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Fig. 1-1.  Amount of fish catch by small trawl fishery (thick line) and whole fishery (thin
line) in recent 11 years in Japan (data from the statistics of fishery and

aquaculture production 2011, Ministry of Agriculture, Forestry and Fisheries).
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Fig. 1-3.  Number of fishermen of small trawl fishery (thick line) and whole fishery (thin
line) (data from the 5-11th fishery census, Ministry of Agriculture, Forestry and

Fisheries).
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Fig. 1-4.  Number of fishermen in selected countries and territories (data from the state

of world fisheries and aquaculture 2012, FAO).
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Fig. 1-5.
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c. Ratio of aged persons

Comparison between number of fishermen (a) and population (b) in Japan, and
ratio of aged fishermen and population (c). In this figure, aged fishermen or
population means the persons of 65 years old or more, and workable population
means the persons of 15 years or more (data from the 5-12th fishery cencus,
Ministry of Agriculture, Forestry and Fisheries, and the labour force survey 2012,

Statistics Bureau, Ministry of Internal Affair and Communications).
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Table 2-1. Profile data of the surveyed fishing boats.

Case (city or tov?ri]t,i)refecture) Type of fishing toGnrr?;;e ’:)l? rc]:svevr crAeg\;; ir: ggia?jfe
A Ohda, Shimane Danish seine 10 6 20s-40s
B Imabari, Ehime beam trawl 49 1 70s
C Hatsukaichi, Hiroshima beam trawl 49 3 60s-70s
D Kuwana, Mie dredge 49 1(4%) 40s
E Kishiwada, Osaka dredge 9.7 3 10s-50s
F Choshi, Chiba otter trawl 9.92 3 20-60s
G Suzuka, Mie otter trawl 9.19 2 70s
H Minami-chita, Aichi otter trawl 139 3 40s-70s

* Three workers joined in the shellfish sorting task on wharf.
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Table 2-2. Classifications of operations and tasks.
Operation Task Classified movement(s)

Net casting Net casting cast cod-end, attach or cast net opening gear(s),
operate winch(es)

Net hauling Net hauling operate winch(es), detach or recover net opening gear(s),
arrange hauling position(s) of warp(s) and net on winch(es),
recover cod-end(s)

Fish unloading take fishes out from cod-end(s)
Fish sorting Fish transport transport fishes to the place of fish sorting
Fish sorting separate fishes from non-target organisms and other abiosis
sort fishes based on sizes or grades
Fish storing Fish transport transport sorted fishes to the place of fish storing

Fish storing

store fishes into fish hold(s), tank(s), or other container(s)
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Table 2-3.  Action categories used to judge the physical load of the work posture
by the OWAS method (based on Kant et al. “9).

Action category harmfulness of work posture

AC1 normal posture: NO ACTIONS REQUIRED;

the load of the posture is slightly harmful:

AC2
actions to change the posture should be taken IN THE NEAR FUTURE;
AC3 the load of the posture is distinctly harmful:
actions to change the posture should be taken AS SOON AS POSSIBLE;
the load of the posture is extremely harmful:
AC4

actions to change the posture should be taken IMMEDIATELY.
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Table 2-5.  Results of work posture analysis by means of OWAS method in other studies.

Type of industry (work) Frequency of action category (%) numb?rgf
sample
task ACT AC2 AC3 AC4  postures

Fishery (boat seine fishery) ™

Net hauling 37 31 31 0 83
Net arranging 17 39 45 0 65
Fish sorting & storing 35 43 22 0 229
Fish transport to carrier boat 26 18 51 5 129
Fish landing 57 40 3 0 30
Agriculture (transplant of lettuce seeding) *
manual operation 0-7 31-54 46-62 0-0 -
manual operation on handcart 20-29 71-80 0-0 0-0 -
machine operation on handcart 91-96 1-7 1-3 0-0 -
Agriculture (harvest of Igusa,material of Tatami) "3
farmers using new machines
Harvesting 65-69 27-29 4-6 3,285
Dyeing 67-72 22-28 2-5 593
Storing 39-47  33-45 8-28 226
farmers using old machines
Harvesting 24-56 38-50 6-26 1,609
Dyeing 41-45 23-39 17-35 530
Storing 23-30 20-46 24 -57 80
Manufacturing industry ™
Cutting steel plate 76-84 13-19 3-4 1-1 22,451
Packing 68 26 6 1 10,087
Shipping (Crane operation) 63 37 0 0 11,428
Building industry *
Roof boarding 99 1 69
Concrete form preparation 91 9 187
Clamping support braces 94 6 17
Assembling roof frame 92 8 67
Roof joisting 88 12 177
Fork clamp fixing 98 2 46

‘1 Kato et al. (2003) 22 2 Kadokawa et al. (2005) 47 3 Ohmori et al. (1997) 4849
*4Yamamoto et al. (2004) 9 > Mattila et al. (1993) >V
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Case A. Ohda, Shimane Case B. Imabari, Ehime

o

Vi v |
e

7 VYN W

p = ; X

Fig.2-1. Appearance of each surveyed fishing boat.
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Case A. Ohda, Shimane

Fish box  Fishhold  Fish pool  Sideroler  Warp arranger
bow
-

aren
L

Guideroler ~ Nethauler  Derrick Video recorder Awning

I GO N

“\ Br:ld

Case B. Imabari, Ehime

Fish hold Net winch Basket
bow
o i o =
aam =
Bridge
o A2>
=17 Ol O /
Beam Video recorder Derrick

Case C. Hatsukaichi, Hiroshima

Fish hold Net winch Derrick Beam

| [

Storage container  Video recorder Basket  Awning

Fig. 2-2.  Schematic drawing of the deck arrangement of each surveyed fishing boat,

and approximate observed area.
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Case D. Kuwana, Mie

Basket  Dredge Video recorder Rope winch

I

Steering lever

Side roler Anchor

Case E. Kishiwada, Osaka
‘\ 1§
Yaridashi ——  \
(boom for net towing)
Fish hold  Video recorder Wir7 reel }kfor/net hauling Steering gear

Dredge net

\

)
1§

Aeration tank

Awning Fish storage container Basket Sorting table and chair Video recorder

Case F. Choshi, Chiba

Fish hold Warp winch Net winch Otter board

bow
e

Basket & tub  Video recorder  Derrick Sorting table & chair

Fig. 2-2.  Schematic drawing of the deck arrangement of each surveyed fishing boat,

and approximate observed area (continued).
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Case G. Suzuka, Mie

Fish hold Net winch Otter board
bow
o =7
ridge fl
(el
dls 5} i o

Basket & tub Guide slide Video recorder Aeration tank

Case H. Minami-chita, Aichi

Fish hold Video recorder Awning Net winch Video recorder

-

Bridge

Basket & tub Otter board

Fig. 2-2.  Schematic drawing of the deck arrangement of each surveyed fishing boat,

and approximate observed area (continued).
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@ waterproof

waterproof composite cable

CCD camera max. length 10m

Fujitsu General
CJ-422NB2G

a N

Video
Ni-MH recorder
battery Sun Mechatronics
PACO Electronics BA-PN50
Industry I
DH-100
DC/DC
converter
Eta Electronics
Industry
SVMO05SC12

- J

waterproof housing

Pelican Products
Pelican 1400 case

Fig. 2-3.  Typical configuration of video recording device used in the surveys.
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BACK

(1) (2) 3) j (4)
straight bent straight and bent and
twisted twisted
UPPER LIMBS
(1) 2 (3)
both limbs on one limbs on both limbs on
or below or above or above
shoulder level | shoulder level | shoulder level
LOWER LIMBS
1) (2) (3) (4)

loading on both
limbs, straight

loading on one
limbs, straight

loading on both
limbs, bent

loading on one
limbs, bent

®)

)

loading on one
limbs, kneeing

body is moved
by the limbs

both limbs
hanging free

Fig. 2-4.  Categorized work postures used in the OWAS method

(based on Karhu et al. *).
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Case A. Ohda, Shimane

¢

ded)

cast buoy

b. Net hauling

recover net

c. Fish sorting & storing

(=

spoon up fish on fish box sort fish in kneeling position store fish in fish hold

/

Fig. 2-5. Examples of the observed tasks in case A (Ohda, Shimane).

Red arrows show the positions of crew concerned.
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Case B. Imabari, Ehime

a. Net casting

q‘urer (deck) o

cast cod-end tie beam on net (portside) tie beam on net (starboard)

b. Net hauling

~ -
recover beam hang up cod-end recover cod-end

c. Fish sorting & storing

iy —
sort fish precisely

/eck)
store fish into fish hold

Fig. 2-6. Examples of the observed tasks in case B (Imabari, Ehime).
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Case C. Hatsukaichi, Hiroshima

a. Net casting

cast cod-end tie beam on net

b. Net hauling

oo (quarter dedd)
recover beam hung up cod-end recover cod-end

c. Fish sorting

ComdBd . !
sort fish collect fish in basket and wash

d. Fish storing

store fish in cooler-box

Fig.2-7. Examples of the observed tasks in case C (Hatsukaichi, Hiroshima).

Red arrows show the positions of crew concerned.
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Case D. Kuwana, Mie

a. Net casting

deek)

cast anchor and buoy cast dredges cast cod-ends

b. Net hauling
X TR

Haul up dredgs fix dredges on bulwark

c. Shellfish sorting on deck
(OF 747> =

L

(oipdadd - . : 4o
cast shellfish in sorting machine stuff shellfish in net bag

d. Shellfish sorting on wharf
O g

wash shellfish sort shellfish pecisely stuff shellfish in neta

Fig. 2-8. Examples of the observed tasks in case D (Kuwana, Mie).
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Case E. Kishiwada, Osaka

a. Net casting

Gouflisds)

operate wire reel

b. Net hauling

I

operate wire reel (operate in kneeling position) recover cod-ends

¢. Fish sorting

collect fish on table

d. Fish storing
@

(( dedy) ;

paemerdec) - 2 e A (querter dedd)
store shrimps in aeration tank store fish in storage box wash table and fill tubs with water

Fig. 2-9. Examples of the observed tasks in case E (Kishiwada, Osaka).

Red arrows show the positions of crew concerned.
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Case F. Choshi, Chiba

a. Net castlng

J(@uanterideek)

cast cod- end connect otter- pennant connect otter-pennant

b. Net haullng

reedy)

haul warp and net on winch

c. Fish sortlng

sort fish wash sorted fish

b((@
put ﬁsh on table using scoop

Fig. 2-10. Examples of the observed tasks in case F (Choshi, Chiba).

Red arrows show the positions of crew concerned.
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Case G. Suzuka, Mie

a. Net casting

.

cast cod-end cast otter boards connect warp on towing rope

b. Net hauling

(quarter dedk)
haul warp on net winch detach otter-pennant recover cod-end

¢. Unloading fish from cod-ends

e
&

i\

carry cod-end near guide slope unload congers to store in fish hold

d. Fish sorting and storing

- ay
.

/"

store sorted fish

Fig. 2-11. Examples of the observed tasks in case G (Suzuka, Mie).

Red arrows show the positions of crew concerned.
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Case H. Minami-chita, Aichi

a. Net casting

cast cod-end connect otter pennant

b. Net hauling

(quarter,deck)g (Guerter dieck)
wind warps on net winch recover cod-end draw fish out from cod-end

¢. Fish sorting

——

Lt

% 2 : ‘@ge - -
sort fish in kneeling position collect sorted fish in basket

d. Fish storing

wash fish store live fish in aeration tank store fresh fish in cooler-box

Fig. 2-12. Examples of the observed tasks in case H (Mimami-chita, Aichi).
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Case A. Ohda, Shimane

(move)

Net casting

(net towing)
Net hauling

Fish sorting

(move)

Net casting
(net towing)
Net hauling
Fish sorting

Fish storing

i e omom

Case D. Kuwana, Mie

(move)
Net casting
(net towing)

Net hauling

Fish sorting
. (ondeck)
Fish sorting

(on wharf)

|
O .
3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Time (hour)
Case C. Hatsukaichi, Hiroshima
1™ -
1 [ | | |
1 | | | |
_—i—l
: -
I I L §
i |
18 19 20 21 22 23 0 1 2 3 4 5 6 7
Time (hour)
- I e S
A R i
-
P 1 11 11 |
| (| S| | R B B
5 6 7 8 9 10

Time (hour)

Case E. Kishiwada, Osaka

(move)

Net casting
(net towing)
Net hauling
Fish unloading
Fish sorting

Fish storing

-+ttt
5 6 7 8 9 10 1 12 13 14 15
Time (hour)
Fig. 2-13. Time series of events on each surveyed fishing boat.
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Case F. Choshi, Chiba

(move) —- i

Net casting | H H i H i
(net towing)
Net hauling | | | | |
wews| BB BB E .
5 7 9 11 13 15 17 19 21 23 1 3 5 7
Time (hour)

Case G. Suzuka, Mie

(move) - _

Net casting I I I I I I 1

(net towing) . & § = N RN BN N R |

Net hauling O e H IR RIS BEE B REE R |
H B

Fish sorting

17 18 19 20 21 22 23 0 1 2 3 4 5
Time (hour)

Case H. Minami-chita, Aichi

(move) i -’
Net casting | | N R B R S (R I S RS
(net towing) g § ® = 3 1 & & 8 & B |
Net hauling -+ttt + 1+ i
Fish sorting  men B EEml BN BN Iw B W N Em  m
Fish storing I I I I I I I = = I
3 4 5 6 7 8 9 10 11 12 13 14 15
Time (hour)

Fig. 2-13. Time series of events on each surveyed fishing boat (continued).
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Case A. Ohda, Shimane

Netcasting [ [ - 255
Net hauling | N =1443
Fish sorting | N =1819
Case B. Imabari, Ehime
Net casting | N = 403
Net hauling | N =1606
Fishsortng [ ] -6z
Case C. Hatsukaichi, Hiroshima
Net casting | N = 539
Net hauling | N= 518
Fishsortng [ I - 1007
Fish storing | I v= 39
Case D. Kuwana, Mie
Net casting | [ I v= 59
Net hauling | [T I v=12sa
Fishsorting (eck) [ T ] - 559
Fish sorting (wharf) | N =1088
Case E. Kishiwada, Osaka
Net casting | N =1936
Net hauling | N =2146
Fish unloading | N =5879
Fishsorting | N =4589
Fish storing | N =3763
Case F. Choshi, Chiba
Net casting | N =1410
Net hauling | N =6689
Fish sorting | N =2038
Case G. Suzuka, Mie
Net casting | N =1741
Net hauling | N=1141
Fishunloading [ [ - 617
Fishsorting [ [l # - 755
Case H. Minami-chita, Aichi
Net casting | N =2162
Net hauling | N =6391
Fish sorting N =4252
Fish storing N =4041
0 2 2 6 EQ 700
Frequency (%)

Fig. 2-15.  Frequencies of the action categories for representative tasks in each case.
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ULEREETH (BREETICE ML), BREMASNT (BfcER FEAA) 128w EN
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) 1 (CEESEAT, 2 Hodpl D LFHER) kT 2R REEEE L, 5
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Case 4. Nichinan, Miyazaki (Skipjack tuna fishing)

net hauling fish landing fish sorting
Case 6. Kamogawa, Chiba (set net fishery)

g b

fish landing

net hauling

Case 7. Betsukai, Hokkaido (marine product processing)

7

fish processing product carrying fish egg processing

Fig. 3-1. Representative tasks of industries where questionnaire surveys were carried out

(excluding Case 1-3, small trawl fisheries).
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—— small trawl fishery
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—— set net fishery

Intensity of complaint
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|Case 5 (Betsukai, Hokkaido)|

|Case 6 (Kamogawa, Chiba)|

—— marine product processing

Intensity of
complaint

No

[Case 7 (Betsukai, Hokkaido)|
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Fig. 3-3.  Intensity of complaint at each portion of body.
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- 0: not painful

I:l 1 :slightly painful . 2 : painful

Degree of complaint

- 3: quite painful

small trawl fishery set net fishery
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60 - 60 —
N= 39 N= 41
50 50
m M
€ 40+ S 40
[=] [=]
] ]
'] -]
2 2
>30- > 30
%) 1)
S [
v v
= =
o o
Y20 9 20
(") [T
101 10
ok ol
L L [ L1 |
20s 40s 60s 80s 20s 40s 60s 80s
Age group Age group

Fig. 3-4.  Age distribution of fishermen according to degree of complaint on low-back.
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Table 4-1. Work efficiencies of fish sorting tasks estimated from the amounts of sorted
fish and the required time for the tasks.

Number of towing* 1 2 4
Use of fish sorting table Yes Yes No
Weight of catch (g)
Mantis shrimp 7,350 5,170 2,450
Cephalopods 1,070 2,170 1,960
Swimming crab 1,980 1,790 180
other fish & shrimps 4710 8,400 11,330
Total 15,110 17,530 15,920

Work ime (min.)

crew A 22.92 16.98 20.47
crew B 27.33 19.53 22.28
Total 50.25 36.52 42.75
Work efficiency* (g/min/person) 301 480 372

* work efficiencies in 3rd and 5th towings were not estimated.

** estimated as the amount of fish sorted per minute by a crew.
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Fig. 4-1.  Small chair for buttocks support. Fishermen use the chair when they sort

fish in kneeling posture.
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Fig. 4-2.  Schematic drawings of the examined fish sorting table. Dimensions of the table

are expressed in milimeters.
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net winch sorting table

sitting space for crew A sitting space for crew B

sitting space for crew B waste shute net winch

space for fish unloading sorting table

Fig. 4-3.  Photograhic images of the fish sorting table. The top of the table is covered

by white rubber sheets to prevent damage to net.
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crew A
use of table : Yes use of table : No

——

Fig. 4-4. Typical work postures in fish sorting tasks. Crew bent their upper bodies forward
in the conventional way of the task (right), however, their postures were improved

to stand their upper body upright when they used the fish sorting table (left).
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[ Jaa a2 [lac P acs

crew A
use of table : Yes use of table : No
(N=716) (N =348)
crew B
use of table : Yes use of table : No
(N=2819) (N =370)

Fig. 4-5.  Frequencies of the action categories for fish sorting tasks by crew A and B. Left
side graphs show the cases that the fish sorting table was used, and right sides

show the cases that the table was not used.
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Fig.5-1.  Schematic image of path finding procedure by the virtual production simulator

software.
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Fig. 5-2.  Three different deck arrangements of small trawling fishing boat for evaluating

crew’s traffic lines.
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Fig. 5-3.  Simulated traffic lines of crew during fish carrying and storing tasks.
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Fig. 5-4.  Estimated work time (upper) and walking distance (lower) of fish carrying and
storing tasks in three different deck arrangements of small trawling fishing boat.
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