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Fig. 1 Sampling areas in Haizhou Bay and adjacent waters
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Tab.1 Number of stomach samples of Larimichthy polyactisin Haizhou Bay
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SR R T,

O year LT i AR URLE
range mean P, Engraulis japonicus Leptochela gracilis Latreutes planirostris
2011 66-201 105.38 14 293 13.9 103 74 85
2013 76-200 113.32 1 25 0 13 9 9
2014 85-202 132.32 11 25 24 8 7 5
2015 40-169 87.24 20 438 20.5 90 125 91

T N AR R B I 680, N AOR B S R O, PR H R

Note: N, represent the number of stations with predator captured; Ny represent the number of individual fish sampled for stomachs; P. repre-

sent the percentage of stomachs without prey species.



ARk BESE: JET Hurdle-GAMMSs AU S 52 Wi 5 M 5 /N B (0 R B R 649

[ 3k JE 2% Cephalopoda [l #:3% fish [ HAth others
[0 #2233 Copepoda [T $RUFIE Mysidacea [ #F2 shrimp

HNEEHF Leptochela gracilis

P TR BUF Latreutes planirostris
1 [EEHF Acetes chinensis

R R IREF Metapenaeopsis dalei
HABIFE other shrimp

¥ 22 Amphipoda

HoAhZE others

&2 crab

># Nereididae

BEIF2 Mysidacea

fig Engraulis japonicus
TREBEUR Thrissa chefuensis
HAth £ other fish

7Kk F Calanidae sp.

HAtiks £ other Copepoda
W08, Loligo spp.

HAth3k £ 2 other Cephalopoda

10
AEXF E B H 4 /% IR1%
B2 NV /N 45 TR AR B B AR BB T A

Fig. 2 The percentage of the relative importance index (IR1%) of prey species of Larimichthy polyactis in Haizhou Bay
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Tab.2 Thebest Hurdle-GAMMSs for three key prey species and stomach fullness indexes of

Larimichthy polyactisin Haizhou Bay %
7 model uﬁ@/}ﬁiﬁ KHEMELA:H) key prey species o T

response variable 2 E. japonicus YHEEHT L. gracilis PEH JEWUER L. planirostris SI
—Tisl GAMM Ay years + + + N
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BFWE Dis + + 4 .

KE D + + + +

HE S

fift BE#/% Dev 5.2 7.5 4.5 11.2
EA GAMM Ay years + + + +
positive GAMM K L 4 4 4 n

BEFEEE Dis +

KE D + + + +

HE S +

fitt e /% Dev 35.2 21.2 17.7 14.6

TE: SIN B W R &Y, <+ R A S USRI Y L

Note: SI denotes fullness index of stomach; “+” denotes covariates for the best-fit models.
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Fig. 3 Effects of continuous covariates on consumption of Engraulis japonicus by Larimichthy polyactis
based on Hurdle generalized additive mixed-effects models (Hurdle-GAMMSs)
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Fig. 4 Effects of continuous covariates on consumption of Leptochela gracilis by Larimichthy polyactis
based on Hurdle generalized additive mixed-effects models (Hurdle-GAMMSs)
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Fig. 5 Effects of continuous covariates on consumption of Latreutes planirostris by Larimichthy polyactis
based on Hurdle generalized additive mixed-effects models (Hurdle-GAMMs)
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Fig. 6 Effects of continuous covariates on stomach fullness indexes of Larimichthy polyactis
based on Hurdle generalized additive mixed-effects models (Hurdle-GAMMs)
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Fig. 7 Annual variations of three key prey species consumed by Larimichthy polyactis predicted
by the Hurdle generalized additive mixed-effects models (Hurdle-GAMMs)
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Effects of environmental factors on the feeding ecology of small yellow
croaker (Larimichthys polyactis) in Haizhou Bay based on Hurdle
GAMMs
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ence and Technology, Qingdao 266237, China;
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China

Abstract: Owing to overfishing, climate change, and environmental pollution, the biological and ecological char-
acteristics of the small yellow croaker, Larimichthys polyactis in Haizhou Bay have greatly changed. In this con-
text, the study of the trophic dynamics of the small yellow croaker in Haizhou Bay was conducted to provide a
scientific basis for the sustainable use of the small yellow croakers. Bottom trawl surveys in Haizhou Bay and
adjacent waters and the stomach content analysis of caught fish was conducted during the autumns of 2011 and
2013-2016. Based on the data collected, Hurdle-GAMMSs (Hurdle-Generalized Additive Mixed Models) of the
small yellow croaker in the Haizhou Bay ecosystem were built. The model combines the Hurdle model, General-
ized Additive Mixed model, and mixed effect model, which can avoid the residual heterogeneity, non-independence,
and sample grouping problems of GAM, and can be applied to the trophic dynamics of fish. The major prey spe-
cies and key environmental factors were selected to examine the trophic dynamics of small yellow croakers. The
results showed that predator length, distance from shore, and depth of water were the most important environ-
mental factors for feeding in small yellow croakers. When the body lengths of small yellow croakers were between
80—-100 mm and 120-140 mm, their feeding habits changed significantly. In addition, in areas 40—60 km offshore
and at depths of 15-25 m, the food composition of small yellow croakers also changed significantly. The spatial
variations of feeding in small yellow croakers were closely related to the distribution of prey species, and the
variation in their feeding habits were also affected by multiple other factors. These were related to the spatial dis-
tribution of key prey species in the environment and interspecies relationships. In addition, the mouth crack, teeth,
gill rake, and other feeding organs of small yellow croakers developed gradually with increases in body length.
Therefore, the composition of key prey species will also change with increases in body length. In addition, the
availability of prey could also affect the distribution of small yellow croakers and alleviate the interspecific com-
petition in the Haizhou Bay ecosystem. The effects of various factors were also correlated with the feeding inten-
sity in the small yellow croaker. Hurdle-GAMMSs were proven to be an effective method for exploring the trophic
dynamics of species and will provide theoretical support for the conservation and sustainable development of ma-
rine fisheries resources.
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