has no obvious counterpart in the cosmic
periodicities. There is abundant evidence for
weekly variations in human physiology, much less
in animals. These are most parsimoniously
explained by the cultural weekly structure of

" social life, which in today's society may even lead ?

via industrial aerosols to weekly variations in
weather.

The lunar cycle has long been believed to affect
human physiology and behaviour but the evidence
is extremely limited and mostly negative. In
contrast, annual rhythmicity did certainly
dominate birth rates in the distant past, although
these variations have recently been declining.
Most mammals from the temperate zone
seasonally adjust reproduction such that births are
tuned to the time of the year that maximizes
prospects forsurvival. Most likely humans have
been no exception in a distant past.

Long-term climatic changes, some of which
associated with precession, have been responsible
in the past for the rise and fall of human cultures,
and in the discussion of global change should
warn us not to assume that the earth has been and
will be always the same.
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Department of Behavioral Biology,
Center for Organisimic Systems Biology,
University of Vienna, Austria

John Philip Dittami

Long term impact of cultural environment
on biological clocks and environmental sensitivity

I would like to demonstrate how reactions to !

culturally imposed environmental cues associated
with timing of the circadian and seasonal (circannual)
processes change the behavior and physiology of
individuals and their offspring. Environmental
factors of particular interest are related to
nutritional and social decisions in animals. Here
one finds changes in intermediary metabolism,
sleep patterns, seasonal behavior, social behavior
and stress management associated with the
induced environment. The reactions and the
associated changes are often stabile and can be
documented over generations. They are part of
the phenomenon of domestication in geese.
Similar effects or reactions are evident in the
changes of Macaque behavior and physiology
associated with tourism. The may also be part of
human reactions to changes in cultural norms
associated with modern work and sleep
environments. The bottom line appears to be that
adjustments of animals’ and humans’ reactions to
imposed environmental conditions may pre-
dispose individuals to other health problems and
impact the quality or style of life.
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Depertment of Psychiatry and Behavioral Sciences, Stanford University
Sleep Disorders Clinic and Laboratory, Stanford University School of Medicine, USA.

William C. Dement

Sleep & Policy: New Findings and Opportunities

With regard to human wellbeing, a simple '

triumvirate of health can be conceptualized. The
three areas of the triumvirate are physical fitness,
good nutrition, and healthy sound sleep. For the
latter half of the 20th century, beginning with the
discovery of rapid eye movement sleep in 1952
and the identification of obstructive sleep apnea in
1965, as well as an ongoing pharmaceutical effort
for safe and effective sleep medications, it is felt
that the third member of the triumvirate has been
seriously neglected.

By this it is meant that the potential benefits of
accumulated knowledge have not been passed on
to the public. The first true public policy advance
in the United States happened in 1990 with the
formation by the Congress of the United States of
a National Commission on Sleep Disorders
Research. The mandate of this commission was
to study the role of sleep, sleep disorders, and
circadian rhythms in American society and, if
indicated, make recommendation for dealing with
the issues and problems that were identified.

Outstanding among many recommendations
made by the National commission were (a) to
create a new federal agency in the National
Institutes of Health and (b) to place a much
higher priority on mainstream education, training,
research, and public awareness in the area of
sleep. National surveys carried out by the National
Sleep Foundation annually in the years since it's
founding have shown that over fifty percent of
Americans have complaints about their sleep.
Finally, a major paradigm shift began in the mid

1970’s with a focus on the role of sleep in
optimizing daytime alertness and performance.
By this time, over 80 specific sleep disorders had
been identified and characterized. The year 1993
saw the bombshell report by Professor Terry
Young that the potentially fatal illness, obstructive
sleep apnea, afflicted 24 percent of adult males and
9 percent of adult females!

Among the newest findings in the area of sleep
research are (a) that obstructive sleep apnea can
be successfully treated with an associated reversal
of its most damaging consequences, and (b) that
the negative effects of sleep loss accumulate as a
“sleep debt,” but more importantly, that this
sleep debt and its associated functional
impairments can be reversed by obtaining extra
sleep. As we have entered the new millennium, it
is well past the time for sleep professionals to
create a new public policy which will elevate the
role of sleep to the status it deserves in the minds
of the general public all over the world and
certainly in Japan. The opportunities for the
successful treatment of sleep disorders and more
importantly, prevention of serious sleep disorders
through early identification, could literally
improve the health and performance of entire
nations.
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