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A trial of impact estimation of power plant entrainment or impingement on
coastal fisheries resources
— A case study on the coastal fishing resources of Fukushima Prefecture —

Mizurou Yokota'
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Abstract : Fossile fuel and nuclear power plants take a large quantity of seawater for cooling. Because fish
eggs and larvae in seawater are taken in these power plants cooling system, the entrainment or impingement
influence on the fisheries resources in the vicinity sea area of power plants has been concerned about. In
Europe and America, there has been many studies evaluating the entrainment or impingement influence on
the resources, however, in Japan, quite a few studies has been done, so far, and techniques to estimate the
influence on Japanese native species is not established. In this study, a survival model was developed to
estimate the entrainment or impingement influence on the coastal fisheries resources. This model could be
applied more easily in another seawater areas, because this model was devised to evaluate the influence
without using the natural mortality of larval stage, which could not be grasped easily. Quantity of eggs,
larvae, juvenile, and young fishes taken in the cooling system of three large-scale power plants sited in the
coastal area of Fukushima Prefecture with seawater was investigated. As a result, some commercial fish
species, such as larvae of Japanese sand lance (Ammodytes personatus), larvae of stone flounder (Kareius
bicoloratus), larvae of brown sole (Pleuronectes herzensteini), larvae of marbled sole (Pleuronectes
yokohamae), juveniles of fad cod (Hexagrammos otakii), young fishes of chum salmon (Oncorhynchus
keta), and so on, were found to be taken in the three power plants, during winter to spring season. The
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rate of the entrained or impinged number (converted to the number of first captured age) of each species
to the number (converted to the number of first captured age) of catch on the coast of Fukushima
Prefecture was small enough in comparison with the natural death ratio of the resources of first captured
age during one year (around 20%). Therefore, it would be considered that the influence of the entrainment
or impingement of 3 power plants on the fishing resources would be small.

Keywords : Impact, Fishery, Power plant, Estimation, Resource, Cooling seawater, Organism, Intake,

Entrainment, Impingement
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No | -

Nt=No-e -Ml*t (0=t=tf)

Survival curve from spawning to juvenile stage

Survival curve after juvenile stage

t : Age after spawning
tf : Age of juvenile stage end
tm : Oldest age in caught fish

No : Average fecundity per one female at the beginning of mature stage
Ntf : Number of survivals at juvenile stage end

Ntm : Number of survivals at the oldest age in caught fish

Number of survival (Nt)

M1 : Natural mortality coefficient from spawning to juvenile stage
M2 : Natural mortality coefficient after juvenile stage
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Fig. 1 Outline of a survival model assuming the unused resources state.
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Nuclear Power Station
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Fig. 2 The position of 3 power station located in the coastal area of Fukushima Prefecture.

*From "Fukushima Prefectural Committee for Investigation and Control of Warm Waste
Water" (1995), partially revised.
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Table 1 Entrainment or impingement rate, average total length, and estimated value of days after spawning
of the traget species

Investigation month

1997/11 12 1998/1 2 3 4 5
Japanese sand lance larva
Fukushima Daiichi (Unit2)
Entrainment rate (individuals / 1000m’) - - 1284.01 2671.19 22.42 - -
Average total length (mm) - - 4.6 5.4 8.4 - -
Passage days after spawning * - - 20410  20+10  20+10 - -
Fukushima Daini (Unit3)
Entrainment rate (individuals,” 1000m®) - - 469.84 14044.98 143.10 - -
Average total length (mm) - - 4.6 5.4 8.0 - -
Passage days after spawning * = - 20410 20410  20+10 - -
Hirono (Unitl,2)
Entrainment rate (individuals ~ 1000m?) - - 26986.38 2898.38 19.53 - -
Average total length (mm) - - 6.5 4.7 8.5 - -
Passage days after spawning * - - 20410  20+10  20+10 - -
Stone flounder larva
Fukushima Daiichi (Unit2)
Entrainment rate (individuals ~ 1000m?) - - - - 0.38 - -
Average total length (mm) - - - - 133 - -
Passage days after spawning* - - - - 10+30 - -
Fukushima Daini (Unit3)
Entrainment rate (individuals /1000m’) - - - 0.20 1.20 - -
Average total length (mm) - - - 8.6 13.8 - -
Passage days after spawning’k - - - 10+30 10+30 - -
Hirono (Unitl,2)
Entrainment rate (individuals /1000 rn3) - - - - 1.62 - -
Average total length (mm) - - - - 12.9 - -
Passage days after sgawning* . - - - 10+30 - -
Marbled sole larva
Fukushima Daiichi (Unit2)
Entrainment rate (individuals / 1000m?) - - 4.68 8.73 - - -
Average total length (mm) - - 34 3.7 - - -
Passage days after spawning"< - - 10+0 10+0 - - -
Fukushima Daini (Unit3)
Entrainment rate (individuals /“1000m’) - - 1.10 1.77 1.81 - -
Average total length (mm) - - 3.2 3.6 3.9 - -
Passage days after spawning>I< - - 10+0 10+0 10+0 - -
Hirono (Unitl,2)
Entrainment rate (individuals,/ 1000m®) - - 18.95 0.55 0.52 - -
Average total length (mm) - - 3.4 3.1 5.0 - -
Passage days after spawning* - - 10+0 10+0 10+0 - -
Brown sole larva
Fukushima Daiichi (Unit2)
Entrainment rate (individuals /1000m’) - - 3.24 51.17 16.28 - 0.62
Average total length (mm) - - 2.8 33 3.0 - 2.5
Passage days after spawning* - - 10+0 10+0 10+0 - 10+0
Fukushima Daini (Unit3)
Entrainment rate (individuals,/ 1000m>) - - 2.36 1.95 12.26 - -
Average total length (mm) - - 2.6 3.2 3.1 - -
Passage days after spawning* - - 10+0 10+0 10+0 - -
Hirono (Unitl,2)
Entrainment rate (individuals,” 1000m®) - - 30.62 1.62 - - -
Average total length (mm) - - 3.0 2.9 - - -
Passage days after spawng* - - 10+0 10+0 - - -

* The left of + : Estimated days after spawning to hatching. (Water temperature about 10°C)
The right of + : Estimated days after hatching to reach the total length shown in the table.
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Table 1 Entrainment or impingement rate, average total length, and estimated value of days after spawning

of the traget species (Continued)

Investigation month

1997/11 12 1998/1 2 3 4 5 6
Chum salmon young fish
Fukushima Daiichi (Unit2)
Impingement rate (individuals / 1000m3) - - 5.36 - 0.54 1.88 0.27 -
Average total length (mm) - - 5.3 - 5.3 6.3 8.0 -
Passage days after spawning* - - 60+60 - 60+60  60+90 60+120 -
Fukushima Daini (Unit3)
Impingement rate (individuals /1000 m’) - - - 2.22 237 3.71 -
Average total length (mm) - - - - 45 5.9 8.0 -
Passage days after spawning* B - - 60+60 60+90 60+120 -
Hirono (Unitl,2)
Impingement rate (individuals /“1000m®) - - - - 0.87 - -
Average total length (mm) - - - - 6.5 - -
Passage days after spawning * - - - - - 60+90 - -
Fad cod juvenile
Fukushima Daiichi (Unit2)
Impingement rate (individuals /1 000m3) - - - - - 4.29 241 0.54
Average total length (mm) - - - - - 5.5 5.9 5.8
Passage days after spawning * - - - - - 20+120 204120 20+120
Fukushima Daini (Unit3)
Impingement rate (individuals /1 000m’) - - - - 0.15 2.67 0.59 -
Average total length (mm) - - - 4.2 5.5 5.5 -
Passage days after spawning * - - - - 204120 20+120 20+120 -
Hirono (Unitl,2)
Impingement rate (individuals 1000m3) - - - - - - - 0.44
Average total length (mm) - - - - - - - 5.1
Passage days after spawning * - - - - - - - 20+120

* The left of + : Estimated days after spawning to hatching. (W ater temperature about 10°C)
The right of + : Estimated days after hatching to reach the total length shown in the table.
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Table 2 Total number of monthly entrained or impinged individuals of target species

Year/Month
1997711 12 19981 2 3 4 5 6
D Total quantity of water intake (10,000m’)
Fukushima Daiichi (All unit) 47,048 48,613 48,662 44,826 49,177 45,690 64,953 67,992
Fukushima Daiichi (All unit) 80,716 78,601 80,865 65,201 74,726 80,733 69,995 60,788
Hirono (All unit) 19,205 29,627 32,932 30,527 20,561 15,811 20,777 27,687 Total
Japanese sand lance larva
@ Average of entrainment rate (individuals/1,000n1’)
Fukushima Daiichi (Unit2) 0 0 1284.01 2671.19 22.42
Fukushima Daiichi (Unit3) 0 0 469.84  14044.98 143.10
Hirono (Unit.1,2) 0 0 26986.38 2898.38 19.53 0 0 0
® Total quantity of entrainment [nindividuals X 107]  (@x10xD)
Fukushima Daiichi (All unit) 0 0 62.48 119.74 1.10 0 0 0
Fukushima Daiichi (All unit) 0 0 37.99 915.75 10.69 0 0 0
Hirono (All unit) 0 0 888.72 88.48 0.40 0 0 0
Total of three power stations 0 0 989.19  1123.97 12.19 0 0 0 2125.35
Stone flounder larva
® Average of entrainment rate [individuals/1,000m3]
Fukushima Daiichi (Unit2) 0 0 0 0.38
Fukushima Daiichi (Unit3) 0 0.20 1.20
Hirono (Unit1,2) 0 0 0 0 1.62 0 0 0
@ Total quantity of entrainment [(individuals X 107] (@x10xD)
Fukushima Daiichi (All unit) 0 0 0 0 0.02 0 0 0
Fukushima Daiichi (All unit) 0 0 0 0.01 0.09 0 0 0
Hirono (All unit) 0 0 0 0 0.03 0 0 0
Total of three power stations 0 0 0 0.01 0.14 0 0 0 0.15
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Table 2 Total number of monthly entrained or impinged individuals of target species (Continued)

Year/Month
1997711 12 1998 1 2 3 4 5 6
@ Total quantity of water intake [10,000m’)
Fukushima Daiichi (All unit) 47,048 48,613 48,662 44,826 49,177 45,690 64,953 67,992
Fukushima Daiichi (All unit) 80,716 78,601 80,865 65,201 74,726 80,733 69,995 60,788
Hirono (All unit) 19,205 29,627 32,932 30,527 20,561 15,811 20,777 27,687 Total
Marbled sole larva
@ Average of entrainment rate (nindividuals/1,000m’]
Fukushima Daiichi (Unit2) 0 0 4.68 8.73 0
Fukushima Daiichi (Unit3) 0 0 1.10 1.77 1.81
Hirono (Unit1,2) 0 0 18.95 0.55 0.52 0 0 0
® Total quantity of entrainment [nindividuals X107  (@x10xD)
Fukushima Daiichi (All unit) 0 0 0.23 0.39 0 0 0 0
Fukushima Daiichi (All unit) 0 0 0.09 0.12 0.14 0 0 0
Hirono (All unit) 0 0 0.62 0.02 0.01 0 0 0
Total of three power stations 0 0 0.94 0.53 0.15 0 0 0 1.62
Brown sole larva
® Average of entrainment rate (nindividuals/ 1,000m3]
Fukushima Daiichi (Unit2) 0 0 3.24 51.17 16.28 0.62
Fukushima Daiichi (Unit3) 0 0 2.36 1.95 12.26 0 0
Hirono (Unit1,2) 0 0 30.62 1.62 0 0 0 0
@ Total quantity of entrainment [nindividuals x10’] (@x10xD)
Fukushima Daiichi (All unit) 0 0.16 2.29 0.8 0 0.04 0
Fukushima Daiichi (All unit) 0 0 0.19 0.13 0.92 0 0 0
Hirono (All unit) 0 0 1.01 0.05 0 0 0 0
Total of three power stations 0 0 1.36 247 1.72 0 0.04 0 5.59
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Table 2 Total number of monthly entrained or impinged individuals of target species (Continued)

E£H
1997711 12 19981 2 3 4 5 6
@ Total quantity of water intake (10,000m’]
Fukushima Daiichi (All unit) 47,048 48,613 48,662 44,826 49,177 45,690 64,953 67,992
Fukushima Daiichi (All unit) 80,716 78,601 80,865 65,201 74,726 80,733 69,995 60,788
Hirono (All unit) 19,205 29,627 32,932 30,527 20,561 15,811 20,777 27,687 Total
Chum salmon young fish
@ Average of impingement rate (individuals/1,000m’]
Fukushima Daiichi (Unit2) 0 0 5.36 0 0.54 1.88 0.27 0
Fukushima Daiichi (Unit3) 0 0 0 0 2.22 2.37 3.71 0
Hirono (Unit1,2) 0 0 0 0 0 0.87 0 0
® Total quantity of impingement [individuals X 10" (@x10xD)
Fukushima Daiichi (All unit) 0 0 2608 0 266 859 175 0
Fukushima Daiichi (All unit) 0 0 0 0 1659 1913 2597 0
Hirono (All unit) 0 0 0 0 0 138 0 0
Total of three power stations 0 0 2608 0 1925 2910 2772 0 10215
Fad cod juvenile
@ Average of impingement rate (individuals/1,000m")
Fukushima Daiichi (Unit2) 0 0 0 0 0 4.29 241 0.54
Fukushima Daiichi (Unit3) 0 0 0 0 0.15 2.67 0.59 0
Hirono (Unitl,2) 0 0 0 0 0 0 0 0.44
® Total quantity of impingement (individuals x10’) (@x10xD)
Fukushima Daiichi (All unit) 0 0 0 0 0 1960 1565 367
Fukushima Daiichi (All unit) 0 0 0 0 112 2156 413 0
Hirono (All unit) 0 0 0 0 0 0 0 122
Total of three power stations 0 0 0 0 112 4116 1978 489 6695
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B FEERTBUKIZ K 2 EME Y IAT & O F B

LRI LT,

(2) HAHZROBAETE

FEAMh T SRAE O HER AT DR B ARFETIREL (M)
DWEMEE, ZOMEPLROIZEMEREL R
(e™) #HBE, A FIATIIM=03 (FERH
RFETE £ 026) (JLES, 1991), A AL AT
ISHEAM =02 [FERIBARFETE : 0.18), HENAM=
03 (FERIBARIELER :0.26) (FEEKAR, 1987),
vab LA TIEHMAIM=02 ERBRFETE .
0.18), HENAM=03 FERBERETR: 026) (&
KR, 1987), v H LA TiIMEAM=04 (£E/
BRI E 1 0.32), HEAM=05 (FERERET
£ :039) (BEAK, 1987) THBH, £, ¥
o7 TIEIM=05 (FRBARETE : 039) (K
PEITRATEE, T4+ ATIIM=03 (ERB
RIELHE 2 0.26) (BER, 1998) TH 5,

(3) REILHKE

Pl RFEIC OV, Fl & K& XOBFRK,
K& I LEEORGKRRXEZZN L Table 3, 41C
RLT,

AHVA, =abLA, =LA, TAF+ R

IZOWTIE, ERBROMEENHAKETHY, [
CEEHR CTHER L2356, 4L LITHERREL Y b
REV,

(4) FLEARATREESS & EIRE

BEFEDOERE b &1, Tl REICOWT, K
X LRI OBIR & Tabel 5 £IR LT, Fih
LA XOFEX (Table 3) & & » TREEBHLA
FRFEOREIFHET L E, A DT TTE2EH
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12 & o THREBRLAERIFOIINK 2 HET 5 &,
A A FHATE AR, A AL A130757
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R (1999) 12L& > THISTE %) LHEEIN,

7B, BEOEE, HIENTIIZK L. & AR

Table 3 Formula showing the relation between age (t) and length (L) of the target species

. Formula of the relation between age and Count start
Species Length measurement part Remarks
length (month)
L,=181.3 (1 — e 0% (t+048D ) Total length (mm) 1 [Ebe,etc. (1989)
Japanese sand lance )
Lp=0.7071xD —27.16 Total length (mm) 1 |Fukushima Prefecture
(D : Days, D =120) (1994)
Stone flounder  ?|L,=506.5 (1 — e **% (++009721) y Body length (mm) 1 |Fukushima prefectural
AL, =320.3 (1 — ¢ 0307 (tH1679) Body length (mm) 1 |fisheries experimental
station (1987)
Marbled sole 2L, =517.0 (1 — e 167 (1 +09212) Body length (mm) 1 |Fukushima prefectural
AL, =375.7 (1 — e 0198 (112086 Body length (mm) 1 [fisheries experimental
station (1987)
Brown sole 2L, =3206 (1 —e 0393 (1 +0.0268) Body length (mm) 5 |Fukushima prefectural
AL, =198.1 (1 — 077t (t-00634) Body length (mm) 5 |fisheries experimental
station (1987)
Chum salmon L,=836 (1—e 04156 ('t +0.01505) ) Fork length (cm) 1 |Estimated by the data of
Fukushima Prefecture
(1999)
Fad cod L,=51.8 (1— e (t4025) y " Total length (cm) 1 [Izumi (1999)
L,=440 (1—e™* (t4026) y Total length (cm) 1
3 (Body length) =0.8428x (Total length) + 0.2619
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Table 4 Formula showing the relation between length (L) and body weight (W) of the target species

Species i(:lr;l;: l:nzh;)(\:g;gwt:i;r;lanon between Length measurement part Remarks
Japanese sand lance W=428x10°x 2% Total length (mm) |[Ebe,etc. (1989)
P W=3.32681x107x L>>'* Total length (mm) |Fukushima Prefecture
(L= 80) (1994)
Stone flounder ? W=5.9225x10"x [ *82!° Body length (mm)  [Fukushima prefectural
J W=3.1369x107x L >*7¢ Body length (mm) [fisheries experimental station
(1987)
Marbled sole ? W=1.9407x1072x L*>*¥ Body length (mm) |Fukushima prefectural
It W=3.3073x10x 1238 Body length (mm) [fisheries experimental station
(1987)
Brown sole ? W=2.598x102x 213 Body length (mm)  |Fukushima prefectural
' W=4.9876x102x L *6% Body length (mm) |[fisheries experimental station
(1987)
Chum salmon W=3.119x10>x L***® Fork length (cm)  |Estimated by the data of
Fukushima Prefecture
(1999)
Fad cod W=1.18x102x L 30! Total length (cm)  |Izumi (1999)
Table 5 Formula showing the relation between length (L) and fecundity (E) of the target species
. F 1 i i
Species feocr:;t(;iilyshowmg the relation between length and Mature age Remarks
Japanese sand E =0.354xL*"® (L, Total length : cm) Age 1 Tominaga (1988)

lance

Stone flounder E=791xL** (L, Body length : cm) Age 2 Fukushima prefectural
fisheries experimental station
(1987)
Marbled sole E=0.015xL*"* (L, Body lemgth : mm) Age 2 Fukushima prefectural
fisheries experimental station
(1987)
Brown sole E=93xL37 (L, Body lemgth : cm) Age 2 Fukushima prefectural
. fisheries experimental station
(1987)
Chum salmon Fecundity of fork length about 70cm (Age 4) : about Age4  |Marine ecology research
3,000 eggs institute (1991)
Fad cod Fecundity of body length about 27cm (Age 2) : Age 2 Tzumi (1999), Marine

about 5,000

Fecundity of body length about 32cm (Age 3) :
about 10,000

ecology research institute
(1991)




R FEERTEUKIZ L 2 EWER Y JAK B O F B

LRI BEINT 27 — AR, KNICERE S 7 —
ADRE S 4L, A5 (FESRERTOMEA NI IELE
TOMALTZIOH) L PEIEL (MED IR REL
HENDIP0H) 1, LFLb—&KLEKichkD
LIRS 722, Gl D6fEIC DV TiE, E
IREDS BTN & B THRERIZ R 22 5 & WV ) BT
RENTWARY, 1o T, 6FDEINKICHOWT
W, BIMEICIEIEEZE LWL D L LTHRY, Tz
X o TEINENBREITENMIREEDL bR
AT EF e R L,

3) AR

(1) B¥E=S

FHEI REOEE RInFREIC L RAEEER
% Table 6 (/R L7z, BEROMBME, HiHE, &
B, LR EORFRER, BERANOLFE
W CHELXITY, o T, BBERNEREIZLD
Al RO ERIT, & RIN R T
INELOOERTHD,
BERDETIE, A FIT0MHA (Z5720)
ERA A (DA L) ITHMERE F VL

A, wadvA, = HUAI3HHE, > a¥riE
ML EEM, T A ALHHE IR L > TER
TSN TWD, 1994~19984FE D SR D4
SRR R, A IR 24028, A
B AR - RAD6163 N, AT LA MR
208 R, = aHTLAN2I0 Ry, < H LA HR237
hy, aFrnI2by, TAFTAN2458 T
HoT,

(2) REYMDEEHERRK

AT S HE O I R O Fl LK % Table 7 12
~ LTz,
BERWETIE, A HvA, ~abhLA, <
HUARRR, Ya¥ridemk, A 374+
IO DI R L > TV, 72770, A
AT FNZONTIE, BERIRERIZE T 2 EINE
D1IARIMKE THDHZ & (AKE, 1981), =HIZ
BERNEREOA 7T IBOBRNIL, HA (Z
572 7) M4AFEIE, KA - A (DAHHLE)
DSARTZICIRES TS Z &S (Fig 3),
HEF OIIEFIIT0.25RE, Rk (IRARR)

80
60 = Japanese sand lance larva (Kounago)
(Caught by boat seine)
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2 < ] Japanese sand lance preadult and adult (Meroudo)
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Fig 3 Monthly changes in the ratio of catch in weight of Japanese sand lance by boat seine fishery.

(Average values during 1994-1998.)

* This figure was made from the data compiled by Fishery Section, Agriculture Forestryn and Fishery

Department, Fukushima Prefecture (1995~1999).



Table 6 Total catch of target species in weight (kg) by the coastal fishery of Fukushima Prefecture

Japanese sand lance Stone flounder ~ Marbled sole  Brown sole Chum salmon Fad cod
(Boat seine) (Gill net) (Gillnet)  (Gill net) (Gill net, Fixed  (Gill net,
Year Juvenile Preadult, Adult shore net fishery) Longline)
1994 3,712,341 5,097,995 169,691 316,483 73,578 405,419 346,563
1995 1,568,501 5,787,382 331,293 258,126 178,735 1,047,321 178,900
1996 2,853,594 9,068,081 336,577 270,814 309,603 1,206,154 182,099
1997 2,554,962 3,699,720 370,064 336,245 255,253 658,150 360,999
1998 1,323,069 7,165,874 281,939 169,969 366,267 590,958 158,193
Average 2,402,493 6,163,810 297,913 270,327 236,687 781,600 245,351
* Data colected by the Fishery Section, Agriculture Forestry and Fishery Department, Fukushima Prefecture during 1995-1999 were analyzed.
Table 7 Age composition (% in number) of target species caught in the coastal area of Fukushima Prefecture
Age Japanese sand lance (*3) Stone flounder ~ Marbled sole  Brown sole Chum salmon Fad cod
(*1,2) Juvenile Preadult,Adult (*4)
0 100 1.48 0.03 10.17
1 27.73 34.17 27.94 22.99 67.83
2 36.07 44.02 47.05 44.86 4.62 19.27
3 17.53 13.96 19.52 26.99 34.82 2.68
4 11.67 5.05 4.18 4.71 44.96 0.04
5 4.1 2.09 0.76 0.44 14.81
6 1.35 0.57 0.20 0.01 0.79

7 0.09 0.19

8 0.03 0.07

9 0.04

10 0.05
Investigation year 1994~1998 1975~1985 1975~1985 1979~1985 1979~1997  1995~1996

Remarks Fukushima Fukushima Fukushima Fukushima  Fukushima Fukushima
(1995~1999) (1987) (1987) (1987) (1999) (1998)

*1 Age was counted from the spawning season.

*2 Year average (%) is shown.
*3 The target stages for fishing are 0.25 year old juvenile fish, and 0.33 year old preadult fish, and adult fish of 1 year old or more.

*4 Fish over 0.75 year old are the target for fishing.
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Table 8 Estimated weight (g) of target species

Age Japanese sand lance Stone flounder =~ Marbled sole  Brown sole Chum salmon Fad cod
(*1) Juvenile Preadult,Adult
0 (*2)0.16 (*3)0.7 (*4) 112 (*5) 75
1 3.6 112 69 44 124
2 8.5 289 160 115 1010 386
3 12.5 510 284 184 2157 661
4 15.3 728 432 241 3279 887
S 17.1 918 593 284 4210
6 18.2 1075 757 315 4917
7 1197 920 337
8 1291 1074 353
9 1219
10 1351

*1 Age is counted from the spawning season.

*2 Estimated weight of 0.25 year old juvenile was shown.

*3 Estimated weight of 0.33 year old preadult was shown.

*4 Since 0 year old fish caught was almost 1 year old, weight of 1 year old was used.

*5 Since 0 year old fish caught was 0.75 year old or more, weight of 0.75 year old was used.
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(Ltsz [ 1 _e-K(t-to)] )

(W,=a L")

b. Age at first capture (tc)

c. Formula for size calculation

t

Lo
K

ho s

ty

d. Formula for weight calculation

L,
a

b

e. Average number of spawaning eggs per
one individual at the first spawning season (Ng)
f. Number of survivals at the oldest age in catch (Nyy,)

® Parameters related to fishery
a. Average of catch in weight for one year (CW :kg)

c. Oldest age in caught fish (tm)
d. Age composition of fish catch (Q,: %)
Age 0
Age 1
Age 2
Age3
Age 4
Age S
Age 6
Age 7
Age 8
Age 9
Age 10
e. Estimated weight at the age of first capture (W:g) *

Total length at age t (mm)
181.30

0.561

-0.481

Body weight at age t (g)
Total length at age t (mm)
4.28x10°

2.95

4,000

1

Juvenile

Preadult, Adult

2,402,493
0.25

100

0.16

6,163,810
0.33
6

1.48
27.73
36.07
17.53
11.67

4.10

1.35

0.7

Body length of at age t (mm)
9 :506.5

:320.3

£:0.3329

d:0.3075

% :-0.09721

d:-1.675

Body weight at age t (g)
Body length at age t (mm)
?:5.9225x10°
:3.1369%10°
?:2.8219

:2.4976

750,000

1

297,913
1
8

0.03
34.17
44.02
13.96

5.05

2.09

0.57

0.09

0.03

112

Body length at age t (mm)
2:517.2

3757

2:0.1672

3:0.1580

2:-0.9212

:-2.086

Body weight of age t (g)
Body length of age t (cm)
2 :1.9407x10
§:3.3073x107
£:3.059

3:2.883

300,000

1

270,327
1
10

27.94
47.05
19.52
4.18
0.76
0.20
0.19
0.07
0.04
0.05
69

Table 9 List of parameter values used for the survival model calculation
Target species for assessment Japanese sand lance Stone flounder Marbled sole Brown sole
(D Parameters related to entrainment

a. Age of the entrained individuals (tu) 0.08 0.11 0.03 0.03
¥ Developmental stage Larval stage Larval stage Larval stage Larval stage
X Size (Total length) About 5Smm About 10mm About 3mm About 3mm
b. Total number of entrainment (U) 21,253,500,000 1,500,000 16,200,000 55,900,000

(2) Parameters related to the life history
a. Age at the end of juvenile stage (tf) 0.30 0.25 0.33 0.19
b. Natural mortality coefficient after juvenile stage (M2) * 0.3 0.25 0.25 0.45

Body length at age t (mm)
2:320.6

:198.1

£:0.393

3:0.771

2 :-0.0268

3:0.0634

Body weight at age t (g)

Body length at age t (cm)
2 :2.598%1072

3:4.9876x107

2:2913

:2.629

500,000

1

236,687
1
6

22.99
44.86
26.99
4.71
0.44
0.01

44

* When the estimated weight of both male and female were available, the average value of male and female was shown.
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Table 9 List of parameter values used for the survival model calculation (Continued)

Target species for assessment Fad cod Chum salmon
(D Parameters related to impingement
a. Age of the impinged individuals (tu) 0.38 0.33 0.41 0.49
s Developmental stage Juvenile atage Young stage Young stage Young stage
X Size (Total length) About Scm About 5cm About 6cm About 8cm
b. Total number of impingement (U) 6,695 4,533 2,910 2,772
() Parameters related to the life history
a. Age at the end of juvenile stage (tf) 0.55 0.33 0.33 0.33
b. Natural mortality coefficient after juvenile stage (M2) * 0.3 0.5 0.5 0.5
c. Formula for size calculation
(L‘=Loo [1 _e-K(t-to)] )
t Fork length at age t (cm) Fork length at age t (cm) Fork length at age t (cm) Fork length at age t (cm)
Lo ?:51.8 83.6 83.6 83.6
Jd': 44.0
K 2:041 0.4156 0.4156 0.4156
J': 0.56
to ?:-0.25 -0.01505 -0.01505 -0.01505
J:-0.26
d. Formula for weight calculation
(W,=a-L> ;
W, Body weight at age t (g) Body weight at age t (g) Body weight at age t (g) Body weight at age t (g)
L, Total length at age t (cm) Fork length at age t (cm) Fork length at age t (cm) Fork length at age t (cm)
a 1.18x107 3.119x10° 3.119x10° 3.119x10°
b 3.0158 3.288 3.288 3.288
e. Average number of spawaning eggs per 5,000 3,000 3,000 3,000
one individual at the first spawning season (N)
f. Number of survivals at the oldest age in catch (N,;,) 1 1 1 1
@ Parameters related to fishery
a. Average of catch in weight for one year (CW :kg) 245,351 781,600 781,600 781,600
b. Age at first capture (tc) 0.75 2 2 2
c. Oldest age in caught fish (tm) 4 6 6 6
d. Age composition of fish catch ((t,: %)
Age 0 10.17
Age 1 67.83
Age 2 19.27 4.62 4.62 4.62
Age3 2.68 34.82 34.82 34.82
Age 4 0.04 44.96 44.96 44.96
Age S 14.81 14.81 14.81
Age 6 0.79 0.79 0.79
Age7
Age 8
Age9
Age 10
e. Estimated weight at the age of first capture (W:g) * 75 1,010 1,010 1,010

* When the estimated weight of both male and female were available, the average value of male and female was shown.
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Table 10 Estimation of rate of entrainment or impingement to fish catch of target species by a survival model

1. Influence of larva entrainment

Target species for assessment Japanese sand lance Stone flounder Marbled sole Brown sole
Conversion rate (ru) M 0.00793 0.00126 0.0000799 0.0000997
Entrainment in 1998 (converted value)*?
*Number of the entrained individuals 168,506,411 1,887 1,294 5,574
(converted number, Utc)
+ Weight of the entrained individuals 26,961 211 88 245
(converted weight, U’tcxWtc : kg)
Average catch for 1 year (converted value)™
* Average catch in number 16,510,371,190 1,316,328 2,028,993 3,448,314
(converted number, CNtc)
* Average catch in weight 2,641,659 147,429 140,001 151,726
(converted weight, CWtc :kg)
(Period of data collection : year) (1994~1998) (1994~1998) (1994~1998) (1994~1998)
Entrainment / Catch (%) 1.02 0.14 0.06 0.16
(U /CNy or U xW, /CW,.)
*1 Ratio to convert from the entrainment quantity of larval fish to the fish quantity of the age of first caputure.
*2 Converted to the fish quantity of the age of first capture.
2. Influence of juvenile impingement
Target species for assessment Fad cod Chum salmon
Age of the entrained individuals (tu’) 0.33 0.41 0.49
Conversion rate (ru’) *! 0.0932 0.434 0.452 0.470
Impingemet in 1998 (converted value)™
*Number of the impinged individuals 1,967 1,314 1,303
(converted number, U’tc)
(Total) 624 4,584
*Weight of the impinged individuals 1,986 1,327 1,316
(converted weight, U’tcxWtc: kg)
(Total) 47 4,628
Average catch for 1 year (converted value)™
* Average catch in number 2,051,917 683,104
(converted number, CNtc)
* Average catch in weight 153,894 689,935
(converted weight, CWtc:kg)
(Data period : year) (1994~1998) (1994~1998)
Impingement / Catch (%) 0.03 0.67

(U CNy or UxW, /CW,)

*1 Ratio to convert from the impingement quantity of juvenile fish to the fish quantity of the age of first caputure.

*2 Converted to the fish quantity of the age of first capture.
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