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ABSTRACT

Introduction: Commercial fishing work involves a variety of activities and is hazardous. While much is
understood to mitigate fatalities in this industry, research must further explore nonfatal injury character-
istics, factors related to injury, and potential injury prevention strategies. This paper determines if fishing
experience is associated with injury risk and explores common work activities associated with injury.
Method: Key informant interviews and a survey of fishermen were conducted to refine work activity
codes and collect injury experiences. Independent sample t-tests compared the means of the years fishing
by injury incident for all crab fishermen then stratified by position. Descriptive statistics explored the
nature of injury in relation to work activity. Results: The level of experience was significantly lower for
injured fishermen compared to fishermen who reported no injuries, but when stratified by position at
the time of the injury, the association of injury to experience was only significant for owners. This strat-
ified result demonstrates that the work activity, rather than experience, drives the apparent relationship
of experience to injury. Being tired (24%) and weather (26%) were indicated as contributing factors at the
time of injury. Conclusion: Modifying the work environment to better control hazards would benefit all
fishermen, regardless of their experience, age, or position. Further work into effective interventions that
fishermen would adopt is needed to reduce injury risk. Any formal or informal training of new fishermen
should focus on the most hazardous activities, but more experienced fishermen would also benefit.
Additionally, effective training or interventions for fatigue management, and decision support tools for
weather- and navigation-related decisions would further reduce risk of at sea injuries. Practical
Applications: Injury prevention training, for all fishermen, regardless of their position and years of expe-
rience, should cover the most hazardous tasks, fatigue risk management strategies, and weather

decisions.
© 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The Dungeness crab fleet has been recognized as a hazardous fleet
based on vessel disasters and fatalities (Commercial Fishing

Commercial fishing work includes a wide variety of activities.
Tasks can include everything from standing watch to preparing,
setting, and hauling gear to sorting or processing the catch. In
the United States, commercial fishing is a hazardous occupation
with a fatal injury rate (77.4 per 100,000 full time equivalent work-
ers (FTE)), second to only logging workers (97.6 per 100,000 FTE),
which is over 22 times higher than all workers (3.5 per 100,000
FTE) (Civilian occupations with high fatal work injury rates,
2022). In the US Pacific Northwest, the Dungeness crab is a com-
mon species and consistently the most valuable single-species.
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Fatality Summary West Coast Region, n.d.). Little was known about
the nonfatal injury experience of this fleet, until the Fishermen Led
Injury Prevention Program (FLIPP) engaged Dungeness crab fisher-
men in participatory research to understand the patterns of injury
and to explore opportunities for injury prevention (Case et al.,
2015; Pillai et al.,, 2019; Bovbjerg et al., 2019; Kincl et al., 2019).
FLIPP is a collaboration of public health researchers, Oregon Sea
Grant, and Pacific Northwest fishermen and has conducted various
research and outreach projects since 2014.

FLIPP first explored injury information reported to the U.S.
Coast Guard (USCG) that involved Dungeness crab fishermen. Dur-
ing 2002-2014, fishermen reported 28 fatalities and 45 nonfatal
injuries (Case et al., 2015). Following the initial study of USCG
reports, Dungeness crab fishermen participated in facilitated focus
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groups to consider the reported injury information, and to help
develop a FLIPP survey to collect new information directly from
fishermen on their injury experiences and opinions on safety
(Kincl et al., 2019). The purpose of the FLIPP survey was to estimate
nonfatal injury rates, learn more about injury characteristics,
uncover factors related to injury, and identify potential injury pre-
vention strategies. Of the 426 fishermen surveyed, 21% reported an
injury in the previous year and most received either first aid (34%)
or no treatment at all (27%) (Bovbjerg et al., 2019).

Further findings from our FLIPP survey revealed that fishermen
commonly cited heavy workload (21.9%), poor mental focus
(19.9%), and crew inexperience (14.3%) as the most common
causes of injury (Pillai et al., 2019). For injury prevention, risk fac-
tors that are perceived as modifiable by the fishermen to reduce
the risk of injury must be identified. In the FLIPP survey, fishermen
reported the following factors for staying safe: awareness (36.1%),
well-maintained fishing gear/vessel (10.4%), and best marine prac-
tices (9.9%) (Pillai et al., 2019). Modifiable factors can further be
influenced by the specific work activity and the environment asso-
ciated with injury. A Danish researcher, Olaf Jensen, developed a
work process classification system to better understand the com-
mercial fishing activities and their relation to injury (Jensen
et al., 2003; Jensen et al., 2005; Jensen et al., 2006; Lucas et al.,
2014; Syron et al.,, 2016). This system included the general activi-
ties of all fishermen, regardless of fishery, as well as work activity
codes that are specific to gear type, which depend on the fishery.
This system has been used within specific commercial fishing
fleets, including research on the Dungeness crab fleet using injury
information reported to USCG. Case et al. (2015) (Case et al., 2015)
found that almost half (47%) of the nonfatal injuries among Dun-
geness crab fishermen occurred when hauling the gear (i.e., haul-
ing crab pots when harvesting).

The FLIPP project sought to further expand this work process
classification system for U.S. fishing fleets, using the Dungeness
crab fleet for demonstration, and requesting fishermen’s expert
feedback to develop fleet-specific work activity codes. Dungeness
crab is commercially fished using crab pots and is classified as a
sustainable fishery (Rasmuson, 2013). Each vessel must have a
license, which restricts the number and size of crab pots that can
be set. The pots are set in a line (string) that is pulled up to harvest
by a hydraulic crane (block). Deck crew handle the pot to empty
the crab onto a table, which is on the deck, reset the pot with bait,
then set the pot back to “soak” for future crab harvesting. At times,
they move the pot to the deck to store the string of pots to move to
a different fishing ground. The number of crew in Dungeness crab
fleet can vary, however, there are distinct positions when fishing.
Typically, a new crew member will start as a deckhand that works
on the side of the table opposite the block. This crew member’s
work can involve chopping bait, setting gear, hauling gear, sorting
crab, handling, and prepping the gear on deck. As a crew member
gains experience, they might move to operating the crab block
while still assisting the other crew in handling the pot to harvest
crab and then potentially move into the role of deck boss. The deck
boss helps to organize the work on deck and coordinates with the
captain. A crew member with more experience may become a cap-
tain who drives the vessel and makes the fishing decisions. The
captain, depending on crew size and fishing intensity, may also
work on the deck to harvest crab. Therefore, extent of fishing expe-
rience and one’s crew position is likely to be associated but flexible.

Previous research from a variety of industries and injury report-
ing systems shows that newer workers experience disproportion-
ately higher injury rates (Breslin et al, 2019; Margolis, 2010;
Siskind, 1982; Breslin and Smith, 2006). While newer workers
may have more injuries, older workers (>65 years) suffer more
serious work-related injuries and overexertion injuries (Margolis,
2010; Mitchell, 1988; Wiatrowski, 2022). One study of commercial
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fishing injuries in Alaska focused on child (<17 years) injury claims
and demonstrated that children participate in the industry and
experience occupational injuries (Rudolphi & Berg, 2021) but did
not conduct a study comparing the various age groups and experi-
ence levels.

The purpose of this paper is twofold and presents further find-
ings from the FLIPP survey. First, the intent was to determine if
fishing experience is associated with injury risk, after accounting
for crew position. Second, the intent was to explore common work
activities associated with injury and the further information col-
lected about work activities through Dungeness crab key infor-
mant interviews. We hypothesized that the injuries related to
specific work activities are associated with the crew position,
which is independent of experience (i.e., owners or captains with
more experience may sometimes work as a deckhand and are just
as likely to be injured hauling crab pots as a deckhand with less
experience).

2. Materials and methods
2.1. Participants

Participants included commercial fishermen who were at least
18 years of age. To recruit fishermen to participate in the key infor-
mant interviews as well as the FLIPP survey (a paper survey), our
study team included Oregon Sea Grant extension agents and com-
munity researchers (Kincl et al., 2019). Fishermen were recruited
and data collected in the main commercial fishing ports in Wash-
ington, Oregon, and Northern California. Study procedures were
approved by the university’s Institutional Review Board (Protocol
# 6748). All fishermen provided informed consent to participate.

2.2. Key informant interviews

Using purposive sampling, community researchers in the vari-
ous ports recruited experienced fishermen who were in owner/-
captain or deckhand positions. Key informant interviews with
experienced crab fishermen were conducted in the summer of
2015. The purpose of the interviews was to refine the work activity
codes and language used to describe the code to include in the
injury questions in the FLIPP survey. From the analysis of the USCG
nonfatal injury data with this fleet (Case et al., 2015), we extracted
the relevant work activity codes for fisheries using pots. As a study
team, and with the Dungeness crab fishery experience of our Sea
Grant extension agents, we adapted the names of the codes (to ver-
nacular language used by the fishing industry), code definitions,
and codes relevant for the fishery. We prepared 15 major codes
with 62 sub-codes in a table for the interview guide. The table
included the name of each specific activity code and space for
inserting additional detail of the activity. The table also included
space for estimates of the time spent in pre-season (prepping gear
and loading gear to vessel), dump days (when they place their pots
for the initial soak before the season starts), early season (when
they are fishing intensively as crab is more plentiful and price is
best), and regular season (when fishing is more “relaxed”). The
interviewer and fishermen revised the work activities on the form
during the interview, and the session was recorded for validation
of discussion. Each interview lasted approximately one hour.

2.3. FLIPP survey

The survey data collection and content has been described pre-
viously (Pillai et al., 2019; Bovbjerg et al., 2019; Kincl et al., 2019).
Briefly, the survey was collected in person from owners, captains,
and deckhands in ports in Washington, Oregon, and California
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prior to the Dungeness crab season starting in December 2015. The
survey included 27 items that reported commercial fishing activi-
ties (number of years commercially fishing and number of years
commercially fishing crab), injury experience in the previous year,
safety opinions, and demographics. For the injury information, the
fishermen reported what they were doing at the time of injury
(work activity), crew position at time of injury, vessel activity
and length, fishery, body part injured, nature of injury, and if they
thought being tired or the weather conditions contributed to the
injury.

2.4. Analysis

From the key informant interviews, descriptive statistics were
used to tabulate the average task times and the proposed code
modifications. For the FLIPP survey data, the demographic informa-
tion was summarized for all the respondents with descriptive
statistics (mean, standard deviation, and range) by age, gender,
position, and the total months spent fishing in the past year. Data
were also summarized for experience as number of years fishing
(any fishery, even if multiple fisheries) and number of years crab
fishing, whether they were injured in the past year, and ever
injured during their career.

For each analysis examining the association of injury to experi-
ence, data were restricted to Dungeness crab fishermen. Because
we were interested in the factors relating to injury, the unit of
analysis was the injury and not the fisherman. To determine if
experience is related to injury, we compared the means of the
years fishing and crab fishing by injury incident using independent
sample t-tests for all the fishermen then stratified by their current
position (owner, captain, and deckhand). To determine if our
results were influenced by the non-normal distribution of the data,
we repeated these analyses using nonparametric tests using inde-
pendent samples and the Mann-Whitney-Wilcoxon test and
obtained similar results (not shown).

We further explored the injury incidence within the current
positions, the positions and work activities reported at the time
of the injury, and to discern factors related to the injuries. To
explore the work activities and nature of injury reported for all
the injuries, we cross tabulated to summarize the results. To esti-
mate how often fisherman reported being tired and that weather
conditions were related to the injury, frequency counts were calcu-
lated since these questions were only asked if the fishermen
reported an injury.

3. Theory

While there are several theories of injury/accident causation
(Safety and Health for Engineers, 2022), this work combines prin-
ciples from both injury epidemiology theory and systems theory.
Injury epidemiology theory focusses on the causal relationship
between the host and injury. The host can have predispositional
characteristics that relate to their perceptions and environment
as well as situational characteristics that relate to the situation
the person is immersed in (Yates, 2020). Considering the commer-
cial fishing industry and applying epidemiology principles, we seek
to explore the relationship between the predisposition of the fish-
ermen (age, fishing experience, tiredness), and their situational
characteristics (work activities, role on the vessel, weather) with
injury incidence. It is also appropriate to apply a systems theory
approach that allows us to explore the relationship among inter-
acting components—the person, machine, and environment - all
acting as one system (Yates, 2020). Considering that in the com-
mercial fishing industry, the fishermen, gear, and surroundings
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make up a system where each component contributes to potential
failure, resulting in an injury.

4. Results and discussion
4.1. Key informant interviews

Thirteen Dungeness crab fishermen were interviewed in seven
ports: eight were captains (with one who sometimes worked as
deckhand on the vessel) and six were deckhands (with three who
we considered novice and had only one season of experience).
From their review of the original work activity codes, we identified
revisions and language clarification. Fishermen agreed that activi-
ties vary widely between positions and by time within the season
(pre-season, dump days, early season, and regular season). As
expected, captains reported spending most of their time at the
helm operating the vessel, and deckhands reported their time
was distributed among gear handling activities (setting and haul-
ing gear). Table 1 provides the range and average days reported
for the various times in the Dungeness crab season. The pre-
season and early season both lasted about a month on average,
with the regular season lasting 46 days. The “dump” days—when
crab pots are dropped— are dictated by state or tribal regulations,
so the range was shorter and averaged two days. In summary, the
total involvement in a crab season lasts approximately three and a
half months on average but can last up to seven months.

From the key informant interview results, we designed the
FLIPP survey (Table 2) for fishermen to report what they were
doing (work activity) at the time of injury. The fishermen were
asked to check one activity that indicated what they were doing
at the time of their injury and/or to write in any details in a space
provided with each activity, although some fishermen checked
more than one activity. Examples for each work activity were
provided.

4.2. FLIPP survey

Out of the 426 fishermen surveyed, 96% were male. Tables 3 and
4 contain the demographic information and characteristics of the
fishermen surveyed. There was a wide range of ages and experi-
ence in the study population. Since we surveyed before the crab
season, as the fishermen were prepping gear for the new season,
some deckhands were recently hired and therefore had not yet
been out commercially fishing (i.e., 0 years fishing or crab fishing).
While 21% of the fishermen reported having at least one injury in
the past year (range 1-6 injuries), 51% reported having an injury
in their fishing career (range 1-30 injuries). Half of the fishermen
responding to the survey were deckhands (50%) and most were
Dungeness crab fishermen (85%), which was expected, since the
fishermen were recruited from the gear yards during gear prepara-
tion before the start of the crab season. This provided an unusual
opportunity for the participation of deckhands in safety research.

Table 1
The average and range of days (time estimates) reported by the time of the season.
Time of Season Range Average
(Days)  (Days)
Pre-Season 10-56 27
prepping gear and loading gear to vessel
Dump Days 1-4 2
placing pots for initial soak before the season starts
Early Season 14-42 28
fishing intensively, crab is plentiful and price is best
Regular Season 5-108 46

fishing is more “relaxed”
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Table 2

Work activity options and examples included in the FLIPP survey.
Work Activity Example
Walking Getting on/off vessel, on dock, inside vessel
At watch Helm or anchor

Preparing fishing gear in port/at
sea

Setting the gear

Hauling the gear

Handling gear on deck

Handling catch at sea

Repairing/cleaning gear

Throwing pots/nets, baiting, changing line
Operating block/winch, landing pots/net
Securing gear, stacking pots manually
Emptying catch from pot/net, counting/
measuring catch

Offloading catch, pumping hold
Repairing, greasing

Handling catch on shore
Preparing other gear on deck
(other gear that doesn’t go in

the water)
Working in the engine room Inspecting, maintenance
Mooring Handling vessel or lines

Working in the galley
Off duty on vessel

Cooking
Sleeping, on deck off duty

Table 3
Demographic information for fishermen surveyed in FLIPP.

Variable All Fishermen Crab Fishermen
Mean (S.D.) Mean (S.D)

Age (years) 39.7 (14.6) 39.4 (14.3)

Years fishing 174 (14.2) 17.5(13.9

Years crab fishing 11.8 (11.1) 12.0 (10.9)

Total months fishing in the past year?” 8.1 (3.1) 8.1(3.1)

" Included from November 2014 through November 2015 so 13 months possible.

Table 4
Injury, position, and fishery characteristics of fishermen surveyed in FLIPP.

Variable (N responding)* n (%)

91 (21.4%)
203 (51.4%)

Fishermen injured in the past year (N = 425)"
Fishermen injured anytime during career (N = 395)*
Current position ~ (N =408)*

Deckhand 213 (52.2%)
Owner 144 (35.3%)
Captain 51 (12.5%)
Fishery = (N =426)"

Crab 365 (85.7%)
Salmon 166 (39.0%)
Other groundfish 96 (22.5%)
Albacore Tuna 91 (21.4%)
Shrimp 40 (9.4%)
Whiting 11 (2.6%
Other fish 58 (13.6%)

" Percentages are calculated from the total number of participants responding to
a given question.

" Since they could select more than one position, the current position is the
highest position selected by the fishermen. For example, if a fishermen selected
owner and captain, it would be indicated as owner.

" Many commercial fishermen in the Pacific Northwest fish in more than one
fishery so the total will not add to 100%.

For the remaining results, only Dungeness crab fishermen were
included in the analyses. As expected, the age of the fishermen and
their reported years crab fishing experience were closely corre-
lated (r=0.641, p<0.001). Because of the strong association
between age and experience, we were not able to model their inde-
pendent contribution. Table 5 shows the results of comparing the
means (t-test) of experience by injury incidence. Both the years
fishing and crab fishing are significantly lower for the injured fish-
ermen as compared to the fishermen who reported no injuries.
Table 6 shows the results of comparing the means of experience
by injury incidence with the fishermen stratified by their current
position reported. Only the results of “owners” show that the num-
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ber of years fishing and years crabbing were lower for the injured
fishermen, while there was no relationship between experience
and injury for the “captains” and “deckhands.”

In addition to fishermen providing their current position, they
were asked to report the position they held at the time of the
injury. We looked further at the fishermen who reported their cur-
rent position as “owner” to explore their position and work activ-
ities at time of injury. Four out of the 11 injured owners self-
reported that they were acting as a deckhand at the time of injury.
When looking at the work activity reported by the injured owners,
9 out of the 11 were doing activities associated with handling the
gear and the catch, which are typical deckhand activities. By con-
ducting this stratified analysis and looking into the work activities
of the owners at the time of injury, it demonstrates that the work
activity, rather than experience per se, drives the apparent rela-
tionship of experience to injury. In our data, injury seems to be
associated with work tasks rather than experience, with the overall
association of experience to injury largely an artifact of the associ-
ation of experience with crew position, and crew position with
work tasks.

Table 7 shows the number of injuries by the reported activity at
time of injury and the nature of the injury. The tasks “at watch”
and “mooring,” and nature of injuries of “amputation” and
hypothermia,” did not have any reported injuries and are not
shown in the table. Working with the fishing and other gear, either
preparing, setting, hauling, or handling gear, resulted in the most
injuries. The most common injury nature reported was muscu-
loskeletal, sprain/strains (n=23), with cuts (n=17) and bruises
(n=20) also being common. These results have led to further
efforts to test injury prevention ideas from fishermen to improve
the ergonomics of harvesting crab. Previous studies by Lucas
et al (2014) (Lucas et al., 2014) and Syron et al (2016) (Syron
et al., 2016) conducted in Alaskan fleets using different gear types
(dive, gillnet, seine, and pot/trap gear) found that the most com-
mon work activities leading to injury were traffic on board, han-
dling frozen fish and processing the catch before any activity
related to handling gear, demonstrating differences in fleets/gear
operating in the two regions.

For 18 of the 77 injured Dungeness crab fishermen (23%), being
tired at the time of the injury was cited as a factor. When the crab
fishermen provided further context for this response, common
themes were apparent: “always,” “going too hard,” “long days,”
and “very tired.” Additionally, the findings reported elsewhere
from the FLIPP survey of open-ended responses of causes of injury,
the most common cause reported by fishermen was heavy work-
load (Pillai et al., 2019), which included “fatigue,” “pushing too
hard,” “long hours,” and “overworked.”

For 19 of the 77 injured Dungeness crab fishermen (25%),
weather conditions were cited as a factor. Rain and waves were
often reported as related to the injury as well: “always a factor,
good or bad weather,” “big rolling seas,” “rough seas,” and that
the “pot was slippery/bad weather make it hard to hold.” In the
Pacific Northwest of the United States, where this study was con-
ducted, the Dungeness crab season is during the winter months
when storms are common. Also, commercial fishing ports are at
the mouths of rivers where crossing a bar is necessary where
waves can be treacherous. These factors may relate to the experi-
ence weather and sea conditions of our study population.

T

5. Limitations

While this work has many strengths, we acknowledge that it
has some limitations. Surveys were not collected from fishermen
who may have left commercial fishing due to injury or other cir-
cumstances before our sampling in ports was completed. Since
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Table 5
Experience and injury incidence of Dungeness crab fishermen surveyed in FLIPP.
Experience No-injury Injury p value*
n Mean (SD) years n Mean (SD) years
Years fishing 283 19.2 (14.2) 77 11.1 (10.3) <0.001
Years crab fishing 286 13.1 (11.3) 76 8.1 (8.1) 0.001
" Results of independent samples t-test.
Table 6
Experience and injury incidence stratified by the current position reported by the Dungeness crab fishermen surveyed in FLIPP.
Variable No-injury Injury p value*
n Mean (S.D) years n Mean (S.D) years
Owners
Years fishing 115 29.0 (13.4) 10 18.5(10.6) 0.018
Years crab fishing 115 19.3 (12.2) 10 8.2(7.2) 0.006
Captains
Years fishing 33 21.6 (11.2) 6 21.2 (5.8) 0.931
Years crab fishing 33 14.2 (10.3) 6 14.2 (7.4) 0.992
Deckhands
Years fishing 128 10.0 (9.0) 55 9.0 (9.5) 0.483
Years crab fishing 131 7.4 (74) 55 7.4(7.9) 0.986
" Results of independent samples t-test.
Table 7
Work activity and nature of injury of Dungeness crab fishermen reporting injuries in FLIPP.
Work Activity Sprain/strain Other Surface wound/bruise Cut Puncture Fracture Tear Burn Hernia Total
Preparing other gear on deck 3 3 6 2 2 1 1 18
Hauling gear 5 2 2 2 3 2 1 17
Handling gear 5 4 4 1 1 1 16
on deck
Handling catch 2 2 3 5 3 1 1 17
at sea
Preparing fishing 5 3 1 4 1 1 15
gear
Setting gear 2 3 1 3 1 3 1 14
Off duty 1 1 1 1 4
on vessel
Walking 1 1 2
Handling catch 1 1 2
on shore
Working in the 0
engine room
Working in 1 1
the galley
Total 23 19 20 17 12 8 3 3 1 106"

" Some fishermen reported more than one nature of injury.

our data rely on self-reported information there is a risk of poten-
tial recall and social desirability bias. As some studies show inju-
ries are more likely to occur in early months on the job, our
survey asked about the injury experience for an entire year. Also,
since asking the fishermen retrospectively about their injury expe-
rience, we cannot account for the hours worked at the time of
injury, which can be an independent risk factor for injury. Because
our survey did not capture the duration of task/activity exposure,
we cannot predict risk per unit time of exposure to a given activity.

6. Conclusions

In this study collecting primary injury information from com-
mercial fishermen, we were able to identify that work typically
done by deckhands, specifically handling, and hauling fishing gear,
was related to the most injuries. Anecdotally, fishermen share their
perception that “greenhorns,” or fishermen with little experience,
may be at higher risk for injury. Our study shows that injury inci-
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dence may depend as much or more on changes in work activities
as fishermen gain more experience, as on experience leading to
safer work practices. While some studies show newer workers
are exposed to greater risks, it seems in commercial crab fishing
that injury is primarily a function of the work activities in which
crew members engage, rather than only the number of seasons
crew members have been at sea.

Injury control efforts should focus on the most hazardous activ-
ities and conditions, regardless of fishermen’s experience or posi-
tion. Following a hierarchy of controls, interventions to control
hazards through elimination, substitution, or engineering are more
effective than administrative controls that require significant effort
from workers. Modifying the work environment to better control
hazards would benefit all fishermen, regardless of their experience,
age, or position. While not explored in this study, further studies
are currently being conducted to evaluate modifications to the
sorting table such as adjusting the height and adding a banger
bar for harvesting crab from the pot. Further work into effective
interventions that fishermen would adopt is needed to reduce
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injury risk. Any formal or informal training of new fishermen
should focus on the most hazardous activities identified in this
study, but more experienced fishermen would also benefit.

With a quarter of the injuries citing “being tired” as a contribut-
ing factor, consideration of the physical nature of the work tasks as
well as sleep practices while on vessels fishing should be further
explored. To date, very few studies have examined the impact of
sleep deprivation among commercial fishermen (Elliott et al.,
2022; Gander et al., 2008; Wilbur et al., 2018; Sorensen et al.,
2022), but it has been extensively studied in other industries
(Factors, 2022; Kuwahara et al., 2018; Hege et al., 2018; Wada
et al.,, 2007). Also, physical fatigue and sleep deprivation can be
intertwined and difficult to study in worker populations, such as
commercial fishermen. Further studies into appropriate fatigue
risk management interventions could improve the incidence of
sleep deprivation and fatigue in this industry (Elliott et al., 2022).

Other factors related to injury incidence in this study were
inclement weather and sea conditions. Completely avoiding all
inclement weather is not practical in commercial fishing and must
be acknowledged as a hazard that cannot be eliminated but can be
managed. Captains should use the best available technology, infor-
mation, and good judgment to predict and avoid especially haz-
ardous weather and working conditions. New solutions to make
working on deck safer during rough weather should be developed
and tested on fishing vessels. Fishery management officials also
have a role in promoting a safe fishery and should consider mech-
anisms to reduce pressure on captains to fish in hazardous condi-
tions. Decision support tools for weather- and navigation-related
decisions could further reduce risk of on deck and gear injuries
due to weather and sea conditions.

7. Practical applications

Injury prevention training for all fishermen, regardless of their
position and years of experience, should cover the most hazardous
tasks, fatigue risk management strategies, and weather decisions.
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