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Abstract
The circadian cycle of humans and other mammals is close to one hour longer than the 24 hour period 
from sunrise to sunrise. It appears that all mammals examined have shown a circadian rhythm with 
cycle duration over 24 hours. Interestingly, birds show a circadian cycle of less than 24 hours, close 
to 23 hours. Terrestrial invertebrates, the insects provide the key to understanding this discrepancy. 
The earliest identifiably mammalian fossils are from the Permian era strata. Insect orders that first 
appeared in the Permian era include the hemiptera (bugs), orthoptera (crickets and grasshoppers’), 
and the neuroptera (lacewings), all of whose modern survivors show a circadian cycle longer than 24 
hours in at least some stage of the life cycle. The insects whose ancestors first appeared in Mesozoic 
strata with the birds include hymenoptera (bees, wasps and ants) and lepidoptera (butterflies and 
moths). Their modern survivors, like the birds, demonstrate a circadian rhythm shorter than 24 
hours. There is now evidence for two large meteorite impacts on Pangea near the end of the Permian 
era, one in Wilkes Land of Antarctica, and the other just west of Australia. The eastward movement 
of the Australian continent/plate and the southeastward movement of the Antarctic continent/plate 
indicate that those meteorites were moving eastwards, and struck the planet obliquely. Having done 
so, they might have imparted momentum to the planet’s rotation, and so accelerated it. This may 
mean that circadian rhythm disorders are the consequence of a change in the duration of the solar 
day due to a disaster, and that daytime lethargy and depression may have had adaptive value to the 
mammals who survived that disaster, and the hunters of the Mesozoic.

Introduction
It has now become well-understood that circadian rhythm disorders are the cause of seasonal 

depression. It is commonplace for psychiatrists at northern latitudes to treat patients who suffer 
from seasonal depression with bright light. It is easy to stay up late, or to sleep late, but very hard to 
rise early or to sleep earlier than accustomed. We know that the free-running sleep-wake cycle does 
not match the planet’s rotational period of twenty-four hours, and that the “clock is re-set” each day 
by a signal from the Supra-Chiasmatic Nuclei (SCN) that coincides with the exposure of the eyes to 
the light of each new day [1-3]. It seems quite remarkable that the period of the free-running sleep-
wake cycle in mammals is between 24.2 and twenty-five hours depending on how it is measured 
[4,5] and that this is true among all mammalian species that have been examined [5-7]. It is the light 
of the rising sun that re-sets the clock each day. Failure to re-set the clock results in the human brain 
(and that of all mammals) falling further behind each day. In humans, the results in depression, and 
while the mechanism is obscure, the association is robust [5]. There is one animal familiar to most 
of us that always rises early. Chickens become active before dawn so reliably that they have become 
a proverb. He who rises early is said to have “gotten up with the chickens”. Most of us learned, 
to that “the early bird gets the worm”. Indeed chickens are not the only bird that demonstrates 
a free-running circadian cycle of less than 24 hours. All the birds that have been studied have a 
circadian rhythm of about 23 hours [8-11].Why should there be a miss-match between the cycle 
and the period of the day? And why the difference between mammals and birds? I have suggested 
[12] that the difference between mammalian circadian rhythm and the solar day may reflect origins 
in a time when the duration of the solar day was closer to 25 hours, and that the interval may have 
been altered by a massive meteorite impact. Where I originally thought the meteorite impacts that 
occurred at the end of the Cretaceous [13,14] might be responsible, models for estimating the mass 
of an impactor from the size of the crater [15] showed that even the largest crater could not have 
been made by a mass large enough to alter the momentum of the planet, and the length of the 
day by one hour. While the earliest primate fossils are all known from Cenozoic strata, and are 
not associated with any major impact crater, the earliest mammalian ancestors identified were the 
Permian therapsids [16-18].The great end-Permian extinction has long been known to be associated 
with massive volcanism (the Siberian Traps), there have now been identified at least two very large 
impact craters, one on Antarctica [19], and one off Australia [20] dating to that time. The earliest 
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fossil birds are Jurassic, and the earliest dinosaur ancestors Triassic-
arising after the Permian extinction event. If the contemporaneous 
invertebrates from those periods (insects are the prevalent terrestrial 
invertebrates in both eras) have similar circadian rhythms to those 
vertebrate groups, this might support a hypothesis that the circadian 
rhythm of each group is an adaptation to living in a time when the 
solar day was the same-a behavioral fossil.

Method
Literature search was performed using MEDLINE and Google 

Scholar using the terms Mammalian Circadian Rhythms, Avian or 
Bird Circadian Rhythms, and Insect Circadian Rhythms, and Earliest 
Fossil Birds, Mammals, and Insects (by order).

Results 
Data for the free-running circadian rhythm (usually these meant 

conditions were found for several mammals, chickens, and sparrows, 
and a number of insects whose earliest ancestors are known from 
the Permian, or from the Mesozoic. The results for vertebrates are 
detailed in (Table 1), and results for the invertebrates (all insects) are 
detailed in (Table 2).The circadian cycle of all the mammalian orders 
was 25 hours under free-running conditions, and that of the birds, 23 
hours. For those insects whose circadian rhythm has been measured, 
those orders that originated during the Permian era have modern 
representatives whose circadian cycle is also about 25 hours in at least 
part of the life cycle. For those insects orders that originated in the 
Cretaceous era have modern representatives whose circadian cycle is 
23 hours in at least part of the life cycle.

Discussion
While it was long thought that there was no impact events 

associated with the much larger mass extinction at the end of the 
Permian, a 600km crater has been discovered under the ice of Wilkes 
Land, Antarctica [18]. Similarly, the Bed out High on the ocean 
floor off NW Australia has features that have led some to conclude 
that it represents the remnant of a large impact crater [21,22]. It 
seems certain that both Antarctica and Australia moved east (and 

Antarctica south) from Pangea [23]. While much less is known about 
end-Permian impacts than about the Chicxulub crater, this is likely 
to mean those impacts could have imparted angular momentum to 
the rotation of the planet. The degree of this is confounded by the fact 
that even at the end of the Permian, both impact craters were thought 
to be closer to the pole than to the equator. The present location of the 
Australian continent far to the east of late-Permian Africa is probably 
good evidence for an impact or also moving eastward. The somewhat 
less eastward position of Africa and Eurasia may suggest other 
impacts that have yet to be discovered or are obscured by sediments 
or plate tectonics. Is there any other geophysical evidence? Sharma’s 
recent exhaustive dissertation on the interaction of the earth and the 
moon showed that the braking torque of the lunar tides on planetary 
rotation, expressed as dJorb/dt = 4.47613 x 1016N-m [24-27]. Thus 
given the current mass of the earth and moon, and assuming the 
braking torque has been constant, one can extrapolate to a proposed 
time of the giant impact thought to have created the moon, 2.8 
billion years ago, and the solar day after the impact about 21 hours. 
Calculating the time since the solar day was 23 hours yielded a day 
268 million years ago-approximately the estimated time of the end of 
the Permian era. The observation of a longer circadian cycle for late-
Permian animals and Mesozoic animals would be consistent with a 
solar day of 25 hours before an impact, and 23 hours afterwards. If 
the solar day was 25 hours before an impact or impacts, and 23 hours 
afterwards, that might push back the day of the Giant impact and the 
age of the Earth by more than double. It is not clear whether this can 
be reconciled, and it may be a serious weakness for this theory. There 
is weakness, too in the assumption we began with, that the duration of 
the circadian day was once in fact the conditions our forebears lived 
in. It is entirely possible that a match between the circadian day and 
the solar day would be completely accidental, and has always been 
corrected by the onset or ending of daylight. Ontological evidence 
suggesting this is the absence of clock genes from the oldest of the 
terrestrial arthropods-the centipedes [28] (originated in Devonian), 
and the nearly complete dependence on light conditions in governing 
activity in modern dragonflies and cockroaches [26] (both originated 
during Carboniferous era).On the other hand, that may represent 

Earliest Fossils of Class Class Order Modern example Free-Running Circadian cycle How Measured
Permian 

(Therapsids) Mammalia Primates H. sapiens
Maccaca sp.

25h
25h

Sleep-Wake1, 4, 5

Sleep-Wake6

Perissodactyla Equus 25h Sleep-Wake7

Rodentia Hamster 25h Activity7

Jurassic Aves Galliformes Chicken 23h Activity, calling
Acetyltransferase8, 9, 10

Passerine Sparrow 23h Activity, calling, temperature 9, 10, 11

Warbler 23h Perch-hopping11

Table 1: Results for vertebrates.

EARLIEST FOSSILS of order Class Order Modern example Free-Running Circadian Cycle How Determined

Carboniferous Insecta Blattidae L. maderae Light-driven Activity

Permian Insecta Hemiptera Triatoma 25h Activity21

Orthoptera Gryllus 25h (nymphs)
24h (adults) Activity24

Neuroptera Chrysoptera 25h Activity, Sensitivity to light21, 22, 23

Coleptera Anthia 25 Activity 25, 26

Cretaceous
(Mesozoic) Insecta Hymenoptera Apismellifera 23 Worker activity25

Lepidoptera Antherea 23 Eclosion25

Table 2: Results for the invertebrates.
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phylogenetic evidence of an early stage in the evolution of the clock 
genes that govern the lives of nearly all animals alive today. This is my 
belief, and if it is so, then an end-Permian impact event is not relevant 
to the age of the planet or the moon. Does this have any implications 
for our thinking about circadian rhythm disorders? While we have no 
real clues to the mechanism by which they produce depressed mood, 
it is not hard to conceive an adaptive advantage for the mammalian 
survivors of the end-Permian disaster who did not venture out much 
by day, and so avoided the swift, active, and well-armed predators 
(including birds) that dominated the days during the Mesozoic 
[19,20].

Conclusion
The anomalous dys-synchrony of the solar day and the 

mammalian (human) circadian cycle is thought to be contributory to 
seasonal affective disorder and sleep phase advance disorder. It may 
be explained by meteorite impact, possibly at the end of the Permian 
era.

Key Points
Mammalian intrinsic circadian cycle is 25hr, about 1hr > duration 

of solar day. The earliest mammalian ancestors date to the Permian 
era. Several orders of insects also first known from the Permian have 
modern descendants with a 25 hour circadian rhythm. Birds and at 
least two orders of insects that also originated in the Mesozoic have 
modern descendants that have a circadian rhythm of about 23 hours. 
It is possible this reflects the true duration of the solar day- 25hr in 
duration? The circadian cycle may be in a sense, a behavioral fossil. 
The impacts associated with the end of the Cretaceous era are thought 
to have been insufficiently energetic to account for a 1h change in the 
duration of the solar day.
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