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Light masking has been studied almost exclusively in the laboratory. The authors populated four field enclosures with
locally coexisting nocturnal Acomys cahirinus and diurnal A. russatus, and monitored their body temperatures (Tb) using
implanted temperature-sensitive radio transmitters. A 3-h light pulse was initiated at the beginning of two consecutive
nights; preceding nights were controls. A. cahirinus Tb and calculated activity levels decreased significantly during the
light pulse, demonstrating a negative light masking response (light effect on Tb: −0.32°C ± 0.15°C; average calculated
activity records during the light pulse: 7 ± 1.53, control: 9.8 ± 1.62). Diurnal A. russatus did not respond to the light
pulse. We conclude that light masking is not an artifact of laboratory conditions but represents a natural adaptive
response in free-living populations. (Author correspondence: Shayroti@post.tau.ac.il)
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INTRODUCTION

The term “masking” (Aschoff, 1960) describes an
immediate effect of a stimulus that overrides an
animal’s endogenous clock. The masking effect of light
is very different in nocturnal and diurnal species: light in-
creases activity in diurnal mammals (positive masking)
and suppresses it in nocturnal ones (negative masking),
whereas darkness acts in the opposite way (Aschoff &
Vongoetz, 1988, 1989; Redlin & Mrosovsky, 1999a;
Redlin et al., 2005). Under natural conditions, masking
has the adaptive value of confining animals to their
appropriate temporal niche, and may complement the
circadian clock in fine-tuning activity patterns in
response to environmental stimuli (Redlin, 2001).

Mrosovsky (1999) pointed out that masking had been
generally neglected by circadian biologists. In the
ensuing decade, however, interest in this phenomenon
has increased, and masking has been described in
additional species (e.g., Cohen et al., 2010; Erkert et al.,
2006), masking effects of stimuli other than the classic
light/dark pulses have been studied (reviewed in Kron-
feld-Schor & Dayan, 2008), and the neural basis of this
phenomenon has been examined (e.g., Doi et al., 2006;
Mrosovsky & Thompson, 2008).

Most studies addressing masking, including the
above-mentioned ones, were conducted in the labora-
tory, with very little research explicitly addressing
masking in the field. Many nocturnal rodents are

known to reduce their activity in the field during full-
moon nights (reviewed in Beier, 2006) or under artificial
illumination (Abramsky et al., 2004; Kotler et al., 1991;
Mandelik et al., 2003). However, althoughmasking is pre-
sumably involved, we cannot rigorously differentiate its
contribution from that of other mechanisms that might
be involved, such as circadian clock entrainment or a
circa-lunar rhythm. Furthermore, most descriptions of
this phenomenon address its ecological aspects of fora-
ging and habitat use, but neglecting its underlying
mechanisms.

We studied masking responses in two rodent species,
by applying a 3-h light pulse for two consecutive nights in
open-field enclosures. The enclosures, located in a rocky
desert, were populated with two locally coexisting conge-
ners: the nocturnal common spinymouse (Acomys cahir-
inus) and the diurnal golden spiny mouse (A. russatus).
Over the course of two decades of research, we have ac-
quired a thorough knowledge of the ecology (see Kron-
feld-Schor & Dayan, 2003; Shargal et al., 2000),
physiology (e.g., Kronfeld-Schor et al., 2000), and activity
rhythms (see Cohen et al., 2009; Elvert et al., 1999; Kron-
feld-Schor et al., 2001; Levy et al., 2007) of these species.

Our experimental settings enabled us to focus on light
masking under semi-natural conditions and to gain
insight into its occurrence and its adaptive value in the
wild. We hypothesized that changes in activity levels in
response to elevated light intensities are mediated by
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masking response. Therefore, we predicted that (a) a light
pulse would induce a negative masking response in the
nocturnal A. cahirinus, i.e., a reduction in activity as
was described for this species in the laboratory (Cohen
et al., 2010); and (b) a light pulse may induce a positive
masking response in the diurnally active A. russatus.
However, since this latter species is not a typically
diurnal one (it has some nocturnal traits and preferences
[reviewed by Kronfeld-Schor & Dayan, 2003; Levy et al.,
2007]), and since previous studies have failed to detect
such a response in the laboratory (Cohen et al., 2010),
we had less confidence in this prediction.

METHODS

Field Enclosures
Research took place at four 20 × 50-m open-field enclo-
sures located on the eastern slopes of the Judean
Desert, near the Ein Gedi nature reserve (31°28′N, 35°
23′E, 300 m below sea level). The enclosures were con-
structed of 70 cm high 10-mm wire mesh buried 3 cm
into the ground. The top 40 cm of both sides of the
mesh were covered with aluminum flashing to prevent
the mice from escaping. The wire mesh fence was per-
meable to spiny mouse predators (raptors, foxes, and
snakes; Jones & Dayan, 2000; Jones et al., 2001) and
prey (vertebrates, seeds, and vegetation; Kronfeld-Schor
& Dayan, 1999). Thus, the enclosure structure provided
seminatural conditions for our experiment. Sixteen indi-
viduals of A. cahirinus and 16 of A. russatus were cap-
tured in the area around the enclosures, using Sherman
live traps, and introduced into them (four individuals
of each species in each enclosure) 1 month prior to
onset of the experiment. Water was available in the enclo-
sures at all times (see Gutman & Dayan, 2005, for techni-
cal description).

Monitoring Body Temperature (Tb)
Tb radio transmitters (Epx76 single stage transmitters to
the nearest 0.1°C, weight 3.8 g; Sirtrack) were implanted
in the abdominal cavity of 28 individuals: 13 common
and 15 golden spiny mice (for surgical details see Levy
et al., 2007), of which we managed to effectively track
11 and 13 individuals, respectively. One A. cahirinus
that showed a completely diurnal Tb rhythm, which is ex-
tremely uncommon in this species (during two decades
of research on spiny mice in that area, we had not en-
countered a single diurnal A. cahirinus), was omitted
from the analysis. Signals from each implanted transmit-
ter were logged once every 18 min by a scanner-receiver
(RX-900; Televilt) connected to two dipole antennas (for
more technical details see Levy et al., 2007). The receiver
was connected to a battery (450A; Schnapp) charged
during the day by a solar panel (SQ80; Shell). Body temp-
erature of spiny mice was also used as a surrogate
measure for activity level; body temperature is affected
by activity in many mammals (including spiny mice),
and is usually highly correlated with it (Cohen &

Kronfeld-Schor, 2006; Decoursey et al., 1998; Elvert
et al., 1999; Levy et al., 2007). In addition, we measured
ambient ground temperature (using DS1921 Thermo-
chron iButton, ±1°C accuracy; Dallas Semiconductor).

Experimental Protocol
The experiment lasted 4 days, during new-moon nights.
During the first 2 days, mice were held under a natural
light regime (control), whereas during the last 2 days,
the enclosures were illuminated for the first 3 h of the
night (ca. 17:15–20:15 h). The experiment was conducted
with legal permits from the Israel Nature and Parks Auth-
ority (2007/28812) and complied with international
ethical standards (Portaluppi et al., 2010).

Illumination
During the light pulse, illumination levels were quite con-
stant throughout the enclosures with average intensity of
2 lux (measured on the ground with a TES-1337 photo-
meter to the nearest 0.01 lux); such intensity is slightly
stronger than full-moon light. Enclosures were illumi-
nated by 70-W yellow metal halide lamps (Osram) on
top of six, 3-m high poles, activated by a “super quiet”
generator (E20; Honda). The generator was placed 150
m from the enclosures, in a gulley inside an insulated
acoustic box that rendered it noiseless at this distance.

Data Analysis
The radio transmitter tracking system provided Tb data
for each individual at 18-min intervals. In order to test
light masking effects on Tb rhythms, we compared indi-
viduals’ Tb rhythms for both species under illumination
and control conditions using a generalized additive
mixed model (GAMM) technique with the gamm func-
tion from the R statistical software language (version
2.9.0; R Development Core Team, 2009) mgcv package
(version 1.52; Wood 2008). We used individuals as the
random factor, and incorporated residuals’ auto-regres-
sive structure of order 1 (AR[1]) to account for temporal
autocorrelation (Dobbie & Welsh, 2001; Zuur et al.,
2009). Using the Akaike information criterion (AIC), we
found the GAMM adequacy to be higher when assuming
the same time-Tb relationship in both treatments. There-
fore, we modeled the difference in temperature (°C)
between the Tb rhythms during the two light treatments.

Activity Level and Tb Threshold
In order to determine the Tb threshold for activity, we
used data from Rotics et al. (in press), where in parallel
to Tb monitoring, automonitored foraging trays, record-
ing the exact time of each individual foraging, were
used (see Rotics et al., in press, for detailed description).
The parallel recording of Tb and foraging time enabled us
to calculate each individual’s average Tb while foraging in
the trays. To be conservative, this average minus 1 stan-
dard deviation was defined as the individual’s activity
Tb threshold, above which the animal was considered
active. The average activity Tb threshold for A. cahirinus
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was 37.14°C ± 0.14°C, and for A. russatus 36.28°C ± 0.17°C
(mean ± SE). Since activity bursts were accompanied by a
sharp elevation of Tb (see Elvert et al., 1999; Levy et al.,
2007), and since the thresholds were far above the
mouse average or basal Tbs (average for A. cahirinus:
34.78°C ± 0.17°C, A. russatus: 32.57°C ± 0.14°C), it is
highly unlikely that a nonactive animal could have
crossed this threshold. For each individual, we summed
the number of Tb records above its individual calculated
threshold as ameasure of its activity level. This parameter
was compared between experimental conditions using a
paired t test (for each species separately).

RESULTS

The light pulse had no significant effect on Tb of A. cahir-
inus (light effect: −0.21°C ± 0.16°C; t = −1.27, p = .206).
However, since the effect of light on body temperature
is not expected to be immediate (unlike its effect on
activity), we also tested the effect of light on Tb starting
20 min after the onset of the light pulse and found a sig-
nificant decrease in body temperature during the light
pulse (light effect: −0.32°C ± 0.15°C, t = −2.10, p = .037;
Figures 1a, 2a, b). The effect was even stronger when

we tested it starting 40 min after onset of the light pulse
(light effect: −0.39°C ± 0.16°C; t = −2.48, p = .014).

A. russatus Tbs were also significantly lower during the
illuminated hours in comparison to the same control
hours (light effect: −0.41°C ± 0.06°C; t = −7.26, p < .001;
Figures 1b, 2c, d). However, ambient temperatures too
were lower during the light pulse hours (mean values;
light pulse: 24.75°C, control: 25.31°C), as well as through-
out the entire days of lighting treatment (mean values; il-
lumination: 24.06°C, control: 24.64°C). In order to
account for the ambient temperature effect, we also
examined the 3 h preceding and following the
illuminated hours. We found no significant difference
in A. cahirinus Tbs between control and light-pulse days
during the 3 h preceding the light pulse (light effect:
0.11°C ± 0.11°C; t = 1.0, p = .321; Figure 1a) or the 3 h fol-
lowing it (light effect: 0.03°C ± 0.23°C; t = 0.14, p = .886;
Figure 1a). In contrast, A. russatus showed significantly
lower Tb values also during the 3 h preceding (light
effect: −0.43°C ± 0.11°C; t = −3.87, p < .001; Figures 1b,
2c, d), and following the light pulse (light effect: −0.42°
C ± 0.09°C; t = −4.48, p < .001; Figures 1b, 2c, d).

A. cahirinus’s average number of “activity” Tb records
(i.e., records above the individual’s activity Tb threshold)
was significantly lower during the light-pulse hours in
comparison to control conditions (t9 = 2.81, p = .021,
means ± SE; light pulse: 9.8 ± 1.6, control: 7 ± 1.5;
Figure 3). A. russatus individuals were not recorded
above their individual activity Tb threshold, neither
during the light pulse nor during the control hours,
although their average threshold was much lower than
that of A. cahirinus.

DISCUSSION

We examined light masking responses of a nocturnal and
a diurnal rodent under semi-natural conditions in field
enclosures. As expected, the nocturnal A. cahirinus
showed a decrease in Tb and in the calculated activity
levels during the light-pulse period. This reduction was
exclusive to this period. The experimental design pre-
cluded the possibility of clock entrainment or a circa-
lunar rhythm, which together with the nature of the
response suggests that negative light masking was
responsible for the observed pattern. A similar masking
response was described in this species in a recent labora-
tory study (Cohen et al., 2010).

The experimental light pulse was applied during the
beginning of the night. Redlin and Mrosovsky (1999b)
found that during this time hamsters were particularly
susceptible to light masking. They suggested that when
activity is expected to start, it is of greatest adaptive
value to be sensitive to light changes, compensating for
possible minor inaccuracies of the endogenous clock.
Indeed, in our study, a low-intensity light pulse (2 lux)
triggered a negative masking response (Mrosovsky
et al., 1999; Redlin & Mrosovsky, 1999b).

FIGURE 1. Body temperatures (Tb) of A. cahirinus (a) and A. rus-
satus (b) during light-pulse (•) and control (○) treatments (mean ±
SE). Three time periods are displayed, separated by dashed lines:
the 3 h before, during, and after light manipulation. * ( p < .05) and
** ( p < .001) denotes significant differences between Tb rhythms
(GAMM statistical analysis). The significant difference presented
in panel a relates to a comparison starting 20 min after lights-on.
Note that the panels are not on the same Tb scale.
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Negative light masking has an obvious adaptive value
for A. cahirinus, since elevated light intensities are known
to facilitate predation by nocturnal visual raptors (Brown
et al., 1988; Clarke, 1983; Lima & Dill, 1990), such as
Hume’s tawny owl (Strix butleri) in the study area
(Jones et al., 2001; Mandelik et al., 2003). The masking
mechanism enables the flexibility of immediate adjust-
ment to the light pulse, thus reducing predation risk.
The negative masking response of nocturnal rodents to

light in the laboratory may possibly also reflect an adap-
tive response to predation risk.

A. russatus Tb was also significantly lower during the
light-pulse hours. However, this pattern was found also
prior to and after the light pulse (Figure 1b), and, there-
fore, it did not result from the light pulse, itself. Moreover,
A. russatus Tbs were far below their activity thresholds,
suggesting that mice were actually inactive during the
hours of light manipulation. Hence, we can confidently
say that the observed decrease was not caused by a be-
havioral light masking response. The body temperature
of spiny mice, as well as of other rodents that enter
daily torpor, is affected by ambient temperatures when
they are inactive (Geiser, 2004; Levy et al., accepted).
A. russatus, in contrast to A. cahirinus, was inactive
during the examined time periods, and ambient temp-
erature was lower during the light-pulse days. Therefore
we assume that the difference in its Tb between the
light treatments was due to the drop in ambient
temperature.

As in our present study, previous laboratory studies
too found no positive light masking response in A. russa-
tus (Cohen & Kronfeld-Schor, 2006; Cohen et al., 2010).
As mentioned earlier, A. russatus is not a typical diurnal
species; it has shown nocturnal activity rhythms in the
laboratory (Cohen et al., 2009; Levy et al., 2007), and it
possesses some nocturnal physiological characteristics
(Kronfeld-Schor & Dayan, 2008). Thus, it is not surprising
that it did not respond to the light pulse as would be ex-
pected from a typical diurnal species, i.e., enhancing its

FIGURE 2. Body temperatures of two A. cahirinus individuals (a, b) and two A. russatus individuals (c, d) during a control and a light-pulse
day (solid and dashed lines, respectively). Dashed rectanglesmark the compared hours of the lightmanipulation. Horizontal thick line indi-
cates the darkness hours.

FIGURE 3. A. cahirinus’s number of “activity” records (body
temperature records above the individual’s calculated activity Tb
threshold) under control versus light-pulse conditions (mean ±
SE). An asterisk denotes significant difference ( p = .021; paired t
test). N = 10. Note: A. russatus had no “activity” records during
both treatments.
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activity during the light pulse. It is also possible that the
cool ambient temperatures during the first 3 h of the
night (24.75°C) were less favorable for this heat-
adapted species (Haim & Borut, 1976; Shkolnik, 1971),
overriding the influence of the light pulse. This hypoth-
esis is in accord with previous findings showing that in
the absence of A. cahirinus, A. russatus shifted to noctur-
nal activity only after ca. 6 months, following a very hot
day (Shkolnik, 1971); and in another study conducted
in the same field enclosure, in the absence of A. cahiri-
nus, A. russatus remained active mainly during the day,
although some activity shifted to the night (Gutman &
Dayan, 2005). Furthermore, in the high mountains of
the Sinai desert, golden spiny mice are diurnal in the
absence of the common spiny mice, and their diurnal
activity in that habitat has been ascribed to the unfavor-
able cold conditions during the night (Haim & Borut,
1976). An interactive effect of light and temperature in
the wild was reported by Fernandez-Duque (2003), who
found that the cathemeral owl monkey (Aotus azarai) in-
creased its nocturnal activity as moonlight increased;
however, this increase was also dependent on suitable
ambient temperatures. More possible explanations for
the lack of A. russatus’s positive masking response
include the low intensity of the light pulse or competition
from its congener, A. cahirinus (see Gutman & Dayan,
2005; Shkolnik, 1971). In summary, A. russatus possibly
did not respond to the experimental light pulse,
because it had no effect on it, or because any such
effect was masked by other environmental factors.

Among the few studies that have addressed light
masking in the field are those by Fernandez-Duque
(2003) and Kappeler and Erkert (2003) on primates
(owl monkeys and red-fronted lemurs), showing in-
creased nocturnal activity with increased intensities of
moonlight. Erkert (2008) emphasized light masking as
responsible for these observed patterns. In addition,
although reduction of rodent activity on full-moon
nights is probably also mediated by masking, the avail-
able studies (e.g., Daly et al., 1992; Mandelik et al.,
2003; Topping et al., 1999) were not conducted in a way
that enables us to verify this mechanism. Our present
study, on the other hand, controlled for lighting and
enabled the elimination of possible influencing factors;
we can, thus, attribute the A. cahirinus response to the
masking mechanism. As far as we know, this is the first
study to use light-masking laboratory procedures under
field conditions.

In summary, to date light masking has been studied
almost exclusively in the laboratory. Here, we applied a
controlled light-pulse procedure in open enclosures,
and describe explicitly a negative masking response in
A. cahirinus under semi-natural conditions. This study
of the masking response provides evolutionary insight
into its adaptive value in the field. We conclude that
light masking is not an artifact of laboratory conditions,
but represents a natural adaptive response in free-living
populations.
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