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Development of fish population dynamics model including characteristic of

environmental response in coastal sea area:

application to Ammodytes personatus sp in Osaka Bay as an example

Yohei TsukaHara! T, Fumika Sisuino!, Qin YuqionG! and Naoki NakaTant!
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BT 272D BIETNVICLDENMDBENTH L5, BIETNVOWMEICLELERENLANRIAIEL TS, K
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The coastal sea area affected by both outer sea and land area has had a variable environmental state. Additionally, influ-
ences of human economic activities make it more complicated. Analyzing using a numerical model is an effective way
to figure out the relationship between the fluctuation of the environmental state and fish population dynamics quantita-
tively. On the other hand, there has not been enough ecological knowledge to develop a numerical model. The purpose
of this study is to develop a numerical model using statistics. This model is applied to Ammodytes personatus sp in
Osaka Bay as an example. Apparently, non-linear responses of fish population to environmental factors are revealed by
optimal transformation method and are formulated as a population dynamics model, including environmental effects
based on the responses. Additionally, MCMC method is used to estimate optimal parameters for many unknown pa-
rameters in the developed model. These results allow the quantitative evaluation of the imact of fisheries and the envi-
ronmental state on fish population dynamics of Ammodytes personatus sp in Osaka Bay.
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Table 1. Explanatory variable adopted for optimal transforma-
tion method.

Item Season Area Layer
X, Water temperature Spring  Average of all area Surface
X, Water temperature Autumn Average of all area Surface
X, Chl.a Winter  Estuarine region  Surface
X, Salinity Winter  Estuarine region  Surface
X, Salinity Winter  Bay entrance Surface
X5 Water temperature  Winter ~ Average of all area Bottom
X, CPUE

=N

T A=FEHMEL, IDREINSVEEIL % HIBRE %
L7

N max((pl.)—min(goi)

z(i)= max (6) — min(6) @)
MCMC (Markov Chain Monte Carlo) kIC& 2/¥F X —
S HETE
BHETFVIIBWT, TOREZRET 51218, 1EEZR/Y
T A= OFRPLETH L, FRS, HEFHNTEICL -
THEINRE L @S TE2RET VOGS, /8T A —
YRHBBERL, Tz, HEIET 5720 OHFIEHRI D 74
W72 78T A — & OHEEDHE L\, a2 16 b
LT A =5 DHEERATH) Tk e LTREZ w7z Uk
EPRENTHL. LeLeds, I XA=FEIL L,
A IRFET 578F 2 — 5 OYIMEICE T 2 150D %
WD X9 ¥, EMmN R8T A — F HEE TIERAT
T2 feBifi & 3 AT REEASE V. 2T, EvFaalk
2 W THESRIY I IRO0E R 2 PR9K§° % MCMCEIZ & - T
FTA—I R HET 5.

MCMC &3, BRI E R 72 HETRESR A S HE V8 T
A =7 DA G OEEEIIEESE, TOHLTIEED
DRE S 7EET 7)) Y 728D, FEMESRMi %
Wk T 5FHETHSL. MCMCHEE, HAiEHR?IFTLAL
WG, MMM E LTH AT ENFMRETHY, &
W, EBFOGTFTORIMETIVIIBET 5787 A —F i
2% L Wb TWw b (Gimenez et al., 2009 ; Thorson et
al,2014). AW TIX, iV 7 PRIZT, MCMC %D
FIENPWRTH brstanD /Xy r— TV 2 HWTEET S
(Carpenter et al., 2017). F 7z, HHIHEZS 4 % Table 2 1271

Table 2. Prior distributions, statistic of posterior distribution and adopted parameter values in MCMC method.

Prior probability Trimmed mean of Median of Parameter of

distribution posterior distribution posterior distribution Present method
e Uniform (0.00, 100.00) 1.24 0.97 1.31

y Uniform (0.00, 0.10) 8.12E-09 6.44E-09 1.21E-08

Uniform (0.00, 1.00) 8.26E-05 7.97E-05 1.33E-04
a, Normal (0.91, 0.047) 0.91 0.91 0.81
a, Normal (0.13, 0.0067) 0.13 0.13 0.14
a, Normal (0.49, 0.025) 0.48 0.48 0.47
a, Normal (2.50, 0.13) 2.50 2.50 2.33
as Normal (0.15, 0.0077) 0.15 0.15 0.15
b, Normal (17.21,0.13) 17.17 17.27 17.04
b, Normal (0.56, 0.029) 0.57 0.57 0.58
b, Normal (24.71, 1.26) 24.57 24.77 24.80
b, Normal (33.14, 1.69) 34.59 34.42 34.59
bs Normal (7.66, 0.39) 7.33 7.38 7.61
O Uniform (0.00, 1.00E+6) 67439.30 70219.74 8636.17
s Uniform (0.00, 1.00E+6) 1297.17 1172.68 912.78
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Figure 1. Time series of fishery catch and CPUE.
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Figure 2. Estimated relationship between each variable and
converted value.
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Figure 3. Comparison between measured CPUE, average and
trimmed mean of estimated CPUE and 99% confidential in-
tervals.
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Figure 4. Time changes of estimated biomass and measured
catch in Osaka Bay.
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Figure 6. Comparison between measured CPUE, trimmed mean
and median in posterior distribution and present point esti-

mation using g,,,.
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Figure 8. Scatter plot between catch and annual variability of
biomass.
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