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A study on the comparison of spawning biomass per

recruit analyses for fisheries management
Eun Ji Lee

Department of Marine Production System Management, The Graduate School,

Pukyong National University

Abstract

Yield per recruit model is the most popular method for fisheries stock
assessment. However, stock assessment using yield per recruit model can lead to
recruitment overfishing as this model only considers the maximum yield per
recruit without spawning biomass for reproduction. For this reason, spawning
biomass per recruit model which reveals variations of spawning stock biomass
per fishing mortality (F) and age at first capture (t.) is considered as more proper

method for stock assessment. There are mainly two methods for spawning
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biomass per recruit model known as age specific selectivity method and knife-
edged selectivity method. In the knife-edged selectivity method, the spawning
biomass per recruit has been often calculated using biomass per recruit value by
multiplying the maturity ratio of the recruited age. But the maturity ratio in the
previous method was not considered properly in previous studies. Therefore, a
new method of the knife-edged selectivity model was suggested in this study
using a weighted average of the maturity ratio for ages from the first capture to
the lifespan. The optimum fishing mortality in terms of Fszsq, which was
obtained from the new method was compared to the old method for small yellow
croaker stock in Korea. Spawning biomass per recruit was under-estimated when
using the old knife-edged selectivity model and the error ranged from 0.61g for
the age 4 to 130.69g for the age 1 when comparing with the new knife-edged
selectivity model. Also the value of Fss59, using the new knife-edged selectivity
model was 0.302/year and the value using the old model was 0.349/year.
However, the value of F3so, using the age specific selectivity model was
estimated as 0.320/year which was closer to the value from the new knife-edged
selectivity model.

In conclusion, the new knife-edged selectivity model could be considered as
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more proper spawning biomass model than the old knife-edged selectivity model
for the analysis of spawning biomass per recruit in stock assessment, since over-

estimation of F350, can lead to overfishing of fish stocks.
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AAHAE e A4 AdY ARAAF mde] AgHE

AASE, ARAIS, ABIAAE s AdAHESE SAAES
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1.2 AR3A=s

AT E Lee et al. (2000) ¢ &8 Rl FHAE A&k
Von Bertalanffy?] %2 o3 Fax o]/ HNAY (L) <
37.11 cm, A3AT (K)+& 0.20/year, Aol 04 we] o]&4 A%

(to) = —1.88M%°oH olZAHYAH (t,) <> Lee et al. (2013)9]
2010~2012d A oJdel g3t I E] AGxY A= T /M3

T~

1AE 1043 AFREHITH (Table 1) olZ2AAAZE W) =

o ZAAUYAL (L)l 37.11 cmZH-E 1.19 AF-AF AA4S
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Table 1. Quoted estimates for growth parameters

Parameters Lo K to t,

37.11cm 0.20/year -1.88 year old 10 years old
Estimates
(Lee et al. 2000)  (Lee et al. 2000)  (Lee et al. 2000)  (Lee et al. 2013)

- 10 -
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1.3 ArgAs

MEAG T TIPAANEAIT (2) = Lee et al. (2013) o4 AFE-%
2010~2012d A oldel &gt oJFE9 AFxAd A= (Table
2) 2 AF&3Ete] Pauly WS E3 =435+
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(2000) ] 9 FH¥E Table 19 AZAFES AFE3F9] Zhang and

Megrey (2006) W= S3l 2 (13 o] FHs3

M=—_FX 1)

AZIN g AL-AT BAA AT, tw & CGxt oM ot &
HAUAY, ¢ T
BF € =0.4400|t} o] e HAdAH I} Aol Hud AF
(tmp) & Y] (L /t) & WER ™, 3152 2FA o5 6059
A oF T F 915 BEA SAAE ARGt Fralixl gholt

5__% EL:‘SH 3—571g 7515,’— Xﬂ/ﬂ}‘g 01 O]UE C =0Q. 4404 %}O
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Ekl
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oX
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ofN
1o

AS ¢ =0.302, AAXA
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Table 2. Age composition of small yellow croaker caught by drift gillnet
fishery
Number of individual (N)
Age (t)
2010 2011 2012 Mean
0 - - 26,696 8,899
1 9,226,932 3,320,908 5,298,196 5,948,679
2 32,140,375 69,586,197 41,600,446 47,775,673
3 15,111,938 34,454,080 33,065,262 27,543,760
4 2,943,247 3,174,891 3,465,201 3,194,446
5 158,366 136,057 181,035 158,486
6 27,154 19,336 13,526 20,005
7 14,610 5,350 5,910 8,623
8 1,582 2,442 3,477 2,500
9 - - 775 258
10 - 1,026 964 663
Total 59,624,204 110,700,287 83,661,488 84,661,993
-12 -
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1.4 AZ7IIASE (t,) E AHMAAD (¢)
AG7IAAR (t,) 2 Lee et al. (2013)2 2010~20129d A3
A o] Fxr AZERAA™E T HARAEJA 12cmel ot

obef 4] (2) ¢ von Bertalanffy J84& &3l d¥ o2 957383k
le = Lo [1—exp{=K(t - to)}] (2)

A7IM L, Cl2AANAE, K B8AT, = Aol 0d e

o] ZH %S e

o] ERA A () Lee et al. (2013)8] AP A A7 (Table 2) &
AHE-ste]l Pauly WS B8l FASATE. A%l BAGle]l A
A ATFE TR 7H skl Z1diol oA ok A A 01 E ) A S 9]
Bl & AHE3ste] 50% AF7EYAE S FA AT
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1.5 A1 (my)

Slgatstsilel g AAshs ASEEAF AR T 20139

Bx7)9 F AR (4~69) ARE Agstel 4EHuE Axratgn.
oA (6ol ZAE RO oA 132¢l0m A
Hew AREZ Aol 4% ol A uE AASAT. £ Lee

et al. (2000)¢ AAAFE AFgstel 2 (2)¢ von Bertalanffy

yAe B AFE Aoz daustgon 1o wE Ayl

1.6 A= (S
o] gto] 2ot Ay AMElH|E= HEASAAE7E glo] Lee et al
(2013) ] o= 3l Fx7]e] A"EYAE (Table 2)& AME-sho

Pauly $8€. %o, 7atdon ol uwe 2Axe duzdg

- 14 -

Collection @ pknu



2. 74le AR dS mHe) vw
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Fig. 1. Number, weight, biomass and spawning biomass at age. (continue)
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Fig. 2. Number, weight, biomass and spawning biomass per age when F=0.1/year

and t. = 0. (continue)
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Fig. 2. Number, weight, biomass and spawning biomass per age when F=0.1/year

and t. = 0.
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Fig. 3. Number, weight, biomass and spawning biomass per age when

F=0.5/year and t. = 0. (continue)
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Fig. 3. Number, weight, biomass and spawning biomass per age when F=0.5/year

and t. = 0.
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1. Aty 544

1.1 AZ-AFT TA

VAL Lol A3 AF-AT dAA A

1}

a = 0.0028, B =

3.3892=M4 Fig. 4% 2ol YERST Lee et al. (2000) o4 F44¥

Ad—AF BAAA TW = 0.0049TL3>?15% 3} H] 1L

LHERSA

71=715 YEdls pas va b
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Fig. 4. Curvilinear relationship of total weight (TW) with the total length (TL).
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1.2 AAAF
O 2AHAUWAY (L), AWAF () T AEAFE Table 13
ZFo] Lee et al. (2000)3 Lee et al. (2013)9 A+ Axn=
A3t om O|ZAHWAEF (W) Lee et al. (2000)¢] <3
=49 o] 2AAUAF 37.1lem=2E 1.19 2012 %X a)o]o]A]
fAgel s ojgwm Fxr|Y AF-AT AN
3

TW = 0.0028TL33892 8- =3l 584.09g° & AALE T},

1.3 AFAs

ELS . udeE % A dAgAs DO
1.611/year=® e (Fig. 5).

Lee et al. (2000) ¢l & =¥ A8 e2 544X (Table D&
Ag38ted  Zhang and Megrey (2006) WWHES Fd F43
FHAFAAE AL (M) = 0.270/year 2 YEFS T

EH GAG A (F) & A NS AlT () oA A QA Al

(M) & Aoz G319 0m 1 3k 1.341/yearZ FH = AT}
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Fig. 6. Estimation of the age at first capture of the small yellow croaker by Pauly

method.
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Table 3. Maturity and selectivity ratio of small yellow croaker in Korean waters

Age (t) m, St
0 0.00 0.000007
1 0.67 0.026342
2 0.81 0.989368
3 0.96 0.999997
4 0.98 1.000000
5 1.00 1.000000
6 1.00 1.000000
7 1.00 1.000000
8 1.00 1.000000
9 1.00 1.000000
10 1.00 1.000000
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Table 4. Comparison between age specific m; and weighted average m; by

t. of small yellow croaker

t. m; Weighted average m,
0 0.00 0.909
1 0.67 0.944
2 0.81 0.968
3 0.96 0.990
4 0.98 0.996
5 1.00 1.000
6 1.00 1.000
7 1.00 1.000
8 1.00 1.000
9 1.00 1.000
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Table 5. Comparison of spawning biomass per recruit by fishing mortality (F) and

the age at first capture (t.) between two knife-edged selectivity methods (unit: g)

Old SBPR method New SBPR method

F ¢ 1 2 3 4 1 2 3 4

0.0 319.67 348.49 35546 298.16 45036 41631 366.53 302.98
0.1  216.85 24991 266.88 233.06 299.44 29557 27452 236.61
0.2  155.07 187.18 207.40 -187.02-.209.38 21897 212.81 189.67
0.3 116.19 14572 166.25 153.71 153.21 168.54 170.16 155.73
0.4 90.60 © 117.26 136.92 129.06 116.64 134.09 * 139.80 130.64
0.5 73.04  97.03 115.40 110.43 91.86 109.74 117.57 111.66
0.6 60.51  82.17 99.19 96.03 7443 9196 100.85 97.02
0.7 51.26  70.92 86.67 84.69 61.76 7859 8796 85.49
0.8 4423 . 62.19  76.78 7559 5229 6828 7779 76.24
0.9 38.75 5525 68.81 68.16 4503 60.16 69.61 68.69
1.0 3438 49.63 6227 6201 3933 53.62 6292 62.45
1.1 30.83 4499 56.83 56.84 3477 4826 5735 57.20
1.2 2790 41.11 5223 5244 31.07 43.82 52,65 52.74

1.3 2545 37.83 4830 48.66 28.02 40.08 48.65 48091
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(A) t, =1
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Fig. 7. Comparison of spawning biomass per recruit between old method and new

method by age at first capture (t.). (continue)
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Fig. 7. Comparison of spawning biomass per recruit between old method and new

method by age at first capture (t.). (continue)
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70 - € t.=3

Fig. 7. Comparison of spawning biomass per recruit between old method and new

method by age at first capture (t.). (continue)
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Fig. 7. Comparison of spawning biomass per recruit between old method and new

method by age at first capture (t.). (continue)
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Fig. 7. Comparison of spawning biomass per recruit between old method and new

method by age at first capture (t.). (continue)
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(F) t.=6

70

Fig. 7. Comparison of spawning biomass per recruit between old method and new

method by age at first capture (t.).
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Table 6. Comparison of spawning biomass per recruit (g) between old method

and new method by age at first capture (t.)

Percentage error

t. Old method New method

(“o)
1 25.2 135.5 81.4
2 52.2 160.8 67.5
3 100.8 183.1 44.9
4 137.8 192.3 28.4
5 159.0 185.8 14.4
6< 164.0 164.0 0.0
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Table 7. Comparison with the values of F350, between age specific selectivity

method and knife-edged selectivity methods

SBPR New method of SBPR  Old method of SBPR
(age specific (knife-edged (knife-edged
selectivity) selectivity) selectivity)
F359, 0.302/year 0.320/year 0.349/year
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Fig. 8. Comparison with percentage of spawning biomass per recruit between

age specific selectivity method and knife-edged selectivity methods.
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