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oping evidence-based interventions and implementing them in practice. The purpose of this study was to
organize the literature on occupational safety in the fishing industry within the TO-T4 phases of transla-
tional research to identify areas of strength and consensus, as well as gaps for future translational
research to address. A comprehensive search of the English language literature on the topic of occupa-
tional safety in the fishing industry was completed. Scientific investigations of safety problems in the
Translational research fishing industry first appeared in the literature during the 1950s. The bulk of research has focused on
Research to practice descriptive epidemiology in the TO phase of translational research. A positive trend in recent studies is
Literature review the growing emphasis on translational research (i.e. the T1-T4 phases). These types of studies aim to
Occupational safety move research-to-practice by investigating potential solutions to safety problems and by developing,
implementing and evaluating interventions. Recommendations for future translational research include
using consistent methods of injury classification and risk analysis, developing interventions targeted at
specific problems in the highest-risk fisheries, and addressing the barriers and facilitators to widespread
implementation of interventions. Workplace safety in the fishing industry will improve if future research
concentrates on identifying and testing promising safety measures that are effective, practical and scal-
able. Translational research is the key to making progress toward the prevention of work-related injuries
in the fishing industry.
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1 | INTRODUCTION

Samantha L. Case MPH

Background: Commercial fishing is a global industry that has been frequently classified
as high-risk. The use of detailed surveillance data is critical in identifying hazards.
Methods: The purpose of this study was to provide updated statistics for the entire US
fishing industry during 2010-2014, generate fleet-specific fatality rates using a revised
calculation of full-time equivalent estimates, and examine changes in the patterns of
fatalities and in risk over a 15-year period (2000-2014).

Results: During 2010-2014, 188 commercial fishing fatalities occurred in the United
States. Vessel disasters and falls overboard remain leading contributors to commercial
fishing deaths. The Atlantic scallop fleet stands out for achieving substantial declines in
the risk of fatalities over the 15-year study period. However, fatality rates ranged from
21 to 147 deaths per 100 000 FTEs, many times higher than the rate for all US workers.
Conclusions: Although the number of fatalities among commercial fishermen in the
United States has generally declined since 2000, commercial fishing continues to have
one of the highest occupational fatality rates in the United States. The sustainable
seafood movement could assist in improving the health and safety of fishing industry

workers if worker well-being was integrated into the definition of sustainable seafood.

KEYWORDS
fishing, mortality, occupational, surveillance

fatality rates that are often the highest among all industries in

many countries.? The life-threatening hazards faced by workers in

Commercial fishing is a critical industry for global food security,
generating a major source of animal protein for billions of people
worldwide.! Fishing vessels vary widely in terms of size and
configuration, ranging from small undecked vessels with as few as
one person onboard to large decked vessels with dozens of
crewmembers who catch and process fish into final products in
factories onboard the vessels. The fishing industry has been
frequently classified as exceptionally high-risk, with workplace

© Published 2017. This article is a U.S. Government work and is in the public domain in the USA.

the fishing industry have been measured and described in many
epidemiologic studies for decades,? yet public concern over the
death toll has been mostly lacking, including within social move-
ments such as for sustainable seafood.

Interest in sustainable seafood has been steadily increasing among
wholesalers, retailers, restaurants, and consumers.® Market research
has predicted a growing awareness and preference for seafood that is

environmentally, economically, and socially sustainable.® Definitions
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of the term “sustainable seafood” have included specific elements such
as locally caught, wild harvested, fresh, whole, and sourced from
effectively managed fisheries (eg, low impact on habitat, not
overfished).®>* Missing from the sustainable seafood movement is
the health and safety of fishing industry workers who harvest the fish
and initiate the seafood supply chain.

Although several recent studies have examined fatal and nonfatal
injuries in specific fishing fleets or regions in the United States,”® the
most recent epidemiologic profile of work-related mortality for the
entire US fishing industry was published in 2010.° The study used
surveillance data to describe fishing industry fatalities during the
decade of 2000-2009. In that study, 504 worker fatalities were
identified, an average of 50 work-related deaths per year. The majority
of fatalities were caused by vessel disasters (52%) and falls overboard
(31%). The Alaska region had the highest number of fatalities (133,
26%), followed by the Northeast (124, 25%) and Gulf of Mexico (116,
23%) regions. The study noted that the annual number of fatalities in
the industry had declined gradually since the previous decade of the
1990s. That modest decline was consistent with an international
analysis of trends in fatal incidence rates, which found that overall risk
in fishing declined in Europe and North America over a three decade
period (1980-2010).1°

Lincoln and Lucas’ also reported fatality rates for eight large
fishing fleets, ranging from 115 to 600 deaths per 100 000 full-time
equivalent (FTE) workers, substantially higher than the rate for all US
workers. The methodology used in the study for calculating the FTE
denominators in fatality rates had been used in several previous
studies.’*"*® However, the FTE calculations in those studies were not
based on the standard method widely used by other research

institutions,'*

making it difficult to compare the rates with others
outside of the particular study.

Given the limitations of the previously published FTEs and rates,
along with the outdated published national fatality data, the purpose of
this study was to (1) provide updated statistics for the entire US
commercial fishing industry by conducting a descriptive analysis of
fatalities, with a particular emphasis on those occurring more recently
during 2010-2014; (2) generate fleet-specific fatality rates using a
revised calculation of FTE estimates; and (3) examine changes in the

patterns of fatalities and in risk over a 15-year period.

2 | METHODS

2.1 | Case definition

Cases of fatal work-related injuries in the US fishing industry during
2000-2014 were identified and extracted from the Commercial
Fishing Incident Database (CFID). This surveillance system, maintained
by the National Institute for Occupational Safety and Health (NIOSH),
is a nationwide database containing information on all fatalities in the
US commercial fishing industry. NIOSH developed CFID to collect data
on commercial fishing fatalities and to identify high-risk fleets (defined
by species targeted, type of fishing gear used, and location of fishing
grounds).

For inclusion in CFID, fatalities must be the result of a traumatic
injury, defined as “any wound or damage to the body resulting from
acute exposure to energy ... caused by a specific event or incident
within a single workday or shift.”*> This definition includes fatal
poisonings as well as intentional injuries such as homicide and suicide.
Fatalities due to illnesses or chronic conditions are not included in the
database and were, therefore, not in this study. Only cases that met the
criteria for an occupational fatality using established guidelines for
injury at work were included. The occupation of commercial fisherman
was defined by the Standard Occupational Classification (SOC) code
45-3011 “Fishers and Related Fishing Workers.” This definition
includes captains, mates, and deckhands. CFID also contains data on
fatal injuries involving at-sea fish processors and fishery observers if
the event occurred onboard or otherwise involved a fishing vessel.

In 2014, NIOSH entered into a Memorandum of Agreement with
the US Coast Guard (USCG) to facilitate information sharing. This
formal partnership allows NIOSH researchers access to Coast Guard
investigative reports for CFID data collection. Data in CFID are also
obtained by NIOSH staff from other sources in each state, including
reports from local law enforcement agencies and local media; death
certificates; and state-based occupational fatality surveillance pro-
grams. Causes of death were coded using the International Classifica-
tion of Disease version 10 (ICD-10) obtained from death certificates or
determined from investigative reports.

Five types of fatal incidents were identified in CFID: vessel
disasters, falls overboard, onboard injuries, onshore injuries, and diving
injuries. Vessel disasters involved the fishing vessel being capsized,
sunk, or damaged to a degree that the crew abandoned the vessel. This
includes both decked and open vessels, such as skiffs. A fall overboard
was defined as a worker entering the water outside of the vessel, which
included all methods for entering the water: struck by gear, washed
over, slipped, jumped, entangled, etc. Onboard fatal injuries occurred
on or within the fishing vessel (eg, struck by gear, entangled in winch).
Onshore injuries occurred while on land, including on a dock or float.
Falls into water from a dock were coded as onshore injuries, not falls
overboard. If a fall into water occurred while boarding or disembarking
a fishing vessel, the fatality was coded as a fall overboard if the
decedent was in contact with the vessel, or as an onshore injury if the
decedent was in contact with the dock. Diving injuries occurred when
the worker was intentionally in the water for the purpose of harvesting
or other work-related tasks (eg, diving to untangle a line or net from the
propeller).

Fatalities occurred in five fishing regions of the United States: East
Coast, Gulf of Mexico, West Coast, Alaska, and Hawaii. Fatal injuries
that involved US fishing vessels in Canadian waters while in transit to

or from Alaska were included in the Alaska region counts.

2.2 | Workforce data (exposure)

Period fatality rates were calculated for fleets with five or more
fatalities during the 5-year periods 2000-2004, 2005-2009, and 2010-
2014, where workforce data were available. These fleet-specific
fatality rates enabled the comparison of risk between fishing fleets that
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have different levels of exposure as measured by the number of
vessels, workers, and days at sea. The rates adjust the number of
fatalities in each fleet based on a common denominator of 100 000
FTE workers. In this study, the method for calculating the FTE
denominator was revised from earlier NIOSH publications to enhance
the validity of the rates and standardize the calculation with the
currently accepted method widely used by other agencies and
academic institutions. As a result of these changes, the fishing fatality
rates published in this study are not comparable to rates published in
previous NIOSH studies, such as Lucas and Lincoln,'* Lincoln and
Lucas,” and Thomas et al.*®> However, to enable comparisons during
2000-2014 of fleet-specific fatality rates in this study, the previously
published rates from 2000 to 2009 were recalculated using the revised
standard method.

The previously published FTEs’ were calculated by multiplying the
number of vessels that made at least one landing in the fishery during
the calendar year by the mean operating days for vessels in the fishery,
and by the mean crew size for vessels in the fishery. The product,
“crew-days,” was then divided by 250 standard 8-h workdays in 1 year.
Finally, fisheries with short seasons (<15 days duration) were weighted
by a factor of three (essentially increasing 8-h days to 24-h days), and
medium seasons (15-49 days) were weighted by a factor of two
(increasing 8-h days to 16-h days). Seasons lasting longer than 49 days
were not weighted.

The methodological justification for weighting the FTEs based
on season length was that crewmembers in fisheries with shorter
seasons worked longer hours per day than crewmembers in fisheries
with longer seasons, and in that way had greater exposure to
hazards. This framework implied that workers on fishing vessels
were only at risk of injury or death when they were on-duty.
However, previous studies of fatalities using that FTE included
deaths in the numerator that occurred at any time, including to
workers off-duty, creating incongruity between the cases in the
numerator and exposure time in the denominator. Because of the
unique setting in which commercial fishing takes place (ie, workers
are exposed to work-related hazards even when off-duty), in this
study, workers in the fishing industry were considered to be “at
work” the entire time they were at sea.

A revised FTE formula was used in this study to account for all
exposure time of cases in the denominator. The first part of the
calculation was the same as the previous method, and used the same
data inputs:® the number of vessels that made at least one landing in
the fishery during the calendar year were multiplied by the mean
operating days for vessels in the fishery, and by the mean crew size for
vessels in the fishery. The product, “crew-days,” was the same for both
methods, but diverge at the next step. The revised calculation
multiplied crew-days by 24 to create “crew-hours.” Crew-hours were
divided by 2000 h (the standard number of hours in a full-time work
year). There was no weighting of FTEs based on season length as was
done in the past. All workers in all fleets were considered at-risk the
entire time they were onboard the vessels. Because FTEs were not
available for 2013 or 2014, the estimates from 2012 were extended
for those years.

WILE Y-
2.3 | Analysis

A descriptive analysis was completed to explore the patterns and
characteristics of work-related fatalities in the US fishing industry
during the 5-year period 2010-2014. The analysis of this 5-year period
was completed in a similar style as the previously published analysis of
fatalities during 2000-2009.° The frequency of fatal injuries was
calculated for each year during the study period. Descriptive statistics,
including frequency and percent distributions, measures of central
tendency and dispersion, and cross-tabulations were calculated for all
fatal injuries, both in aggregate for the United States and by specific
fishing regions. Fatality rates were calculated for certain fleets in each
of three 5-year periods (2000-2004, 2005-2009, 2010-2014) using
the revised formula for FTE estimates as previously described. Results
from the recent 5-year analysis (2010-2014) were then compared to
the prior time periods (2000-2004 and 2005-2009) to evaluate
changes in fatalities and fatality rates over time.

Many cases were missing data for one or more variables. Cases
with missing data were excluded from analyses that involved the
variables with missing data. Consequently, the total number of cases
for each statistic (eg, percent distribution, correlation, cross-
tabulation) reported in the results may be different depending on
the amount of missing data in each variable in that particular analysis.
This study received a determination of “non-human subjects research”
by the NIOSH IRB. All required safeguards for data security and

protection were followed by the study team.

3 | RESULTS

3.1 | Findings from most recent 5-year period

During 2010-2014, 188 commercial fishing fatalities occurred in the
United States, a mean of 38 deaths annually. Decedents were on
average 44 years old, predominantly male (185, 98%), and most often
deckhands (94, 50%). Drowning was the reported cause of death in the
majority of fatalities (139, 75%). Vessel disasters (80, 43%) and falls
overboard (57, 30%) were the leading types of fatal incidents.
Commercial fishing deaths also resulted from onboard injuries (31,
16%), diving injuries (14, 7%), and onshore injuries (6, 3%). The East
Coast had the most commercial fishing deaths (60, 32%) compared to
other fishing regions, followed by the Gulf of Mexico (49, 26%), Alaska
(45, 24%), and the West Coast (30, 16%). The remaining four fatalities
occurred near Hawaii, each due to drowning after falling overboard.

Vessel disasters resulted in the most fatalities during 2010-2014
compared to other types of fatal incidents, with 54 vessel disasters
causing 80 deaths (Table 1). Severe weather contributed to 37% of
fatal vessel disasters. Vessel disasters were most frequently caused by
instability (11, 22%), being struck by large waves (10, 20%), and
flooding (8, 16%). Overloading was the leading cause of instability in
vessel disasters (9, 82%). Flooding events had a variety of causes, with
water ingress most commonly the result of hull breaches (3, 38%) or
wood rot (2, 25%). The fleets that experienced the highest number of
fatal vessel disasters were the Gulf of Mexico shrimp fleet, with six
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TABLE 1 |Initiating events and causes involved with fatal vessel disaster events, United States, 2000-2014
2000-2004 2005-2009 2010-2014
(n=75) (n=75) (n=54) Total (n=204)
Events and causes n? %P n % n % n %
Initiating events
Flooding 20 29.9 17 26.2 8 16.3 45 24.9
Instability 10 14.9 14 21.5 11 224 35 19.3
Struck by large wave 13 19.4 11 16.9 10 20.4 34 18.8
Collision/allision 8 11.9 6 9.2 7 14.3 21 11.6
Prop entanglement 4 6.0 2 3.1 8 6.1 9 5.0
Fire/explosion 3 4.5 3 4.6 2 4.1 8 4.4
Struck rocks/bottom 3 4.5 0 0.0 4 8.2 7 3.9
Struck by wind gust 2 3.0 3 4.6 1 2.0 6 33
Crossing hazardous bar 0 0.0 3 4.6 2 4.1 5 2.8
Gear caught on bottom 1 1.5 3 4.6 1 2.0 5 2.8
Engine failure 2 3.0 2 3.1 0 0.0 4 2.2
Steering failure 0 0.0 1 1.5 0 0.0 1 0.6
Listing 1 1.5 0 0.0 0 0.0 1 0.6
Unknown events 8 - 10 - 5 - 23 -
Causes of flooding
Down-flooding (foundering) 7 50.0 7 53.8 1 12.5 15 429
Swamping (open skiff) 3 21.4 5 38.5 1 12.5 9 25.7
Through-hull fitting break 4 28.6 0 0.0 0 0.0 4 114
Hull breach (unspecified) 0 0.0 0 0.0 3 37.5 3 8.6
Wood rot 0 0.0 0 0.0 2 250 2 57
Hull corrosion 0 0.0 1 7.7 0 0.0 1 29
Hull-seam break 0 0.0 0 0.0 1 125 1 2.9
Unknown cause 6 = 4 = 0 = 10 =
Causes of instability
Overloading 5 50.0 5 38.5 9 81.8 19 55.9
Hauling up heavy net 3 30.0 3 23.1 0 0.0 6 17.6
Shifting load 1 10.0 2 154 1 9.1 4 11.8
Icing 0 0.0 2 154 0 0.0 2 5.9
Structural modifications 1 10.0 0 0.0 1 9.1 2 59
Slack tank (free surface effect) 0 0.0 1 7.7 0 0.0 1 2.9
Unknown 0 = 1 = 0 = 1 =

2All numbers in this table are the number of events, not number of deaths. One or more deaths can occur during a single vessel disaster event.

bValid percent.

disasters, and the West Coast non-tribal Dungeness crab fleet, with
four disasters.

Drowning after falling overboard was the second leading cause of
death among commercial fishermen in the United States during 2010-
2014. None of the falls overboard victims were wearing a personal
flotation device when they died. Falls overboard were most frequently
caused by loss of balance (13, 36%) and becoming entangled in fishing

gear (8, 22%) (Table 2). Multiple factors can contribute to a single fatal
fall overboard; the most commonly identified factors were working
alone (29, 51%) and using alcohol and/or drugs (10, 18%). Among those
working alone, 14 were single operators alone on their vessel. The Gulf
of Mexico shrimp fleet and the Northeast lobster fleet experienced the
highest number of fatal falls overboard, with six and five deaths,
respectively.
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TABLE 2 Causes and contributing factors of fatal falls overboard, United States, 2000-2014 (n = 210)

2000-2004 2005-2009 2010-2014
(n=285) (n=68) (n=57) Total (n=210)
Causes and contributing factors n? %P n % n % n %
Causes
Trip/slip 24 30.8 19 37.3 4 11.1 47 28.5
Lost balance 22 28.2 11 216 13 36.1 46 27.9
Gear entanglement 14 17.9 7 13.7 8 22.2 29 17.6
Jumped 7 9.0 15.7 6 16.7 21 12.7
Knocked by gear/object 6 7.7 4 7.8 4 111 14 8.5
Washed over 5 6.4 3.9 1 2.8 8 4.8
Unknown 7 = 17 = 21 = 45 =
Contributing factors®
Alone 43 50.6 38 55.9 29 50.9 110 524
Alcohol/drugs 24 28.2 13 191 10 17.5 47 224
Vessel motion 8 9.4 7 10.3 3 53 18 8.6
Deck obstacles 12 14.1 4 5.9 1 1.8 17 8.1
Leaning over side 6 7.1 3 4.4 5 8.8 14 6.7
Struck by large wave 6 7.1 3 4.4 2 3.5 11 5.2
Fatigue 4 4.7 1 1.5 4 7.0 9 4.3
Lost balance 1 1.2 1 1.5 6 10.5 8 3.8
Other 0 0.0 0 0.0 4 7.0 4 1.9

@All numbers in this table are the number of deaths.
bValid percent.
“Not mutually exclusive; percent totals exceed 100%.

Sixteen percent of fatalities in the US fishing industry during
2010-2014 were attributed to injuries sustained onboard vessels. The
leading causes of these deaths were becoming entangled in fishing
gear (7, 23%), poisoning (6, 19%), and being struck by fishing gear or
equipment (5, 16%). Over half of the gear entanglement deaths
occurred in the Gulf of Mexico shrimp fleet as four fishermen died
when they became entangled in deck winches. All fatal poisonings
during this period were unintentional drug overdoses.

On the East Coast, vessel disasters and falls overboard were the
leading fatal incident types, each resulting in 22 deaths (Table 3). The
Northeast lobster fleet experienced the most fatalities in the region
with 10 crewmember deaths, followed by the Atlantic scallop fleet
with six fatalities (Table 4).

Over three-quarters of fatalities in the Gulf of Mexico occurred
during vessel disasters (25, 51%) or after falls overboard (13, 27%)
(Table 3). About half of all fatalities in the region occurred in the shrimp
fleet (25, 51%) (Table 4).

Most deaths in Alaska were distributed among vessel disasters (15,
33%), falls overboard (14, 31%) and onboard injuries (12, 27%)
(Table 3). Ten of the 15 deaths from vessel disasters in Alaska involved
crewmembers working in open skiffs that swamped or capsized. The

salmon set gillnet fleet experienced the most fatalities in the region,

with seven deaths, followed by pot cod (6) and salmon drift gillnet (5)
(Table 4).

Thirty fatalities occurred on the West Coast, with the majority
from vessel disasters (18, 60%) (Table 3). Falls overboard and
dive-related injuries caused the same number of deaths, each
resulting in four fatalities. The Dungeness crab fleet had the most
fatalities with eight deaths, of which five were in the non-tribal
sector (Table 4).

Fleet-specific fatality rates using the revised, improved FTE
calculations are shown for each 5-year period in Table 4, sorted in
descending order in each region based on the 15-year total number of
fatalities. In the most recent 5-year period 2010-2014, fleet-specific
rates were largely not calculated due to small frequencies of fatalities
in that period. Among the five fleets that had at least five fatalities
during 2010-2014 and FTE data available, rates ranged from 21
fatalities per 100 000 FTEs in the Gulf of Mexico shrimp fleet to 147
deaths per 100 000 FTEs in the Alaska salmon set gillnet fleet.

3.2 | Trends during 2000-2014

Over the 15-year period 2000-2014, there were 693 commercial

fishing fatalities, a mean of 46 deaths per year. The annual number
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TABLE 3 Types of fatal incidents in fishing regions, United States, 2000-2014 (n = 693)

2000-2004 2005-2009 2010-2014 Total
Region and incident type n % n % n % n %
East Coast region
Vessel disaster fatalities 47 60.3 51 58.6 22 36.7 120 533
Falls overboard fatalities 18 231 18 20.7 22 36.7 58 258
Onboard fatalities 9 115 9 10.3 7 11.7 25 111
Onshore fatalities 2 2.6 6 6.9 4 6.7 12 5.3
Diving fatalities 2 2.6 3 34 5 8.3 10 4.4
Total 78 100.0 87 100.0 60 100.0 225 100.0
Alaska region
Vessel disaster fatalities (decked) 26 38.8 32 47.8 5 111 63 35.2
Vessel disaster fatalities (skiff) 6 9.0 3 4.5 10 22.2 19 10.6
Falls overboard fatalities 23 34.3 19 284 14 311 56 31.3
Onboard fatalities 7 10.4 5 7.5 12 26.7 24 134
Onshore fatalities 2 3.0 7 10.4 1 22 10 5.6
Diving fatalities 3 4.5 1 1.5 3 6.7 7 3.9
Total 67 100.0 67 100.0 45 100.0 179 100.0
Gulf of Mexico region
Vessel disaster fatalities 24 333 16 37.2 25 51.0 65 39.6
Falls overboard fatalities 34 47.2 18 41.9 13 26.5 65 39.6
Onboard fatalities 9 12,5 14.0 9 184 24 14.6
Onshore fatalities 0 0.0 0 0.0 0 0.0 0 0.0
Diving fatalities 5 6.9 7.0 2 4.1 10 6.1
Total 72 100.0 43 100.0 49 100.0 164 100.0
West Coast region
Vessel disaster fatalities 30 69.8 28 66.7 18 60.0 76 66.1
Falls overboard fatalities 10 233 11 26.2 4 13.3 25 21.7
Onboard fatalities 2 4.7 1 24 3 10.0 6 52
Onshore fatalities 0 0.0 1 24 1 3.3 2 1.7
Diving fatalities 1 23 1 24 4 13.3 6 52
Total 43 100.0 42 100.0 30 100.0 115 100.0
Hawaii region
Vessel disaster fatalities 0 0.0 1 33.3 0 0.0 1 10.0
Falls overboard fatalities 0 0.0 2 66.7 4 100.0 6 60.0
Onboard fatalities 2 66.7 0 0.0 0 0.0 2 20.0
Onshore fatalities 0 0.0 0 0.0 0 0.0 0 0.0
Diving fatalities 1 33.3 0 0.0 0 0.0 1 10.0
Total 3 100.0 8 100.0 4 100.0 10 100.0

of deaths varied from a high of 61 in 2001 to a low of 29 in
2014. The mean number of fatalities was highest in the first 5-year
period (2000-2004) with 53 deaths per year and has since
decreased, with an average of 48 deaths per year during
2005-2009, and finally, an average of 38 deaths per year during
2010-2014.

The most recent 5-year period saw a substantial decrease in the
number of deaths that occurred during vessel disasters. Vessel disaster
fatalities were at a high during 2000-2004 with 133 deaths, followed
by 131 deaths in the next 5-year period, and contributed to about half
of all fatalities in both periods. During 2010-2014, the number
decreased to 80 deaths (43% of fatalities). While flooding was the



TABLE 4 Commercial fishing fatality frequencies and rates® per 100 000 by fleet, US Fishing Industry, 2000-2014 g
2000-2004 2005-2009 2010-2014 15-year total ;
Fleet Fatalities FTE® Rate Fatalities FTE Rate Fatalities FTE Rate Fatalities FTE Rate 5
East Coast region B4
Atlantic scallop 21 12091 174 23 13643 169 6 13907 43 50 39641 126
Northeast multi-species groundfish trawl 11 5858 188 14 3565 393 4 2496 NC 29 11919 243
Northeast lobster 8 = = 11 = = 10 = = 29 = =
Atlantic clam/quahog dredge 6 1449 414 4 1312 NC 2 1325 NC 12 4086 294
Atlantic summer flounder/scup/black sea bass 5 3870 129 4 3357 NC 3 3330 NC 12 10557 114
Atlantic snapper/grouper 2 3118 NC 4 2682 NC 3 2355 NC 9 8155 110
Atlantic shrimp 3 - - 3 - - 2 - - 8 - -
Atlantic clam/quahog other gear types 1 - - 3 - - 4 - - 8 - -
Atlantic blue crab 3 = = 4 = = 0 = = 7 = =
Atlantic oyster 2 - - 0 - - 5 - - 7 - -
Atlantic herring trawl 3 430 NC 1 449 NC 3 396 NC 7 1275 549
Atlantic tuna 5 - - 1 - - 0 - - 6 - -
Atlantic urchin 0 = = 5 = = 0 = = 5 = =
Atlantic squid 0 2547 NC 2 2366 NC 3 2369 NC 5 7282 69
Atlantic other fleets (w/<5 fatalities 15 years) 8 - - 8 - - 115 - - 31 - -
Alaska region
Alaska groundfish freezer trawl (AM80) 15 12135 124 8 12571 64 2 12503 NC 25 37 209 67
Alaska salmon drift gillnet 8 17412 46 10 17 469 57 5 18 506 27 23 53387 43
Alaska pot cod 2 - - 10 - - 6 - - 18 - -
Alaska salmon set gillnet 6 4516 133 4 4603 NC 7 4751 147 17 13870 123
Alaska halibut/sablefish longline 4 6308 NC 10 6125 163 0 5384 NC 14 17 817 79
Alaska cod freezer longline 6 12375 48 1 10822 NC 2 12054 NC 9 35251 26
Alaska Bering Sea crab 2 5238 NC 7 3997 175 0 2768 NC 9 12003 75
Alaska dive harvest 4 589 NC 1 483 NC 3 468 NC 8 1540 519
Alaska salmon tender 2 3840 NC 1 3720 NC 4 3600 NC 7 11160 63
Alaska salmon troll 3 4267 NC 2 5129 NC 1 4970 NC 6 14366 42
Alaska salmon seine 2 14729 NC 0 12396 NC 3 14408 NC 5 41533 12
Alaska other fleets (w/<5 fatalities 15 years) 13 - - 13 - - 12 - - 38 - -
Gulf of Mexico region
GOM shrimp 35 - - 23 129768 18 25 121782 21 83 - -
GOM snapper/grouper 7 - - 3 - - 9 - - 19 - -
GOM oyster 8 - - 3 - - 4 - - 15 - -
GOM crab 6 = = 2 = = 2 = = 10 = =

(Continues)
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(Continued)

TABLE 4

2005-2009 2010-2014 15-year total

2000-2004

FTE® Rate Fatalities FTE Rate Fatalities FTE Rate Fatalities FTE Rate

Fatalities

Fleet

GOM menhaden

16

GOM other fleets (w/<5 fatalities 15 years)

West Coast region

114

26286

30
14

55

9042

158

10 147

16

127

7097

West Coast non-tribal Dungeness crab

West Coast tribal salmon

168

6549

NC

1517

NC

2104

205

2928

West Coast multi-species groundfish trawl

West Coast dive harvest

LUCAS anp CASE

West Coast tribal Dungeness crab

West Coast other fleets (w/<5 fatalities 15 years)

Hawaii region

Hawaii groundfish

Hawaii other fleets (w/<5 fatalities 15 years)

NC, rate not calculated when frequency is less than 5 fatalities in a 5-year period; -, missing FTE data for fleet.

2All rates in this table were calculated using the revised formula for FTEs described in the Methods section.

bFull-time equivalent.

leading initiating event in fatal vessel disasters during the first two
periods, these events became slightly less common during 2010-2014
(Table 1).

The number of fatalities due to falls overboard steadily decreased
in each 5-year period, starting with 85 deaths during 2000-2004, 68
deaths in 2005-2009, and 57 deaths in 2010-2014. Fatal falls
overboard represented about the same proportion (30%) of all fishing
deaths in each of the 5-year time periods. The causes of these events
have also changed over time. While tripping or slipping was the leading
cause of falls overboard during 2000-2004, it became less frequent in
the periods that followed (Table 2). Of note, alcohol and/or drug use
contributing to fatal falls overboard decreased over the 15 years.

No clear trend was observed in the remaining fatal incident types
nationally, with onboard, onshore, and diving fatalities each experiencing
fluctuations in the number of deaths attributed to them among the three
time periods; however, a higher number of onboard and diving fatalities
occurred during 2010-2014 compared to the preceding 5-year period.

On the East Coast, the distribution of fatalities among incident
types, especially vessel disasters and falls overboard, were fairly
consistent between 2000-2004 and 2005-2009 (Table 3). However, in
the last 5-year period, the proportion of fatalities due to vessel
disasters had decreased and those to falls overboard increased, both
representing 37% of fatalities in the region. Over the three 5-year
periods, a decline in fatality rate occurred in the scallop fleet, with the
most notable decrease observed in 2010-2014 (Table 4).

In Alaska, the number and percentage of deaths due to each
incident type were fairly similar between the first two time periods,
although an increase in fatal onboard injuries was observed during
2010-2014 (Table 3). Overall, vessel disaster fatalities decreased in the
last time period, but the number and proportion of deaths among
fishermen working in skiffs increased considerably in 2010-2014
compared to the previous periods. Among Alaska fleets, the fatality
rate in the groundfish freezer trawl fleet decreased during 2005-2009
from the preceding period. Although the rate was not calculated for the
2010-2014 period, this trend appears to continue (Table 4). The Bering
Sea crab and halibut/sablefish longline fleets experienced no fatalities
during 2010-2014, a clear contrast to the previous 5-year time periods.

During 2000-2004 in the Gulf of Mexico, nearly half (47%) of all
fatalities in the region were due to falls overboard (Table 3). These
fatalities decreased in the following periods, while fatalities attributed
to vessel disaster increased, accounting for 51% of all fatalities in the
region during 2010-2014. The only fatality rates available for the Gulf
of Mexico were for the shrimp fleet in 2005-2009 and 2010-2014, and
the rates were not considerably different between the two periods
(Table 4).

Vessel disasters have consistently been the leading cause of
fatalities on the West Coast, resulting in 60% or more of commercial
fishing fatalities in each 5-year period (Table 3). The proportion of
deaths due to falls overboard decreased during 2010-2014, while
diving fatalities increased in both frequency and proportion in this
period. The most recent 5-year period also had a decrease in the non-
tribal Dungeness crab fleet fatality rate compared to the preceding
periods (Table 4).
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4 | DISCUSSION

The analysis of more recent fatality data in this study (2010-2014)
revealed that vessel disasters and falls overboard remain leading
contributors to commercial fishing deaths. NIOSH has recommended
that vessel owners and operators review their vessel's stability and
watertight integrity, and take action to improve and maintain those key
conditions.}217*® |n situations where primary prevention of vessel
disasters is not successful, and crewmembers are forced to abandon
ship, it is imperative that well-maintained and fully functional safety
equipment is onboard, including life-rafts and immersion suits, to
protect fishermen from the effects of cold water immersion.
Additionally, crewmembers must know how to use the equipment
correctly while under extreme psychological stress. Marine safety
training and monthly emergency drills are designed to provide
crewmembers with the knowledge and skills they need to respond
to vessel sinkings and other vessel emergencies.'’ All crewmembers
should take marine safety training as recommended by NIOSH® and
participate in monthly drills as required by federal regulations.?°
Further, personal flotation device use is recommended to those
working in skiffs to keep crewmembers afloat in the event of a rapid
skiff swamping or capsizing.

Falls overboard have been consistently identified as a major

hazard in commercial fishing®111217

and remain a leading cause of
death among fishermen in the United States. In previous studies on the
barriers to personal flotation device use, fishermen have expressed
various concerns about personal flotation devices, including discom-
fort, cost, and possibility for increased chances of entanglement.?*~22
The lack of personal flotation device use in all man overboard fatalities
since 2000 highlights the need for more research to understand fleet-
specific barriers and develop innovative, wearable personal flotation
devices to voluntarily increase use, as there are currently no regulatory
mandates for fishermen to wear personal flotation devices. Because of
the many fishermen who died after falling overboard as single
operators or while working alone on deck, man overboard systems
should be considered to alert others of a fall overboard and potentially
shut off the engine.!! The use of re-boarding ladders may also be
useful in enabling self-rescue should a fall occur.

Winch entanglements have been associated with both fatal and
nonfatal traumatic injuries in the Gulf of Mexico shrimp fleet,?>? and
the findings from this study show that deaths due to these
entanglements continue to occur in the fleet. Expanding on previous
engineering solutions to prevent winch entanglements,?* prototype
testing of stationary guards and auxiliary stops is currently underway
with fishermen to inform development of devices that would prevent
or reduce the severity of entanglements.25 If proven to be effective
and widely adopted, these mechanisms could greatly reduce the
incidence of injuries due to entanglement in drum and try-net winches
on commercial shrimp vessels.

One issue that this study identified was the prevalence of
unintentional drug overdoses onboard commercial fishing vessels, in
addition to other types of fatalities where drug or alcohol use may have
contributed. While this is generally an issue that requires attention
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outside of a traditional marine safety solution, vessel owners and
operators should consider creating and enforcing policies prohibiting
the use of drugs and/or alcohol on board.

The revised FTE formula presented in this study has improved the
validity of fatality rates by including all exposure time of cases in the
denominator. The new formula also improved the comparability of
rates to other industries by using a standard, widely accepted method.
The average annual occupational fatality rate for all US workers during
2010-2014 was 3.4 deaths per 100 000 FTEs.* Using the same FTE
calculation method, this study found period rates in fishing fleets
during 2010-2014 ranging from 21 to 147 deaths per 100 000 FTEs,
many times higher than the rate for all US workers. The extreme
variability in risk among fishing fleets suggests that hazardous
conditions differ greatly, and preventive measures have been more
successfully applied in certain fleets than in others.

Because the new FTEs were used in this study to calculate revised
fatality rates for fleets retrospectively to the year 2000, observations
of trends during 2000-2014 were also possible. The fatality rate of the
Alaska dive harvest fleet was among the highest nationally over the
15-year period. The continued incidence of fatalities among sea
cucumber harvesters in Alaska reinforces the conclusion that adequate
training and the use of experienced tenders are necessary to improve
dive safety.?®

There have been several fleet-specific successes in improving
commercial fishing safety since 2000. The Alaska groundfish freezer
trawl and cod freezer longline fleets experienced a decline in the
number and rate of fatalities over 15 years. This is due, at least in part,
to their compliance with the Alternate Compliance and Safety
Agreement (ACSA). This program was developed to allow certain
vessels to continue processing activities as an alternative to meeting
class standards, and included provisions related to watertight integrity

h?” demonstrated a

and material condition of the hull. Previous researc
significant decrease in the rate of reported serious vessel casualties
among vessels in compliance with ACSA requirements.

The Bering Sea and Aleutian Islands crab fleet has also
experienced substantial improvements in vessel and crewmember
safety. In the 1990s, an average of eight fishermen died in the fleet
annually, primarily due to vessels capsizing and sinking or to falls
overboard.?® The US Coast Guard implemented dockside stability
checks in 1999 to prevent vessels from going out to sea while
overloaded with crab pots. Because of these stability checks, changes
in fishery management, and industry initiatives, the number and rate of
fatalities has declined substantially in the fleet from the 1990s to
2000-2014.%8

In the East Coast region, the Atlantic scallop fleet stands out for
achieving substantial declines in the risk of fatalities over the 15-year
study period. The fatality rate in the fleet during 2010-2014 was
approximately four times lower than the rates in the two previous
periods (2000-2004 and 2005-2009). Similarly in the West Coast
region, the non-tribal Dungeness crab fleet had a fatality rate during
2010-2014 that was more than two times lower than the rates
observed during the previous 5-year periods. The factors that have
promoted risk reductions in the Atlantic scallop and West Coast
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Dungeness crab fleets are unknown. No studies of hazards or
interventions in these specific fleets have been published that would
explain the declines in fatality rates. Further research is needed to
understand the safety improvements in Atlantic scallop and West
Coast Dungeness crab fleets, and to monitor the trends moving
forward.

The primary limitation of this study relates to the calculation of
FTEs and fatality rates. FTE estimates were not available for all fleets
with fatalities, particularly for those outside of Alaska. Data needed
to calculate FTEs are difficult to obtain, especially for state-managed
fisheries. The Northeast inshore lobster fleet, for example, is one
fleet that was missing FTE data for this study. However, fatality
rates in that fleet were recently calculated by Fulmer et al.® Using
the same standardized method for calculating FTEs that this study
used, the overall fatality rate in the Northeast inshore lobster fleet
was 47.7 deaths per 100000 FTEs during 2000-2009. Future
research is needed to assess and compare the risk of fatalities in
other fleets.

This study provided an updated epidemiologic profile of work-
related fatalities in the US fishing industry during 2010-2014 and a
comparison of fatality rates over 15 years. The findings show that
while the number of fatalities among commercial fishermen in the
United States has generally declined since 2000, commercial fishing
continues to have one of the highest occupational fatality rates in the
United States. Workers are exposed to fatal hazards related to the
marine environment in which they work, as well as work-related
hazards associated with fishing gear and deck equipment. The use of
detailed surveillance data is critical in identifying priority hazards to be
addressed in order to reduce the number and rate of work-related
deaths. As noted by the Occupational Safety and Health Administra-
tion,2” “Employers are only sustainable when they ensure the safety,
health, and welfare of their workers.” The sustainable seafood
movement could assist in improving the health and safety of fishing
industry workers if the issue was integrated into the definition of
sustainable seafood. This market-driven approach, along with updating
safety regulations, could be a successful path for reducing hazards and

preventing deaths.
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ABSTRACT

Occupational fatality surveillance has identified that fishing vessel disasters, such as sinkings and capsizings,
continue to contribute to the most deaths among crewmembers in the US fishing industry. When a fishing vessel
sinks at sea, crewmembers are at risk of immersion in water and subsequent drowning. This study examined
survival factors for crewmembers following cold water immersion after the sinking of decked commercial fishing
vessels in Alaskan waters during 2000-2014. Two immersion scenarios were considered separately: immersion
for any length of time, and long-term immersion defined as immersion lasting over 30 min. Logistic regression
was used to predict the odds of crewmember survival. Of the 617 crewmembers onboard 187 fishing vessels that
sank in Alaska during 2000-2014, 557 (90.3%) survived and 60 died. For crewmembers immersed for any length
of time, the significant adjusted predictors of survival were: entering a life-raft, sinking within three miles of
shore, the sinking not being weather-related, and working as a deckhand. For crewmembers immersed for over
30 min, the significant adjusted predictors of survival were: wearing an immersion suit, entering a life-raft,
working as a deckhand, and the sinking not being weather-related. The results of this analysis demonstrate that
in situations where cold water immersion becomes inevitable, having access to well-maintained, serviceable
lifesaving equipment and the knowledge and skills to use it properly are critical.

1. Introduction

Fishing vessel sinkings present extreme survival challenges to those
involved. When a fishing vessel sinks at sea, crewmembers are at risk of
immersion in water and subsequent traumatic injuries or death. Cold
water immersion can cause hyperventilation, muscle tension, reduced
cognitive function, and swimming failure; leading to death from
drowning or hypothermia (Golden, 1973; Cooper et al., 1976; Hayward
and Eckerson, 1984). Among the challenges of surviving a vessel
sinking are psychological stressors, which have been shown to sig-
nificantly affect decision making and response abilities, impairing
chances of survival (Singer, 1982; Leach, 2004). To overcome these
extreme environmental and psychological factors, crewmembers must
be prepared with effective survival equipment, knowledge, and skills.
High levels of emergency preparedness have not always been ubiqui-
tous in the US fishing industry, which may have contributed to the long
history of deadly vessel sinkings. During 1982-1987, an average of 108
commercial fishing fatalities occurred annually in the United States, the
majority of which were due to vessel sinkings (National Research
Council, 1991).

The US fishing industry is not alone in facing cold water survival

challenges when vessels sink at sea. Commercial fishing is recognized as
an extremely hazardous occupation worldwide (Jensen et al., 2014). In
Arctic and Nordic countries, fishermen are regularly exposed to the
threat of cold water immersion (Jensen et al., 2014; Kaustell et al.,
2016). Reducing the risk of exposure to cold water is relevant to the
fishing industries of all northern nations.

Attempts to create safety standards for fishing vessels through fed-
eral legislation began in the 1930s, but were not successful until 1988
when the Commercial Fishing Industry Vessel Safety Act of 1988
(CFIVSA) was signed into law (Hiscock, 2002). The law required the US
Coast Guard (USCG) to issue and enforce regulations for safety equip-
ment and operating procedures on fishing vessels (USCG, 2009).
Compliance with specific requirements of the law depends on the
characteristics and activities of the particular vessel, such as the type
and length of the vessel, area of operation, seasonal conditions, number
of people on board, whether the vessel is federally documented or state
registered, and the date the vessel was constructed or converted (USCG,
2009).

While the specific requirements of the CFIVSA vary based on in-
dividual vessel characteristics, in general the law requires most fishing
vessels to carry survival equipment such as personal flotation devices
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(PFDs), immersion suits, life-rafts, throwable flotation devices, distress
signals, emergency position indicating radio beacons (EPIRBs), and fire
extinguishers (USCG, 2009). The law also requires certain fishing ves-
sels to be equipped with high water alarms and bilge systems, and to
conduct monthly emergency drills (USCG, 2009). The safety standards
of the 1988 CFIVSA were implemented during the early 1990s and had
a measurable effect on worker fatalities caused by vessel sinkings. The
case-survivor rate for vessel sinkings in Alaska increased from 78% in
1991-1993, to 92% in 1994-1996, to 94% in 1997-1999 (NIOSH,
2002).

Worker fatalities due to vessel sinkings decreased during the 1990s
because crewmembers had access to and knowledge of the use of the
newly required lifesaving equipment, which increased their survival
time after abandoning ship. However, the frequency of vessel disasters
did not decrease during that decade, nor did fatalities due to falls
overboard and onboard injuries (NIOSH, 2002; Lucas and Lincoln,
2007). These are not unexpected findings, since the CFIVSA focuses
almost entirely on secondary prevention of death; that is, keeping
workers alive in the water until rescue aid arrives.

As the marine safety regulations mandated by the CFIVSA were
being developed, marine safety training organizations were also being
established. In 1985, the Alaska Marine Safety Education Association in
Sitka, Alaska was created with the initial objective of creating a stan-
dardized, hands-on, skill-based training curriculum for marine safety
trainers throughout Alaska (Dzugan, 2010). At approximately the same
time, the North Pacific Fishing Vessel Owners Association funded a
safety training program in Seattle, Washington. These two programs
continue to offer hands-on training in emergency skills including is-
suing mayday calls, EPIRB deployment and maintenance, immersion
suit/PFD use and care, life-raft use, and use of flares (Dzugan, 2010).

Aside from the 1988 safety legislation affecting the entire US fishing
industry, other fleet-specific safety programs have been established by
the US Coast Guard to target high-risk fleets and associated hazards.
The At-the-Dock Stability and Safety Compliance Check program initiated
in the Bering Sea and Aleutian Islands crab fleet in 1999 was designed
to ensure vessels were loaded in accordance with their stability in-
structions. This program contributed to a significant decrease in the
number and rate of vessel sinkings and fatalities in the fleet (NIOSH,
2016). In another US Coast Guard safety initiative, freezer-longliners
and freezer-trawlers operating in Alaska were enrolled in the Alternate
Compliance and Safety Agreement (ACSA) beginning in 2006. This pro-
gram addressed a variety of vessel safety issues, including stability and
condition of the hull. The rate of serious vessel casualties decreased in
both fleets after complying with ACSA requirements (Lucas et al.,
2014). One final example involved the Dungeness crab fleet operating
off the West Coast of the US, which has been repeatedly identified as a
high-risk fleet with a high proportion of fatalities from vessel disasters
(Lincoln and Lucas, 2010; Case et al., 2015). A voluntary program
called Operation Safe Crab was developed in 2000 to address this issue
by evaluating stability, watertight integrity, and lifesaving equipment
on board (Hardin and Lawrenson, 2010).

Another source of potential hazard reductions in the fishing industry
has involved modifications to fishery management plans, which are
unique to each fleet and are designed primarily to prevent the depletion
of the fish stock. Several experts have hypothesized that fisheries
management plans may affect worker safety (FAO, 2016). The need for
safety improvement is mentioned frequently when there is a proposal to
implement quota-based fisheries management plans. Since 1990, sev-
eral fisheries in Alaska have changed to this type of system. NIOSH has
provided safety assessments of two of the most notable, the halibut/
sablefish fleet and the Bering Sea and Aleutian Islands crab fleet.
However, it is difficult to assess exactly how much the management
plan change affected safety vs. other policies and changes the fleet
experiences. For instance, NIOSH noted that a combination of Coast
Guard programs (mentioned above), industry initiatives, and fishery
management changes have improved crewmember safety in the Bering
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Sea and Aleutian Islands crab fleet which has experienced one fatality
since implementation of the quota system (NIOSH, 2016). When NIOSH
initially evaluated Individual Fishing Quotas (IFQs) in the halibut/sa-
blefish fleet (Lincoln et al., 2007), the findings revealed a significant
decrease in the rate of all fatalities in the fleet. However, a more recent
review of the rate of fatalities over a longer study period did not reveal
the same decrease. This suggests that while fishery management po-
licies may have influenced safety initially, other factors may be re-
sponsible for the persistent hazards observed in the fleet.

While the number and rate of fatalities among workers in the US
fishing industry have decreased somewhat over time (Lincoln and
Lucas, 2010), commercial fishing remains one of the highest risk oc-
cupations in the US (Bureau of Labor Statistics, 2016). Occupational
fatality surveillance has identified that vessel disasters, such as sinkings
and capsizings, continue to contribute to the most deaths among
crewmembers nationwide. During 2000-2009, 52% of deaths in the
industry occurred during vessel disasters, and several Alaskan fisheries
were identified as having relatively high numbers of fatalities from
vessel disaster events (Lincoln and Lucas, 2010).

Previous studies investigating the determinants of vessel sinkings
have found several factors influencing the probability of a disaster oc-
curring or the severity of the disaster (in terms of vessel damage or
crewmember injury), including the type of disaster, wind speed and
other environmental conditions, season, vessel age, and operating dis-
tance from shore (Jin et al., 2001; Jin et al., 2002; Jin and Thunberg,
2005; Jin, 2014). However, no studies have examined survival factors
of crewmembers immersed after a vessel sinking. Also, the previous
studies of determinants of vessel disasters were focused on the north-
eastern US, and may not be generalizable to fleets in Alaska. The pur-
pose of this paper was to identify survival factors of crewmembers
immersed in cold water after vessel sinkings.

2. Methods
2.1. Case definition

This study examined crewmembers who experienced cold water
immersion after the sinking of decked commercial fishing vessels in
Alaskan waters during 2000-2014. If crewmembers were not at risk of
immersion, they were not included in the study. Two immersion sce-
narios were considered separately: immersion for any length of time,
and long-term immersion defined as immersion lasting over 30 min.
The 30 min cut-point was chosen based on the results of the exploratory
data analysis which showed that mortality increased sharply for im-
mersion lasting more than 30 min. Crewmember survival was cate-
gorized as a binary outcome: survived or died. For the purpose of these
analyses, crewmembers who were lost at sea (body not recovered) were
presumed to have died.

Sinking events of decked commercial fishing vessels were included
when the vessel was lost at sea. In addition, a small number of events
were included in which the vessels capsized, crews abandoned ship at
sea, and the vessels remained afloat or eventually ran aground (un-
occupied) instead of actually sinking. Open vessels, such as setnet or
seine skiffs, were excluded due to the substantial physical and opera-
tional differences between open and decked vessels. For instance, skiffs
are typically less than 24 feet and operate very close to shore. Skiff
operations are short-term, often limited to a few hours at a time. Skiffs
do not typically carry life-rafts, EPIRBs, or immersion suits.

Groundings and fires, where vessels remained afloat, were not in-
cluded in the analysis because of the decreased risk of crewmember
immersion. A fatal sinking was defined as a sinking in which at least
one crewmember died. A nonfatal sinking was defined as a sinking in
which the entire crew survived.
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2.2. Data sources and definitions

Data on sinkings were obtained from the Commercial Fishing
Incident Database (CFID), a surveillance system managed by the
National Institute for Occupational Safety and Health (NIOSH) that
contains extensive information on work-related fatalities and vessel
disasters in the US fishing industry (NIOSH, 2015). CFID contains over
100 data fields describing the conditions surrounding the event, vessel
characteristics, and crewmember details. The primary data sources for
CFID are US Coast Guard investigation reports and related US Coast
Guard documentation. Supplementary data sources include law en-
forcement reports, death certificates, medical examiner documents,
news media, the National Marine Fisheries Service, Alaska Department
of Fish and Game, the North Pacific Fishing Vessel Owners’ Association
(NPFVOA) and the Alaska Marine Safety Education Association
(AMSEA).

In addition to crewmember survival information, data were ex-
tracted from CFID for the following vessel and event characteristics:
calendar year in which the event occurred; distance of the vessel from
shore at the time of the sinking event (<3 miles/ > 3 miles); whether
the sinking event was identified as weather-related in the US Coast
Guard investigation report (yes/no); the region of Alaska where the
event occurred (Southwest/Southcentral/Southeast); season (summer
[Apr-Sept]/winter[Oct-Mar]); vessel length (< 50’/=50"); vessel age
(< 25 years/ =25 years); vessel hull material (fiberglass/aluminum/
steel/wood); vessel activity immediately prior to sinking (anchored,
fishing, moored, transiting inbound, transiting outbound); crew size;
and fishery. Crewmember characteristics extracted from CFID were: age
(years, calculated from date of birth); sex (male/female); job position
(officer/deckhand/processor/other); where the crewmember evacuated
to when abandoning the sinking vessel (rescue helicopter or vessel/
land/water/other); length of time the crewmember was immersed in
the water (minutes); whether an immersion suit was worn (yes/no);
whether the crew member was able to enter a life-raft (yes/no); whe-
ther the crewmember had ever received formal safety training (yes/no);
and for decedents only, cause of death.

2.3. Data analysis

The outcome of interest in this study was crewmember survival
following cold water immersion resulting from fishing vessel sinkings.
Descriptive statistics were calculated to explore characteristics of the
sinking incidents, involved vessels, and crewmembers. An exploratory
data analysis was completed to examine the distribution of the outcome
variable and all potential covariates. Listwise deletion was employed to
exclude cases with missing data. Consequently, the number of cases
reported in the results varies depending on the variables included in
each descriptive statistic and regression model.

Logistic regression was used to predict the odds of crewmember
survival. Unadjusted models (single outcome with single predictor)
were used as part of the exploratory data analysis to measure associa-
tions between each individual factor and the outcome of crewmember
survival, first for crewmembers who were immersed in water for any
amount of time (y = survival), and subsequently for the subset of
crewmembers who were immersed in water for over 30 min
(y = long term survival). Unadjusted models were specified as:

Pr(survival = 1) = F(B, + 8, %)

Pr(survival = 1) = F (B, + B, %)

Pr(survival = 1) = F (B, + B,X1)
Pr(long term survival = 1) = F (B, + B, %)

Pr(long term survival = 1) = F (8, + 5, X;)
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Pr(long term survival = 1) = F (8, + 8, X11)

where X; = immersion suit worn; X, = life-raft used;
X3 = crewmember marine safety training; X, = distance of the vessel
from shore; X5 = weather-related; X¢ = region of Alaska; X, = season;
Xg = crewmember job position; Xg = vessel length; X;, = vessel age;
and X;; = hull material.

Factors were selected for inclusion in the analysis based on a review
of the literature and a theoretical framework for surviving a vessel
sinking. Expert opinion and current or proposed safety regulations were
taken into account in formulating the theoretical framework.
Unadjusted odds ratios were calculated for each of the factors. Age of
crewmember was not included as a factor because of the high frequency
of missing values. Sex of crewmember was also excluded because 96%
were male.

Adjusted odds ratios were calculated using a multivariable model
that included all of the potential predictive factors listed above except
for vessel hull material. Hull material was found to be highly correlated
with vessel length, and was therefore not included in the final adjusted
models. As with the unadjusted models, the adjusted modeling was
completed separately for crewmembers who were immersed in water
for any amount of time, and for crewmembers who were immersed in
water for over 30 min:

Pr(survival = 1) = F(B, + B,X1 + B,X% + ...51X0)

Pr(long term survival = 1) = F (8, + 8, X1 + B,X% + .50 X10)

Because multiple crewmembers could be involved in a single vessel
disaster, observations could not be assumed to be independent.
Therefore, standard errors of odds ratios for both the unadjusted and
adjusted models were calculated using a clustered sandwich estimator
that allowed for intragroup correlation under the assumption that ob-
servations were independent across vessels, but not independent within
each vessel. Data analysis was performed using Stata Version 13.1
(StataCorp, 2013).

3. Results
3.1. Characteristics of sinkings

During 2000-2014, 187 sinkings occurred in Alaskan waters
(Fig. 1). Of these 187 events, 23 (12.3%) resulted in at least one fatality.
A median of 10 vessel sinkings occurred annually, ranging from a low of
6 in 2014 to a high of 23 in 2001. The frequency of sinkings resulting in
a fatality ranged from zero (in 2004, 2007, 2009, 2013, and 2014) to
five (in 2005 and 2006). The majority of sinkings were not weather-
related (133, 71.1%) and occurred within three miles from shore (123,
65.8%) (Table 1).

Most vessels were transiting to port (72, 41.6%) or actively engaged
in fishing operations (60, 34.7%) immediately prior to the sinking. For
fatal sinkings, the most commonly reported initiating event was in-
stability (9, 47.3%), compared with nonfatal sinkings where the most
frequent initiating event was flooding (43, 26.4%). Additional char-
acteristics of both fatal and nonfatal sinkings are shown in Table 1.

The salmon seine fleet experienced the highest number of sinkings
overall (32, 18.0%), but none were fatal. This was followed by salmon
drift gillnetters (31, 17.4%), halibut and sablefish catchers (30, 16.9%),
and salmon tenders and processors (19, 10.7%). All three sinkings that
occurred in the factory-trawler and freezer-longliner fleets resulted in at
least one fatality. The fleets with the highest number of fatal sinkings
were halibut and sablefish catchers (5 sinkings), pot cod catchers and
catcher-processors (3 sinkings), Southeast crabbers and shrimpers (3
sinkings), and factory-trawlers and freezer-longliners (3 sinkings).
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Table 1

Characteristics of fishing vessel sinkings, Alaska, 2000-2014.

Nonfatal (n=164)
M Fatal (n=23)
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Table 2

Fig. 1. Frequency of fishing vessel sinkings, Alaska, 2000-2014.
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Characteristics of crewmembers involved in fishing vessel sinkings, Alaska, 2000-2014.

Fatal (n = 23) Nonfatal (n = 164) Total (n = 187)

Deceased (n = 60)

Survived (n = 557)

Total (n = 617)

n % n %" n %" n % n %* n %"
Distance from shore Immersion suit worn
=<3 miles 6 26.1 117 71.3 123 65.8 Yes 23 52.3 144 70.2 167 67.1
> 3 miles 17 73.9 47 28.7 64 34.2 No 21 47.7 61 29.8 82 32.9
Missing 0 - 0 - 0 - Missing 16 - 352 - 368 -
Weather-related Life raft used
No 9 39.1 124 75.6 133 71.1 Yes 3 6.7 158 30.2 161 28.3
Yes 14 60.9 40 24.4 54 28.9 No 42 93.3 366 69.8 408 71.7
Missing 0 - 0 - 0 - Missing 15 - 33 - 48 -
Alaska region Marine safety trained
Southeast 8 34.8 72 43.9 80 42.8 No 52 86.7 467 83.8 519 84.1
Southcentral 4 17.4 56 34.1 60 321 Yes 8 13.3 90 16.2 98 15.9
Southwest 11 47.8 36 22.0 47 25.1 Missing 0 - 0 - 0 -
Missing - 0 - 0 - Time in water
Season 0 min 1 1.7 268 55.3 269 49.4
Summer 10 43.5 112 68.3 122 65.2 1-30min 2 3.3 168 34.6 170 31.2
Winter 13 56.5 52 317 65 34.8 >30min 57 95.0 49 10.1 106 19.4
Missing 0 - 0 - 0 - Missing 0 - 72 - 72 -
Vessel length Job position
< 50 feet 15 65.2 96 58.5 111 59.4 Deckhand 16 26.7 316 57.7 332 54.6
=50 feet 34.8 68 41.5 76 40.6 Officer 24 40.0 170 31.0 194 31.9
Missing 0 - 0 - 0 - Processor 13 21.7 36 6.6 49 8.1
Vessel age Ot.he.r 7 11.7 26 4.7 33 5.4
<25years 6 26.1 47 29.4 53 29.0 Missing 0 - o - o -
=25 years 17 73.9 113 70.6 130 71.0 Sex
Missing 0 - 4 - 4 - Male 60 100.0 474 95.2 534 95.7
. Female 0 0.0 24 4.8 24 4.3
Hull material Missing O - 59 - 59 -
Fiberglass 4 17.4 63 39.6 67 36.8
Aluminum 13.0 13 8.2 16 8.8 Age
Steel 12 52.2 37 23.3 49 26.9 < 20yrs 1 1.7 16 7.3 17 6.1
Wood 17.4 46 28.9 50 27.5 20-29yrs 14 23.3 61 27.7 75 26.8
Missing 0 - 5 - 5 - 30-39yrs 18 30.0 53 24.1 71 25.4
40-49yrs 16 26.7 50 22.7 66 23.6
# Denominator for percentage calculation excludes cases with missing data. 50-59yrs 10 16.7 29 13.2 39 13.9
60+ yrs 1 1.7 11 5.0 12 4.3
Missing 0 - 337 - 337 -

3.2. Characteristics of crewmembers

Of the 617 crewmembers onboard vessels that sank, 557 (90.3%)
survived and 60 did not survive. Drowning was the reported cause of
death for 52 (88.1%) decedents. Other reported causes of death were
hypothermia (6) and asphyxiation (1), with cause of death unknown for
one victim. The median crew size was 3 crewmembers (1-47 crew-
members). Among fatal sinkings, a median of 3 fatalities occurred per
event (1-15 fatalities). The vast majority of crewmembers were male
(534, 95.7%), and ages were normally distributed with a mean of
37 years (8-79 years old). Formal marine safety training was not widely
completed by the crewmembers involved in vessel sinkings. Only 15.9%
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2 Denominator for percentage calculation excludes cases with missing data.

of crewmembers (98) had ever received safety training, and the dif-
ference between survivors and decedents was small (Table 2).

During vessel evacuations, 49.4% (269 out of 545 with immersion
data) of crewmembers abandoned directly to land or an out-of-water
rescue platform (e.g., helicopter, other fishing vessel, skiff, life-raft)
without entering the water, and all but one survived. These crew-
members who completely avoided immersion were not included in any
further analyses. Of the 60 crewmembers who died, 59 (98.3%) were
immersed in water. By comparison, of the crewmembers who survived,
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Table 3
Factors associated with crewmember survival of cold water immersion after fishing vessel
sinkings, Alaska, 2000-2014.
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Table 4
Factors associated with crewmember survival of long-term” cold water immersion after
fishing vessel sinkings, Alaska, 2000-2014.

Unadjusted Models Adjusted Model (n = 247)

Unadjusted Models Adjusted Model (n = 90)

OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Immersion suit worn (n = 249) Immersion suit worn (n = 91)
Yes 2.16 1.02, 4.57 2.12 0.95, 4.77 Yes 7.27 2.27, 23.27 5.71 1.39, 23.38
No - - - - No — — — —
Life-raft used (n = 261) Life-raft used (n = 91)
Yes 9.32 1.49, 58.26 16.72 2.69, 103.87 Yes 3.76 1.06, 13.30 12.18 2.20, 67.36
No - - - - No - - - -
Marine safety trained (n = 276) Marine safety trained (n = 106)
Yes 2.11 0.90, 4.94 3.15 0.58, 16.99 Yes 2.76 0.93, 8.21 2.10 0.23, 19.40
No - - - - No - - - -
Distance from shore (n = 276) Distance from shore (n = 106)
=<3 miles 7.80 2.27, 26.81 38.99 6.82, 223.00 <3 miles 1.45 0.25, 8.32 3.55 0.16, 80.03
> 3 miles - - - - > 3 miles - - - -
Weather-related (n = 276) Weather-related (n = 106)
Yes - - - - Yes - - - -
No 1.99 0.57, 6.97 5.96 1.69, 21.03 No 3.58 0.73, 17.47 25.52 6.35, 102.47
Region (n = 276) Region (n = 106)
Southeast 1.87 0.55, 6.38 0.21 0.04, 1.08 Southeast 0.66 0.12, 3.51 0.75 0.08, 7.31
Southcentral 5.67 1.25, 25.70 2.29 0.41, 12.98 Southcentral 2.37 0.34, 16.29 2.82 0.07, 70.18
Southwest - - - - Southwest - - - -
Season (n = 276) Season (n = 106)
Summer 0.96 0.24, 3.95 2.02 0.69, 5.94 Summer 0.45 0.07, 2.95 1.61 0.20, 12.61
Winter - - - - Winter - - - -
Job position (n = 276) Job position (n = 106)
Officer - - - - Officer - - - -
Deckhand 2.93 1.42, 6.03 12.84 2.52, 65.55 Deckhand 3.28 1.15, 9.40 26.45 1.03, 676.49
Processor 1.01 0.15, 6.73 16.27 0.96, 275.02 Processor 3.84 0.40, 36.70 22.71 0.81, 633.75
Other 0.88 0.24, 3.25 9.66 2.14, 43.59 Other 0.75 0.16, 3.62 3.72 0.65, 21.50
Vessel length (n = 276) Vessel length (n = 106)
< 50 feet 1.47 0.49, 4.42 5.08 1.22, 21.18 < 50 feet 0.58 0.12, 2.83 8.78 0.62, 123.43
=50 feet - - - - =50 feet - - - -
Vessel age (n = 275) Vessel age (n = 106)
< 25 years - - - - < 25 years - - - -
=25 years 2.10 0.52, 8.43 0.93 0.17, 5.10 =25 years 5.03 0.86, 29.31 1.78 0.29, 10.81
Hull material (n = 274) Hull material (n = 106)
Fiberglass 3.45 0.74, 16.11 - - Fiberglass 1.21 0.14, 10.26 - -
Aluminum 2.09 0.42, 10.41 - - Aluminum 0.40 0.03, 5.70 - -
Steel - - - - Wood 2.02 0.23, 17.95 - -
Wood 3.43 0.85, 13.74 - - Steel - - - -

Bold font indicates statistically significant odds ratios based on 95% confidence interval.

217 (44.7%) were immersed in water. The majority of crewmembers
who entered the water were immersed for 30 min or less (170, 61.6%).
Of the remaining 106 crewmembers who were immersed for more than
30 min, 57 died (95% of all decedents) and 49 survived (10% of all
survivors). Additional characteristics of crewmembers involved in both
fatal and nonfatal sinkings are shown in Table 2.

3.3. Predictors of survival of cold water immersion

In bivariate analyses, statistically significant predictors of survival
for crewmembers who were immersed in water for any length of time
were: wearing an immersion suit (OR: 2.16 [95% CI: 1.02-4.57]), en-
tering a life-raft (9.32 [1.49-58.26]), sinking within three miles of
shore (7.80 [2.27-26.81]), sinking in the southcentral region of Alaska
(compared to the southwest region) (5.67 [1.25-25.70]), and being a
deckhand (compared to officers) (2.93 [1.42-6.03]) (Table 3). Weather
conditions, season, and marine safety training were not significantly
associated with survival, nor were the vessel characteristics of length,
age, and hull material.

In the adjusted model, the significant predictors of survival were:
entering a life-raft (16.72 [2.69-103.87]), sinking within three miles of

194

Bold font indicates statistically significant odds ratios based on 95% confidence interval.
? Immersed in cold water for over 30 min.

shore (38.99 [6.82-223.00]), the sinking not being weather-related
(5.96 [1.69-21.03]), being a deckhand (12.84 [2.52-65.55]) or ‘other’
crewmember (9.66 [2.14-43.59]) (compared to officers) and being on a
vessel less than 50 feet long (5.08 [1.22-21.18]) (Table 3). Immersion
suit use and geographic region were no longer significantly associated
with survival when adjusted for other factors.

3.4. Predictors of survival of long-term cold water immersion

Statistically significant predictors of long-term immersion survival
in bivariate analyses were: wearing an immersion suit (7.27
[2.27-23.27]), entering a life-raft (3.76 [1.06-13.30]), and being a
deckhand (compared to officers) (3.28 [1.15-9.40]) (Table 4).

In the adjusted model, wearing an immersion suit (5.71
[1.39-23.38]), entering a life-raft (12.18 [2.20-67.36]), and being a
deckhand (compared to officers) (26.45 [1.03-676.49]) were sig-
nificantly associated with crewmember survival. The sinking not being
related to severe weather conditions was also a significant predictor of
survival (25.52 [6.35-102.471) (Table 4).
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4. Discussion

The ideal way to decrease crewmember fatalities following fishing
vessel sinkings is to prevent the vessels from sinking in the first place.
Such primary prevention efforts should focus on improving vessel sta-
bility, watertight integrity, and safety management systems (NIOSH,
2010). As previously described, existing safety regulations and fleet-
specific safety initiatives have resulted in reduced risk of crewmember
immersion and death. Yet commercial fishing remains a high-risk oc-
cupation with many deaths occurring during vessel sinkings. Faced with
this ongoing reality in which fishing vessels continue to sink regularly,
crewmembers must be prepared to respond to the dangers of cold water
immersion.

The findings from the analysis of crewmember survival emphasize
the importance of avoiding cold water immersion completely by evac-
uating a sinking vessel directly to another vessel, helicopter, or life-raft.
About half of crewmembers involved in vessel sinkings successfully
avoided immersion, and all but one survived (death caused by as-
phyxiation while trapped inside the capsized vessel). While this study
did not examine the specific circumstances that contributed to prompt,
direct rescue of crewmembers without immersion, potential factors
could have included early recognition of the serious nature of the vessel
emergency and proactive communications with other vessels and the
US Coast Guard. Both of those skills are taught and practiced in marine
safety courses (Dzugan, 2010), which NIOSH has recommended that all
crewmembers participate in at least every five years (NIOSH, 2010).

In situations where cold water immersion becomes inevitable,
having access to well-maintained, serviceable lifesaving equipment and
the knowledge and skills to use it properly are critical. Fishing opera-
tions are often conducted in remote areas, and rescue resources may not
be immediately available when a vessel sinks. Wearing a properly
fitted, well-maintained immersion suit is essential for protecting
crewmembers from the effects of cold water immersion, particularly if
recovery is delayed. In fact, the adjusted regression model for crew-
members immersed in water for any amount of time found that im-
mersion suit use was not statistically significantly associated with sur-
vival when controlling for other factors such as distance from shore and
life-raft use, both of which were strongly associated with survival in
that model. Conversely, the adjusted regression model for crewmem-
bers immersed for over 30 min found that immersion suit use was as-
sociated with almost six times greater odds of survival, while distance
from shore was not statistically significantly associated with survival.
These findings show that immersion suit use is an important survival
factor, especially if immersion lasts for more than 30 min.

In addition to the protective effects of immersion suits, this study
found that crewmembers who were able to exit the water by boarding a
life-raft were much more likely to survive than crewmembers who were
unable to reach a life-raft. The strong survival factor of life-raft use was
apparent in both of the adjusted models, indicating that life-rafts saved
lives whether the crewmembers had been immersed in water for just a
few minutes or for over 30 min. Not surprisingly, life-raft use was a
stronger predictor of survival than immersion suit use, since life-rafts
keep the occupants out of the water.

Having access to lifesaving equipment such as immersion suits and
life-rafts is clearly critical to survival. For lifesaving equipment to be
effective, crewmembers must also know how to use the equipment
correctly while under extreme psychological stress. Marine safety
training and monthly emergency drills are designed to provide crew-
members with the knowledge and skills they need to respond to vessel
sinkings and other vessel emergencies (Dzugan, 2010; USCG, 2009).

For both crewmembers immersed for any amount of time and
crewmembers immersed for more than 30 min, the odds of surviving
immersion following a vessel sinking were greater when weather con-
ditions were not identified as a contributing factor in the sinking.
Severe weather and sea conditions may not only directly contribute to a
sinking occurring, but may also hinder search and rescue operations,
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potentially leaving crewmembers vulnerable to the harsh conditions for
extended periods of time. NIOSH has recommended that vessel opera-
tors pay close attention to weather forecasts and make proactive deci-
sions to stay in port when seas are too rough for the vessel to operate
safely (NIOSH, 2010). Many factors may influence operational deci-
sions related to weather conditions, including fishery management
policies. A growing body of literature suggests that economic pressures
generated by certain fishery management policies can play an im-
portant role in the decisions made by vessel operators to fish in severe
weather conditions (FAO, 2016). When creating or modifying fishery
management policies, regulators should consider the potential safety
repercussions of those policies, and make efforts to enact policies that
mitigate hazards. This should go beyond simply considering a quota-
based management system. For instance, when regulators are con-
sidering developing new fisheries in the Arctic, a discussion should
acknowledge the greater distance from US Coast Guard search and
rescue assets and possibly consider further training requirements for
crewmembers, more frequent US Coast Guard examinations, or special
vessel requirements for vessels participating in the fishery.

The distance from shore of the sinking was a strong predictor of
survival for crewmembers immersed for any amount of time, with the
odds of surviving nearly 40 times higher when the sinking occurred
within three miles of shore. This could indicate that sinkings that occur
within three miles from shore receive a more rapid rescue response.
Remote fishing operations occurring far from shore may be subject to
delayed rescue, even in calm weather and sea conditions. These find-
ings support recent fishing safety regulations by the US Coast Guard
that are targeted at vessels meeting certain criteria. For instance, in the
Coast Guard Authorization Act of 2010 and the Coast Guard and
Maritime Transportation Act of 2012 (USCG, 2015), commercial fishing
vessels operating beyond three miles from shore are now required to
undergo a dockside safety exam by the US Coast Guard every five years
to ensure vessels are in compliance with applicable safety regulations.
Important to consider though, is that distance from shore was not sig-
nificantly associated with survival of long-term immersion, meaning
that regardless of how close a crewmember is to shore, if rescue is
delayed and immersion persists, immersion suits and life-rafts are es-
sential for exposure protection and survival.

The primary limitations to this study are the small size of some
groups within the study population, and differences in data complete-
ness among individual cases and variables across cases. Small sample
size and missing data can both contribute to limiting the statistical
power of the analyses and therefore the ability to detect real differences
between survivors and crewmembers who died. Differences in data
completeness may be due to differences in US Coast Guard investiga-
tions. For example, some variables were collected more consistently, or
in greater detail for crewmembers involved in fatal sinkings, and for
crewmembers who died. Other types of information were more con-
sistently collected for survivors, as they were often able to actively
participate in investigations. For some variables, the proportion of
missing data was so high that they could not be included in the ana-
lyses. For example, date of birth was missing for nearly half of all
crewmembers, meaning it was not possible to include crewmember age
in the logistic regression models.

Several potential survival factors investigated in this study were
found to have large, but not statistically significant, odds ratios for
surviving cold water immersion with large confidence intervals around
the odds ratio estimate. One potential explanation for these results is
that these factors have a true effect on survival which this study was not
powered to detect. Arguably the most important of these results relates
to marine safety training. This study found the odds of survival for
crewmembers with formal marine safety training was more than twice
the odds of survival than crewmembers without safety training in each
of the scenarios examined. However, this association was not statisti-
cally significant. If this finding were indicative of a true effect, it would
provide important additional evidence in support of NIOSH
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recommendations that all crewmembers should take marine safety
training (NIOSH 2010).

Continued data collection over a longer time period, combined with
a more robust dataset with complete case information from thorough
US Coast Guard investigations, could address the limitations of this
study and would improve the assessment of factors promoting crew-
member survival in future analyses.

5. Conclusion

This study identified several factors associated with crewmember
survival of cold water immersion following fishing vessel sinkings in
Alaska, including the use of immersion suits and life-rafts. There is a
need for primary prevention of vessel sinkings; however, when vessels
sink despite those efforts, having access to well-maintained, serviceable
lifesaving equipment and the knowledge and skills to use it properly are
critical factors for survival. Due to differences in climate, geography,
and fishing methods, these findings might not be generalizable to other
fishing regions in the US, especially those with warmer waters. Future
research should investigate the causes of vessel sinkings in other re-
gions, as well as the factors associated with crewmember survival in
those areas.
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Introduction: Vessel disasters (e.g., sinkings, capsizings) are a leading contributor to fatalities in the U.S.
commercial fishing industry. Primary prevention strategies are needed to reduce the occurrence of vessel
disasters, which can only be done by developing an understanding of their causes and risk factors. If less
serious vessel casualties (e.g., loss of propulsion, fire, flooding) are predictors of future disasters, then
reducing vessel casualties should in turn reduce vessel disasters and the accompanying loss of life.
Method: This case-control study examined the association between vessel casualties and disasters using
fishing vessels in Alaska during 2010-2015. Results: The findings show that vessels that experienced
casualties within a preceding 10-year period were at increased odds of disaster. Other significant predic-
tors included safety decal status and hull material. Practical Applications: The results of this analysis
emphasize the importance of implementing vessel-specific preventive maintenance plans. At an industry
level, specific prevention policies should be developed focusing on high-risk fleets to identify and correct

a wide range of safety deficits before they have catastrophic and fatal consequences.

Published by Elsevier Ltd.

1. Introduction

“On the afternoon of April 21, 2015, a fire broke out in the forepeak
machinery space on the uninspected fishing vessel Northern Pride
while underway in the vicinity of Portlock Bank, Alaska. Smoke and
fire spread quickly to the main cabin and wheelhouse, prompting the
captain to broadcast a Mayday alert. The captain then ordered his
crew to don their immersion suits and abandon ship into the vessel’s
inflatable life raft .... Shortly after rescue, the Northern Pride cap-
sized.” (National Transportation Safety Board [NTSB], 2016)

“About 0300 local time on June 10, 2015, the uninspected commer-
cial fishing vessel Kupreanof began taking on water while transiting
from Juneau to Bristol Bay, Alaska. About two and a half hours later,
the vessel sank in 420 feet of water. All four crewmembers were res-
cued without injury by the Coast Guard soon after abandoning ship.”
(NTSB, 2017)

“About 1600 on July 23, 2016, the commercial fishing vessel Ambi-
tion started taking on water in its lazarette while transiting in the Ber-
ing Sea near the northern entrance to False Pass off the Alaska
Peninsula. The vessel began sinking by the stern, and efforts by the
crew to determine the source of the flooding were unsuccessful. After
the captain transmitted a distress call over VHF radio at 1832, the five
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E-mail addresses: scase@cdc.gov (S.L. Case), dlucas@cdc.gov (D.L. Lucas).
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crewmembers donned immersion suits and abandoned the vessel into
the water and onto a good Samaritan vessel.” (NTSB, 2018)

Vessel casualties are consequences of failures within vessel-
specific components or systems that may result in the loss of elec-
trical power, propulsion, and steering. These failures, as well as
human error, may also cause flooding, fires, and groundings. Vessel
casualties are often resolved at sea or in port and do not cause loss
of life or property. However, as shown in the above excerpts from
fishing vessel sinking investigations, sometimes these failures are
not immediately resolved, initiating chains of events that lead to
vessel disasters (e.g., sinkings, capsizings) and associated fatalities.

Catastrophic vessel disasters are the leading contributor to
occupational fatalities in the United States (US) commercial fishing
industry, which is consistently one of the most hazardous indus-
tries nationwide (Bureau of Labor Statistics, 2018). During 2000-
2014, 204 separate fatal vessel disasters resulted in 344 worker
deaths in U.S. fisheries, representing 50% of all fishing industry
fatalities (Lucas & Case, 2018). Fishing vessel disasters involve a
sequence of events that results in a final catastrophic event, such
as a vessel sinking (Lucas & Case, 2018). Fatal vessel disasters in
the United States during 2000-2014 most frequently began with
flooding (25%), instability (19%), struck by a large wave (19%),
and collision (12%; Lucas & Case, 2018).

As the leading cause of occupational fatalities, vessel disasters
are a vital area to target prevention efforts. Prevention of vessel
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disasters has the potential to save many lives, especially since a
single disaster can place multiple workers in danger at the same
time. For most fishing vessels in the United States, there are no
safety requirements concerning their construction, maintenance,
and watertight integrity. Current regulations vary based on vessel
size, year built, and area of operation, but largely focus on sec-
ondary prevention of death through the carriage of lifesaving
equipment used during vessel emergencies (United States Coast
Guard [USCG], 2009). Primary prevention strategies are needed
to reduce the occurrence of vessel disasters, which can only be
done by first understanding their causes and risk factors.

Given the potential for vessel casualties to directly initiate a dis-
aster, the broader role of vessel casualties in fishing vessel safety
needs to be better understood. If a vessel experiences casualties
over time, then that history of casualties may be a leading indicator
of larger problems with the vessel that could trigger a future vessel
disaster. This hypothesis is supported by the theory of man-made
disasters developed by Turner (1978), which states that disasters
involving complex man-made systems, such as fishing vessels,
are not chance events. Instead, a sequence of events, often starting
years prior to the disaster, occurs and escalates to the eventual dis-
aster (Pidgeon & O’Leary, 2000; Turner, 1978; Turner & Pidgeon,
1997). In this sequence of events, a disaster incubation period
exists in which unnoticed, misunderstood, or ignored events accu-
mulate. Instead of recognizing these precursor events as warning
signs of an impending disaster, workers fail to perceive the warn-
ing events as such or fail to adequately assess the risk (Pidgeon &
O’Leary, 2000; Turner, 1978; Turner & Pidgeon, 1997). This results
in a drift toward failure over time in which the tolerance for safety
threats, perhaps subconsciously, increases (Dekker, 2011; Dekker &
Pruchnicki, 2014). This can occur as safety, productivity, and other
goals compete, reducing safety margins. Until a catastrophic failure
occurs, workers and organizations believe hazards are adequately
controlled (Dekker, 2011; Dekker & Pruchnicki, 2014; Pidgeon &
O’Leary, 2000; Turner, 1978; Turner & Pidgeon, 1997).

If vessel casualties are indeed a predictor of a future vessel dis-
aster, then reducing vessel casualties should in turn reduce vessel
disasters and the accompanying loss of life. This association has
not been previously examined. The purpose of this study was to
test the novel hypothesis that fishing vessel casualties are leading
indicators of future vessel disasters using data from fishing vessels
operating in Alaskan waters during 2010-2015.

2. Methods
2.1. Study design

A case-control study design was used. Cases were identified
from the Commercial Fishing Incident Database (CFID), a system
managed by the National Institute for Occupational Safety and
Health (NIOSH) that stores data on marine casualties in the U.S.
commercial fishing industry (Lucas & Case, 2018). A commercial
fishing vessel was included as a case in this study if it was involved
in a vessel disaster in Alaskan waters during 2010-2015. A vessel
disaster was defined as any catastrophic event that occurred to a
vessel resulting in the entire crew abandoning the vessel, such as
a sinking or capsizing.

Cases were limited to decked catcher and tender vessels.
Catcher vessels are those that are used to harvest fish and shellfish,
whereas tender vessels transport fish from the catcher vessels to
port. Processing vessels (i.e., vessels that include onboard factories
for production and packaging) were excluded from the study, in
part because there were no vessel disasters involving processing
vessels during the study period. Skiffs were also excluded as cases
in this study because they are small (typically under 26’ in length)

and undecked, a considerable contrast to catcher and tender ves-
sels. In rare instances where a vessel experienced more than one
disaster during the study period (e.g., vessel capsized or grounded
in 2011 but was salvaged; later sank in 2014), the vessel was only
included as a case once, at the time of the first disaster.

Controls were defined as commercial fishing vessels that were
active in Alaskan waters during 2010-2015 and did not experience
a vessel disaster during that time, in Alaska or elsewhere. Because
fisheries landings data were confidential and therefore not avail-
able, a list of unique commercial fishing vessels most likely to be
active in Alaska was developed for each year in the study period
using two other data sources: (a) annual lists of commercial fishing
vessels licensed to operate in Alaskan waters obtained from the
State of Alaska Commercial Fisheries Entry Commission (CFEC)
Commercial Vessel Database (State of Alaska, n.d.); and (b) annual
lists of vessels with federal fishery permits obtained from the
National Oceanic and Atmospheric Administration (NOAA) Fish-
eries Alaska Region (NOAA, n.d.). These two data sources provided
the best publicly available proxy for active vessels. Alaska statutes
AS 16.05.475 and AS 16.43.150(d) indicate that vessel licenses
must be renewed whenever a vessel is to be used in a particular
year for commercial fishing in state waters, whereas state limited
entry permits must be renewed annually irrespective of whether
the permits are actually used in a particular season (Registration
of Fishing Vessels, 2007; Terms and Conditions of Entry Permit;
Annual Renewal, 2007). Federal fishery permits were used to
include a small number of vessels that could potentially operate
solely in federal waters and would not otherwise be included in
the CFEC list. The two lists were merged, and duplicate vessels
were dropped before control selection. Skiffs and processing ves-
sels were excluded from the sampling frame to align with cases
as described above.

For each case, three control vessels were randomly selected
from the list of all vessels active during the same year. For example,
there were 10 cases in 2010; therefore, 30 control vessels were
randomly selected from the list of vessels active in 2010. This pro-
cess was repeated for each year of the study period. Cases and con-
trols were incorporated into a master dataset for additional data
collection and analysis.

2.2. Data collection on exposure variables

Vessel casualty history was the primary risk factor of interest in
this study. Vessels that are federally documented and/or have any
interaction with the U.S. Coast Guard can be found in their Marine
Information for Safety and Law Enforcement (MISLE) system. Ves-
sel casualties are required to be reported to the Coast Guard
(Notice of Marine Casualty, 1994). When reported, casualty data
are associated with the vessel within its activity history in MISLE.
NIOSH researchers with access to MISLE reviewed activity histories
for each vessel to identify any reported casualties within 10 years
prior to the disaster or when the control was selected (i.e., inclu-
sion year) (Table 1). Casualty history was only collected for vessels
built at least 10 years prior to the study inclusion year.

Table 1
Distribution of cases and controls by year with casualty history parameters.

Inclusion Cases Controls 10-Year Casualty History
Year (n=70) (n=210) Timeframe
2010 10 30 2001-2010
2011 14 42 2002-2011
2012 14 42 2003-2012
2013 12 36 2004-2013
2014 10 30 2005-2014
2015 10 30 2006-2015
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In addition to vessel casualty history, documentation status was
determined for each based on its registration number. Commercial
fishing vessels at least five net tons are required to be federally
documented (Vessels Requiring Documentation, 1993). A vessel
was classified as federally documented if it had an official number
assigned (e.g., 123456). In contrast, a state registered vessel only
had a registration number with the State of Alaska (e.g., AKOOO1K).

Fishing vessel safety decal status was obtained from MISLE. A
fishing vessel safety decal is issued after a successful dockside
examination by the Coast Guard or an approved third-party orga-
nization, showing compliance with federal regulations, including
carriage of lifesaving equipment (USCG, 2007). Safety decal status
was recorded as current or expired if the vessel had a safety decal
on or prior to the disaster date (cases), or anytime during or prior
to the inclusion year (controls).

Other vessel characteristics included in this study were vessel
age, length, and hull material. Due to the high correlation of length
and tonnage, length was included as the preferred variable given
the emphasis on vessel length in commercial fishing vessel safety
regulations. Data on these characteristics were obtained from the
original CFID, CFEC, or NOAA source as applicable. Vessel age was
determined for each vessel as the difference between the inclusion
year and year built.

2.3. Analysis

Data analysis was performed using Stata SE v15.1 (StataCorp,
2017). A descriptive analysis of the sampling frame, cases, and con-
trols was conducted to explore characteristics of each. Logistic
regression was used to calculate odds ratios (OR) and 95% confi-
dence intervals (CI) to measure the association between the expo-
sure variables and the outcome (disaster). Unadjusted ORs were
calculated for casualty history (one or more casualties/no casu-
alties), documentation (federally documented [ state registered),
fishing vessel safety decal status (current/expired/none), vessel
age (<25 years/>25 years), vessel length (<50'/50-78'/>79'), and
hull material (fiberglass/aluminum /steel/wood). The categories
for length and age were chosen based on current or proposed fish-
ing vessel safety regulations. The multivariable model included all
variables. Post-regression diagnostics including goodness of fit and
variance inflation factors were performed to assess model fit and
multicollinearity. Because 10-year casualty history was not appli-
cable for vessels less than 10 years of age, those vessels were
excluded from models examining casualty history.

3. Results
3.1. Characteristics of sampling frame, cases, and controls

Characteristics of the sampling frame, cases, and controls are
described below. Table 2 also presents cases and controls for
comparison.

3.1.1. Sampling frame

Based on CFEC and NOAA records, 7,309 total unique decked
catcher and tender vessels operated in Alaska during 2010-2015,
with 5,956 active vessels per year on average. Most fishing vessels
were federally documented (5,584, 76.4%). Vessels were a mean 42’
in length (26-194') and built in 1979 (1907-2015). Over half of
vessels were fiberglass (3,798, 52.0%), followed by aluminum
(1,794, 24.5%), steel (879, 12.0%), and wood (810, 11.1%).

3.1.2. Cases
Seventy fishing vessels were identified as cases during the six-
year study period, averaging nearly 12 vessel disasters per year

Table 2
Characteristics of case and control vessels.
Cases (n=70) Controls
(n=210)
n % n %
10-Year Casualty History
No Casualties 50 74.6 179 90.9
One or More Casualties 17 25.4 18 9.1
Not applicable (<10 years old) 3 - 13 -
Documentation
Federally Documented 59 84.3 181 86.2
State Registered 11 15.7 29 13.8
Fishing Vessel Safety Decal
Current 24 343 84 40.0
Expired 22 314 47 22.4
None 24 343 79 37.6
Age (years)
<25 13 18.6 45 214
>25 57 814 165 78.6
Length (feet)
<50 42 60.0 170 81.0
50-78 22 314 33 15.7
>79 6 8.6 7 33
Hull Material
Fiberglass 29 41.4 121 57.6
Aluminum 7 10.0 45 214
Steel 18 25.7 17 8.1
Wood 16 229 27 129

in Alaska. Of these, the majority were nonfatal events (66, 94.3%).
Three types of initiating events caused the majority of disasters:
running aground (21, 30.0%), flooding (12, 17.1%), and instability
(10, 14.3%). Most vessel disasters were sinkings (45, 64.3%), fol-
lowed by groundings (18, 25.7%). In seven other disasters (10.0%),
the vessels capsized, burned, or otherwise experienced severe
damage but remained afloat.

Most cases were federally documented (59, 84.3%). On average,
cases were 48’ in length (26-110’) and were built in 1973 (1927-
2011). At the time of disaster, vessels were a mean 40 years old
(1-84 years), with three vessels less than 10 years. Hull material
was most often fiberglass (29, 41.4%), steel (18, 25.7%), or wood
(16, 22.9%). Cases were nearly evenly distributed among the three
decal status categories. Twenty-four vessels (34.3%) had a valid
decal at the time of disaster, with an additional 22 (31.4%) operat-
ing with an expired decal.

Seventeen of the 67 cases that were >10 years old at the time of
disaster (25.4%) had a history of vessel casualties within the pre-
ceding 10 years. Of these, the most common initiating event for
disasters was running aground (7, 41.2%), followed by engine fail-
ure, fire, flooding, and instability, resulting in two disasters each.
Overall, the 17 cases reported 24 total casualties, ranging from
1-3 casualties per vessel. The leading prior casualty types were
grounding (8, 33.3%), loss of power (6, 25.0%), flooding (3, 12.5%),
and loss of steering (3, 12.5%). For five vessels, the initiating event
of the disaster was the same type as at least one of its prior casu-
alties: grounding (4) and fire (1).

3.1.3. Controls

In total, 210 controls were randomly selected. Controls were
predominantly federally documented (181, 86.2%). Vessels were a
mean 41’ in length (26-149’) and, on average, built in 1978. The
mean vessel age of controls based on inclusion year was 34 years
(0-94 years). Thirteen vessels were less than 10 years old. The
majority of controls were fiberglass (121, 57.6%) or aluminum
(45, 21.4%). Most controls had either a valid (84, 40.0%) or expired
(47, 22.4%) decal during their inclusion year.

Eighteen of the 197 controls that were >10 years old at the time
of inclusion (9.1%) reported 24 total casualties within the
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preceding 10-year period, with individual vessels reporting 1-3
casualties. The leading types of casualties among controls were
grounding (7, 29.2%), loss of propulsion (5, 20.8%), and collision
(5, 20.8%).

3.2. Predictors of disaster

In the unadjusted models, the significant predictors of disaster
were: having one or more casualties within 10 years (OR = 3.38;
95% Cl=1.62-7.04); vessel length of 50-78 (OR=2.70; 95%
Cl=1.43-5.10) or >79 (OR=3.47; 95% CI=1.11-10.86), and a
steel (OR=4.42; 95% CI=2.03-9.61) or wood hull (OR=2.47;
95% Cl=1.18-5.18) (Table 3). The multivariable model showed
that casualty history and steel hull remained significant. In addi-
tion, having an expired decal was significantly associated with
increased risk of disaster (OR=2.41; 95% Cl=1.09-5.30). Post-
regression diagnostic tests found no evidence for poor model fit
(Pearson x?=58.4; p=0253) or multicollinearity (Mean
VIF = 1.76).

4. Discussion

The Commercial Fishing Industry Vessel Safety Act (CFIVSA) of
1988 was the first U.S. legislation to establish safety standards
for the fishing industry (Hiscock, 2002). The regulations, imple-
mented in the early 1990s, require most fishing vessels to carry
survival equipment, such as personal flotation devices (PFDs),
immersion suits, life-rafts, throwable flotation devices, distress
signals, emergency position indicating radio beacons (EPIRBs),
and fire extinguishers (USCG, 2009). Access to this lifesaving
equipment resulted in increasing case-survivor rates for vessel
disasters in Alaska, from 78% in 1991-1993, to 92% in
1994-1996, to 94% in 1997-1999 (NIOSH, 2002), and research
has shown that immersion suit and life-raft use improves chances
of survival when immersed in cold water after fishing vessel sink-
ings (Lucas et al., 2018). While this is a remarkable improvement in
survivability, vessel disasters continue to occur and contribute to
the high rate of fatalities in the fishing industry (Lucas & Case,
2018). In addition to ensuring crewmembers have the skills and
equipment needed to survive, there is a clear need for prevention
of fishing vessel disasters altogether.

While other studies have described the more direct causes and
risk factors of fishing vessel disasters (Jin et al., 2002; Lincoln &
Lucas, 2010; Lucas & Case, 2018), this is the first to explore histor-
ical patterns of vessel safety problems that may be less directly
associated with the onset of disaster. The theory of man-made dis-
asters suggests that disasters are the result of failure of foresight;
that is, the inability to recognize and mitigate warning signs and
safety threats (Pidgeon & O’Leary, 2000; Turner, 1978; Turner &
Pidgeon, 1997). The theoretical framework for this study posited
that vessel casualties are safety threats that are often ignored, or
even considered successes through no loss of life or property. Ves-
sel casualties may not be merely mechanical failures; rather, they
may be indicative of breakdowns in the larger systems and
demands in place that affect decision-making. The findings support
our hypothesis and show an elevated risk of disaster when a vessel
has experienced casualties within a preceding 10-year period, even
after adjusting for a host of other factors. As vessel casualties
occurred in the disaster incubation period, competing demands
related to money, time, and compliance with regulations may have
led to a misinterpretation of, or increased tolerance for, risk. In
most cases, there was no apparent link between the prior casualty
type(s) and the initiating events of the vessel disaster (e.g., a prior
flooding issue is not fully resolved or repaired, resulting in progres-
sive flooding and sinking), lending more support to the theory that
these events often arise through decreasing safety margins rather
than more direct associations.

In a more immediate and practical sense, vessel owners and
operators should be cognizant of the association between casu-
alties and disasters, and work to establish a strong safety manage-
ment system on their vessels that emphasizes risk assessments
and preventive maintenance. Different strategies are needed to
address the variety of casualty types, such as fire, flooding, steering
failure, and loss of propulsion and power. For instance, fire preven-
tion includes inspecting and maintaining fuel lines and ventilation
systems, identifying leaks in hoses and piping systems, practicing
good housekeeping, and repairing electrical wiring that could serve
as potential ignition sources (USCG, 2006). Flooding prevention
includes in-depth inspection and maintenance of the vessel hull
and through-hull fittings, inspection and testing of high-water
alarms and bilge pumps before each trip, and stocking a damage
control kit (USCG, 2006). All vessel owners and operators should

Table 3
Factors associated with fishing vessel disasters.
Unadjusted OR (n =280%) 95% CI Adjusted OR (n = 264) 95% CI

10-Year Casualty History

No Casualties 1 - 1 -

One or More Casualties 3.38 1.62-7.04 2.98 1.29-6.89
Documentation

Federally Documented 1 - 1 -

State Registered 1.16 0.55-2.47 2.15 0.83-5.53
Fishing Vessel Safety Decal

Current 1 - 1 -

Expired 1.64 0.83-3.23 241 1.09-5.30

None 1.06 0.56-2.02 1.59 0.74-3.42
Age (years)

<25 1 - 1 -

>25 1.20 0.60-2.38 0.56 0.23-1.38
Length (feet)

<50 1 - 1 -

50-78 2.70 1.43-5.10 137 0.56-3.34

>79 3.47 1.11-10.86 1.23 0.28-5.54
Hull Material

Fiberglass 1 - 1 -

Aluminum 0.65 0.27-1.59 0.42 0.13-1.28

Steel 4.42 2.03-9.61 3.29 1.12-9.68

Wood 247 1.18-5.18 2.26 0.92-5.58

" Unadjusted models included all 280 vessels except for 10-year casualty history (n = 264), due to the exclusion of the vessels <10 years in that model.
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formalize a maintenance plan for their vessel and systems, and
adhere to the established maintenance schedule (NIOSH, 2016).
Being proactive, rather than reactive, improves vessel safety and
may reduce lost days at sea.

The concept of preventing vessel casualties, and thus disasters,
is not new. In the early 2000s, the Coast Guard determined that
some fishing vessels operating in the Bering Sea were also conduct-
ing processing activities but failed to meet the classification and
load line standards required for processing vessels (USCG, 2015).
The Coast Guard engaged industry members and used its regula-
tory authority to develop the Alternate Compliance and Safety
Agreement (ACSA) for some factory trawlers and freezer longliners
(USCG, 2015). This program includes specific safety standards that
participating vessels must comply with to conduct minimal pro-
cessing activities. ACSA focuses on primary prevention of vessel
disasters by addressing vessel stability, propulsion, vital piping
systems, fire prevention, and electrical generation machinery
(USCG, 2015). Lucas et al. (2014) conducted an evaluation of ACSA
and found that the rate of serious casualties decreased after vessels
complied with ACSA requirements.

More recently, the Coast Guard Authorization Act of 2010 and
the Coast Guard and Marine Transportation Act of 2012 included
a provision for the Coast Guard to develop an Alternative Safety
Compliance Program (ASCP) for commercial fishing vessels >50’
in length and >25 years of age (USCG, 2017). The ASCP was sus-
pended during development in lieu of a voluntary program (Volun-
tary Safety Initiatives and Good Marine Practices) (USCG, 2017).
However, like ACSA, the guidance includes prevention measures
involving firefighting equipment, machinery and electrical safety,
flooding control, stability standards, and material condition
(USCG, 2017). While our study did not find evidence of elevated
risk based on length or age after controlling for other factors, it is
likely that compliance with these guidelines would result in reduc-
tions in vessel casualties and disasters, similar to ACSA. Regardless
of whether the ASCP is revived in future rulemaking efforts, speci-
fic prevention programs should be developed to target high-risk
fleets and their safety problems, based on quantitative risk
assessments.

The findings of this study also support the Coast Guard’s
dockside examination program, as vessels with expired decals
had higher odds of disaster than those with current decals. The
dockside examination and safety decal are not equivalent to
vessel inspections and thus do not focus on the condition of
the vessel itself, but rather on the carriage and maintenance of
lifesaving equipment, and functionality of critical systems (e.g.,
navigation, communication, firefighting, alarms) (USCG, 2007).
However, the examinations provide an opportunity for Coast
Guard personnel to meet with fishing vessel owners, operators,
and crewmembers to educate them on fleet-specific risks and
good marine practices. The Coast Guard has found that, within
a given year, as dockside examination activity increases, vessel
losses decrease (USCG, 2006). Like vessel casualty history, decal
status could be a proxy for beliefs and behavior around safety
on fishing vessels.

Documentation status is a determining factor in which regula-
tions apply. There are additional requirements for documented
vessels operating beyond the boundary lines, which, according to
the regulations, “follow the trend of the seaward high-water shore-
lines and cross entrances to small bays, inlets, and rivers”
(Requirements for Commercial Fishing Industry Vessels, 1991).
These requirements include CPR and first aid training, emergency
drills, safety orientation, high water alarms, bilge pumps, and some
machinery guards (Requirements for Commercial Fishing Industry
Vessels, 1991). Our analysis did not reveal evidence to indicate any
difference in risk between federally documented and state regis-
tered vessels.

Vessels with steel hulls were more likely to experience a vessel
disaster than vessels with fiberglass hulls. It is possible that this find-
ing has little to do with the actual hull material and more to do with
different exposures typically experienced by vessels of various sizes
and configurations. For instance, steel vessels tend to be larger than
fiberglass vessels and fish farther off shore for longer periods of time,
often year-round. These exposures to more hazardous conditions for
longer duration may explain why steel hulled vessels were more
likely to experience vessel disasters than smaller fiberglass vessels
operating in protected waters during summer months. In this analy-
sis, it was not possible to control for differences in exposures
between vessels. Future research may find new ways to measure
and control for varying levels of exposure to hazards.

Aging of the fleet is a concern in the commercial fishing indus-
try. Vessels in the North Pacific fleet, for example, are 40 years old
on average, with many built in the 1970s (McDowell Group, 2016).
This is consistent with the age of vessels included in this study.
Increased vessel age was not found to be a significant risk factor
for disaster, but this is most likely because the age of cases and
controls were similar, with most vessels in both groups >25 years.
Therefore, we cannot rule out increased age as a risk factor. Newer
vessels may provide a host of benefits, including improved safety
by meeting the modern build standards for new construction
(McDowell Group, 2016). However, vessel replacement costs and
obtaining the financing for new builds may be a barrier, particu-
larly for vessel owners that are not associated with large seafood
companies (McDowell Group, 2016).

5. Conclusions

Vessel disasters are the leading cause of work-related fatalities
among commercial fishermen in the United States. Although the
likelihood of surviving these events has increased since the intro-
duction of safety standards in 1988, their continued occurrence is
a concern. This is the first study to identify vessel casualties as a
predictor of future disasters. Vessel casualties are just one of many
risks in commercial fishing vessel safety. Additional research
applying the man-made disaster theory and drift (toward failure)
should focus on identifying other threats and ways to explain
and control drift in the fishing industry. Efforts should be made
by the Coast Guard, marine safety trainers, and researchers to work
collaboratively with industry members to voluntarily enhance pre-
ventive policies and procedures onboard fishing vessels.

Several study limitations should be considered. As of this
writing, no historical data are readily available on all active fishing
vessels in the United States. Landings data are confidential on state
and federal levels, and federal documentation records were
determined to be an unreliable proxy for activity. Therefore,
only Alaskan vessels were included in this study, leaving the
generalizability of the findings outside of Alaska unknown. How-
ever, a joint project by NOAA Fisheries, the Coast Guard, and NIOSH
to consolidate and track active vessels in federal fisheries is under-
way. These vessel data may be used in future research. Further,
vessels were not included based on landings, which could mean
that some non-operational vessels were inadvertently included in
the population from which the controls were selected. The impact
of this was minimized by primarily using licensed vessels, which
better represent an intent to operate compared to vessel permits
that automatically renew. In addition, it is possible that vessel
casualties were underreported to the Coast Guard, particularly
in situations where the casualty was resolved at sea or when Coast
Guard assistance was not required. This could result in nondiffer-
ential misclassification of the 10-year casualty history. Lastly,
examining the role of vessel systems and characteristics is only
one component of understanding and preventing catastrophic
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disasters. Although vessel casualties may be indicative of other
failures, such as inadequate maintenance schedules or operating
in dangerous conditions, this study does not explicitly account
for or quantify other factors that may also contribute to disasters,
including fatigue, inattention, seasonality, weather, operating
region, fishery, or policies. Future safety research in the fishing
industry should explore these issues to determine to what extent
each contributes to adverse events. Because of the considerable
differences in how fishing operations are conducted, such research
should be specific to fisheries and regions to ensure that safety
solutions have the maximum effect as they are appropriately
tailored.

Acknowledgements

The authors thank Jennifer Lee for assisting with data collection for
the study.

Disclaimer

The findings and conclusions in this report are those of the
authors and do not necessarily represent the views of the National
Institute for Occupational Safety and Health.

Funding sources

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

References

Bureau of Labor Statistics (2018). Fatal occupational injuries, total hours worked,
and rates of fatal occupational injuries by selected worker characteristics,
occupations, and industries, civilian workers, 2017 [Data file] Retrieved from
https://www.bls.gov/iif/oshcfoil.htm#rates.

Dekker, S. (2011). Drift into failure. Farnham, Surrey: Ashgate.

Dekker, S., & Pruchnicki, S. (2014). Drifting into failure: Theorizing the dynamics of
disaster incubation. Theor Issues Ergon Sci, 15(6), 534-544.

Hiscock, R. C. (2002). Fishing vessel safety in the United States: The tragedy of
missed opportunities. In M. A. Woods Hole (Ed.), Paper presented at the
International Fishing Industry Safety and Health Conference.

Jin, D., Kite-Powell, H. L., Thunberg, E., Solow, A. R., & Talley, W. K. (2002). A model of
fishing vessel accident probability. Journal of Safety Research, 33, 497-510.
Lincoln, J. M., & Lucas, D. L. (2010). Occupational fatalities in the United States

commercial fishing industry, 2000-2009. Journal of Agromedicine, 15(4), 343-350.

Lucas, D. L., & Case, S. L. (2018). Work-related mortality in the US fishing industry
during 2000-2014: New findings based on improved workforce exposure
estimates. American Journal of Industrial Medicine, 61(1), 21-31.

Lucas, D. L, Case, S. L., Lincoln, J. M., & Watson, J. R. (2018). Factors associated with
crewmember survival of cold water immersion due to commercial fishing
vessel sinkings in Alaska. Safety Science, 101, 190-196.

Lucas, D. L, Kincl, L. D., Bovbjerg, V. E., Branscum, A. J., & Lincoln, ]J. M. (2014).
Primary prevention of fishing vessel disasters: Evaluation of a United States
Coast Guard policy intervention. Mar Policy, 50, 67-73.

McDowell Group. (2016). Modernization of the North Pacific fishing fleet: Economic
opportunity analysis [PDF file]. Prepared for Port of Seattle and Washington

Maritime Federation. Retrieved from https://www.portseattle.org/sites/
default/files/2018-03/Fleet%20Modernization%20Final%2011_11.pdf.

NIOSH. (2002). Surveillance and prevention of occupational injuries in Alaska: A
decade of progress, 1990-1999. OH: US Department of Health and Human
Services, Centers for Disease Control and Prevention, National Institute for
Occupational Safety and Health. DHHS (NIOSH) Publication No. 2002-15.

NIOSH. (2016). Assessment of safety in the Bering Sea/Aleutian Island crab fleet. By
Lucas D, Case S, Teske T, DeLeon A, Kloczko D. OH: US Department of Health and
Human Services, Centers for Disease Control and Prevention, National Institute
for Occupational Safety and Health. DHHS (NIOSH) Publication No. 2016-112.

NOAA. (n.d.). Federal Fisheries Permits [Date file]. Available from https://
alaskafisheries.noaa.gov/permits-licenses.

Notice of Marine Casualty, 46 CFR § 4.05-1 (1994, as most recently amended Mar.
19, 2018).

NTSB. (2016). Marine accident brief: Fire on board Fishing Vessel Northern Pride,
with Subsequent Capsizing (NTSB/MAB-16/12).

NTSB. (2017). Marine accident brief: Sinking of fishing vessel Kupreanof (NTSB/
MAB-16/23).

NTSB. (2018). Marine accident brief: Flooding and sinking of fishing vessel ambition
(NTSB/MAB-18/04).

Pidgeon, N., & O’Leary, M. (2000). Man-made disasters: Why technology and
organizations (sometimes) fail. Safety Science, 34(1-3), 15-30.

Registration of Fishing Vessels, AS 16.05.475 (2007).

Requirements for Commercial Fishing Industry Vessels, 46 CFR Part 28 (1991).

StataCorp. (2017). Stata Special Edition [computer software]. College Station:
StataCorp LLC.

State of Alaska. (n.d.). CFEC public search application: Vessels yearly download
[Data file]. Available from https://www.cfec.state.ak.us/plook/#downloads.

Terms and Conditions of Entry Permit; Annual Renewal, AS 16.43.150(d) (2007).

Turner, B. A. (1978). Man-made disasters. London: Wykeham Publications.

Turner, B. A., & Pidgeon, N. F. (1997). Man-made disasters (Second Edition). London:
Butterworth-Heinemann.

USCG (2006). Vessel maintenance can reduce vessel risk — United States Coast
Guard Fishing Vessel Safety Program, issue 6E [PDF File] Retrieved from http://
www.fishsafewest.info/PDFs/HQSafetyFlyers/6E-MaintenanceProblems.pdf.

USCG (2007). Dockside safety examinations - United States Coast Guard Fishing
Vessel Safety Program Flyer, issue 8E [PDF file] Retrieved from https://www.
dco.uscg.mil/Portals/9/DCO%20Documents/5p/CG-5PC/CG-CVC/CVC3/notice/
flyers/8E-Dockside_Exams.pdf.

USCG (2009). Federal requirements for commercial fishing industry vessels [PDF
file] Retrieved from https://www.fishsafe.info/FederalRequirementsCFV2009.
pdf.

USCG (2015). Guidance for the Alternate Compliance and Safety Agreement
Program (ACSA) [PDF file] Retrieved from http://www.fishsafewest.info/acsa/
ACSA_Guide_24Mar_2016.pdf.

USCG (2017). Voluntary safety initiatives and good marine practices for commercial
fishing industry vessels [PDF file] Retrieved from http://www.fishsafewest.info/
News/VoluntarySafetyInitiativesAndGoodMarinePractices.pdf.

Vessels Requiring Documentation, 46 CFR § 67.7 (1993, as most recently amended
Sept. 25, 2009).

Samantha L. Case is an epidemiologist at the National Institute for Occupational
Safety and Health (NIOSH), Western States Division in Anchorage, AK. She earned
her MPH from the University of Alaska Anchorage and is currently a PhD student in
Safety Sciences at Indiana University of Pennsylvania. She has worked with NIOSH
since 2014 to conduct research on safety and injury prevention in the US com-
mercial fishing industry.

Devin L. Lucas is an epidemiologist at the National Institute for Occupational
Safety and Health, Western States Division, Alaska Office. He has worked for
14 years on research applying epidemiologic methods to identify and charac-
terize occupational hazards in Alaskan industries and to develop, test, and pro-
mote injury prevention solutions. Dr. Lucas earned his PhD in public health from
Oregon State University.

Please cite this article as: S. L. Case and D. L. Lucas, Predicting commercial fishing vessel disasters through a novel application of the theory of man-made
disasters, Journal of Safety Research, https://doi.org/10.1016/j.js1.2020.07.005



https://www.bls.gov/iif/oshcfoi1.htm%23rates
http://refhub.elsevier.com/S0022-4375(20)30089-X/h0010
http://refhub.elsevier.com/S0022-4375(20)30089-X/h0015
http://refhub.elsevier.com/S0022-4375(20)30089-X/h0015
http://refhub.elsevier.com/S0022-4375(20)30089-X/h0020
http://refhub.elsevier.com/S0022-4375(20)30089-X/h0020
http://refhub.elsevier.com/S0022-4375(20)30089-X/h0020
http://refhub.elsevier.com/S0022-4375(20)30089-X/h0025
http://refhub.elsevier.com/S0022-4375(20)30089-X/h0025
http://refhub.elsevier.com/S0022-4375(20)30089-X/h0030
http://refhub.elsevier.com/S0022-4375(20)30089-X/h0030
http://refhub.elsevier.com/S0022-4375(20)30089-X/h0035
http://refhub.elsevier.com/S0022-4375(20)30089-X/h0035
http://refhub.elsevier.com/S0022-4375(20)30089-X/h0035
http://refhub.elsevier.com/S0022-4375(20)30089-X/h0040
http://refhub.elsevier.com/S0022-4375(20)30089-X/h0040
http://refhub.elsevier.com/S0022-4375(20)30089-X/h0040
http://refhub.elsevier.com/S0022-4375(20)30089-X/h0045
http://refhub.elsevier.com/S0022-4375(20)30089-X/h0045
http://refhub.elsevier.com/S0022-4375(20)30089-X/h0045
http://refhub.elsevier.com/S0022-4375(20)30089-X/h0090
http://refhub.elsevier.com/S0022-4375(20)30089-X/h0090
http://refhub.elsevier.com/S0022-4375(20)30089-X/h0105
http://refhub.elsevier.com/S0022-4375(20)30089-X/h0105
http://refhub.elsevier.com/S0022-4375(20)30089-X/h0120
http://refhub.elsevier.com/S0022-4375(20)30089-X/h0125
http://refhub.elsevier.com/S0022-4375(20)30089-X/h0125
http://www.fishsafewest.info/PDFs/HQSafetyFlyers/6E-MaintenanceProblems.pdf
http://www.fishsafewest.info/PDFs/HQSafetyFlyers/6E-MaintenanceProblems.pdf
https://www.dco.uscg.mil/Portals/9/DCO%2520Documents/5p/CG-5PC/CG-CVC/CVC3/notice/flyers/8E-Dockside_Exams.pdf
https://www.dco.uscg.mil/Portals/9/DCO%2520Documents/5p/CG-5PC/CG-CVC/CVC3/notice/flyers/8E-Dockside_Exams.pdf
https://www.dco.uscg.mil/Portals/9/DCO%2520Documents/5p/CG-5PC/CG-CVC/CVC3/notice/flyers/8E-Dockside_Exams.pdf
https://www.fishsafe.info/FederalRequirementsCFV2009.pdf
https://www.fishsafe.info/FederalRequirementsCFV2009.pdf
http://www.fishsafewest.info/acsa/ACSA_Guide_24Mar_2016.pdf
http://www.fishsafewest.info/acsa/ACSA_Guide_24Mar_2016.pdf
http://www.fishsafewest.info/News/VoluntarySafetyInitiativesAndGoodMarinePractices.pdf
http://www.fishsafewest.info/News/VoluntarySafetyInitiativesAndGoodMarinePractices.pdf
https://doi.org/10.1016/j.jsr.2020.07.005

	Lucas_Sep2013_Application of a translational research model to assess the progress  of occupational safety research in the international commercial  fishing industry
	Results and Discussion
	Table 5_Fatality Rates in Fishing Industry
	Table 6_Intervention Efficacy
	Conclusions and Recs

	Lucas_Mar2014_Evaluation of a United States Coast Guard policy intervention
	Introduction
	Material and methods
	Results
	Table 2: Casualty Type & Severity

	Discussion
	Limitations
	Conclusions

	NIOSH BSAI Crab Fleet Safety Assessment_April 2016
	Intro
	Results: Personnel Casualties
	Results: Vessel Casualties
	Safety Trends & Recommendations
	Figure 8: Rates of Vsl Casualties & nonfatal injuries by season
	Conclusion
	Appendix A: Recs for Reducing Hazards in BSAI Crab Fleet
	Appendix B: Injury Severity Scale
	Appendix C: Descriptions of Serious/Severe Injuries 2005-2013

	Lucas_2017_Work-related mortality in the US fishing industry during 2000-2014
	Results
	Table 1: Initiating events and causes invovled with fatal events 2000-2014
	Table 2: Causes and contributing factors to falls overboard 2000-2014
	Table 3: Types of fatal incidents in fishing regions 2000-2014
	Table 4: Commercial fishing fatality frequency rates by fleet 2000-2014
	Discussion

	Lucas_Sep2017_Factors associated with crewmember survival of cold water immersion due to commercial fishing vessel sinkings in Alaska
	Introduction
	Methods
	Results
	Characteristics of sinkings
	Characteristics of crewmembers
	Predictors of survival of cold water immersion
	Predictors of survival of long-term cold water immersion

	Discussion
	Conclusion

	Case_Jan2020_Predicting commercial fishing vessel disasters through a novel application of the theory of man-made disasters
	Methods
	Results
	Table 3: Factors Associated with F/V disasters

	Discussion
	Conclusions




