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ABSTRACT 

An estimation has been made of the number of accidents, 
the amount of damage, and losses to and of fishing vessels 
caused by marine debris, based on data available from the 
insurance covering fishing vessels. Such accidents, damage, 
and losses caused by debris in the sea include those resulting 
from collision with drifting objects, entanglement of floating 
objects in the propeller blades, and clogging of the water 
intake €or the engine cooling system. According to insurance 
statistics, losses attributed to the above-mentioned causes 
were Y4.4 billion in 1985, whereas the losses and damage 
sustained by all the fishing vessels of <1,000 gross tons in 
Japan are estimated at Y6.6 billion per year. 

INTRODUCTION 

Since ancient times, many different kinds of objects drifting in the 
sea have endangered ships. 
usually made up such driftage. 
discarded plastic materials have emerged. 
lost or discarded fishing nets and ropes becoming entangled in propeller 
blades, and the overheating of engines resulting from plastic debris 
clogging the water intake of an engine cooling system have been reported. 

In the past, drifting wood and blocks of ice 
More recently new kinds of debris including 

Accidents and trouble caused by 

However, there are very limited statistical data available showing the 
number of vessels damaged by marine debris and the magnitude of the damage 
and losses. The reason for this lies in the fact that there are few 
systems for collecting such statistical data. On the other hand, at least 
part of such damage is covered by insurance, and by analyzing insurance- 
related data, it is possible to obtain approximate figures on the number of 
cases and the amount of damage. 

In Japan, there is an insurance system for fishing vessels of 1,000 
gross tons (GT) based on the Compensation Law Concerning Damages, etc., to 
Fishing Vessels. Established for the purpose of stabilizing the fishing 
industry which, is said to be subject to a great many dangers, this system 
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operates with a subsidy from the central government. 
fishing vessels of <1,000 GT are covered by this insurance system. 

As many as 60% of all 

This insurance covers a wide range of damage to fishing vessels 
including damage such as sinking and fire, damage to the cargo including 
fish caught and stored on board, and loss of life of the crew. Also 
covered by the insurance are accidents resulting from marine debris. 

This report illustrates the accidents and trouble sustained by fishing 
vessels in Japan as documented by a nationwide organization handling damage 
insurance (the Fishing Vessel Insurance Center, which is principally in 
charge of management of the insurance system) and estimates the magnitude 
of the losses and damage as well. 

METHODS 

The statistical data used in this report have come from two published 
reports relating to the damage to fishing vessels owing to accidents: 
Statistics of Fishing Vessel Insurance (hereinafter called the Insurance 
Statistics) and Report of Special Analyses on Accidents of Fishing Vessels 
Insured (hereinafter called the Special Report), The Insurance Statistics 
is issued annually, and the Special Report was compiled based on a detailed 
analysis of 1985 insurance data. 

In the tables of the Insurance Statistics, damages sustained are 
classified according to those caused by bad weather such as heavy wind and 
rough seas, those caused by engine trouble such as a faulty lubrication 
system, those caused by human error in operating the ship and machines, 
those caused by drifting objects (this category is ambiguous but considered 
to be collision with drifting objects other than ice blocks), and those 
caused by foreign material tangled in the propellers. The cases to be 
discussed in this report will relate to damage caused by driftage, 
entanglement of foreign material in the propellers, and engine trouble 
resulting from trouble with the water cooling system. 

Using the Special Report, more detailed analysis was possible. 
Accidents or trouble caused by drifting objects were classified into three 
categories: collision, cooling system trouble, and entanglement. As for 
the accidents or trouble with the cooling system, data indicating 
particular damaged points were also provided. As regards damage caused by 
drifting objects, the details given are those prepared especially for this 
report, obtained by reprocessing the original computer master tape used for 
the Special Report. 

RESULTS 

Fishing Vessel Insurance Statistics 

Listed in Table 1 are the number of fishing vessels insured, the 
number of fishing vessels registered with the Fisheries Agency, the 
Government of Japan, and the percentage of insured fishing vessels (number 
of insured fishing vessels and number of registered fishing vessels). In 
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Table 1.--Number of fishing vessels registered, the number 
insured, and the ratio of vessels insured to total number of 
vessels (by gross tons (GT) and year) (Fishing Vessel Insurance 
Center 1985; Fisheries Agency of Japan 1975, 1982, 1983, 1984, 
1985, 1986). 

Vessels (GT) 1975 1982 1983 1984 1985 1986 

<5 
5-20 
10-50 
50- 100 
100-1,000 

Total 

Number of fishing vessels registered (1) 

<5 316,683 363,875 364,620 365,207 364,197 
5-20 19,397 28,038 28,216 28,304 28,343 
10-50 2,555 1,574 1,436 1,361 1,243 
50- 100 4,022 3,640 3,523 3,372 3,016 
100-1,000 3,223 3,312 3,325 3,302 3,272 

Total 345,880 400,439 401,120 401,546 400,071 

Number of fishing vessels insured (2) 

167,700 196,287 198,343 202,009 205,744 
16,592 24,396 24,411 24,495 24,473 

3,580 3,049 2,860 2,651 2,441 
2,371 2,498 2,527 2,530 2,527 

192,161 227,430 229,261 232,736 236,142 

1,918 1,200 1,120 1,051 957 

Ratio of vessels insured to total vessels (2)/(1) 

<5 0.530 0.539 0.544 0.553 0.565 
5-20 0.855 0.870 0.865 0.865 0.863 

0.780 0.772 0.770 10-50 0.751 0.782 
50- 100 0.890 0.838 0.812 0.786 0.809 
100-1,000 0.736 0.754 0.760 0.766 0.772 

0.572 0.580 0.590 Total 0.556 0.568 

361,838 
28,488 
1,105 
2,764 
3,222 

397,417 

210,628 
25,205 

8 84 
2,340 
2,506 

241,563 

0.582 
0.885 
0.800 
0.847 
0.778 

0.608 

1986, of the vessels smaller than 5 GT, >200,000 units were insured, or 58% 
of all the registered fishing vessels of that size group. (All fishing 
vessels in Japan must be registered when they are built.) The percentage 
of insured fishing vessels of 5 GT and greater is as high as about 80%, 
even though the total number of such ships is much smaller than the number 
of ships of <5 GT. 

Figure 1-1 and Figure 2 show the frequency of accidents and the 
average amount of damage per accident, respectively, for the driftage, 
floating ice blocks, entanglement of the propeller blades, and trouble with 
the engine cooling system based on the Insurance Statistics. 
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(number of 
accidents/number of vessels insured) by type of accident. 
(Source: Statistics of fishing vessel insurance. Fisheries 
Agency of Japan.) 

<5 CT 5-20 CT 20-50 GT 50-100 GT 100-1,000 CT 
Frequency @ 0 

0.05 ..................................................................................................................................... I 
0.0451 ........................................................................................................................ 

Figure 1-2.--Change in frequency of accidents caused by drifting 
ice blocks by size class of vessel. (GT - gross tons). (Source: 
Statistics of fishing vessel insurance. Fisheries Agency of Japan.) 
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<5 GT 5-20 GT 20-50 GT 50-100 GT 100-1,000 GT 
Frequency El a !El 0 

Figure 1-3.--Change in frequency of accidents or trouble with 
engine cooling system by size class of vessel (GT - gross tons). 
(Source: Statistics of fishing vessel insurance. Fisheries 
Agency of Japan. ) 

<5 GT 5-20 GT 20-50 GT 50-100 GT 100-1.000 GT 
Frequency a N 0 

0.2 

1 9 7 5  1 9 8 2  1 9 8 3  1 9 8 4  1 9 8 5  1 9 8 6  

Figure 1-4.--Change in frequency of accidents caused by floating 
objects by size class of vessel (GT - gross tons). 
Statistics of fishing vessel insurance. 

(Source: 
Fisheries Agency of Japan.) 



797 

Figure 1-5.--Change in frequency of accidents caused 
by entanglement by size class of vessel (GT - gross 
tons). (Source: Statistics of fishing vessel insurance. 
Fisheries Agency of Japan.) 
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Figure 2.--Change in average cost of damage per accident by type of 
accident. 
shown in this figure has been divided by 10. 
special analysis on accidents of fishing vessels insured. 

Because the drifting ice category is so large, the cost 

Fishing 
(Source: Report of 

Vessel Insurance Center.) 
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The damage to the engine cooling system has a variety of causes 
including plastic bags. 
collision with objects floating in the sea, as described later. Damage by 
"entanglement" of fishing net and ropes in the propeller blades includes 
damage done not only by lost or discarded objects but also by fishing nets 
in actual use. 

Damage by "drifting objects" has resulted from 

Except for damage done by "drifting objects," it was impossible to 
isolate the damage caused by only marine debris using the Insurance 
Statistics. These are, however, the only data available which enable us to 
review a historical change in accidents, and therefore, marine debris as a 
cause of the change is inferred by their use. 
accidents (number of accidents per number of fishing vessels insured)] 
"drifting objects" is highest at about 10% (number of accident per number 
of insured vessels), which is more than twice the frequency attributable to 
other causes (Fig. 1-1). Conversely, the frequency of accidents is very 
low when it comes to the damage done by "floating ice," since such damage 
is limited to specific seasons and to specific areas of the sea. 
frequency of accidents resulting from all categories shown has remained 
stable in the past 5 years. 
by drifting objects, this frequency is about 40% higher than it was in 
1975, a percentage that has remained stable for the past 5 years. 

In terms of frequency of 

The 

However, with regard to the accidents caused 

Looking at the average cost per accident by type, "floating ice" 
stands out at 41 million or more suggesting that whereas its frequency 
of occurrence is low, the cost caused damage can be very great (Fig. 2 ) .  
In contrast, accidents caused by drifting objects and entanglement in the 
propellers are low in cost, averaging around 4100,000 per case. 

With regard to differences in the frequency of accidents by size of 
fishing vessels, the frequency of "floating ice" is high in the case of 
ships of 100 GT or more, and is quite low with those of <5 GT. This is a 
natural consequence, because small ships rarely operate in a sea filled 
with drifting ice blocks during winter months (Fig. 1-2). 

The frequency of accidents associated with the engine cooling system 
is highest for fishing vessels of 5-20 GT, next highest for those in the 
20-100 GT class, and lowest for those of <5 GT. In any of these groups, 
the frequency of accidents tends to decline slightly over time (Fig. 1-3). 
The frequency of accidents caused by "floating objects," is highest with 
ships of 5 to 20 GT, followed by those of <5 GT and those 20 through 50 GT. 
It is the lowest with ships of 50 GT or larger. In most of those brackets, 
the frequency of accidents remains nearly the same. For vessels smaller 
than 5 GT, the frequency of accidents increased by 60% during the period 
from 1975 to 1982, and stabilized thereafter (Fig. 1-4). 

In the entanglement of foreign materials in the propellers, too, the 
frequency is highest with vessels of 5 to 20 GT, followed by those <5 GT, 
20 to SO GT, and 50 to 100 GT. 
larger. In terms of changes in frequency with time, ships in the of 20 to 
50 GT and 50 to 100 GT classes are gradually increasing in number, whereas 
the frequency in the other brackets has remained stable (Fig. 1-5). 

It is lowest with ships of 100 GT or 



799 

Special Report on Accidents of Insured Fishing Vessels 

The purpose of the Special Report was to produce a detailed analysis 
based on data provided by the fishing vessel insurance. In order to do s o ,  
statements requesting payment were reprocessed to be collectively indicated 
on the form appearing in Figure 3. 
are classified (e.g., collision, fire, grounding, entanglement, engine 
trouble) as are the causes of the accidents (e.g., floating ice, drifting 
objects, inadequate watch), and by combining these categories, it is 
possible to determine the number of accidents of different kinds that were 
caused by floating objects and the cost as well. 
the engine cooling system is broken down into trouble resulting from 
plastic debris and that caused by other factors. 

On this form, the types of accidents 

On the form, trouble with 

Accidents Caused by Floating Objects 

Itemized in Table 2 by size of fishing vessel are the number of 
accidents classified by types of accidents caused by driftage and the 
amount of damage expressed in terms of money. 
frequency of accidents (the number of accidents divided by the number of 
insured fishing vessels) by type of accident and the average amount of 
damage per accident, respectively. 

Figures 4 and 5 show the 

In 1985, there were a total of 32 ,8484  accidents resulting from 
drifting objects. There were 22,605 cases (69%) caused by collision, 5,809 
cases (18%) with engine-related troubles, and 4,287 cases (13%) associated 
with entanglement. 
any such classification (Table 2 ) .  

One hundred and forty-seven cases did not fall under 

The cost of damage totaled 44.4 billion. It is said, in general, 
that the average such cost goes up as the size of the ship becomes larger. 
With ships <20 GT, the cost associated with engine trouble is the highest, 
and in the case of larger ships, the cost resulting from collision is the 
highest (Fig. 5). 

In all size categories, accident frequencies are highest for those 
caused by collision, whereas the frequencies are lowest for engine trouble 
in all but the smallest ship size bracket. 
category is highest in all types of accidents, whereas the frequency is low 
for size brackets of 50 GT or more, except for entanglement of foreign 
material in the propellers. The frequency of such entanglement is 
relatively high for 50 to 100 GT vessels, and low for those of <5 GT 
(Fig. 4). 

The frequency for the 5-20 GT 

Comparison of Accidents Caused by Marine 
Debris With Those of Other Causes 

Figure 6 shows accidents caused by floating objects as a percentage of 
all accidents, by type of accident. 
include entanglement with the fishing gears in actual use in the category 
of entanglement, and collision with submerged rocks in the category of 
collision. Collision as referred to here does not include ship-to-ship 
collision or grounding. 

The causes other than the driftage 
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1 (3) C A U S E  OF EXCINE DAXAGE I 

(3) Cause 
of engine damage (1) Type of accident (2)  Main cause of accident 

Collision with ships 
Collision with ice 
blocks 

Collision with others 
Grounding 
Capsizing 
Fire 
Missing 
Sinking 
Water intrusion 
Damage by rough sea 
Entanglement 
Exp 10s ion 
Theft 
Damage by lightning 
Engine trouble 
Machine trouble 
Other 

Typhoon 
Other weather phenomenon 
Inadequate watch 
Autopilot system 
Floating ice 
Floating objects other 
than ice 

Careless handling of fire 
Improper ship maintenance 
Improper machine 
maintenance 

Intentional damage 
by others 

Improper ship mooring 
Improper fishing operation 
Improper ship operation 
Improper machine operation 
Other 

Insufficient cooling 
resulting from 
clogging with 
plastic film. 

Insufficient cooling 
from other causes. 

Insufficient oil or 
deteriorated oil. 

Overload. 
Breakage of crank pin 

Dropping of outboard 

Other. 

or bolt. 

engine. 

Figure 3.--Compilation form for the Special Report. 
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4 GT 5-20 GT 20-50 GT 50-100 GT 1OO-1,OOO GT 
Frequency 4 @ 0 

................................................................ 

........................................................................................................... 

........................ ............................................................... 

................. ................. 

Collis f on Entanglement engine trouble 

Figure 4.--Frequency of accidents caused by floating objects by 
type of accident and by size class of vessel (GT = gross tons). 
(Source: Report of special analysis on accidents of fishing 
vessels insured. Fishing Vessel Insurance Center.) 

mousand <5 GT 5-20 GT 20-50 GT 50-100 GT 100-1,000 GT 
I 0 Q U 

collision entanglement engine trouble 
Figure 5.--Average cost of damage per accident caused by floating 
objects by type of accident and by size class of vessel (GT - gross 
tons). (Source: Report of special analysis on accidents of fishing 
vessels insured. Fishing Vessel Insurance Center.) 
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Collision Entanglement Engine trouble 
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<5 GT 5-20 GT 20-50 GT 50-100 GT 100-1,000 GTAverage 

Figure 6.--Percentage of the number of accidents caused by float- 
ing objects in relation to total number, by type of accident, and 
by size class of vessel (GT - gross tons). (Source: Report of 
special analysis on accidents of fishing vessels insured. 
Vessel Insurance Center.) 

Fishing 

Percentagewise, engine trouble caused by floating objects is low on 
the whole, and the percentage decreases in reverse proportion to the size 
of ships. 

For vessels <50 GT, the percentage of entanglement trouble caused by 
driftage increases with vessel size, but with the vessels >SO GT, the 
percentage tends to decrease. 

In cases of collision, the percentage is the highest for vessels in 
the 5 to 20 GT category, and decreases as vessel size becomes larger. 

It may be generalized that the percentage of damages attributable to 
drifting objects is lower in reverse proportion to the size of ships 
(Fig. 6). 
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Accidents or Trouble With the Engine Cooling System 

The Special Report gives statistical data detailing the number of 
accidents or engine trouble and the amount (in yen) of damage resulting 
from improper engine cooling caused by plastic debris clogging the cooling 
water intake. 

In 1985, there were 2,576 accidents with damage to engine cooling 
systems caused by plastic debris, which were covered by insurance. 
cost of damages totaled 4614 million. 
the average cost per accident causing damages to the engines are shown in 
Figures 7 and 8 ,  respectively. In those figures, causes of damage to the 
cooling system by other than plastic debris are added for reference. The 
frequency of accidents caused by plastic debris is lower for fishing 
vessels of larger size with the exception of those <5 GT. 
damage, on the other hand, increases with large ships. 

The 
The frequency of accidents and 

The average 

There is slightly more engine trouble caused by factors other than 

The specific cause of these other accidents is not 
The cost per accident is nearly equal to or somewhat lower than 

According to Usui of the Fishing Vessel 

plastic debris than trouble attributable to plastic debris, by size group 
of fishing vessels. 
known. 
that caused by plastic debris. 
Insurance Center, who compiled the Special Report trouble with the cooling 
water systems occurs frequently as a result of clogging of the inlet ports 
for cooling water with drifting objects such as wood or grass. Since the 
average cost per accident is nearly the same, it is conceivable that 
accidents caused by other than plastic debris are similar to those caused 
by plastics. This seems to support Usui's statement. 

Figure 9 shows the locations of main damage to the engines caused by a 
deficiency of the cooling system, which in turn was caused by plastic 
debris, as clarified in the Special Report. 
accounted for 57%; cylinder liners, 19%; and pistons, 14%. 

The damages to cylinder heads 

DISCUSSION 

The data of the Special Report differ somewhat from the Insurance 
Statistics for 1988. According to the Insurance Statistics, the number of 
insured vessels is 236,142, whereas the number given in the Special Report 
is 245,826, greater than the former by 9,700 ships or 4%. This difference 
is mostly in small ships, and therefore does not seem to adversely affect a 
comparison between the two sets of data. 

As shown in Figure 10, in comparing the frequencies of accidents 
caused by collision with floating objects (category "floating objects" from 
the Insurance Statistics and "collision with floating objects" from the 
Special Report), they were found nearly the same in all ship size brackets. 

The frequency of "entanglement" accidents given in the Insurance 
Statistics coincides well with the frequency of "entanglement" accidents in 
the Special Report. The frequency of "floating debris-related 
entanglement" in the Special Report is much lower when compared to the 
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Plastic debris Other factors m 

<5 GT 5 - 2 0  GT 20-50 ~ ' r  50-100 GT 100-1.000 GT Average 

Figure 7.--Frequency of accidents of engine trouble caused by 
plastic debris and other factors by size class of vessel. (Source: 
Report of special analysis on accidents of fishing vessels insured. 
Fishing Vessel Insurance Center.) 

Thousand Plastic debris Other factors 

1400, . _  ........ .. . .  __.............._..._. ................................... ................................ .. ........... 
Yen a 

<5CT 5-20 G'r 20-50 GT 50-100 GT 100-1,000 CT 

Figure 8.--Average cost per accident of engine trouble caused by 
plastic debris and other factors by size class of vessel. (Source: 
Report of special analysis on accidents of fishing vessels insured. 
Fishing Vessel Insurance Center.) 
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other two (Fig. 11). Because of this, "drifting objects" in Figure 1-1 
represents changes in frequency of collisions with objects drifting in the 
sea, and "entanglementn in the same figure includes those accidents caused 
by other than floating debris, as previously stated. Further, Figure 11 
shows that the percentage of entanglement accidents caused by other than 
floating debris becomes lower as the vessels become larger, when compared 
to entanglement accidents caused by floating debris. This is understand- 
able, because human activities including fishing are much higher in the 
coastal areas than farther offshore and opportunities of encountering moor- 
ing ropes or fishing nets in actual use are greater in coastal waters. The 
density of marine debris distribution also lessens in the offshore waters. 

The Special Report indicates that the frequencies of all three types 
of accidents (collision, entanglement, and engine trouble) show the same 
tendency, becoming lower as the vessel size become larger with the 
exception of vessels of <5 GT (Fig. 4). Such results are understandable, 
because the distribution density of drifting objects is high in the coastal 
waters in general, and small ships tend to operate in the vicinity of the 
coast. Several reasons can be conceived for the low frequency of accidents 
involving ships <5 GT. These are: 

Many boats with outboard engines are included in this 
category and their engine and water intake are easy to 
monitor, making it easier to detect the start of trouble such 
as trouble with the cooling system. 

0 Small vessels rarely operate at night. 

e Small vessels are easier to monitor adequately than larger 
vessels. 

According to the Special Report, the amounts of damages covered by 
insurance and resulting from collision, entanglement, engine trouble, and 
other accidents associated with objects floating in the sea were 42,659 
million, W 3 7  million, Y1,262 million, and Y76 million, respectively, for 
a total of %4,435 million. 
vessels in 1985 is estimated to be 46,608 million, a figure determined 
by extrapolation using ratios of the number of insured ships to the number 
of fishing vessels that were registered, by size (tonnage). 

The total amount of such damage for all 

The estimated figure, however, is considered to be an overestimation. 
It is unrealistic to think that all the fishing vessels registered actually 
operated in that year. (Some are not in use any more and have not yet been 
removed from the register.) 
number of fishing vessels that did operate during 1985. Furthermore, the 
statistical data used may have some problems in their characteristics since 
they were not prepared for this type of analysis, but they are considered 
to be pretty reliable. 
somewhere between y4.4 billion and 46.6 billion. 
that it calls for some review to determine its appropriateness. The total 
fishery production in 1985 by fishery management units with vessels of 

However, there are no statistics covering the 

The actual size of the damage is thought to be 
Such an amount is so huge 
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0 Cylinder head (57%) 
piston (14%) 

0 Cylinder liner (19%) 
Exhaust pipe (2%)  

0 Other (8%) 

Figure 9.--Engine part which is reported as damaged most severely 
in an accident of engine trouble caused by plastic debris. (Source: 
Report of special analysis on accidents of fishing vessels insured. 
Fishing Vessel Insurance Center.) 

"Floating objects' from the Insurance Stat i s t ics  

'Collioion with floating objects" from the Special Report 

Frequency 

................................................................... ................................................................ 

...................................................................................... 

........................................................... 

c5 CT 5 - 2 0  CT 20-50 GI 50-100 CT 100-1.000 

Figure 10.--Comparison of frequencies of accidents caused by 
"floating objects" from the Insurance Statistics, and "collision 
with floating objects" from the Special Report. (Source: Report 
of special analysis on accidents of fishing vessels insured. 
Fishing Vessel Insurance Center.) 
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1 Report 

Report 

<5 GT 5-20 GT 20-50 GT 50-100 GT 100-1,000 GT 

Figure 11.--Comparison of frequency of entanglement accidents. 
(Source: Report of special analysis on accidents of fishing vessels 
insured. Fishing Vessel Insurance Center. Statistics of fishing 
vessel insurance. Fisheries Agency of Japan.) 

<1,000 GT was 42,165 billion. 
ing business in general is roughly 90% of the sales, and the total output 
is 41,949 billion, therefore damages costing Y6.6 million, or 0.3% of the 
above-mentioned figure, do not seem to be unrealistic. It is, however, 
based solely on the available statistical data. 
of the system used in the operation of the insurance, including confirming 
of the accidents. 
dent reports. I invite comments and opinions from those involved in the 
Japanese fishing vessel insurance system. 

Realizing that the cost of running the fish- 

No study has yet been made 

Also, no study has been made of the available ship acci- 
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