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Fig. 1 Sampling stations of fishery resources and environment
survey in the Yellow River estuary and adjacent waters
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Fig.2 Spatial distribution of resource abundance of Konosirus
punctatus in the Yellow River estuary and adjacent waters

ANFEH IR FEERHE AR, 10 A RIEFE R
K, 6.8 HMHIRFRER /N 25 LR, B H 5
B R R 3 B B A B TR 1 A b S B EH S 1 A )
Ak, TR UEAE A = R X BT R A B 3 A
s, BESETT IR = 5 m (E B2 AR SRR 16~
20, KR 10 m DA 7Kk .

3 iTit
DEBEEE U F B A A [A) 3 3 B 23 18] 53 A AT



966 Hh [ K R A

F 24 8

x1 ®WAORMAKEREFIREERE D HOZWEFH GAM HETFRD 2
Tab.1 Forward-selection procedure of Generalized Additive Models (GAM) for affecting factors on spatio-temporal
distribution of resource abundance for Konosirus punctatusin the Yellow River estuary and adjacent waters

#4 model AIC ff AIC 5822 residual #4 model AIC {H AIC 5822 residual
month 255.5718 309.7516 month+phy+depth 245.4704 191.0258
month+st 259.1986 285.6558 month+phy+depth+st 249.6936 179.0132
month+ss 257.4852 276.7319 month+phy+depth+ss 244.8960 162.9794
month-+lat 255.0733 264.6446 month+phy+depth+lat 248.6756 174.7954
month+lon 256.4822 271.6422 month+phy+depth+lon 249.4815 177.4829
month+depth 252.9307 254.3529 month+phy+depth+ss+st 250.9410 157.1828
month+phy 247.5153 230.0798 month+phy+depth+ss+lat 248.2731 149.6071
month+phy-+ss 252.6832 218.3220 month+phy-+depth+ss+lon 250.1172 154.8038
month+phy-+st 248.9497 203.7389 month+phy+depth+ss+lat+st 252.1131 138.5134
month+phy+lat 251.5556 213.8120 month+phy-+depth+ss+lat+lon 254.9018 145.8551
month+phy+lon 248.1018 200.5645

TE: month FIRTHAMF(H]; st RN RIZHKIELE; ss RRRIZMAKELE; depth KK, phy FIRTEHALY) FL; lon JRAE R RYZHE; lat

HRBE B,

Note: month indicates the survey time, st indicates surface water temperature, ss indicates surface water salinity, phy indicates phytoplankton

abundance, lon indicates longitude, lat indicates latitude.

®2 GAM BREMASERNRES

Tab. 2 Analysisof deviance for generalized additive models (GAM)

BR2E A h B 22 e sttt RITRRG 2/ %

i 71 AIC
BRARF residual degree residual deviance accumulation of devi- & F
model factor . L . AIC value
of freedom deviance variation ance explanation

¥ 53 378.65
A4y month 51 309.75 68.9 18.20 255.57
PRI 3 )% Phytoplankton abundance 47 230.08 79.67 39.24 247.52 0.001%*
JKIR water depth 43 191.03 39.05 49.55 245.47 0.019*
1K R IZER B surface salinity 39 162.98 28.05 56.96 244.9 0.027*

e *FoR 2 7 I3 (P<0.05); **3RR8 22 T R 3 (P<0.01).
Note: * indicates significant difference (P<0.05), **indicates extremely significant difference (£<0.01).
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Fig. 3 Effects of explanatory variables on resource abundance of Konosirus punctatus in theYellew River estuary and adjaceat waters

month indicates the survey time, st indicates surface water temperature, ss indicates surface water salinity,

phy indicates phytoplankton abundance, lon indicates longitude, lat indicates latitude.
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Generalized additive model reveals effects of spatiotemporal and en-
vironmental factors on the relative abundance distribution of Ko-
nosirus punctatusin the Yellow River estuary and its adjacent waters
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Abstract: Konosirus punctatus is an important detritus-feeding fish and the prey of many high-trophic-level spe-
cies in the Yellow River estuary ecosystem. Thus, K. punctatus has large effects on the abundance distribution of
many fish species in the waters. The distribution of K. punctatus relative abundance in relation to spatiotemporal
and environmental factors were analyzed using generalized additive models (GAM) based on bottom trawl surveys
conducted during July, August, and October 2013 in the Yellow River estuary and its adjacent waters. Pearson
correlation analysis was indispensable for determining whether factors introduced in the model were significantly
correlated, as included variables should be independent. The relative abundance of K. punctatus varied noticeably
with resource abundance, being high in autumn and low in summer. Additionally, K. punctatus was mainly dis-
tributed in the coastal waters of the northern Yellow River estuary; however, with seasonal decreases in food re-
sources and temperature, the distribution gradually moved to the open sea. A minimum Akaike information crite-
rion (AIC) was used to determine the best-fit GAM, via a stepwise method. Month, depth, sea-surface salinity, and
phytoplankton abundance significantly affected the abundance distribution of K. punctatus in the Yellow River
estuary and its adjacent waters. The final model explained 56.96% of the deviance, with phytoplankton abundance
contributing the most (21.04%). Konosirus punctatus abundance generally decreased with depth and increased
with increasing phytoplankton abundance and sea-surface salinity. Specifically, abundance was relatively high in
phytoplankton-rich waters <10 m in depth and with a sea-surface salinity of 17. These conditions may be related to
reproduction-related migration, as well as estuarine environmental variation from the combined effects of fresh-
water runoff and tidal movement. In a future study, more data on quantifiable social and biological factors will
increase the reliability of our conclusions. Nonetheless, the results of this study should contribute to the conserva-
tion and sustainable use of K. punctatus in the Yellow River estuary and adjacent waters.
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