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Purpose: Faroese fishers have four times more accidents than workers on land. The aim was to understand fishers’ fatigue better and
how their work and sleep patterns influenced their sleepiness levels and cognitive performance.

Materials and Methods: A total of 157 Faroese fishers wore wrist-worn actigraphs at sea and one week on land and filled in sleep
and sleepiness diaries during the trip. Furthermore, a 3-minute simple reaction time (SRT) test was completed at the beginning and end
of the trip. The ship’s movement and noise were also logged. The actiwatch results were analysed with mixed methods repeated
measures. The sleepiness registrations and performance on the SRT-test were analysed with paired #-test. The ship movements (Pitch
and roll) were divided into approximately three same-sized groups (lowest 1/3, medium 1/3, and highest 1/3) and compared against the
Karolinska Sleepiness Scores (KSS ranging from 1-9) >7 and physical tiredness (ranging from 1-9) scores >7. Chi-square tests were
used to determine the significance of these differences. Mean sleepiness scores at sea, and the proportion of sleepiness scores >7 were
calculated, as well as sleepiness scores as a function of the time of day.

Results: While at sea, fishers had more split sleep, slept less, and had lower sleep efficiency than onshore. Sleepiness was higher at the
end of the trip, and cognitive decline was found. The number of major lapses was higher at the end of the trip, but with no significant
difference between the median reaction times.

Conclusion: The crew on-board the freezer longliner, who worked 8-8 shifts, slept the most, had the longest continuous sleep
periods, the highest sleep efficiency, the lowest sleepiness levels, and the highest noise exposure during their time off.
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Introduction
Together with salmon harvesting, the fishing industry is the driving force of the Faroese economy, and fish and fish
products consist of about 95% of the annual export goods. Consequently, the ability of the industry to attract employees
is vital for the Faroe Islands. The waters of the North Atlantic surrounding the Islands can be rough due to storms and
ocean currents. Sometimes, the rolling of the vessels makes it a challenging task for fishers to stand on their feet and stay
safe. Besides these environmental challenges, and the nature of the job including high physical strain and repetitive
movements, including much of manual material handling tasks,' the fishing controls the workload and working hours,
making it based on the magnitude of the catch rather than the clock, resulting in irregular and long working hours and
limited and often fragmented sleep. McGuinness and colleagues stated that fishing generally is considered a dangerous
occupation with a high risk of accidents.? The last two decades have shown a decline in the accident rates in the
Scandinavian countries and a 50% decrease in fatal accidents.> The accident rates of Faroese fishers have stabilised
since 2002, but fishers still have an accident rate that is four times higher than land workers.? Fatigue has been identified
as the largest single causal factor for accidents, accounting for 14% of the variance in cognitive failures.® Across all types
of maritime operations, seafarers’ fatigue is one of the causal factors in 16% of critical vessel accidents.’

Sleepiness and fatigue are often used interchangeably, but although related, they are two different phenomena.
Sleepiness is a condition that occurs in all individuals when lacking sleep and/or being awake for a prolonged period.
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It has a rapid onset but has a short-term effect on people’s daily activities, and is easily remedied through adequate sleep.
Fatigue has a more gradual onset and can be a long-term condition that may have adverse effects on people’s mental and
physical health, such as cognitive functions and emotions.®

Despite the growing awareness of the negative effects of both sleepiness and fatigue on safety and health in the
transport sector, fatigue at sea has been less studied than in other modes of transport or safety-critical industries,’ and this
is especially apparent with regard to fishing.'® Work at sea might result in sleepiness and fatigue due to several factors: (i)
working hours often take place in what is referred to as the circadian nadir forcing sleep during less optimal hours of
the day,'"'? (ii) environmental conditions such as harsh weather, rolling, vibrations and noise may result in difficulties
obtaining rest and recuperation,'® and (iii) being away from home and family for prolonged periods may result in
psychological stress, thereby causing sleep problems.'* Furthermore, work periods longer than eight hours, or series of
shift work have been found to increase the risk of accidents and that this risk increases with time.'"'?

Various shift systems are used in the maritime sector (eg, 6 on/ 6 off and 8 on/ 8 off). These shift systems all share
that they permit less restitution by breaking up sleep into portions and requiring workers to sleep at unfavourable times of
the day.'? Split-sleep is not in line with the inner biological clock'® and has been found to be associated with severe
sleepiness to such a degree that it strongly increases the risk of accidents.'”'®

In addition to ship movement, noise also has the potential to increase fatigue.'® Studies of the relationship between
nocturnal noise exposure and health find adverse health effects in populations exposed to noise levels at night between
40-55 dB(A), with evidence for increased risks for cardiovascular diseases when exceeding 55 dB(A) (Night noise
guidelines for Europe, WHO 2009). Disturbed sleep is one of the most frequently expressed complaints by noise-exposed
populations, which is also confirmed by a questionnaire survey among Norwegian seafarers.”’ Sleep disturbances
manifest through “arousal responses, sleep stage changes, awakenings, body movements, increased total wake time,
and autonomic responses” (WHO, Regional Office for Europe, 2011). When awake, it is manifested through daytime
sleepiness and general deterioration of daytime functioning levels (WHO, Regional Office for Europe, 2011).

The current study included four of the vessel types that constitute the Faroese fishing fleet. Netting vessels are
characterised by crew having long (1418 hours) working days and short trip lengths (about 4 days). Trawlers have their
working hours entirely controlled by the catch and a trip length spans about 5 days. Longliners have more clearly defined
shift systems, with 6 hours on /6 hours off being the most dominant, and with trip lengths of about 14 days. Finally, longliners
with freezers on board are comparable to the ordinary longliners but have considerably longer trips, that can last up to over 40
days. More detailed comparisons between the different vessel types and the work on board are shown in Table 1.

The current study aims to investigate sleep, sleepiness, and fatigue among fishers on four different Faroese fishing
vessel types. Sleep, sleepiness, and fatigue at sea will be compared to sleep at home.

We hypothesise that (1) the sleep of fishers is worse at sea than on land, both regarding length and efficiency, (2)
differences in sleep duration between fishers in the four ship groups exist while at sea and, (3) sleepiness levels during
working hours will be inversely correlated with sleep quality and quantity. Finally, (4) we expect environmental factors
such as ship movement and noise to differ between ship types, and thereby, contribute to the differences in sleep and
sleepiness levels.

Materials and Methods

Study Population

Out of about 1750 full-time Faroese fishers, 176 were invited to participate in the study. Of these, 157 agreed to
participate (89%); 156 men and 1 woman with a mean age of 42 + 16 years. The fishers rated their general health as
good, with 92% rating their health as either good, very good or excellent. Their average BMI was 26.7 (SD = 5.3). Out of
the 130 fishers who reported their blood pressure, 26 (20%) received medicine for hypertension, and six for diabetes type
2. The fishers were divided over the four vessel groups as follows: netting vessels, n = 34; longliners without freezing
facilities, n = 90; trawlers, n = 19; longliners with freezing facilities, n = 14. Participation was voluntary, and the data
collection was pseudonymised. All participants gave their written informed consent before taking part in the study. The
study has received approval by the Faroese Committee on Biomedical Research Ethics and the Faroese Data Inspection
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Table | Characteristics (Mean * Standard Deviation) of the Participating Vessel Groups

Long Liner Long Liner Netting Trawler Boat Overall

Fresh Fish Freezer Vessel
#of participants 90 14 34 19 157
Work experience as a fisher (years) 25.1 + 14.1 17.7 £ 18.2 17.6 £ 16.2 278 £ 152 195 + 16.3
Age (years) 423 £ 167 363+ 154 41.8 £ 154 46.33 £ 15.2 42.1 £ 16.1
BMI 26.3+ 5.6 279 + 6.1 257 £ 438 29.0 £ 44 267 £53
Diurnal preference (I, extreme morning to 5, 3313 3313 3.1 14 24+ 1.3 32+ 14
extreme vening)
Self-reported sleep need (min) 4457 + 825 436.2 + 84.5 462.0 £ 76.2 476.1 £ 153.3 4529 + 93.6
KSQ Sleep quality index 42+ I.1 41 %14 443 £0.8 4.6 £ 09 43+ 1.1
KSQ non-restorative sleep index 44+ |.1 44+ 19 42 +09 45+ 08 44+ 1.0
KSQ Sleep apnea index 5.0+ 1.1 50+ 1.3 +35 5.1 £0.62 50+ 1.1
KSQ Sleepiness & Fatigue index 46 0.8 49 +07 45+ 13 45+08 46 £0.8
MFI General Fatigue 12.1 +24 13.0 £ 22 11.8+23 112 2.1 12 £23
MFI Physical fatigue 99 +£20 94 +27 9.1 £1.9 87 2.1 9.5+ 2.1
MFI Mental fatigue 94 £ 2.1 86 + 2.1 94+ 19 88 2.6 92 2.1
MFI Reduced activity 94 +32 82+127 8933 104 + 3.1 9.2 3.1
MFI Reduced motivation 8.1 %27 6.6 +23 7.6 25 6.8 + 2.1 77 £26
GHQ overall 27+04 27+04 27+04 26+07 27+04
# of trips 8 | 4 5 18
# of ships 9 4 5 7 25
Average trip length (days) 13.9 £3.0 39 34+23 52+29 10.7 + 8.8
Days in each ship group I 39 17 26 193
Noise exposure during work (dB) 879 +94 82.1 +7.8 83.4% 6.6 85.1 + 88 86 £ 89
Noise exposure during time-off (dB) 665+ 53 742 + 64 738 £ 53 69.4 + 6.6 68.6 * 6.1
Noise exposure for 24h day (dB) 848 + 8.6 825 + 82 83+ 64 82.6 * 8.1 83.8 + 8.1
Noise diff. between work and time-off (dB) 214115 79 =104 9.6 £7.7 157 £ 11.7 174 £ 11.8
Mean Roll (degrees) 39 3.9 33 33 3.8
Max Roll (degrees) 59.10 33.6 39.8 59.1 59.1
Mean Pitch (degrees) 2.6 1.8 42 4.1 3.1
Max Pitch (degrees) 43.6 29.8 39.0 56.2 56.2

Abbreviations: dB, decibels; BMI, body mass index; KSQ, Karolinska Sleep Questionnaire; MFI, Multidimensional Fatigue Inventory; GHQ, General Health Questionnaire.

Agency J. nr. 16/00230-13, and was conducted in accordance with the declaration of Helsinki. Table 1 shows the
background characteristics of the participants.

Data Collection

Data collection took place between May 2017 and July 2018 and was part of a larger project investigating the life and
well-being of Faroese fishers. The first author was on board all the vessels, monitoring and collecting data. A paper and
electronic questionnaire were used to collect demographic data, data about work and work history, and various
psychometric questionnaires. Since the questionnaire was long, those who had not finished filling in the electronic
questionnaire were encouraged by the first author to do so, while at sea. If fishers expressed problems with reading or
writing, the author offered to read out the questions to the fishers.

Procedure

As soon as the fishers entered the ship, the data collection started. The whole process, including the training sessions,
took about 3 — 4 hours, while sleep diaries, registrations of sleepiness and physical tiredness (all more thoroughly
explained below), continued throughout the whole trip. After the last work shift, prior to resting, all the tests and
procedures as explained above, which were conducted at the beginning of the trip, were repeated to see if there were any
differences in the fishers’ mental functions as a result of fatigue.
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Measurements

Sleep Data from Actigraphs

Wrist-worn actigraphs, the ActiGraph GT9X link with an epoch length of 60 seconds and a sampling rate of 30 Hz
(ActiGraph Inc., Florida, USA) were used as objective measures of sleep and activity. The Actigraphs were worn
continuously during the whole trip, and a total of 4133 sleep periods were collected. Regarding the data handling, the
Cole-Kripke algorithm was used to detect sleep periods. In cases where the sleep was not detected with the algorithm,
sleep periods were manually corrected according to the sleep diaries. When inserting such sleep periods manually, sleep
onset was determined by a consistent number of epochs (five in a row), below activity level 20. Total sleep periods of five
minutes or lower (n = 29) were deleted, as well as sleep periods with higher sleep efficiency than 98.5% (n = 125) or
lower than 5% (n = 8). There was no lower limit for wearing the watch for inclusion in the dataset, since this was not
needed. The vast majority of fishers wore the watch all the time. It happened quite a few times, that the watch strap
broke, but this usually only caused less than 1 hour of no-wear, as extra straps were ready for replacement. From the data
collected with the actigraphs, the total number of sleep periods, the mean sleep duration per day, the time difference
between minutes in bed vs minutes asleep, and the mean number of sleep periods per day were calculated. Data on wake
after sleep onset (WASO), sleep fragmentation, average awakening length, number of awakenings, sleep efficiency, and
movement during sleep were collected. Comparisons between sleep at sea and on land were made, with fishers also
wearing the actigraphs for approximately one week on land. See Figure 1 for examples of actigraphy recordings of fishers
from the four vessel groups at sea and on land.

Sleep Diaries, Sleepiness and Physical Fatigue Recordings

Sleep diaries were used to register subjective sleep data, and the Karolinska Sleepiness Scale (KSS (Torbjorn Akerstedt
& Gillberg, 1990)), ranging from 1 (very alert) to 9 (very sleepy), was used to register sleepiness during the trip.
A similar scale for physical fatigue, also ranging from 1 to 9, with 1 (very rested) and 9 (extremely physically tired) was
also represented in the diary after the first 3 trips, as a result of repeated requests from the fishers who kept saying that
they did not feel sleepy, but physically tired, and that they did not feel that the sleepiness scale covered the physical
dimension. The choice was given to register on a paper diary, or electronically in an app made for this purpose. However,
as the internet on most vessels usually was not available on deck, and only in certain areas of the ship, mainly the paper
version was used. Fishers were instructed to register their sleepiness in a KSS diary at least every other hour while at
work and to register their sleep periods by writing down what time they went to bed (lights out) and woke up. Reminders
were occasionally given by the on-board researcher, when passing them on the deck and/or while in the mess-room,
around the meals. Regarding the sleep diaries reminders were usually given around the shift changes, as well as
occasionally at other times. From the KSS, mean sleepiness scores at sea, and the proportion of sleepiness scores > 7
were calculated, as well as sleepiness scores as a function of the time of day. Comparisons were made based on the
differences between the ship groups.

Cognitive Testing

The cognitive tests were carried out with COMPASS 5.0 software (a computerised mental performance assessment system
developed by Northumbria University in Newcastle, UK). The software was installed on eight computers using a wired
mouse, and was used to assess a variety of areas within mental functioning. A simple reaction time test (SRT), which has been
shown to be a reliable and objective way of measuring sleepiness was used. The results from the other five tests which were
used to test the fishers’ cognitive functions will be discussed in a separate article about the effect of fatigue on cognition. From
COMPASS, the median from 50 stimuli on the Simple Reaction Time test (SRT) was obtained, as well as a count of the
slowest reaction times (rt); minor lapses (rt > 500 ms) and major lapses (rt > 1000ms) were counted. Lapses refer to the failure
to respond promptly to an expected stimulus (Doran, Van Dongen and Dinges, 2001). Before completing the cognitive tests on
the computer, the fishers provided details about their activities during the last 24 hours, including questions about sleep, food
and alcohol intake, number of cigarettes, and date and time of testing. They underwent four training sessions to flatten

a possible learning curve. After a break, most often the next morning before starting their first shift or during the first shift, the
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Figure | Actigraphy recordings of one representative fisher for each vessel group, during five days at sea, or the length of the trip, if shorter than five days, and five days at
home. The recordings show the fishers rest/activity cycles and was used to study sleep/wake patterns. The pink and green bars indicate the periods when he first fell asleep
and woke up, as determined by the algorithm. The blue colour indicates activity in awakened state. The actigraph was worn on the non-dominant wrist and continually

recorded movement.
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fishers provided details about their last 24 hours again and rated their sleepiness (KSS) to get a measure of their sleepiness
level before they completed the cognitive tests in COMPASS. The SRT test took about three minutes to complete.

Ship Movement Measurements

Ship movements were logged for the whole trip using a gyroscope (30 x 30 x 20 cm) with two inbuilt sonar sensors
(Taeko scl-30al, Foruna Industries, Esbjerg) positioned in the wheelhouses near the centre of the ship. The gyroscope
was connected to a laptop and registered the ship’s movement along two planes: rolls from side to side and the pitch from
fore to aft. Computer software delivered by Picolog logged the data for rolling and pitching, Pico Technology (PicoLog
data acquisition software, Leeds, UK, Accessed March, 2013).

Noise Measurements (dB(A))

The noise was logged, usually measuring during a whole shift in each working station and in the resting areas, using
Casella SEL-633 Environmental & Occupational Noise meter, which provides Sound Pressure Levels (SPL), integrating
and octave band noise measurements compliant with international standards. (Casella, Bedford, UK). From knowledge
about the fishers’ working schedule and the decibel level measured in each working and resting station, three individual
noise exposure profiles were calculated for noise exposure per 24-hour period, for the working hours per day, and the
resting period respectively.

Statistical Analysis

The Actigraphy data was processed and analysed using ActiLife 6.13.4 Data Analysis Software. All data was analysed
using SPSS software, version 25 (IBM Corp., Armonk, NY, USA). Descriptive statistics are presented as mean and
standard deviation for continuous variables and as a percentage for categorical for the demographic data, and scores on
sleep and sleepiness scales. Chi-square statistics were used to compare the frequency of severe sleepiness (KSS > 7)
between the four vessel groups. Mixed-model linear regression analysis was used on the actigraphy data. The simple
reaction time tests (SRT) as well as the KSS scores reported in conjunction with them were analysed using paired t-tests.
Pitch and roll movements of the vessels were divided into approximately three same-sized groups (lowest 1/3, medium 1/
3, and highest 1/3), and compared against KSS and physical tiredness. Chi-square tests were used to determine the
significance of these differences. Correlation analyses were used to test for associations between ship movement and
sleep efficiency, between noise and sleep efficiency, and between noise and KSS.

Results

Sleep and Sleepiness

Severe Sleepiness and Simple Reaction Time

From the KSS ratings obtained at sea, the fishers’ mean sleepiness score over the day was calculated and presented in
Figure 2. The figure shows a clear trend, showing that fishers report higher sleepiness scores during the night than during
the day, regardless of shift type.

Furthermore, the frequency analysis of severe sleepiness (KSS > 7) over 24 hours demonstrates a clear pattern, with
fishers showing the highest prevalence of severe sleepiness during late evening/night and early morning (Figure 2).
Severe sleepiness was more prevalent on netting vessels (25.5%) compared to trawlers (18.5%; x* (1) = 7.2; p = 0.0073),
longliners (16.0%; x* (1) = 32.3; p < 0.0001), and freezer longliners (12.8%; x> (1) = 55.8; p < 0.0001). The differences
between trawlers (18.5%) and freezer longliners (12.8%; 2% (1)=9.6; p=0.002), and between freezer longliners (12.8%)
and longliners (16.0%; x* (1) = 10.3; p = 0.0013) were also statistically significant. Sleepiness distribution curves by
vessel type are shown in Figure 3, illustrating that the sleepiness on-board the longliners (with and without freezing
facilities) is less severe than on board netting vessels.

The median of the simple reaction time tests (SRT) and KSS results conducted at the beginning and the end of the trip
are displayed by vessel type in Table 2. It can be observed that KSS was higher at the end of the trips compared to the
beginning, whereas SRT remained at a similar level. There was no significant change in the number of minor lapses (rt >
500ms). However, for longliners and trawlers, a significant change was observed in the number of major lapses (rt >
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1000ms). For the longliners, there were more rt > 1000ms, 0.62 (1.07) vs 1.23 (2.56) with t (86) =—2.323, p = 0.023, and
for the trawler crew, significantly more major lapses, rt > 1000ms were also observed in the end of the trip 0.56 (0.71)
versus 1.33 (1.41), with t (17) = —2.30, p = 0.035. When running the analysis of the median reaction time, and lapses >
500ms, > 1000ms, respectively on all fishermen as a whole, significant differences were found on the number of RT >
1000ms (t (147) = -2.659, p = 0.009) between the measures at the beginning of the trip and the end.

Actigraphy

Sleep diaries were used as subjective sleep recordings and to solve any potential unclarities in the actigraphy data
concerning sleep on- and offset. The data from the actigraphs were used to calculate the number of sleeps per day, time in
bed per day, sleep duration per day, sleep duration per sleep, the difference between minutes in bed vs minutes asleep,
sleep efficiency (%), sleep fragmentation index, fragmentation index, movement index, average awakening length,
number of awakenings, wake after sleep onset (WASO) and sleep latency. Considerable differences in sleep parameters
were observed at sea versus on land; the number of sleeps per day was higher at sea (1.8 vs 1.1; p < 0.001) while the total
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Table 2 Differences Between the Median SRT and KSS Scores at the Beginning and End of the Trips with Paired t-test Results

Vessel Type Start End
N Mean SD Mean SD Sig.

Netting vessel SRT 30 3394 | £ 759 3358 | 71.3 ns
Netting vessel KSS 13 29 | = 1.5 57 | 1.4 b < 0.001
Longliner fresh SRT 87 3334 | £ 67.2 3338 | 90.1 ns
Longliner fresh KSS 42 38 | % 1.8 58 | % 1.9 p < 0.001
Longliner freezer SRT 13 3113 | = 61.7 3300 | 61.7 ns
Longliner freezer KSS | 12 29 | 0.1 58 | + 1.6 p < 0.001
Trawler SRT 18 346.1 | 69.3 3297 | % 54.9 ns
Trawler KSS 14 39 | + 1.8 57 | 22 ns

All vessels SRT 148 3330 | % 67.9 3345 | 82.1 ns

All vessels KSS 8l 35 | % 1.7 58 | 1.8 b < 0.001

Abbreviation: ns, non significant.

duration of sleep per day was lower (272 vs 419 minutes; p < 0.001). Consequently, individual sleep episodes were much
shorter at sea than on land (162 vs 377 minutes; p < 0.001). Furthermore, the time spent in bed without being asleep was
longer at sea (146 minutes) than on land (72 minutes) (p < 0.001). (Table 3).

The Relation Between the Ship’s Movement and Severe Sleepiness and Physical

Tiredness

The three KSS and physical tiredness levels were compared between the different pitching (ship movements from fore to aft)
and rolling (ship movements from side to side) grouped (i.e. low, middle, and high; Table 4). A U-shaped trend shows that the
middle score of ship movement is associated with the lowest prevalence of both severe sleepiness and physical tiredness. The
qui-square tests revealed significant differences between KSS and pitch, low vs high p <0.001; KSS and pitch, middle vs high
p <0.0001; KSS and roll, low vs middle p <0.0001; KSS and roll, middle vs high p <0.5; KSS and roll, low vs high p>0.01,
Physical tiredness and pitch, low and high p < 0.0001; physical tiredness vs pitch, middle and high p < 0.0001; physical
tiredness and roll, low vs middle p > 0.0001; physical tiredness, low vs high p < 0.0001.

Ship Movement Correlations with Sleep Efficiency
In addition to having ship movement influencing the fishers in their hours awake, mean rolling and pitching per day are
negatively correlated to the fishers’ sleep efficiency #(2753) = —.27, and #(2753) = —.07, both at the level of p< 0.0001.

Noise Exposure Correlations with Sleep, Sleepiness and Physical Tiredness
The amount of noise exposure correlated negatively with sleep efficiency during working hours #(2992) = —.099, p<
0.0001, and positively with sleep efficiency in the resting hours #(2992) = .98, p< 0.0001.

Sleepiness (KSS) correlated positively with noise exposure dB(A) during the 24 hours of the day »(1380) = .11, p <
0.0001, and noise exposure dB(A) during work #(1380) = .06, p< 0.05, and negatively to noise exposure during the
resting hours #(1380) = —.08, p< 0.01. Furthermore, physical tiredness correlated positively to dB(A) per 24-hour day and
to dB(A) exposure during working hours #(1165) = .09, p <0.01, and r(1165) = .14, p< 0.0001, respectively.
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Table 3 Sleep and Sleepiness of Faroese Fishermen in Four Vessel Groups at Sea and on Land Measures Obtained from Actigraphy

Measures Sea Land

N Mean +SD N Mean +SD F p - value

Number of sleeps/24 hour

Netting vessels 31 1.3 0.4 30 1.2 0.3 1.62 0.110
Longliners 89 1.9 0.3 66 1.1 0.2 248.36 <0.001
Trawlers 19 2.1 0.7 19 1.1 0.3 35.53 <0.001
Longliner with freezing 14 1.6 0.4 13 1.1 0.1 15.87 <0.001
facility

All ships 153 1.8 0.5 128 1.1 0.3 183.46 <0.001

Sleep duration per day/min

Netting vessels 31 250.3 94.9 30 437.1 101.8 55.00 <0.001
Longliners 89 2788 76.3 66 409.3 193.2 33.64 <0.001
Trawlers 19 2334 80.2 19 4149 87.7 44.28 <0.001
Longliner with freezing 14 3325 40.8 13 430.1 80.6 16.10 <0.001
facility

All ships 153 2723 81.8 128 418.8 152.7 104.85 <0.001

Sleep duration per sleep

Netting vessels 31 198.9 63.7 30 385.6 729 113.57 <0.001
Longliners 89 149.3 48.1 66 369.4 151.2 166.28 <0.001
Trawlers 19 117.7 50.0 19 382.9 66.3 193.56 <0.001
Longliner with freezing 14 220.6 56.2 13 388.1 79.6 40.40 <0.001
facility

All ships 153 161.9 60.4 128 377.1 119.2 381.90 <0.001

Time difference between minutes in bed, vs minutes asleep

Netting vessels 31 125.9 523 30 70.1 29.8 25.95 <0.001
Longliners 89 157.2 738 66 94.6 93.2 2227 <0.001
Trawlers 19 139.5 71.7 19 74.0 349 12.84 <0.001
Longliner with freezing 14 125.7 31.3 13 89.1 44.8 6.16 <0.05
facility

All ships 153 146.3 68.1 128 85.3 7.7 53.46 <0.001

Sleep efficiency (%)

Netting vessels 31 68.7 20.0 30 84.7 82 134.96 <0.001
Longliners 89 62.8 233 66 82.6 10.6 378.97 <0.001
Trawlers 19 67.1 238 19 84.6 79 79.36 <0.001
Longliner with freezing 14 71.7 15.8 13 81.9 9.1 41.19 <0.001
facility
(Continued)
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Table 3 (Continued).

Measures Sea Land
N Mean +SD N Mean +SD F p - value
All ships 153 65.4 22.0 128 83.3 9.6 676.02 <0.001
Sleep fragmentation Index
Netting vessels 31 72.0 30.6 30 31.1 15.9 330.69 <0.001
Longliners 89 774 34.0 66 352 18.1 793.95 <0.001
Trawlers 19 722 349 19 29.5 12.9 214.66 <0.001
Longliner with freezing 14 59.0 279 13 373 16.4 59.83 <0.001
facility
All ships 153 72.6 334 128 33.6 16.8 1355.69 <0.001
Number of awakenings
Netting vessels 31 17.3 10.1 30 21.4 10.7 15.23 <0.001
Longliners 89 1.7 7.0 66 20.8 10.5 577.29 <0.001
Trawlers 19 8.7 6.4 19 19.2 9.3 152.35 <0.001
Longliner with freezing 14 16.7 7.7 13 223 10.4 43.12 <0.001
facility
All ships 153 13.0 7.7 128 20.9 10.4 682.40 <0.001
Wake After Sleep Onset (WASO)
Netting vessels 31 99.6 85.8 30 64.0 40.3 33.72 <0.001
Longliners 89 777 65.5 66 71.5 483 422 <0.05
Trawlers 19 51.9 48.5 19 65.5 42.0 7.6l <0.01
Longliner with freezing 14 782 54.3 13 8l1.2 53.9 0.29 0.591
facility
All ships 153 773 64.0 128 69.7 46.4 13.19 <0.001
Sleep Latency
Netting vessels 31 9.2 19.5 30 1.8 32 37.15 <0.001
Longliners 89 8.9 16.9 66 1.6 2.5 105.29 <0.001
Trawlers 19 7.6 12.9 19 1.7 2.1 33.72 <0.001
Longliner with freezing 14 4.5 87 13 2.0 35 8.40 <0.01
facility
All ships 153 7.8 15.5 128 1.7 28 171.87 <0.001

Notes: Efficiency - number of sleep minutes divided by the total number of minutes the subject was in bed (ie, the difference between the In-Bed and Out-Bed-time). Sleep
fragmentation Index - refers to the proportion of arousals (restlessness) during sleep (Gellman & Turner, 2020). Movement index — proportion of movement during sleep
average awakening length - refers to the average length, in minutes, of all awakening episodes during sleep. Wake After Sleep Onset (WASO) refers to periods of wakefulness
occurring after defined sleep onset. This parameter measures wakefulness, excluding the wakefulness occurring before sleep onset. Number of awakenings refers to how
many periods of awakenings are recorded after defined sleep onset.
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Table 4 Percentage of All Fishers’ Ratings on the Karolinska Sleepiness Scale (KSS) and the Physical Tiredness Scale 2 7 Against Three
Levels (Low, Middle, and High) Pitch (Ship Movement Fore to Aft) and Roll (Ship Movement Side to Side)

Pitch Roll
Variables in Degrees Low Middle High Low Middle High
0.1-1.62 1.66-2.28 2.33-13.68 0.5-3.49 3.524.27 4.29-11.81

Mean M= 1.30 1.66-2.28 M= 1.96 M =446 M= 391 M =517
SD +0.29 +0.17 +2.64 +0.68 +0.24 +1.27

All fleet scores of 15.15% 13.37% 19.15% 18.7% 12.91% 15.52%
KSS =27 N=297 N=272 N=395 N=384 N=259 N=321

All fleet scores of 8.71% 7.88% 16.31% 14.33% 7.97% 9.43%
Physical tiredness = 7 N=163 N=154 N=250 N=252 N=133 N=182

Discussion

For this study, objective and subjective data regarding sleep and sleepiness were collected from four types of Faroese
fishing vessels representing four different shift work systems to obtain a greater understanding of how sleep, shift work,
and fatigue influences the fishers’ mental state while working at sea, together with certain environmental factors. Fishers
have long and/or fragmented working days (9-18 hours a day), and most often disturbed sleep, in addition to a harsh
working environment. All these factors are usually associated with increased fatigue.?!

The main finding is that sleep was significantly worse at sea than on land. Several of the actigraphy variables support
this. Split sleep was more common at sea than on land, and although there is significant variation between the vessel
groups at sea, these intergroup differences are not seen on land. These findings are in support of the expectation that the
conditions at sea are the causal factor. Furthermore, they are also in line with the previous findings showing that split
sleep occurs more frequently at sea, and that sleep is less restorative at sea.”>

In addition to having actigraphy confirming that the sleep periods are much shorter at sea, the study also confirms that
the overall sleep per day is significantly shorter for all vessel types. The longliner with freezing facilities was the vessel
group where the fishers get the most sleep per day; 5 hours and 33 minutes per 24-hours, usually divided into 1.5 sleep
periods per day, 8 hours on/8 hours off. This is one hour more than the average of all the vessel groups, although the
longliners without freezing facilities have the same ratio between sleep and work but work a different shift system; 6
hours on/6 hours off. The netting vessels worked for about 16 hours in a row and then had a rest period while work was
stopped for 8 hours. The trawler crews worked three to four work periods per 24 hours, with shorter periods for sleep in
between. This is far below what is suggested to be sufficient for recuperation.?*

Several studies have pointed to the negative effects of split sleep when compared to individuals having one major
sleep per day. Smith et al*> point out that working more than 2x6 hours per day should be avoided since this may cause

increased levels of sleepiness. Fischer et al*®

identified that the risk of injuries has been found to increase substantially
when work exceeds nine consecutive hours and nearly triples after twelve hours. The much higher prevalence of severe
sleepiness among the netting vessel and trawler crews confirms this finding.

Concerning split sleep, the longest mean continuous sleep period of the four vessel groups, as evidenced by
actigraphy, is 4 hours and 41 minutes. The average sleep length of all the fishers altogether is 2 hours 42 minutes,
with trawler crews getting just under 2 hours per sleep. Hence, the current results further confirm that insufficient resting
periods (even if frequent), long consecutive work periods, and split sleep are major problems on-board these fishing
vessels, with potentially severe negative effects on successful recuperation while on board.

Sleep efficiency was also significantly lower at sea than on land, irrespective of vessel type. The trend observed
showed that fishers with the longest sleep periods at sea also had the highest sleep efficiency. In absolute terms, very low
sleep efficiency percentages were observed for all vessels while on-board, mean = 65.4%, ranging from 62.8% — 71.7%,
when compared to the seafarers on the Seafarer’s Fatigue Program?® and those from the Royal Norwegian Navy?’ who

had a mean sleep efficiency of 88.6% and 86.5% respectively. The large difference seen here between the current study
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and the other two mentioned might be caused, at least in part, by vessel size, since fishing vessels are often smaller than
vessels in the merchant fleet, which also often have better stabilisation equipment, and consequently, fishers are expected
to be more influenced by the weather.

In addition to split sleep, small amounts of rest, low sleep efficiency, and short sleep periods being rather
predominant, a ship’s movement further adds to a potentially highly insufficient recuperation period during the crew’s
time-off while on board. Among all vessel groups, apart from longliners with freezing facilities, highly significant
differences are seen in the fishers’ sleep fragmentation index at sea versus on land, showing that at sea, fishers sleep more
restlessly with significantly more arousals during sleep, than what they do on land. It is likely that the higher proportion
of arousals during sleep, together with an observed increased movement index at sea versus at land, might be due to

vessel movement. Omlin et al®®

suggest that minor, but regular, ship movement may positively affect sleep quality-
related parameters. However, for the current study, it was found that ship-movements often were far beyond minor, and
moreover quite irregular, since they were much dependent on changing weather conditions. The actigraphy measures also
revealed that it took fishers much longer to fall asleep at sea than on land. The sleep latency was significantly longer at
sea for all vessel groups. Additionally, it was mostly the working hours that determined the sleep hours, not the fishers’
internal biological clocks. Again, this underpins the suboptimal environmental conditions for sleep on board. The short
sleeps and low sleep efficiency were also depicted in the KSS ratings. These ratings were higher at the end of the trip
than at the beginning. In addition, significant differences were seen as a function of day, with higher sleepiness ratings
during the circadian nadir. Significant differences were also seen between the vessel groups, which clearly reflected the
variation in sleep patterns, showing that the netting vessels had the largest difference in sleep lengths between land and
sea, and reported the highest prevalence of severe sleepiness ratings (KSS > 7). In contrast, longliners with freezing
facilities, the vessels with the lowest difference between length of sleep periods at sea and on land, also had the lowest
frequency of KSS scores > 7. It therefore seems plausible that timing the sleep under conditions of no wake-up demand
could serve as a good indication of an individual’s natural sleep need. The fishers of the longliners with freezing facilities
(working an 8-hour shift rotation) experienced the least severe sleepiness. Lastly, the reduced sleep at sea compared to on
land and the increase in subjective reports of sleepiness (KSS scores) was reflected in cognitive decline, with an increase
in the number of major lapses on the SRT test at the end of the trip. This is in line with the existing literature on
psychomotor vigilance tasks (PVT) and fatigue, based on chronic partial sleep deprivation, that shows clear evidence of
performance impairment.”* ' Furthermore, to draw a parallel, van Dongen et al** found that a group with a 14-days
chronic sleep restriction condition, reached the same level of lapses as a three-day total sleep-deprived population, and
being chronically sleep-deprived is a quite accurate description of the fishers in this study.

In brief, both internal and external factors contribute to poor sleep at sea compared to sleep on land, reflected by all
the sleep parameters discussed above. Ship movement and noise seemed to play a part, being correlated to the fishers’
sleep efficiency, sleepiness levels and physical tiredness levels. Regarding ship movement, a clear U-shaped trend was
seen. The trend could suggest that as the work is usually monotonous, a quantitative mental underload also becomes an
additional risk factor. This means that “too little” ship movement is more likely to put the fishers into a state of
drowsiness, while a little more ship movement forces the fishers to stay alert, confirming the findings in earlier
studies.**** However, when the ship movement increases further, the fishers likely need to put too much energy into
staying on their feet, as found by Breidahl et al**, as well as being required to continually lookout for dangers that might
occur because of the ship’s movement. This causes elevated levels of physical tiredness and sleepiness and increases the
risk of fatigue among workers.*”

To our knowledge, no study has previously provided objective measures of noise on fishing vessels operating at sea,
although three field studies with objective measurements of noise and sleep were identified on other types of
vessels.?>2"*¢ Our results on sleep disturbance due to noise went in diverging directions. It seems that noise during
the working day increases sleep efficiency, while noise during the resting hours has a negative effect on sleep efficiency.
Since noise exposure during work was positively correlated with KSS and physical tiredness, it could suggest that noise
pollution while at work might make the fishers more tired, and thereby possibly increase sleepiness and fatigue which

may, in turn, elevate the sleep efficiency. On the contrary, if there is a high level of noise (dB(A)) in the resting area, it
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will impair sleep efficiency. Thus, a noisy work environment is not desirable, although being more tired might heighten
sleep efficiency.”’

Although noise exposure (dB(A)) at work and in the fishers’ time off explained some of the variances in terms of the
fishers’ sleep efficiency, sleepiness, and tiredness ratings, the relationship proved to be lower than expected, considering
the higher noise exposure compared to the previous studies using objective measures of decibel level and sleep®’*® and
the findings in a survey that over half of the seafarers rated noise as a disturbing factor for sleep.?’ The main explanation
could be the little variation in the noise profiles. As variation is a prerequisite for identifying statistical differences in
effects estimates, the minimal variation could explain why significant results are not obtained. However, the high mean
level of noise exposure evidences a health problem in this population. This could suggest that when tired, the fishers
adapt to high noise exposure, and with an overall mean of over 16 years in this occupation, the constant noise exposure
might also have caused a hearing impairment in some fishers. Nevertheless, this cannot be confirmed in the current study
since the fishers’ hearing was not tested.

We can conclude that the periods awake during sleep are significantly longer at sea than on land which may partly be
caused by the fishers being forced to sleep at unfavourable hours of the day, which is in line with the findings of, for
instance, Gander et al,”® who found a clear preference for night-time sleep.

Cognitive decline was found, with the number of major lapses being higher at the end of the trip, but with no
significant difference between the median reaction times.

It has been concluded that lapses are an easily recognised occurrence of sleep-deprived individuals and are therefore
an excellent measure of fatigue.>® Our findings are coherent with this and confirm this conclusion.

Strengths and Limitations

A strength of the study is that it was conducted in the fishers’ typical working environment where the researcher was at sea
while collecting the data. However, it might also have caused a phenomenon that is typically referred to as the Hawthorne
effect, where a researcher’s presence on board might have altered the fishers’ normal behaviour. Furthermore, the participa-
tion rate was high, with most of the vessels in each vessel group participating, making our sample representative for crews
working on similar vessels with similar shifts, ie 6-on/6-off, 8-on/8-off, 16-on/8-off, and for the small trawler vessels, a usual
working period of several 2-hour stretches a day. This is, to our knowledge, the first large-sample field study with objective
measures of sleep (n=4133 sleep periods) and noise (collected by decibel measure, on-board 16 ships, 18 trips, with 6-10
hours measured in each workstation). Being a naturalistic field study, it was not possible to control the start and end time of
each trip. The researcher had to adapt fully to the captain’s working schedule for the vessels. Furthermore, it was evident that
the energy level of the crew was higher when entering the ship than at the end, with the crew sharing news between them,
telling good stories and talking more than at the end of the trip. This might have caused a higher level of distraction during
the testing sessions at the beginning compared to the end of the trip, causing less standardised circumstances. Also, at the
beginning of the trip, a whole crew would be conducting the tests simultaneously, while at the end, when fishers worked in
shifts, only half of the crew would be tested at a time. For this reason, distraction levels may be higher during the first testing
sequence compared to the last. If this were the case, then one can speculate that if this group distraction caused the fishers to
perform at a suboptimal level at the beginning, we could not, therefore, observe the expected decline at the end.

Regarding the sleep diaries, the on-board researcher tried to give reminders. Still, with self-reports, it could not be
avoided that some left longer time than the two hours between their registrations. Moreover, there is a risk that some
might have filled in the sleep and sleepiness registrations just before submitting. A few also reported that they had lost
the paper version, and even though some asked for a new one right away, some data was lost. However, despite some
registrations being omitted and that there sometimes was more than two hours between registrations, overall, the fishers
were quite good at registering.

Due to technical problems and corrupt files, some actigraph files were lost. However, most of the time, the battery of
the watch went empty before the end of the trip. Here the procedure was, that the fishers told the on-board researcher
when only 10% was left, and then a new watch was prepared for the fisher and swopped when the battery went empty or
was down to 1%. This way, even though sleep periods were lost, sleep measures from the vast majority of fishers could
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be obtained. Furthermore, it very rarely happened that some fisher had taken the watch off during sleep. One fisher
stopped wearing the watch during half of the trip because he said that the watch disturbed his sleep.

Not using personal dosimeters to measure noise gives less accurate measures per person than when measuring
working stations and calculating the individual profiles. For future studies, one should aim to use personally worn
dosimeters instead and time-match the decibel profiles with the actigraphy registrations.

Conclusion

The organisation of the work seems to play the most crucial role in the fishers’ sleep and sleepiness levels at sea. Overall,
it appears that fishers on the freezing longliners get the longest periods of sleep, have the highest sleep efficiency, the
lowest sleep latency, and are the least tired or sleepy during the day. The study suggests that multiple split sleeps reduced
sleep efficiency, as seen with the trawler crew. The study also confirms that a high work-to-rest ratio is more likely to
cause sleepiness and fatigue problems. Ship movement and noise also played a role in influencing the fishers’ sleep
efficiency and sleepiness.

Future studies should aim at testing the same crew repeatedly for a few trips, using the same instruments, but with the
crew working different systems each trip, to understand the role of the shift system and which factors protect the workers
from reaching high levels of fatigue. Preferably, one should test the crew of a longliner with freezing facilities to see if
one can answer why they were the least fatigued, despite working an average of 12 hours a day for 39 days. The most
interesting finding regarding ship movement was the curved trend showing that some ship movement had a preventive
effect on fatigue, probably through the need for increased alertness compared to minimal ship-movement, that increased
sleepiness. However, a high increase in ship movement still took its toll on the fishers and resulted in higher sleepiness
scores than with a very quiet sea. The fact that a very calm sea increased the sleepiness ratings may be a manifestation of
accumulated sleep debt combined with a lower need of attention. This effect might be further amplified with the work
tasks often being monotonous. Therefore, we observe fatigue manifests itself under quiet conditions.
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