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Abstract The inhibition of locomotion by light (mask-
ing) was investigated in Syrian hamsters. When 1-h
pulses of light were presented in the early night, activity
was strongly suppressed by irradiances of about 1 lx or
greater. Ultradian light-dark cycles were used as another
way to study masking. Hamsters were unable to entrain
to 3.5:3.5-h light-dark cycles, thus permitting the
masking and the entraining e�ects of light to be distin-
guished. Light had greater suppressive e�ects on activity
in home cages than on activity in novel running wheels.
Moreover, in home cages activity remained very low for
about 30 min after lights were turned o�. Post-pulse
suppression of activity was not simply a consequence of
reduced running, as shown by experiments in which
running was temporarily prevented by locking the
wheels. A phase response curve for masking was
obtained by placing hamsters in novel wheels for 3-h
periods at various times throughout their circadian
cycles, and then superimposing a 30-min light pulse. The
suppressive e�ect of light was maximal around the onset
of activity, which normally coincides with dusk in
hamsters. This may have adaptive value in limiting
foraging to the hours of darkness.
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Introduction

The Syrian hamster, Mesocricetus auratus, has precise
and predictable rhythms of locomotor activity, and is
easy to keep in captivity. For these reasons it is one of
the most commonly studied species in research on cir-
cadian rhythms. Landmark papers on rhythms using
hamsters include those by Pittendrigh and Daan (1976),
Elliott (1976), and Ralph et al. (1990).

Nevertheless, it is generally accepted that a light-en-
trainable endogenous clock is not the only mechanism
controlling overt behaviour and con®ning activity to
appropriate times of day or night. The acute or masking
e�ects of light complement the endogenously controlled
output from the clock (Ascho� 1960: Erkert and GroÈ ber
1986; Reebs 1994). Yet, despite the innumerable papers
on rhythmicity in hamsters, virtually no attention has
been given to masking in this species, and how it might
relate to endogenous mechanisms. In this paper we ask a
number of speci®c questions about masking in hamsters.

Experiment 1 tests the sensitivity of the masking to
photic stimuli of di�erent irradiance. Pulses of light are
given in the early night when the hamsters are sponta-
neously active.

Experiment 2 addresses the question of how masking
by light can be quanti®ed. Just as in studies of e�ects of
light on clock control it is necessary to exclude the acute
or masking e�ects of light on the behavioural variable
being measured, so in studies of masking it is necessary
to exclude the in¯uence of the endogenous clock. The
use of ultradian light-dark (LD) cycles to which ham-
sters cannot entrain is one approach to this problem
(BorbeÂ ly and Huston 1974).

Experiment 3 investigates what types of activity can
be inhibited by light. It is known that hamsters can be
induced to be active, even at times when they would
normally not be active, by con®ning them to a novel
wheel. Is such induced activity susceptible to masking,
or does masking a�ect only clock-controlled activity?
This experiment also takes a closer look at the time-
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course of the response after a light pulse is given in the
early subjective night, when hamsters are normally ac-
tive. How fast do the hamsters respond to light, and
what happens after lights are switched o�?

Experiment 4 asks whether there is a circadian
rhythm of masking to light pulses, and what the func-
tional signi®cance of such a rhythm might be.

Behind these speci®c aims is the more general aim of
providing some basic descriptions of masking in this
species and possible relationships between masking and
circadian rhythms.

Materials and methods

General

Male Syrian hamsters (age 40 days) were obtained from Harlan
Sprague-Dawley (Indianapolis, Ind., USA). Hamsters were indi-
vidually housed in polypropylene cages (44 ´ 23 ´ 20 cm) equipped
with a 17.5-cm diameter running wheel. The outside of all wheels
was surrounded with a plastic mesh to provide a better footing for
the hamsters (Mrosovsky et al. 1998). Wheel running was contin-
uously monitored by a computerized data acquisition system
(Dataquest III, Minimitter Inc., Sunriver, Ore., USA). All hamsters
were initially entrained to an LD 14:10-h cycle. Illumination was
measured with an ISO-TECH ILM350 meter. For experiments
involving novel wheels, separate wheels, also surrounded with
plastic mesh, were placed next to each cage. Procedures in the dark
were carried out with the aid of an infrared viewer (FJW Optical
Systems, Palatino, Ill., USA). Hamsters had continuous access to
food (rodent chow 5001; PMI, St. Louis, Mo., USA) and water,
except during con®nement to novel wheels. Temperatures ranged
from 18 to 23 °C. Data were analysed by one-way repeated mea-
sures ANOVA and Tukey-Kramer post-hoc tests, or two-tailed t-
tests. Level of signi®cance was set at P<0.05. Data are shown as
means�standard error.

Experiment 1: masking threshold

Hamsters (n=24; 7 months old) were kept in LD 14:10 h and wheel
running was continuously monitored. All data from two of these
hamsters were discarded because of erratic and low levels of ac-
tivity. The animals were in a room in which light pulses of variable
irradiances could be given. The details of the light sources and
setup for altering the illumination are described elsewhere
(Mrosovsky et al. 1999). The test procedure required 3 days for
each light level. On the ®rst day (maintenance day) ®lters were
changed and other maintenance work was carried out. On day 2
(baseline day) the animals were left undisturbed and home cage
wheel running between zeitgeber time (ZT) 13.5 and 14.5 was
quanti®ed. On day 3 (test day) the hamsters were given a light pulse
from ZT 13.5 to ZT 14.5. Wheel running during the light pulse was
compared to the baseline wheel counts of the previous day.
Masking was scored as a percentage of baseline wheel counts. Tests
with 11 di�erent irradiances (given in stop values of the neutral-
density ®lters) were carried out. Because some hamsters did not
show masking in the 0-stop condition with no neutral-density ®l-
ters, an additional test was run in which the light was made
stronger by the addition of two extra light bulbs; this test was
labeled as ``superbright''. The approximate lux values (measured
with an ISO TECH ILM350 meter) were: superbright, 1800 lx;
0 stops, 500 lx; 3 stops, 55 lx; 6 stops, 9 lx; 9 stops, 2 lx; 12 stops
and higher, <1 lx. An additional sham test in which an opaque
sheet of cardboard blocked the light passage was used to control
for possible non-photic factors from the light apparatus. The order
in which the tests were run was: 0, 3, 9, 12, 15, 18, 21, 6, 24,
27 stops, sham pulse, 23 stops, superbright. To assess whether

masking scores were di�erent from 100%, one-sample two-tailed
Wilcoxin signed rank tests were used.

Experiment 2: wheel running during ultradian light-dark cycles

In mice, LD 1:1-h cycles do not entrain circadian activity rhythms
(Mrosovsky 1994), permitting masking e�ects to be distinguished
from entraining e�ects of light. Initially, we tried the LD 1:1-h
cycle with hamsters. Possibly because some hamsters have free-
running periods close to 24 h, they appeared to entrain to this
cycle. Furthermore, for various reasons to be discussed below, this
schedule proved suboptimal for demonstrating masking in ham-
sters. In a second part of the experiment we therefore used an LD
cycle of 3.5:3.5 h, to which hamsters are unlikely to entrain. If this
schedule is kept going for a week, all phases of the circadian cycle
coincide with approximately the same amount of light and dark
(Fig. 2).

Hamsters (n=24) were entrained to an LD 14:10-h cycle
(¯uorescent lighting, illumination about 400 lx) for 26 days. Then,
using the same lights, the schedule was switched to LD 1:1 h for
1 week, followed by LD 3.5:3.5 h for another 10 days. Temper-
ature during the LD cycles was recorded; temperature cycles as-
sociated with the ultradian LD cycles had amplitudes of <1 °C;
these changes were smaller than the overall temperature ¯uctua-
tions in the room during this experiment (19±22 °C). Masking was
quanti®ed as follows: the total number of wheel revolutions
during the dark and light phases of the two LD cycles was cal-
culated for 1-week intervals; masking scores are given as the
amount of activity in the dark expressed as a percentage of the
total activity.

Experiment 3: comparison of masking
in home cages and in novel wheels

In this experiment we tested the e�ect of a 30-min light pulse on
home-cage wheel running and novelty-induced wheel running in the
early subjective night, at ZT 14. Before use in this experiment the
hamsters had been kept ®rst in LD 14:10 h for 9 days, then in LD
1:1 h for 24 days after which they were kept in LD 14:10 h for the
duration of the present experiment. Two groups of hamsters (n=10
per group) were kept in adjacent similar rooms. Incandescent bulbs
provided illumination of about 100 lx at cage ¯oor level during the
L phase of the cycle. Illumination during the light pulses was about
150 lx on the ¯oor of the home cages and about 140 lx on the base
of the novel wheels. Wheel running was recorded in 1-min bins but
usually displayed in 5-min bins.

After 47 days in LD 14:10 h, the two groups of hamsters (age
120 days at this stage) were tested on four occasions, with 4 days
between each test. In the ®rst two tests, the animals were con®ned
to novel wheels from ZT 13 to ZT 16 and either given a light pulse
from ZT 14 to ZT 14.5 or left in the dark. In the subsequent two
tests, hamsters remained in their home cages and were either given
a light pulse from ZT 14 to ZT 14.5 or left undisturbed.

A subsidiary experiment was added to test whether persistent
suppression of wheel running of hamsters after lights were swit-
ched o� is a speci®c feature of masking by light or merely results
from interruption of wheel running. Twenty-four hamsters (age
4 months; previously used in Experiment 1) were kept in LD
14:10 h; wheel running was recorded in 10-min bins. Hamsters
remaining in their home cages were tested on two occasions. On
the ®rst occasion, wheels were locked (by sliding in a metal rod
through the wheel spokes) from ZT 14 to ZT 14.5. This was done
by entering the room with an infrared-viewer 5 min before ZT
14. From ZT 14 to ZT 14.5 all wheels were locked. Starting at
ZT 14.5 the room was entered again and the wheels were un-
locked. On the second occasion, 3 days after the ®rst, wheels
were again locked from ZT 14 to ZT 14.5, using the same pro-
cedure as for the ®rst test. In addition, the hamsters were given a
light pulse (¯uorescent light source, about 400 lx) from ZT 14 to
ZT 14.5.
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Experiment 4: phase response curve for masking by light

Because light inhibits locomotion in hamsters (negative masking), it
is not possible to study masking by light at times of the cycle when
the animals are inactive. Therefore, to produce a complete phase
response curve for masking of activity by light, it is necessary to
induce hamsters to be active during their normal rest hours. This
was done by con®ning them to a novel wheel.

After the initial entrainment to LD 14:10 h (incandescent light
source, 100 lx at cage ¯oor level), the hamsters (n=24; age 40 days)
were kept in constant darkness (DD) for the remainder of the ex-
periment. Wheel running was recorded in 5-min collection bins.
Starting on day 6 of DD, the hamsters were repeatedly con®ned to
the novel wheels for 3 h. On a given test day, all hamsters were
con®ned to the novel wheels at the same clock time, but because
rhythms free-ran, various phases of their circadian cycle were
screened simultaneously. After 1 h of con®nement the hamsters
were given a 30-min light pulse (incandescent light source, 140 lx at
the base of the novel wheels). After each test the hamsters were left
undisturbed for at least 4 days before they were re-tested. To ob-
tain control data, at the end of the experiment (after 74 days of
DD), hamsters were con®ned to novel wheels on four occasions
without any light pulses.

Masking by light was quanti®ed as follows: wheel running
during the 30-min light pulse was compared to the wheel revolu-
tions made during a 30-min baseline immediately prior to the light
pulse. However, some hamsters do not run much when con®ned to
novel wheels; such individuals have been called sluggards (We-
isgerber et al. 1997). Those hamsters that were inactive during the
baseline were excluded. Only hamsters with activity in all 5-min
data collection bins of the 30-min baseline and having made at least
500 wheel turns in this period were included. This criterion selected
hamsters which were likely to continue running in the novel wheels.
Masking was quanti®ed as wheel revolutions during the light pulse
expressed as a percentage of those during the 30-min baseline.

The circadian phase of the light pulse was estimated from ac-
tivity onsets immediately before the masking day. To count as an
activity onset, the activity had to reach at least 81 counts during a
10-min period, followed by at least another 10-min bin with this
level of activity within the next 40 min. Individual hamsters con-
tributed between 2 and 9 masking tests to the data set (mean
6.0�0.43 tests).

Results

Experiment 1: masking threshold

Hamsters showed an irradiance-dependent reduction in
their spontaneous wheel running when they were tested
from ZT 13.5 to ZT 14.5 (Fig. 1). At the 0-stop level
(about 500 lx) 17 hamsters completely suppressed their
activity (masking scores <1%). Two hamsters failed to
reduce their wheel running during this light pulse, hav-
ing masking scores of >90%. These two hamsters also
failed to exhibit masking in further tests with decreasing
irradiance but reduced their wheel running in response
to the superbright pulse to 44% and 67% of the re-
spective baseline activity. On average, masking gradu-
ally decreased until the 9-stop test, after which masking
rapidly declined with further lowering of irradiance. At
the 15-stop level (<1 lx) hamsters did not reduce their
wheel running at all. A consistent increase in wheel
running activity at low lighting levels (positive masking),
as can be seen in mice (Mrosovsky et al. 1999), was not
found. In the range of stop levels from 15±27, only at 23
and 24 stops did the hamsters run signi®cantly more

than during the baseline periods (P<0.05, one-sample
Wilcoxin signed rank test, corrected for multiple com-
parisons). However, at the 24-stop level the high mask-
ing score was associated with a drop in baseline activity
compared to other days (Fig. 1), which may indicate a
measurement problem rather than positive masking.

Experiment 2: wheel running during ultradian
light-dark cycles

With an LD 1:1-h cycle, 78.8% of the wheel running
took place during the dark phases. This demonstrates

Fig. 1 A Masking (as a percentage of baseline; means�SE) of
hamsters as a function of irradiance (shown as stops of the neutral-
density ®lters; SB superbright pulse; Sham pulse with cardboard
blocking light passage; see text for details). Light pulses were given in
the early part of the night, from ZT 13.5 to 14.5. B Wheel revolutions
(means � SE) during the baseline periods used to calculate masking
scores shown in A. For details, see text

Fig. 2 Diagram of an LD 3.5:3.5-h cycle. Dark bars indicate dark
phases. Note that the initial phase relationships are regained after
1 week
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that, on average, this cycle leads to considerable
masking (Fig. 3). However, not all hamsters masked
well under this cycle: 6 out of the 24 hamsters had
masking scores between 50% and 60%. With an LD
3.5:3.5-h cycle, 90.0% of the running took place during
the dark; this was signi®cantly more than was found
with the same hamsters in LD 1:1 h (78.8%; paired
t-test, P<0.0001; Fig. 3). Masking scores in LD 1:1 h
correlated with those in LD 3.5:3.5 h (r=0.83, P<
0.0001); however, only 1 hamster had a masking score
between 50% and 60%, compared to 6 in LD 1:1 h.
The mean number of revolutions made in 1 week was
74,985�6558 in LD 1:1 h. This was not signi®cantly
di�erent from the revolutions made in LD 3.5:3.5 h
(86,854�4076; P=0.087). The 1-week interval was too
short to unambiguously exclude entrainment in every
case, but some free-running circadian rhythms were
observed under both cycles.

Experiment 3: comparison of masking
in home cages and in novel wheels

Hamsters in their home cages rapidly reduced their
wheel running between ZT 14 and ZT 14.5 from an
average of 1149�76 revolutions on the control day to
an average of 10�2 revolutions during the light pulse
(Fig. 4; P<0.001, Tukey-Kramer post-hoc); this is a
reduction of 99%. After lights were switched o� again at
ZT 14.5, the hamsters did not resume running right
away. After 30 min without running they gradually
started to use their wheels again (Fig. 4). Associated
with the reduction of wheel running during the pulse and
after the pulse, there was a signi®cant reduction in the
total number of wheel revolutions on the day of the light
pulse (control day: 11,204�840 revolutions; pulse day:
8345�824; P<0.01, Tukey-Kramer post-hoc).

When hamsters were con®ned to novel wheels from
ZT 13 to ZT 16, a light pulse at ZT 14 resulted in a rapid
reduction in wheel running within the 1st minute
(Fig. 5). Wheel counts from ZT 14 to 14.5 without light
on the control day were 1412�60; the light pulse led to a
65% reduction to 498�102 revolutions (P<0.001, Tu-
key-Kramer post-hoc). Although hamsters reduced their
wheel running signi®cantly, they did not stop running in
the wheels entirely, as the hamsters in the home cages did
(Fig. 4). When the lights were switched o� the hamsters
quickly resumed running in the wheels, again in contrast
to the home cage controls (Fig. 4). The 30-min light
pulse did not lead to a signi®cant reduction in the daily
wheel revolutions (control day: 12,830�451 revolu-
tions; pulse day: 10,850�600 revolutions; P>0.05, Tu-
key-Kramer post-hoc). Con®nement of the hamsters to
novel wheels for 3 h starting at ZT 13 without a light
pulse resulted in a signi®cant increase in wheel revolu-
tions during this period (novel wheels: 8393�269 revo-
lutions; home cage: 6656�408 revolutions for the same
3-h interval; P<0.05 Tukey-Kramer post-hoc).

When hamsters were prevented from running be-
tween ZT 14 and ZT 14.5 by blocking the wheels, wheel
running resumed within 10 min after the wheels were
unblocked (Fig. 6A). After 30 min, wheel running had
completely recovered to pre-blockage level. In contrast,
when hamsters were prevented from running in their
wheels and in addition were given a light pulse from ZT
14 to ZT 14.5, wheel running remained suppressed
completely for 20 min after the pulse. Wheel running
slowly began to recover starting 30 min after the light
pulse and wheel blockage (Fig. 6B). The post-pulse
suppression of wheel running therefore was a result of
the exposure to light, and not simply of the reduced
running during that period caused by the light.

Experiment 4: phase response curve
for masking by light

Hamsters were con®ned to the novel wheels a total of
329 times. Data for 150 of those occasions were excluded

Fig. 3 Actograms for a hamster kept in LD 1:1 h and LD 3.5:3.5 h.
Activity is expressed in 15 quantiles, with the ®rst including 1±80
wheel revolutions, the second 81±160 revolutions, etc
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from further data analysis because the hamsters were
considered sluggards according to the criteria estab-
lished. The remaining 179 occasions contributed to the
data set reported; 144 of those were tests with exposure
to light, and 35 yielded control data for induced running
without exposure to light.

Masking by light of induced wheel running was
strongest from circadian time (CT) 12±14, when running
was consistently inhibited in all hamsters tested at that

time (Fig. 7B). At other times, masking was more vari-
able, with gradually increasing masking in the hours
before CT 12 and decreasing masking in the hours after
activity onset (Fig. 7C). The phase response curve for
masking to light pulses varied signi®cantly with CT
(one-way ANOVA; P<0.0001). Wheel running during
the 30-min baseline in the novel wheels immediately
prior to the light pulse also varied signi®cantly with CT
(one-way ANOVA, P<0.0001; Fig. 7D), but there was
no signi®cant correlation between 2-h bin baseline val-
ues and masking scores (r=0.20, P=0.53).

Fig. 4 Wheel running (mean�SE; n=20) for hamsters in Experiment
3: A in their home cages without a light pulse; B in their home cages
with a light pulse; C after con®nement to novel wheels without a light
pulse; and D after con®nement to novel wheels with a light pulse.
Light pulses are indicated by white background; the lines in A and C
indicate when the light pulses were given to animals in B and D. Each
data point is plotted at the end of the respective data bin time

Fig. 5 Wheel running of hamsters in Experiment 3 in 1-min bins
(mean�SE; n=20) shortly before and after lights are turned on.
AHamsters in their home cages. BHamsters con®ned to novel wheels.
Other conventions as in Fig. 3
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The 35 control tests demonstrate that, on average,
wheel running without a light pulse at ZT 14 was not
reduced compared to running in the previous half hour
of baseline (Fig. 7A). However, in three cases with-
out light there were substantial reductions in activity (at
about CT 7, CT 15, and CT 20.5). Nevertheless, the
average score as a percentage of baseline activity was
103�6; this was signi®cantly di�erent from the average
score for the revolutions made in the novel wheels with a
light pulse (50.3�4%; t-test: P<0.0001).

Discussion

Comparison of masking in hamsters and mice

Masking of locomotor activity was readily demonstrated
in hamsters, but there were several di�erences compared
to mice. First, hamsters appeared to be more sensitive to
the suppressive e�ects of light on activity than mice.
Even with lights as dim as 1 lx, hamsters showed con-
siderable masking (Fig. 1 here; also Redlin et al. 1999),
whereas at these levels of illumination mice of various

strains did not show much masking (Mrosovsky et al.
1999).

Second, in hamsters the suppression of activity often
lasted beyond the end of the light pulse. In mice, post-
pulse depression of activity is not as pronounced
(Mrosovsky 1994, Mrosovsky et al. 1999). The persis-
tence of suppressed activity in hamsters after the light
had been turned o� is a further indication that light
exerts stronger e�ects in this species.

Third, hamsters do not consistently increase their
wheel running at low light levels (positive masking), as
has been found in certain strains of mice (Mrosovsky et
al. 1999). Positive masking in mice is assumed to be
mediated by the classical visual system (Mrosovsky et al.
1999). In hamsters, the classical visual system may
therefore be of less importance in the regulation of wheel
running than in mice.

Fourth, with mice in an LD 1:1-h cycle, activity re-
appears quickly in the dark phases (Mrosovsky 1994).
With hamsters in LD 1:1 h, however, a period of illu-
mination in the early part of the subjective night some-
times suppressed wheel running almost completely, with
this suppression often lasting through much of the next
hour when it was dark. At the end of this hour of
darkness, the reappearance of light kept activity at a low
level. Post-pulse masking in hamsters, as apparent under
LD 1:1 h, has implications for devising procedures to
study masking; in particular, locomotion of hamsters
may not be able to track short LD cycles as neatly as
that of mice.

Continued suppression of activity after light pulses

The persistence of activity depression after the light
pulses ended enlarges our view of masking e�ects. These
have generally been considered to be acute e�ects of
light, con®ned to the time when the light is present. As
Ascho� (1988) wrote, ``masking e�ects may last for the
full duration of a signal such as a pulse of light or dark
....'' There has been no suggestion that masking of lo-
comotor activity may last beyond the time of light
pulses, as shown in this study. The e�ect is particularly
easily seen in Fig. 4, but it has been equally pronounced
in other experiments (N. Mrosovsky, unpublished ob-
servations). Post-pulse masking is not a mere conse-
quence of suspended wheel running during the light
pulse, as was demonstrated by blocking the wheels in the
absence of light (Fig. 6). Given the close relationship
between locomotor activity and melatonin (Elliott and
Tamarkin 1994), it is worth mentioning that melatonin
levels in rats and Syrian hamsters remain low long after
a light pulse ends (Illnerova et al. 1979; Brainard et al.
1984; Kennaway and Rowe 1994). In human beings
(Petterborg et al. 1991; Czeisler et al. 1995) and in rams
(Arendt and Ravault 1988) melatonin returns rapidly to
high levels after a light pulse in the night.

Post-pulse masking was less a problem with an LD
3.5:3.5-h cycle. The longer dark periods provided more

Fig. 6 Wheel running of hamsters in their home cages (mean�SE;
n=24). A Wheels locked from ZT 14 to ZT 14.5, no light pulse.
B Wheels locked from ZT 14 to ZT 14.5, with light pulse from ZT 14
to ZT 14.5
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time for post-pulse masking to dissipate. Probably this
was the reason that total running over 24 h tended to be
higher in LD 3.5:3.5-h than in LD 1:1-h cycles. Cer-
tainly, masking scores were higher in LD 3.5:3.5 h
cycles. Furthermore, it is less likely that hamsters can
entrain to an LD 3.5:3.5-h cycle than to an LD 1:1-h
cycle. Collectively, these points make LD 3.5:3.5 h the
better ultradian cycle for investigating masking by light
in hamsters.

Comparison of measuring masking with ultradian
LD cycles and with single light pulses

There are, however, some potential drawbacks to the use
of cycles such as LD 3.5:3.5 h to study masking. It
cannot be incontrovertibly ruled out that the presence of

more activity in the dark phases re¯ects entrainment by
the ultradian LD cycles of several endogenous rhythms
rather than masking (Vilaplana et al. 1997). However,
this seems unlikely in our experiments because the cir-
cadian activity seemed to remain intact, with masking
e�ects superimposed (Fig. 3).

A more tangible disadvantage of the present way of
using LD 3.5:3.5 h to study masking is that it takes a
week for the LD cycle to regain its initial relationship to
the circadian cycle. This makes it logical to base masking
scores on data for a week or multiples of a week. The
ultradian LD cycle method provides a pretty demon-
stration of masking (Fig. 3), but a quicker method may
be preferred for some studies. One such method is to
give a single light pulse at a time when the animals are
likely to be active. Allowing a day or two before giving
the next pulses gives ample time for the baseline to re-
cover from the post-pulse activity suppression.

However, before using the single pulse method, one
more potential objection should be considered ± an
objection that does not apply to circadian rhythms free
running in ultradian LD cycles. It is conceivable that
when an animal stops running in the early subjective
night during a light pulse, it is not because of masking
but because of phase shifting. A light pulse in the early

Fig. 7 Masking of induced activity as a function of cycle phase.
Scores are wheel revolutions during a 30-min light pulse expressed as a
percentage of wheel revolutions in the previous 30 min in the dark (for
details of the procedure, see text). A Hamsters con®ned to novel
wheels but not given light pulses. BHamsters con®ned to novel wheels
and given light pulses. CMean (�SE) masking scores for 2-h bins for
the data shown in B. D Mean wheel counts for the 30-min baseline
used to calculate masking scores in B and C
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subjective night falls in the delay portion of the photic
phase-response curve, and if a phase delay took place
rapidly, then the hamster's clock could be set back to
before CT 12, its activity onset. If the clock were reset to
CT 11 for example, the output would be telling the an-
imal to desist from wheel running.

The design of some of the present experiments makes
this possibility implausible. The phase delays obtainable
from hamsters to light are about 1 h (Takahashi et al.
1984; Reebs and Doucet 1997). In the present experi-
ments, the light pulses were deliberately scheduled to
start 1.5 h after dark onset, so that even if there were an
immediate phase delay of up to 1.5 h, the clock would
still be at a time when activity normally occurred. In
another study we measured the phase shifts of a group of
24 hamsters following a 1-h light pulse (about 500 lx) at
ZT 13.8. After the light pulse, hamsters were released
into DD (Ascho� Type II method; Mrosovsky
1996). Immediate ()0.47�0.06 h) and steady-state
()0.57�0.07 h) phase delays were not large enough to
explain the suppressed activity during the light pulse;
this remains true even when phase shifts due to the re-
lease into DD without light are considered. Moreover, in
the tests with recording in 1-min bins, suppression of
activity occurred in the ®rst min (Fig. 5). It seems un-
likely that less than 1 min was saturating at this light
intensity (Meijer et al. 1992). For these reasons it seems
improbable that inactivity during the light pulse is the
result of rapid clock resetting. We therefore felt it was
safe to use the single-pulse method to study masking.

Comparison of masking in home cages
and in novel wheels

The single-pulse method was also used to study whether
light suppresses spontaneous home±cage running more
than it suppresses running in a novel wheel. Although
the decreases in wheel running were similar in absolute
terms between home cages (1138�77 fewer revolutions)
and novel wheels (914�116 fewer revolutions), we think
that hamsters are more susceptible to masking in the
home cage than in the novel wheel, for a number of
reasons. First, in terms of decrements from baseline, the
light reduced running more in the home cages. Second,
the post-pulse masking was more pronounced in the
home cages.

A third argument might be advanced in support of
greater susceptibility of home-cage running to suppres-
sion by light: the greatest masking in Experiment 4 was
obtained at CT 12±14 and this is just the time when
spontaneous activity in hamsters is most likely to occur.
In this interpretation, although the tests for masking at
di�erent phases of the cycle all took place in the novel
wheel, it is assumed the nature of the running in that
wheel was not uniform. At phases of the cycle when the
animal would normally be resting, placing it in the novel
wheel induced activity. At phases when the animal is
active, placing it in the novel wheel only slightly

increased the amount of activity (Fig. 4); most of the
running at such times can be considered as spontaneous,
even though the hamster was con®ned to the novel
wheel. Thus, spontaneous activity may be more sus-
ceptible to masking than activity induced by other
means. It is true that the animals were still relatively
sensitive to masking lights even before CT 12, but per-
haps the increased masking in the hours leading up to
CT 12 re¯ects a growing inclination for endogenous
activity which reaches a threshold at CT 12.

Circadian rhythm in masking

An alternative interpretation of the greater masking at
CT 12 is that there is a circadian rhythm in sensitivity to
masking. If so, this needs to be related to the study by
Ascho� and von Goetz (1988) of positive masking by
dark pulses in hamsters as a function of circadian phase.
If dark pulses are considered the opposite of light pulses,
by simply demasking the e�ects of light, then both dark
and light pulses would be expected to have their greatest
e�ects at the same cycle phase. Ascho� and von Goetz
(1988) found that dark pulses increased activity most
around the time of the two peaks of spontaneous ac-
tivity, that is around CT 12 and CT 20±22. In the present
study we also found increased masking at CT 12 but no
evidence of a second peak of susceptibility to masking.
However, comparison and interpretation of phase-de-
pendent masking is made di�cult by di�erences in
methods and quanti®cation of masking e�ects.

From a functional point of view, whether the in-
creased susceptibility to inhibition of activity by light at
CT 12 results from that being a particular time on a
phase response curve for masking, or from a greater
spontaneous component to the running at this time, does
not alter the fact that masking is most pronounced when
the hamster is most likely to be active anyway, namely at
the start of the subjective night. This may have adaptive
value. Presumably the hamster's physiology and behav-
iour have evolved to make the start of the night the best
time for it to be active and start foraging. Any direct
information about whether it is light or dark at that time
might be expected to a�ect activity, making up for any
minor inaccuracies in the clock control (Reebs 1994). In
contrast, activity induced at times when the hamster is
not usually active (and this includes the end of the sub-
jective night) is not part of the circadian programme, and
may be related to coping with new situations or avoiding
predators. It would be inappropriate to make such ac-
tivity especially susceptible to changes in illumination.

Concluding remarks

In conclusion, the present experiments support and ex-
tend Ascho�'s point that masking complements the
circadian system. Masking by light does not indiscrimi-
nately a�ect locomotor activity± the response is tailored
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to the situation and the circadian phase. Taken together,
these results demonstrate a strong but adjustable
masking response to light in the hamster, aiding in re-
stricting the endogenous activity to an appropriate time,
which for a hamster is the beginning of the night. Cer-
tainly, although it is a system with the power to override
circadian control, masking by light has long been under
appreciated.
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