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Abstract Numerous factors influence the increased health risks of seamen. This
study investigated sleep (by actigraphy) and the adaptation of the internal clock
in watch-keeping crew compared to day workers, as possible contributory factors.
Fourteen watch keepers, 4 h on, 8 h off (0800-1200/2000-2400 h, 1200-1600/
2400-0400 h, 1600-2000/0400-0800 h) (fixed schedule, n = 6; rotating by delay
weekly, n = 8), and 12 day workers participated during a voyage from the United
Kingdom to Antarctica. They kept daily sleep diaries and wore wrist monitors for
continuous recording of activity. Sleep parameters were derived from activity
using the manufacturer’s software and analyzed by repeated-measures ANOVA
using SAS 8.2. Sequential urine samples were collected for 48 h weekly for
6-sulphatoxymelatonin measurement as an index of circadian rhythm timing.
Individuals working watches of 1200-1600/2400-0400 h and 1600-2000/0400-
0800 h had 2 sleeps daily, analyzed separately as main sleep (longest) and 2nd
sleep. Main sleep duration was shorter in watch keepers than in day workers
(p < 0.0001). Objective sleep quality was significantly compromised in rotaters
compared to both day workers and fixed watch keepers, the most striking com-
parisons being sleep efficiency (percentage desired sleep time spent sleeping)
main sleep (p < 0.0001) and sleep fragmentation (an index of restlessness) main
sleep (p < 0.0001). The 2nd sleep was substantially less efficient than was the
main sleep (p < 0.0001) for all watch keepers. There were few significant differences
in sleep between the different watches in rotating watch keepers. Circadian timing
remained constant in day workers. Timing of the 6-sulphatoxymelatonin rhythm
was later for the watch of 1200-1600/2400-0400 h than for all others (1200-1600/
2400-0400 h, 5.90 ± 0.85 h; 1600-2000/0400-0800 h, 1.5 ± 0.64 h; 0800-1200/
2000-2400 h, 2.72 ± 0.76 h; days, 2.09 ± 0.68 h [decimal hours, mean ± SEM]:
ANOVA, p < 0.01). This study identifies weekly changes in watch time as a cause
of poor sleep in watch keepers. The most likely mechanism is the inability of the
internal clock to adapt rapidly to abrupt changes in schedule.
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Night-shift work is a recognized problem of the 24/7
society. Marine watch keeping is a specialized example
of out-of-hours work with the added complication

that long voyages frequently involve rough weather,
time zone change, and sometimes rapid changes in
day length. Shift workers have more health problems
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than does the general population, for example, an
increased risk of cardiovascular disease (Knutsson
and Boggild, 2000) and breast cancer in women
(Schernhammer et al., 2001), and night shift work is
associated with increased work-related accident rate
(Smith et al., 1994). Seafarers are reported to have
many more work-related accidents than does the
onshore population (Roberts and Hansen, 2002).

Fatigue is a recognized problem in marine opera-
tions. Smith et al. (2001) cited a 1995 National Union
of Marine, Aviation and Shipping Transport Officers
report that concluded that reduced crew size was the
main cause of fatigue in seafarers. However, sched-
uled work hours may lead to imposed work during
the inherent (circadian) daily peak in fatigue and the
lowest point of alertness and performance (Akerstedt
et al., 1982; Lowden et al., 2004). Folkard (1997)
reported that collisions at sea were most likely to
occur at about this time in a normal daily cycle (0600-
0700 h), although accidents on offshore oil industry
support vessels appear to peak around 1300 to 1400 h
(Smith et al., 2001).

Very few studies of fatigue and sleep in seafarers
exist (for reviews, see Colquhoun, 1985; Condon et al.,
1986; Smith et al., 2001), and the majority concern naval
personnel. Subjective, rather than objective, measures
of sleep have been employed to date. Even fewer
studies have evaluated the state of the circadian clock
in marine watch keepers. Only 1 study in the literature
has used melatonin (in saliva) as a marker rhythm in
marine operations, and this was in submarines (Kelly
et al., 1999), where subjects free ran.

We have combined the use of the melatonin
metabolite 6-sulphatoxymelatonin (aMT6s) in urine,
as a marker rhythm, and actigraphic evaluation of
sleep to provide 2 objective measures of adaptation
to watch keeping. We have simultaneously evaluated
fixed watch keepers, rotating watch keepers, and day
workers during a voyage from the United Kingdom
to Antarctica.

MATERIALS AND METHODS

Subjects and Conditions

Ethical permission for this study was obtained
from the University of Surrey Advisory Committee
on Ethics. The participants were recruited from 2
crews working consecutively on the same ship: the
RRS Ernest Shackleton, conveying personnel and
cargo to British Antarctic Survey Bases. The ship left

Immingham on 31 October 2002, traveled to the
Falkland Islands via Montevideo, then to South
Georgia, via the Weddell Sea to Halley Bay, Coats
Land, Antarctica, 75 °S, and then back to the Falkland
Islands. The crew changed at Montevideo. Three
time zones were crossed between the United
Kingdom and the Falkland Islands, the ship sub-
sequently remaining on GMT –3. Records of wind
speed and sea state, sunrise and sunset, and daily
position of the ship were taken from the ship’s log.
The period of daylight ranged from 9.28 to 13.46 h
(1st crew) and 16.27 to 24 h with 8 days of 24-h light
during recording from the 2nd crew.

The watches worked were 4 h on and 8 h off, with
officers working fixed watches and the seamen work-
ing rotating watches that changed weekly. Day workers
generally worked 9 to 17 h, except for 2 cooks who
worked approximately 6 to 19 h with breaks during
the day. Watch times were 1600-2000/0400-0800 h (fixed
watch, 1st officers), 1200-1600/2400-0400 h (fixed watch,
2nd officers), and 0800-1200/2000-2400 h (fixed watch,
3rd officers). The seamen worked the same watch times
in the sequence 1200-1600/2400-0400 h, 1600-2000/
0400-0800 h, 0800-1200/2000-2400 h and then day work,
each schedule being worked for a week at a time with
a changeover day on a Sunday (Fig. 1).

Twenty-six participants, 25 men and 1 woman,
aged 37.8 ± 10.8 years (mean ± SD), volunteered to
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Figure 1. Diagram of scheduled watch times in rotating watch
keepers.



take part. Four rotating watch keepers (men), 3 fixed
watch keepers (1 woman, 2 men), and 4 day workers
(men) were recruited from the 1st crew. Four rotating
watch keepers (men), 3 fixed watch keepers (men),
and 8 day workers (men) were recruited from the 2nd
crew (including 4 supernumeraries who worked part-
time during the day). All but 6 of the subjects (one 3rd
officer and 1 seaman of the 1st crew and 4 super-
numeraries of the 2nd crew) had previously worked
as crew on this route. All gave informed consent, and
the ship’s doctor attested to their fitness to take part.

Activity/Sleep and Light Recording

Each participant wore a wrist-mounted activity and
light monitor, ActiwatchL (AWL), kindly provided by
Cambridge Neurotechnology Ltd. (Cambridge, UK), on
the nondominant wrist for the duration of the voyage,
except when showering. The monitors were set to record
for 30-sec epochs and were downloaded approximately
every 10 to 11 days. Motion and light were also recorded
continuously on the bridge at the point of maximum
movement and light exposure. The participants kept
daily sleep diaries (bedtime, trying to start sleep time,
number and duration of wake-up periods, wake time,
and get-up time).

Sequential urine samples during specified 4-h inter-
vals (0800-1200 h, 1200-1600 h, etc., longer over sleep)
were collected for 48 h at the end of each week from
Thursday to Saturday (36 h on 1 occasion, 1st crew,
to avoid the “crossing the equator” ceremony) for
circadian phase assessment, using urinary production
of aMT6s. The volume of each sample was recorded
and an aliquot frozen for transport to the University
of Surrey.

ANALYSIS

Sleep Parameters

Activity records were edited to exclude incomplete
days and cargo loading or discharge days (due to
schedule changes). The 4 sleep outcomes modeled
were actual sleep time (duration in hours); efficiency,
using the equation (100 * [actual sleep time/(wake-up
time – trying to start sleep time)]); fragmentation index
(the addition of percentage time spent moving and the
percentage immobility phases of 1 min: an indicator of
restlessness); and sleep latency (time to get to sleep).
These were derived from activity records using sleep
diaries and the manufacturer’s software. Two sleeps

per day were present in the vast majority of the
records for 1200-1600/2400-0400 h and 1600-2000/
0400-0800 h. These were classified by length as main
and 2nd sleep for each day and analyzed separately.
Four day workers reported very occasional 2nd sleeps
(naps) that were not included in the statistical analysis.
Naps were not reported by the other subjects.

Descriptive statistics were derived for each of the
4 sleep outcomes in relation to main sleep, 2nd sleep,
and over both sleeps (the latter involving the sum of
main sleep and 2nd sleep [if there was a 2nd sleep] for
sleep duration and the average of main sleep and 2nd
sleep for the other 3 sleep outcomes).

Each of these 12 outcomes was modeled against the
following: crew (November, 1st crew; December-
January, 2nd crew), type of shift (day, fixed, rotating),
week of voyage (1st, later), hours of light per day, and
hours of light between 2400 and 0400 h. Given the
nature of these independent variables (some categori-
cal and some continuous) and the repeated-measures
scenario, the general mixed model (Ware, 1985) using
the method of maximum likelihood to estimate para-
meters was fitted using the PROC MIXED procedure
in SAS version 8.2.

The modeling exercise was repeated for rotating
watch keepers only, with watch time (1200-1600/
2400-0400 h, 1600-2000/0400-0800 h, 0800-1200/2000-
2400 h, days, watch changeover day) replacing type of
shift. A variable representing the start (days 1-2) or
the end (days 3-7) of a 7-day watch was also included
in the model.

aMT6s

The concentration of aMT6s in urine samples was
determined by radioimmunoassay (Aldhous and
Arendt, 1988). The mean assay coefficient of variation
over the range 3.9 to 42.7 ng/mL was 12.5%. The peak
time (acrophase) of the aMT6s rhythm was derived by
cosinor analysis for urinary data (program provided
by Dr. D. S. Minors, University of Manchester, UK).
Data were considered acceptable if the cosinor fit was
significant at the 95% level or if the fit was significant
at >80% level and the percentage of variance (per-
centage rhythm) accounted for by the cosine curve
was greater than 50%.

Descriptive statistics were derived using acrophases
from cosinor analysis. For the fixed watch keepers,
individual data were averaged over all available
collections. Single-factor ANOVA (factor week of
voyage) was applied to the data from day workers.
Single-factor ANOVA (factor watch type) was applied
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to the data from rotating watch keepers. Two-factor
ANOVA (factors watch type and time of day) was
then applied to the raw data. Post hoc Student t tests
were used to identify differences between watch types.

Unless stated otherwise, data are given as mean ± SD.
Time is reported in decimal hours.

RESULTS

General

Seven weeks of activity recording were available
for analysis, 3 weeks for the 1st crew and 4 for the 2nd
crew. Rough sea (“heavy swell/pitching and rolling/
rough”) was experienced during the 1st week of record-
ing for each crew (3 days, 1st crew; 2 days, 2nd crew)
and for approximately 36 h during the last week of
recording for the 2nd crew. Otherwise, the weather
and sea state were moderate to calm for the rest of the
voyage. The ship’s movement was hardly registered by
the fixed AWLs on the bridge. Light recording was com-
promised in individuals working in protective clothing
out of doors when the sensor may have been obscured.
In consequence of this, the daylight records from the
ship’s log were used as an indication of light exposure.

Compliance with activity monitoring was good
with 93% (range, 81%-100%) day workers, 89% (range,
71%-97%) rotaters, and 92% (range, 82%-100%) fixed
watch keepers, of the maximum possible data available
for analysis.

Compliance with urine collection was also good;
however, 2 fixed watch keepers missed 1 of 3 collections
(2nd and 3rd week of voyage, respectively, 1st crew),
and sample volumes were missing in 2 of 4 collections
from another fixed watch keeper (2nd and 4th week of
voyage, 2nd crew) and in 1 collection from a rotating
watch keeper (2nd week of voyage). Two rotating
watch keepers (1st crew) completed 24 h of the 48-h
collection during the 3rd week of the voyage. All
available urine data were included in the analysis.

Examples of personal activity records for different
types of watches are shown in Figure 2.

Sleep Outcomes

The most important results comparing day work-
ers, fixed watch keepers, and rotating watch keepers
are summarized in Table 1. The main sleep duration
was shorter in watch keepers than in day workers;
however, when total sleep duration was considered
(main sleep plus 2nd sleep), rotating watch keepers

slept longer than did fixed watch keepers and day
workers. Sleep efficiency was significantly compro-
mised in rotators compared to both day workers and
fixed watch keepers. Sleep fragmentation was high in
rotaters. In contrast, fixed watch keepers had less rest-
less sleep than did both rotating watch keepers and
day workers. Sleep latency was longer in rotaters than
in fixed watch keepers for the 2nd sleep and all sleeps
combined. In addition to the tabulated data, the 2nd
sleep was substantially less efficient than was the
main sleep (p < 0.0001) for all watch keepers. Main
sleep duration (but not total sleep duration) was
slightly longer in the 1st crew compared to the 2nd
crew (5.36 ± 0.97 h vs. 5.31 ± 0.81 h, p < 0.05). The 1st
week of the voyage for both crews had shorter dura-
tion (4.91 ± 0.80 h vs. 5.47 ± 0.96 h, p < 0.01) and
latency (0.18 ± 0.11 h vs. 0.23 ± 0.19 h, p < 0.05) of the
main sleep than did subsequent weeks. The presence
of 1 h or more of daylight between 2400 and 0400 h
was associated overall with a longer main sleep (an
increase of 7.4 ± 7.1 min, p < 0.05).

There were few significant differences in sleep
between the different watches in rotating watch keepers.
However, main sleep duration was shorter for the
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Figure 2. Examples of recorded activity from individual watch
keepers during different fixed and rotating watch schedules.
Four to 6 days of data were averaged over 10-min epochs in each
case, avoiding time zone changes, Saturdays (watch changeover
days), and Sundays. The same rotating watch keeper (1st crew)
provided the data shown in the top 3 panels on the right side of
the figure. Scheduled work times are shown by the thick vertical
lines. Note 2 periods of sleep in both fixed and rotating watch
keepers during the watches of 1200-1600/2400-0400 h and 1600-
2000/0400-0800 h, with little daytime sleep in the rotating watch
keeper working 1600-2000/0400-0800 h. The main sleep was taken
after the watch of 1200-1600/2400-0400 h but before the subse-
quent watch of 1600-2000/0400-0800 h.
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“night” watches of 1600-2000/0400-0800 h (4.39 ± 0.54 h,
n = 7) and 1200-1600/2400-0400 h (4.02 ± 0.81 h, n = 7),
together with the “changeover day” (4.87 ± 0.93 h,
n = 8), than for the “day” watches (5.81 ± 1.07 h, n = 7;
p < 0.0001). For the 2nd sleep only, the changeover day
had a greater fragmentation index (54.39 ± 9.12, n = 8)
than did the “night watches” (50.98 ± 19.70, n = 7;
49.54 ± 14.57, n = 7) and day watch (41.88 ± 9.74, n = 6),
the 0800-1200/2000-2400 h watch having the least frag-
mentation (39.94 ± 17.69, n = 6; p < 0.05). Sleeps were
uniformly poor; none achieved 80% efficiency.

In a separate analysis of the 1st crew (November)
only, no statistically significant relationships were found
between the sleep outcomes and the time zone changes.

aMT6s Profiles

There were no differences in the timing of the
aMT6s rhythm in day workers between crews or
during the voyage. There were no significant differ-
ences in amplitude between watch types. However,
there were significant changes in circadian phase
between watches (Fig. 3). The acrophase of 1200-1600/
2400-0400 h was later than all others in rotating
watch keepers (1200-1600/2400-0400 h, 5.90 ± 0.85 h,
n = 8; 1600-2000/0400-0800 h, 1.50 ± 0.64 h, n = 7;

0800-1200/2000-2400 h, 2.72 ± 0.76 h, n = 6; days,
2.09 ± 0.68 h, n = 8; p < 0.01; decimal hours, mean ± SEM).
Corresponding main sleep mean bedtimes were 4.44 ±
0.15 h, 9.80 ± 0.31 h, 1.15 ± 0.50 h, and 22.02 ± 0.31 h,
respectively (mean ± SEM). The late acrophase in the
watch from 2400 to 0400 h was also seen in the averaged
individual data in fixed watch keepers (1200-1600/
2400-0400 h, 3.98 h; 1600-2000/0400-0800 h, 1.00 h;
0800-1200/2000-2400 h, 1.63 h; n = 2 in each case). The
largest change in timing of the internal clock as evi-
denced by calculated aMT6s timing was between the
watches from 1200-1600/2400-0400 h and 1600-2000/
0400-0800 h.

DISCUSSION AND CONCLUSIONS

In comparison with published data for normal,
healthy sleepers onshore, none of the crew had high
sleep efficiency: 90% efficiency may be reported in
some healthy volunteers, evaluated by actigraphy (e.g.,
Leger et al., 2002) with good correspondence between
actigraphy and polysomnography (Cole et al., 1992;
Ancoli-Israel et al., 2003). No individual in this study
achieved 90% overall efficiency. However, the effi-
ciencies for the fixed watch keepers and day workers

Table 1. Summary Statistics in Major Sleep Outcomes Based on Subject Means

All Subjects Fixed Watch Keepers Rotating Watch Keepers Day Workers

Outcome/Sleep Mean SD n Mean SD n Mean SD n Mean SD n

Sleep duration
(decimal h)

Main 5.33 0.86 26 4.66 0.51 6a 4.83 0.58 8a 6.00 0.67 12b

2nd* 2.67 0.70 12 2.11 0.37 4e 2.95 0.66 8f N/A**
Total* 6.17 0.77 26 5.83 0.64 6a 6.70 0.79 8b 6.00 0.67 12a

Sleep efficiency (%)
Main 80.10 4.75 26 83.01 4.26 6a 77.28 3.15 8b 80.52 5.10 12c

2nd 73.93 5.95 12 79.67 4.16 4a 71.06 4.46 8b N/A**
All 78.15 5.85 38 81.67 4.34 10a 74.17 4.92 16b 80.52 5.10 12c

Fragmentation
index

Main 38.41 10.67 26 31.70 9.60 6a 42.36 7.84 8b 39.14 11.88 12c

2nd 43.36 10.49 12 34.53 8.36 4d 47.78 8.73 8e N/A**
All 39.98 10.72 38 32.84 8.75 10a 45.07 8.49 16b 39.14 11.88 12a

Sleep latency
(decimal h)

Main 0.21 0.14 26 0.15 0.10 6 0.25 0.09 8 0.22 0.19 12
2nd 0.19 0.09 12 0.12 0.04 4g 0.22 0.09 8h N/A**
All 0.20 0.13 38 0.14 0.08 10d 0.23 0.09 16e 0.22 0.19 12e

NOTE: For each row, values with different letters a, b, c differ significantly at p < 0.0001; d, e, f differ significantly at p < 0.01; g, h differ
significantly at p < 0.05. *Absent 2nd sleep times were not used in calculating 2nd sleep time means and SDs. However, for the calculation
of total sleep duration, these 2nd sleep times were set to 0. Thus, the means for total sleep durations appear comparatively low. **Four-day
workers had very occasional 2nd sleeps (naps) that were not included in the statistical analysis (N/A = not applicable).
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were comparable to other data collected by the authors
using the Actiwatch hardware and software in other
working populations and experimental volunteers.
For example, 16 oil installation workers aged 42.9 ±

10.5 years working 6- to 18-h days offshore recorded
83.6% ± 8.5% sleep efficiency (Gibbs et al., 2004).

Irrespective of watch, the rotating watch keepers had
worse sleep in terms of efficiency and fragmentation
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than did fixed watch keepers or day workers. This is
probably because of the weekly circadian disruption
due to change of watch type. Previous data from oil
installation workers who were working a week of
nights followed by a week of days or vice versa have
clearly shown decrements in sleep parameters associ-
ated with the shift change (Parkes et al., 1997; Barnes
et al., 1998). It is unlikely that daytime noise contributed
to poor sleep because quiet was enforced outside crew
cabins during the daytime.

Shortened sleep duration has previously been
noted in fixed watch keepers (Rutenfranz et al., 1988;
Howarth et al., 1999), although a similar duration was
found in day workers here and in day workers on off-
shore oil installations (6.26 ± 1.16 h, N = 16; Gibbs
et al., 2004). It is possible that some day workers and
0800-1200/2000-2400 h watch keepers took unrecorded
naps, which would effectively have increased total
sleep duration. Identification of short naps from acti-
graphy records only is difficult, in view of the tendency
of the equipment to record sleep when subjects are
immobile but awake. Thus, a conservative approach
was to use only recorded sleeps.

Fixed watches appeared to favor adaptation with
respect to quality of sleep (objective sleep efficiency,
fragmentation, and latency). In general, their objec-
tive sleep quality was better than that of both day
workers and rotating watch keepers. The increase in
total sleep duration (i.e., main sleep plus 2nd sleep)
in rotating watch keepers may possibly compensate
in part for the poor efficiency.

The Actiwatch algorithm can overestimate sleep
time when subjects are recumbent, unmoving but
awake (Lockley et al., 1999; Ancoli-Israel et al., 2003).
Some of the participants went to bed to watch videos
during their leisure periods. To at least partially counter
overestimation of sleep time, with the consequent
underestimation in sleep efficiency, the latter was calcu-
lated as 100 * [actual sleep time/(wake-up time – trying
to start sleep time)]. The more usual calculation is
100 * [actual sleep time/time in bed]. Nevertheless,
overestimation of actual sleep time is still a possibility.

Only the 1200-1600/2400-0400 h watch was associ-
ated with detectable circadian adaptation (by delay).
Nevertheless, the calculated peak time for aMT6s in
this shift (5.90 ± 0.85 h [mean ± SEM]) was not as late as
would be expected if full adaptation had occurred. The
average bedtime for the main sleep was 4.44 h, and
thus the peak time was found at the beginning of
the sleep period (for both rotating and fixed watch
keepers) rather than in the middle of the sleep period,
as in normally adapted individuals (Bojkowski et al.,

1987). The main sleep was taken after the watch during
the 1200-1600/2400-0400 h week, possibly reinforcing
the circadian delay. However, the individual data were
variable as evidenced by the large standard errors.

The 1600-2000/0400-0800 h watch had the earliest
peak time in both rotaters and fixed watch keepers,
and a substantial amount of sleep was obtained prior
to the 0400-h start time. The change from 1200-1600/
2400-0400 h to 1600-2000/0400-0800 h therefore involved
the greatest phase change and desynchrony. It has
been recommended by some that delaying shift
patterns is the most likely to induce adaptation, but in
this case, the choice of sleep time may have con-
founded the theory. Watch changeover days had the
worst sleep in terms of fragmentation. This is not sur-
prising given that the participants would be attempting
to sleep at an inappropriate circadian phase, particu-
larly during the change from 1200-1600/2400-0400 h
to 1600-2000/0400-0800 h.

Partial suppression of melatonin secretion by light
exposure at night may well have occurred during the
night watches in 24-h daylight (particularly the watch
of 1200-1600/2400-0400 h) and may have skewed the
calculated phase. However, complete suppression was
not observed, and there were no significant differences
overall in amplitude between the watches; large indi-
vidual variation in amplitude was evident (Fig. 3).
With darkness at night, lighting on the bridge was kept
very dim to maintain the watch keepers’ night vision.

Shorter sleep in the 1st week of the voyage (both
crews) was associated with poor weather as previ-
ously described (for a review, see Smith et al., 2001).
Interestingly, light at night appeared to improve sleep
slightly; however, there were insufficient data to
determine whether this was related to better circadian
adaptation or other factors. A minor increase in sleep
duration in the 1st crew (in the main sleep) compared
to the 2nd crew may be owing to younger average age.
The 1st crew, aged 32.2 ± 9.2 years, was significantly
younger than the 2nd crew, aged 41.9 ± 10.1 years
(p < 0.05).

The present data reinforce the observations of
Howarth et al. (1999) that although fixed watch keep-
ers may have short sleep, the quality of sleep is if any-
thing better than that of day workers. It is the weekly
change of watches that is likely to be the major factor
in the poor sleep of rotators. Sleep deprivation and
circadian desynchrony are associated with numerous
health risks, lowered alertness and performance, and
an increased accident rate (e.g., Moore-Ede and
Richardson, 1985; Rajaratnam and Arendt, 2001).
Unless there are very good reasons for maintaining
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rotating watches, we consider that health and safety
would best be served by operating fixed watches.
This is particularly pertinent for ships operating busy
routes and in ice, in which extreme vigilance of watch
keepers is required.
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