


A milestone in this area of study began with the
hRistorical works of Barner and Allard (1920) with plants
and Howan (1925) with birds., As with all rhythmic studies,
the togics ran the gamut of resesrch subjects. Seasonal
activity rhythms have been reported in Kangaroo rats (Kenagy,
1976}, fish {Andreasson and Muller, 1969), Wood mice
(Gurness, 19?&%, and birds (MeMillan et al., 1970).
Berthold (1969} and Guwinner {197%) researched annual re-
produciive rhythms in birds. damiltan (1962) reported
circannual rhythms in bird migration, and Gronau and Schmidtb-
Koenig (1970) studied yearly fluctuations in pigeon homing.

taboratory studies of circannual rhythms reflect
properties similar to those of cireadian rhythms, The
potentially constant condition of the lsharatory aids in
elucidating the nature of the underlying timing mechanism,
S5uch canditions were employed ta sivdy the circannual lo-
comotor rhythms of sguirtrels (frosovsky et al., 1876) ano
birds {Pohl, 1471). Circannual freguencies of body weight
and hibernation im sguirrels were reported by David [1976)
and Wrosovsky and Lang (1971). Long-term cycles of the
reproductive system were found in crayfish {legla and
Poulson, 1870), mice (mMaus and Halberg, 1970), and morkeys
{(Michael and Honsall, 1977). Brown and Park (1975) de-
scribed an amnual sensitivity to light in gplanarians, and
Brock {1975) detailed growlh and development cycles in
cnidarians.

Lircannual rhythms praovide the organism with the
acaptive advantage of anticipating future environmental
situations and help synchronlze the various, camplex physi-
ological processes occurring within tpe organism. It is
Aoped tnat this study furthers tne knowledge of the pro-
perties of thie phenomenon, and will alert other sclientists,
as c¢ircannual rhythms might affect the outcome of their
research,

MATERLALS AND METHLCS

5ix, 0 week-nld male higngolian gerGils, lieriones
vnguiculatus, were housed singly im activily chambers wnich
were piveted on a knife blade. Partitiogns within th ac-
tivity chamber forced the animal to walk around the oguter
edge {dayer and Truchan, 1%5%), 4s mavement ocourred, the
cage tipoed causing a deflection of orme of two micro-
switches positioned under ooposite corners of the cage.
ihe micro-switches were wired to a Z0 channel Esterline
Angus reccroer which continucusly manitorec the deflections
and/or movements of the geroils. Furima rat chow ano water
were replenisned ac libitum, and any necessary mainten-

ance was orovided at random hours, every 3 to L0 days.

atz collection ceqgan 7 letober 197% and ceased 31
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statistically significant from the activity mianimum.

The ampunt of activity for any animal was guite different
(Fig. 1) range occurred from 2% to 35% mean activity.
Animals 1 and 5 are illustrated as examples; animals 2,
3, 4, and & fall gn either side of these two representa-
tives (Fig. 1),

Another commzn analytical method in perindic¢ studies
is for each experimental animal to act as its own control.
This is demonstrated in figure 2 which compares the lows
of each circannual rhythm of a gerbil with its high.

For 2ll but tws animals (Animals 3 and 4) are the valleys
and peaks statistically different from each other.

The null hypathesis would assert that there is no
difference between the high and low point of activity.
The probability (P)] of four of the animals was .00l
{student's t test) which indicated that the difference
between the high and low did not occur by chancei Lhat is,
there is a statistically significant circannual rhythm,
The statistical description reinforces the strang visual
impression.

Table 1 lists the free-running geriods for all six
gerbils and the recurring point from which it was calcu-
lated, either activily onset or end-pf-activity. £Each
animal has a free-running period, which results from a
lack of entraimment to a ohysical parameter, greater than
Z4-hpurs.

TABLE 1. The free-running pericd for the six experimental
animals and the point of measurement.

Animal Period Point of
(he.] feasurement
1 24.42 + 11,82 cnd of Activity
Z 24.67 + 0.92 Cnset of Activity
3 26,50 ~ L.52 Eno of Activity
4 24.58 + 1.17 End of Acztivity
5 24,67 + D73 Unset of Activitly
) 24.58 + 0.673 Ernd of Activity
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The exogengus pnint of view, as propnsed by Brown
(1972), states that there is rmo swuch entity as 2 biolagical
clock. The clock is fowund in the environment; therefore,
its substance cannot be biological. Nevertheless, there
are particular wvaknown, intermal mechanisms which cue to
the physical rhyihms, anc Lhese physical rhylnms permeate
almost 21l experimental conditians, Thus, circannual
raytinms are free-running chythme because of an annoal
geriosdicity in sensiltivity to the light or tempevature
and sensitivity rhythm (drown and Park, 1975; Pohl, 1977).
fust of the properties of rhythms can be incorporated
intn both schools of thowght., Hopefully, the future will
see a synchroniczalion aof the two clock theories.

The signifigance of annual rhythms cannat be under-
estimated. {any animals invest a great deal of energy
in preparation fur yearly reproductive, migratory, moult-
ing, fai deposition, e=tc. behaviors.,  The seasonal clock
enables the organism to anticipate chamges in the environ-
ment. [he endogenous cleck would need to be synchronized
to the ambient enviranmeni cycles, The presence of a
timing mechanism wovld allow an wvrganism to keep the proger
time even though there may be a3 long, stormy, interim
which would invert the ghotoperiod or a long, warm interval
which would confuse the temperature cycleg, Like any good
cinronometer, "aAoise” would not affect 1ts time keeping
properties (see Klein, 1974). In addition, an accurate
Liming mechanism may he wused Lo determine the compass direg-
tion in the space-time contimuum. Time has arrived now to
unwind the secorets of the timinn mechanism. There are
still too many mysteries within this ubiguitous phenomenan.
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