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Supplemental figures and tables

SI1. Timetable of the study.

The dates of the different seasons studied, using the website
www.timeanddate.com/sun/norway/ny-alesund, during the experiment lasting 1060 days, from 21
May 2012 to 16 April 2015. In total, 12 seasons studied: 3 polar days (PD1, PD2, PD3); 3 Polar
nights (PN1, PN2, PN3) and 6 seasons of light/dark alternations around the equinoxes (AL1 to
ALSG). During these 1060 days of monitoring, 68 days of record are missing due to problem of

data transfer.
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Figure SI12. Mean valve opening amplitude.

Mean record of valve behavior of the 14 C. islandica studied. VAO (percentage of valve opening
amplitude) measured during the whole experiment lasting 1060 days, from 21 May 2012 to 16
April 2015. In yellow: polar days (PD); in grey: polar nights (PN); in white: days with alternation

of light/dark conditions (AL).
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Figure SI3. Seasonal chronobiological valve activity at mean level.

Chronobiological analysis of the scallop C. islandica behavior recorded in Ny-Alesund between
21/05/2012 and 16/04/2015. In function of the light/dark regime is presented the mean behavior
double-plotted actogram (each line represents 2 days) of the 14 scallops. Activity levels above the
average of the day are represented by a black section, while values below the 24-h average are
represented by a white section. With each actogram is shown the correspondent spectral analysis
(Lomb and Scargle periodogram). If there is a significant period, its value is done below. NS:

means non-significant period in the studied season.
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Figure S14. Polar night timetable and twilight periods.

A. Timetable of twilight periods during the 3 polar nights studied. B. Scheme of twilight periods

during the polar night according to the sun angle below the horizon.
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Figure SI5. Putative mechanism underlying behavior in high Arctic regions during Polar Night.

(@) Around 24h activity persists in PN due to the functioning circadian clock, allowing

anticipating environmental change. (b) Around-the-clock activity during PN due to the

decoupling of the circadian clock with physiological processes. Or the clock oscillations in PN

are too low to entrain an overt rhythm. (c) Around-the-clock activity due to non-active circadian

clock during PN. (d) Around 24h activity, uncoupled to non-functioning clock in PN, due to a

direct response to light intensity cycles perception during the polar twilights.

Different putative strategies of animal activity in the Arctic sea.



Figure SI5 presents a synthetic diagram to illustrate four alternative scenarios (a, b, c, d). In
Figure SI5 (a) an approximately 24 h activity persists in the PN because of a functioning

circadian clock, which allows the animal to anticipate cyclic environmental changes, such as food
availability. In benthic bivalves, food supply from unicellular photosynthetic organisms might
convert to an autotrophic food source during the polar nightSt. Maintaining a “true” circadian
rhythm involves either a robust clock functioning without zeitgeber entrainment, such as in
rodents or krillsS2-4, or an increase in the ability of scallops to perceive light, which allows for
synchronization around a 24 h cycle. Because food availability from unicellular algae is
extremely low in the winter, we can infer that food availability is not the main reason to maintain
a rhythm in constant light conditions. Therefore, the circadian rhythm is likely highly beneficial

for the fitness of the animal and must be maintained. For example, we suspect that the

maintenance of the rhythm is necessary for internal synchronization of metabolic and
physiological processes>-S6. Furthermore, we can also assume that the chronobiological traits
observed in the Arctic scallop are under a slower process of extinction compared with other
phenotypic traitsS’. Figure SI5 (b) shows the around-the-clock activity during the PN caused by
the decoupling of the circadian clock with behavioural activity. The loss of specific circadian

behavioural activity does not necessarily mean that the circadian clock is no longer active, and

the circadian activity during the PN could be an adaptation for coordinating internal metabolic
processesS’. For example, it has been shown that in blind mammals living in caves
(Heterocephalus glaber), the circadian clock genes oscillate with a period of 24 h without a
circadian rhythm of locomotor activityS8-S9, An alternative explanation may be that the weak
circadian pacemaker generating low clock oscillations during the PN does not allow the

entrainment of overt rhythmsS10, A third alternative explanation is proposed in Figure SI5 (c),



which illustrates an around-the-clock activity caused by a non-active circadian clock during the
PN. The loss of circadian activity could be related to an adaptive advantage of organisms living
in both varied and constant light climates throughout the year. This plasticity of the circadian
rhythm has been shown in two populations of Artic reindeer. The northern reindeer population of
Rangifer tarandus platyrhynchus, which lives at 78°N (located near Ny-Alesund, Svalbard,
where the scallops’ activity was recorded), shows a distinct circadian activity for locomotion
during spring and autumn but an attenuated circadian activity for locomotion during the polar
night and polar day. Conversely, the southern reindeer population of Rangifer tarandus tarandus,

which lives at 70° N in northern Norway, displays a stronger circadian activity throughout the

year except during the polar dayS1-512, Moreover, at 78° N, reindeer exhibit a non-active

circadian clock with a direct activity response to light variations during the equinoxesS3,
Similarly, a study on the bird species Lagopus mutus hyperboreus living in Svalbard at 79°N
showed an attenuated daily oscillation in the production of the hormone melatonin (involved in

the awake/sleep circadian cycle) during the polar night and polar dayS4. This observation of the
melatonin levels is consistent with a loss of a 24 h feeding rhythm during that time periodS1>. In

these cases, the gradual disappearance of circadian activity corresponds to a phenotypic
adaptation of the circadian clock. Furthermore, the circadian clock could be maintained for the
synchronization of metabolism and become uncoupled or partially uncoupled for the locomotor

behaviorS’. Finally, the alternative in Figure SI5 (d) shows an approximately 24 h circadian

activity that is derived from the circadian clock, which may not function during the PN. The
apparent circadian rhythm is related to a direct response to the low light intensity cycles during
the polar twilights. The apparent rhythm follows the decrease in light irradiance when the polar
night becomes increasingly dark.
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