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cosmic cycles
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Life on a rotating planet

challenge and opportunity

• the day 24 h

th  k  d• the week 7 days

• the month 29.53 days

• the year 365.25 days

• precession ~23,000 yearsprecession 23,000 years
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Suslik = European ground squirrel



MCTQ - Munich ChronoType Questionnaire
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Roenneberg, Wirz-Justice & Merrow, 2002, J. Biol. Rhythms
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timing of sleep: variation in the population 

Midsleep time
MCTQ Groningen 2003  

1000 work days 
free days

m
be

r

600

800
Larks
Owls 

n=4402

N
um

200

400

0 1 2 3 4 5 6 7 8 9 10 11 12
0

200

Sapporo July 3, 2008  | 5

Time of day (h)

Zavada et al (2004)



humans follow the sun, not social time

small towns

large citieslarge cities
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“circadian” rhythms: endogenous

Syrian hamster in y
continuous darkness:

cycle lasts less 
than 24 h

therefore circa-dian 
= about one day
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circadian rhythms: under genetic control
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two Syrian hamster brothers: tau ++ and tau --



HUMANS ? wake   sleepwake    sleep

timm
e (dayss)
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SCN
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a biological oscillator, synchronized by light

light sensor oscillator
entrainment

light sensor oscillator

free-runcirca - dian:
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synchronization by light: PRC
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phase response curve: self-correction
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the first human phase response curve for light 
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Van Cauter et al 1994, n = 15
Rüger et al 2003, n = 10

20th anniversary !



mammals and birds: two different sleep states

• non rapid-eye-movement (NREM) sleep:
slow-wave sleep

• rapid-eye-movement (REM) sleep
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dolphins: brain halves alternate sleep
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sleep lost by one half of the brain can not be compensated by the other !



sleep EEG Slow Wave Activity (SWA)

sleep has intensity !
l d d l
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more sleep need > deeper sleep 



sleep-wake               circadianthe 2 process model

a need buildup – need reduction 
process, synchronized by the 
circadian pacemaker
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one of many model tests

sleep after 24 h sleep deprivation

sleep after nap 10 am

sleep after nap 6 pm

model prediction
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ode  p ed ct o
observation



function of slow wave activity ?

glycogen buildup ?   synaptic downscaling ?    memory ?
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Main points

day:
endogenous circadian clocks, synchronized by light, gently controlling activity and 
maintenance processes such as sleep, essential for survival and reproductionp p, p

week ?
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a weekly rhythm in weather ?

“Daily precipitation records for 219 surface 
observing stations in the United States for the 
42- year period 1951-1992 are investigated for 
weekly cycles in precipitation. 

Results indicate that neither the occurrence nor 
amount of precipitation significantly depends p p g y p
upon the day of the week.”
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the week

is not a cosmic but a cultural cycley

Week of 7 days imposed on Christianity by Emperor 
ConstantinConstantin

In other cultures weeks of other lengths:

e.g., Maya 20 days
Roman empire 8 daysp y
Christian Lithuania 9 days

claims of biological ‘circaseptan’ rhythms rarely substantiated
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claims of biological circaseptan rhythms rarely substantiated



Main points

day:
endogenous circadian clocks, synchronized by light, gently controlling activity and 
maintenance processes such as sleep, essential for survival and reproductionp p, p
week:
not a cosmic cycle, but a cultural, behavioural cycle, possibly originally associated 
with market synchrony, and now massively affecting life and perhaps environment

month ?
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the month
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l iti  th   i  i
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exploiting the moon: grunion spawning



the moon and human behaviour ?

• popular belief that the moon cycle influences human 
physiology, behaviour and health. 

• an influence of the moon was presumed in alchemy, 
mythology and astrology. y gy gy

• The word ‘lunatic’ has been around since the 13th 
century to describe a recurring insanity dependent on the 
phases of the moon  phases of the moon. 

• “Many investigations relating lunar phase to admissions 
to psychiatric hospitals, general practice consultation 
rates  spontaneous deli eries  attempted suicides  crisis rates, spontaneous deliveries, attempted suicides, crisis 
calls, or epileptic seizures failed to show an association.”
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Main points

day:
endogenous circadian clocks, synchronized by light, gently controlling activity and 
maintenance processes such as sleep, essential for survival and reproductionp p, p
week:
not a cosmic cycle, but a cultural, behavioural cycle, possibly originally associated 
with market synchrony, and now massively affecting life and perhaps environment 
month:month:
exploited by some animals for reproductive synchronization; by humans for ritual 
synchrony; virtually no biological influence

year ?
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Breeding seasons
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Seasonality in humans

1816……………………….1826     1947…………………….…1957
B l iBelgium

Spain

USA
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Japan



Main points

day:
endogenous circadian clocks, synchronized by light, gently controlling activity and 
maintenance processes such as sleep, essential for survival and reproductionp p, p
week:
not a cosmic cycle, but a cultural, behavioural cycle, possibly originally associated 
with market synchrony, and now massively affecting life and perhaps environment 
month:month:
exploited by some animals for reproductive synchronization; by humans for ritual 
synchrony
year:
of vast importance for periodic reproduction, migration, hibernation, etcetera;
also in humans, although we gradually have escaped from the annual 
environmental periodicity 

precession ?
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precession
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Main points

day:
endogenous circadian clocks, synchronized by light, gently controlling activity and 
maintenance processes such as sleep, essential for survival and reproductionp p, p
week:
not a cosmic cycle, but a cultural, behavioural cycle, possibly originally associated 
with market synchrony, and now massively affecting life and perhaps environment 
month:month:
exploited by some animals for reproductive synchronization; by humans for ritual 
synchrony
year:
of vast importance for periodic reproduction, migration, hibernation, etcetera;
also in humans, although we gradually have escaped from the annual 
environmental periodicity 
precession and other long-term cycles:precession and other long-term cycles:
- massive but slow periodicities in climate, including glaciations, with occasional 
severe effects (such as the demise of Maya culture by drought in the 9th century)
- current global change in climate much faster and likely to be locally lethal, but 
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globally less threatening than the exhaustion of energy and food reserves
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