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Outlay of inland fishery cooperatives for fishery resource enhancement in Japan
Tomovurkt NAKAMURA™ AND Suintaro SEKINE

Fisheries Technology Institute, Japan Fisheries Research and Education Agency, Nikko, Tochigi 321-
1661, Japan

To understand the financial costs associated with fishery resource enhancement to inland fishery coop-
eratives in Japan, the annual reports of cooperatives throughout the country were analyzed for the fiscal
years 2010 and 2017. The percentage of total fishery resource enhancement outlay to the total outlay of co-
operatives was 35.8% in 2010 and 35.2% in 2017 on average. The percentage of obligatory fishery resource
enhancement outlay, based on the Japan Fishery Act, to the total outlay of cooperatives was 27.6% in 2010
and 23.6% in 2017 on average. Some of the cooperatives are concerned that the obligatory fishery resource
enhancement is a greater financial burden for the cooperative management. However, most cooperatives re-
port only total fishery resource enhancement that is the sum of obligatory and voluntary enhancement out-
lays in annual reports, and the exact ratio of obligatory fishery resource enhancement outlay to total fishery
resource enhancement is unclear. But in our estimation, the costs for total fishery resource enhancement
amounted to about double the amount for obligatory fishery resource enhancement, 1.8 times in 2010 and
1.7 times in 2017. Over 84% of the cooperatives had fulfilled their obligatory fishery resource enhancement
for six species—ayu Plecoglossus altivelis altivelis, whitespotted charr Salvelinus leucomaenis, masu salmon

Oncorhynchus masou, rainbow trout O. mykiss, crucian carp Carassius spp., and Japanese eel Anguilla ja-
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Fig. 1 Percentage histograms showing number of in-
land fishery cooperatives (total analyzed coopera-
tives and instruction-type cooperatives) versus fish-
ery resource enhancement outlay of cooperatives in
2010 and 2017 in Japan. Dark gray bars show the
cooperatives with 2010 and 2017 data and light
gray bars show the cooperatives with 2010 or 2017
data.
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Fig. 2 Percentage histograms showing number of in-
land fishery cooperatives (total analyzed coopera-
tives and instruction-type cooperatives) versus per-
centage of fishery resource enhancement outlay to
total outlay of cooperatives (unit: ten thousand yen)
in 2010 and 2017 in Japan. Dark gray bars show
the cooperatives with 2010 and 2017 data and light
gray bars show the cooperatives with 2010 or 2017
data.
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land fishery cooperatives versus obligatory fishery
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2010 and 2017 in Japan. Dark gray bars show the
cooperatives with 2010 and 2017 data and light

gray bars show the cooperatives with 2010 or 2017
data.
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Fig. 4 Percentage histograms showing number of in-
land fishery cooperatives versus percentage of
obligatory fishery resource enhancement outlay to
total fishery resource enhancement outlay of coop-
eratives (unit: ten thousand yen) in 2010 and 2017
in Japan. Dark gray bars show the cooperatives
with 2010 and 2017 data and light gray bars show
the cooperatives with 2010 or 2017 data.
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total outlay of the cooperatives (unit: ten thousand
yen) in 2010 and 2017 in Japan. Dark gray bars
show the cooperatives with 2010 and 2017 data
and light gray bars show the cooperatives with
2010 or 2017 data.
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Fig. 6 Relationships between percentage of obligato-
ry fishery resource enhancement outlay to total
outlay of cooperatives (unit: ten thousand yen) and
percentage of surplus or loss for the term of coop-
eratives (unit: ten thousand yen) in 2010 and 2017
in Japan.

—-0.277, p=0.036) -

DWERFFIBIERE (T 2HRIBEREDEE 2010
HEEEOMITEHE (n=62) DULEFRHRIMEE I
KA ABETEALE O LR O &/ME L 1.00, ORI
8.54, Ml + IEMEE AL 1.81+£1.46, FILfEIL 1.33,
2017 FHEFE O &M E (n=59) DI FEIEHHE
RS D BB O RO R/MEX 1.00, K
fiEilL 6.61, F3MH + EEHE(F 21T 1.68+1.07, HULfHik
1.25 TH -7 (Fig. 7)o

WAEFED T — 7 D3 - 7-/ME (n=34) IZOWVWTHDL
&, DEFHRERE I 2 R E O RO R
fifilx 2010 FHHEEFEZ 1.18, 2017 FHEFEEIZ 115 TH
N, FEMTHEEZIIFZEO SN Do 72 (Wilcoxon @
¥ NERIIE, 2= —0.539, p=0.590),
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Fig. 7 Percentage histograms showing number of in-
land fishery cooperatives versus ratio of actual
fishery resource enhancement outlay to budget for
obligatory fishery resource enhancement outlay of
cooperatives (unit: ten thousand yen) in 2010 and
2017 in Japan. Dark gray bars show the coopera-
tives with 2010 and 2017 data and light gray bars
show the cooperatives with 2010 or 2017 data.

BERNDOERFEEEDEMEE L REREEDEIS
T = F BB 4 7 o 72 7 L Plecoglossus altivelis
altivelis, A 7 F Salvelinus leucomanis, Y~ A * 7T
~ I Oncorhynchus masou, =3~ A O. mykiss, 775
$8 Carassius spp., —7& >~ 7 FF Anguilla japonica
6 MfE (JH) ICDOWTHDE, 2010 FHEAEE O FKHH
Gl O ERALG OEE1E 85.0-100% (A ERGHLE D E
£130-15.0%) TH Y (Fig. 8), fff (FH) [ TEK
AL REZETHAEDESICEEEIFOON o7z
[6 fafE ($) o Fisher O IF i F M2 Tl p H 11X
0.018 T& % 2%, Bonferroni DffilEIZ X 5L H LI Tl
HEAEIIFEOLNT (p<0.0033 (0.05/15) DHAICH
=) 1o

2017 FHEFE O MM CH) BIloERHEOE &I
84.4-96.3% (RZEWAEDOEH G 3.7-15.6%) TH Y
(Fig. 8), fafE () M TEBRMEOEG & RZRAHE



PR TRT {6 T 0D B Bt 6 7
Fulfilled Not fulfilled

2010 Plecoglossus

altivelis altivelis 49 (92.5) 4(]7.5)

Salvelinus

leucomaenis U ) 205D

Oncorhynchus

masou 47 ( 100) 0o(C 0

O. mykiss 23 ( 100) 0oC 0

Carassius spp. 28 ( 100) 0o(C 0

Anguilla japonical 34 (85.0) 6 (15.0)
2017 Plecoglossus

altivelis altivelis 42 (87.5) q(12.5)

Salvelinus . 34 (94.4) 2( 46)

leucomaenis

Oncorhynchus 38 (84.4) 7 (15.6)

masou

O. mykiss 26 (96.3) 1(3.p)

Carassius spp. 27 (87.1) 4 (12.9

Anguilla japonica 33 (84.6) 6 (15.4)

I I I I
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Fig. 8 Percentage of inland fishery cooperatives that fulfilled and did not fulfill the obligatory fishery resource enhance-
ment for each of six species (ayu Plecoglossus altivelis altivelis, whitespotted charr Salvelinus leucomants, masu salmon
Oncorhynchus masou, rainbow trout O. mykiss, crucian carp Carassius spp., and Japanese eel Anguilla japonica) in 2010

and 2017 in Japan.

DEGICHEEEIFOON o7/ 6 A () O
Fisher @O EMEMEFRME, p=0.508],

A () JNCEEMTRETE, YvA T T
T 2010 HHEEFE LD 2017 FHEFOHIHERME D
E A3 A =K < (Fisher O IE ¥ 1 B M %, p=
0.005), flipfafl () TIERHA & RERFLADH
BICHEBEEIZRO NG o 72 (Fisher @ [FHERE SR
%E, p>0.05),

BRERDERFIEIEE(CN T DMBIBEE DR [iEHE
U eMfl () offE () 5o 2010 FHHEERE L
2017 FHHAEFE O RBHIHE 1S T 2 e o gD
/ME, ROAME, SFHE £ R E, ULl Table 1
DEBYTHo7,

ffl () MTHhET 5 & (Fig. 9), FBHHHEE 2
XF4 A B O LRI 2010 FEEETIE T, 1Y
F, YA e TRT, VALY 7FHEOEDBEEIC
INEL, YRR TR TN R T FFORPHEEIC
INED 5Tz, 2017 FHEEETIE, =V~ ALY T
DEPEBINEL, ATF, YA eT7~vd, =V~
AL =R FFOIPERINE o7z (HFRE L
b Kruskal-Wallis @ # 7€, £ & H 13 Bonferroni O
#HIEIZ X 5 Mann-Whitney @ U #i%E, p<0.0033).

WEE DT — 5 3 o 72 A Ic o CafE (8 Bl
AbE, WThoOffE (JH) T FEEHTRBMIHEIC
X3 DA E O RIS EEIIRO O N7z (T
2, n=29: 1477, n=29; Y~ RX+T~¥I n=31;
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Table 1 Minimum, maximum, mean * standard deviation, and median of actual fishery resource enhancement to obligatory
fishery resource enhancement (number or weight) by inland fishery cooperatives for six species (ayu Plecoglossus altivelis
altivelis, whitespotted charr Salvelinus leucomaenis, masu salmon Oncorhynchus masou, rainbow trout O. mykiss, crucian
carp Carassius spp., and Japanese eel Anguilla japonica) in 2010 and 2017 in Japan

Year Species Min. Max. Mean =S.D. Median Number of
cooperatives
2010 Plecoglossus altivelis altivelis 1.00 3.33 1.41+0.61 1.16 55
Salvelinus leucomanis 0 6.13 1.69*1.29 1.00 42
Oncorhynchus masou 1.00 10.63 2.04+1.82 1.25 56
O. mykiss 1.00 112.50 7.57+21.66 1.04 28
Carassius spp. 1.00 1.33 1.02+0.07 1.00 28
Anguilla japonica 0 5.00 1.27+0.92 1.00 41
2017 Plecoglossus altivelis altivelis 1.00 4.90 1.51+0.98 1.07 48
Salvelinus leucomanis 1.00 12.50 2.18+2.15 1.05 38
Oncorhynchus masou 0 8.72 1.84*1.59 1.08 48
O. mykiss 1.00 37.60 5.40+8.34 1.33 27
Carassius spp. 0 16.90 1.67+2.96 1.00 31
Anguilla japonica 0 3.00 1.03+0.61 1.00 39
Plecoglossus Salvelinus Oncorhynchus O. mykiss Carassius Anguilla
altivelis altivelis leucomaenis masou spp. Jjaponica
Plecoglossus 2010: ns 2010: ns 2010: ns 2010: s 2010: ns
altivelis altivelis 2017: ns 2017: ns 2017: ns 2017: ns 2017: ns
Salvelinus 2010: ns 2010: ns 2010: s 2010: ns
leucomaenis 2017: ns 2017: ns 2017: ns 2017: s
Oncorhynchus 2010: ns 2010: s 2010: s
masou 2017: ns 2017: ns 2017:s
O. mykiss 2010: s 2010: ns
2017:s 2017: s
Carassius spp. 2010: ns
2017: ns
Anguilla
Jjaponica

s: significant, ns:

not significant

Fig. 9 Results of statistical tests analyzing ratio of actual fishery resource enhancement to obligatory fishery resource en-
hancement (number or weight) between species (ayu Plecoglossus altivelis altivelis, whitespotted charr Salvelinus leuco-
manis, masu salmon Oncorhynchus masou, rainbow trout O. mykiss, crucian carp Carassius spp., and Japanese eel An-
guilla japonica) in 2010 and 2017 in Japan.

=V~ A, n=19; 7+, n=18; =K T+ ¥, n

NER7A5R5E, p>0.05)

R A IZDONWT AL

=292 ; Wilcoxon DfF5
£ =
HIERE, HEEEDLAHE
&, ARBIEREE IR D £ WHLA T 2017 FHEFEE O 1
fE1FIH (

114,794,452 1), i d 7% WA T 2010

HEFEEOKH2HH (19,920 ) THY, EHoH
WRED-72 (Fig. 1) WAL, AL R

FNLMEERECHFEHE, MIGFHFEYE, MEAETS
¥EToTVAMAENEEINL, €2T, ThHOHEE
AT TR WIREREOME IOV TAL L, KBl
BHEORKMEIZ 20100 FHEEEICHN4T1IHITH
(41,053,841 1), 2017 FEFEICH S TF3HATH
(33,270,214 M), #/MMili 1 2010 FHEEEICH 2 HH
(19,920 1), 2017 FHEAEE 2K 4 J57H (37,500 M),
ML 2010 HEEEEISH 5 1T (4,908,531 1),
2017 HEFEITH 4 H M (3,868,747M) TH o7z
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T2, MEEOT—=IRHoMAEIIOVWTALE, &
AR E O R L 1E 2010 SHBEFE L D 2017 FHEFE
DFWHEINE o Tz REFHEOMEOEA LRK
lEF/MEDZEIIKE VDS, Lo E, S, fHEdHE
OHED LI e EEOMEDR 23 % 5D 5 —H & b
B 2 DR ORI O R EAIL 2010 FHEEEOH
4TS 2017 HFEEEOK 3 FHHIZWA L, F
WHEIIHSETH2S 4 M Lz EZ LR
Lo A OIUAEEIL 2010 FHEEERE L ) 2017 FEERE
DI WEEINA N T &5, 2 PAFEDEA LB
ICHRTHFEIND L7722 L2 X ) HeiEie g s L
TEHEN SN D,

6AFE () MIZADE, WEE L D 84.4% 05
100% DM A FHIHE OB % E K L Tz (Fig.
8o T/, WLEREL D 6fufE () M CEBMADHE
GLRERMEOHEICHBEEIRDON o7, &
NoEOZ s, i ) ICBRER A MRS
DFEATIZEDTNLZ ENEbNL, —F, F#HEHEHE
IR 2B E OIS, T, A7), Y RX T
~d, ZURRALDTFHEOTPEREIINESL, 4T
F, YA e TIT, 2RI R UTFFOREN
AREINSVWE WS HAD RO b7z (Fig. 9o T4,
VIR FRORBEEIWA L, =k TP FOREEE
FEELIHD LTS (7FFED BN L FEIZDN
C https://www.jfa.maff.go.jp/j/saibai/attach/pdf/unagi-
37.pdf, KEIT, 202249 A28 H)o =F ¥ 7+ F0D
FHHE S 2R E O RS o A (EH) 12
HRTNEWEIZH 5 01%, AL > T Y
FFHEDOATVRH L NZ EI2E 50 Ltkv, 75
FIZOWTH AR 2R 0B NFICAL RV E W)
MEOFREZFEESIZICEOT, 7FETL DD
LN\, —J, WEREE S ICoMmiE 8 1ckxT
Z VY A E QR AESKE VA (Table 1), i
E =V~ ARG EE DS < R o
ANFDHIEE D 72000 LI\,

EFSEIEE BEIE MAORITBEIC D 2 FHM
JHARE O E A OFIGMEIE 2010 FEAE F I 27.59%,
2017 FIELEEIZ 23.56% TH Y, FHETAHL LB
HEHD 24-28% MSFeBIAGHICTECHNT Wz, 72721
H/ME L 1.68% (2017 HFEAFE), HKAMHE X 65.11%
(2017 HHEFNE) LFHBAAKEV (Fig. 5). R HAHE
12 © 2 BB ORGP AERTRR 20, &
TR EBHIEREPHE L > TE LRI 2L TH
%o HLEDOREMERLREEBEIC X o TRICDFIZI R
5 (B s s, B0 MmIcEEFECHEE
¥, WFIHGSE, HEREHEFLIToTWwINE)
R, MEECEIE, WhE, XEE FNESo%
ADH R Z AFED L V) o S5 THAE R K E B AEY) O

R FHERE BT A i 0 BRI & & 2 OGRS
L2 &FRE, MABRBEEEIC K D KEBHY OB
5, MHEOREIRNEIZE DL TKINASEHERS
MEHHIEE T EO TV LEE, Th0 OBERPHAC
Lo TERL D 7-OFHEIIHEIIEL D, BLMEIZED
B BB OF G DSTH VLA 13 LB O
B L0 L) D ERRET 5720, BEHEICED S
S BATERAE OF A L ARSI Y 6 2 ST 431 04
DR F AT L7258, 2010 FHEEREIZ OV TR E
ORIHFICHIBIEZRED SN2 h o 72708, 2017 HIEAERE
2DV IR 5 o 2 S5 BT O BIA )58 »
AT SR D 2 BB AEOEEEEICHE
W E W EIATEED S (Fig. 6)o M4EE TREFEA
RpsHEEDb, S 2 0AY, 2017 FEEE I LM
MAEED B, 20D, 2010 FHHEE I CTRBEN R
BN LT b (Figs. 1,2) DIH LT, M
BRI LTy (Figs. 3-5)0 STNLHDZ &
5, 2010 FIEAERE X 1) 2017 FIEAEE O T H B
PREOEBII L > TV LMENH -2 ENEZ LN
bo A [HXEEETIOMEREIC>WT] 12, [&
A& FHEOE  WKHERBERZES) 25 HIENEE
(FEHELF  ARMCTIRGMEE) F2RET HICY
72o L, BB O, RIRFERE, KEICXDH
YW OFeEES, HA A, EMROER, #EoE
&, MCEMEE ORBNAMRET (FEEM OO FEH
S BIBEEAHORI D ) S TaolE
L, BIEZbDETDHL)EET L] LT
5o O NS ORFNAIRET ] L) HE
Bd b, BAEORKGHIHREIEE CHIIIIR > TV 54
BIEZOTITRENT WD 2 & &2 | PIKIT RSP
ZEHRICHBHHEO RE L2 BET DL L0 FEND
bo T, ZONICEHSIIHERMEY BMIEL2b 0L
THLEIDEBETLHLEHLENTWVEZ ENS, WK
EHREESIICONEICR > T HEMEE OB % X
LUERSHLEEZLND,
WIZHFEWIICOWTERT 5, WEFHRmARTIC
X9 B MR B O RO R/MEIX 1 (MFE), &R
fitii% 8.54 (2010 FHIEFE), TFIMHEIL 2010 FHHEAFELIZ
1.81, 2017 FHEEHIZ 1.68 TH o7 (Fig. 7)o HHED
1 C X FH R L PR RS L, O F ) BN
JHEIEX O E W) 2 ETHY, SHOEEIZDL ) 2
HA D HIUTHRBHIRET O 8.54 5 DO % 4T -
AL DY, T TRBMEREE D 1.68-1.81 DO
DFEDITHONTNDE T L ZIRL TV 5D, BEIESREE D
IR > TO LA HFREEZ R SED 209
TN d b, BEHZEE IR L Twb (Figs. 1, 2)
DIZH L CRBBIMAALE LW L Twiv (Figs.
3-5), WIIE ZIXEBFHIHREILHL L TVl
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i L CHRIEEIERE A L Tnwas 2 s, iR
R SETHWBMENDH LD Lk, HIFBEGH
wEROTIEZOFZT ML DT, MEDOHEN LA
IR T 5. 20—1T, BRESHLTL0b LR
e\ EIFEDWAT B & FIN D BN o THEHH A
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naisuimeninfo-11.pdf, KT, 202249 H 28 H ).
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