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Tab.1 Sample size of Chelidonichthys spinosus stomachs
of different size classesin different years

A KA /mm Ay year St

size class 2011 2013 2014 2015 total
88-134 116(8)  35(3)  10(0)  29(2)  190(13)
135-149 62(9)  43(0)  20(1)  54(1)  179(11)
150-164  49(11)  77(1)  21(3)  51(0)  198(15)
165-225 28(4)  83(3)  253)  30(1)  166(11)
it total  255(32) 238(7)  76(7)  164(4)  733(50)

I\ B

Note: Number of empty stomachs is given in parentheses.
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Tab.2 Diet composition of Chelidonichthys spinosus during autumn in Haizhou Bay
THRFIZE prey item Biim EAr /% Woo - DB 3 LE/% N% Y IAR/% F% *ééﬁﬁﬁﬁf
#F2% Shrimp 68.03 87.20 92.96 97.14
HEEYE Lysmata vittata 0.04 0.02 0.29 +
H{[CARHF Metapenaeopsis dalei 32.07 14.81 36.80 24.30
JIESE&UF Latreutes laminirostris 0.05 0.01 0.15 +
HICKE U Palaemon gravieri 1.27 0.82 4.69 0.14
IR Alpheus sp. 0.04 0.07 0.59 +
T Latreutes anoplonyx 0.25 0.12 1.47 +
HIE#EIEF Crangon affinis 1.63 0.30 3.23 0.09
HA#Z R Alpheus japonicus 0.60 0.08 0.88 +
4% HF Leptochela gracilis 19.38 41.79 61.88 53.31
5} % IF Parapenaeopsis tenella 0.42 0.35 1.76 0.02
e UT Alpheus disinguendus 0.93 0.27 2.93 0.05
&% )JINEF Trachysalambria curvirostris 3.79 0.21 2.20 0.12
PETT T AET  Latreutes planirostris 6.29 26.97 39.88 18.69
K E-LBMF Heptacarpus rectirostris 0.04 0.05 0.44 +
rh4g4z JREF Eualus sinensis 0.04 0.03 0.29 +
JE B %A Metapenaeus joyneri 0.02 0.02 0.15 +
ARAHHAERZE Unidentified shrimps 1.16 1.28 11.58 0.40
125 Pisces 20.42 3.80 27.42 1.15
IR B Thryssa chefuensis 0.05 0.02 0.29 +
JE#Ef% Callionymus sagitta 1.51 0.07 0.73 0.02
S L E B Cynoglossus lighti 0.35 0.02 0.29 +
4Ef; Callionymus beniteguri 2.15 0.10 1.17 0.04
T Hippocampus kell oggi 0.15 0.05 0.44 +
43 Syngnathus acus 0.35 0.27 0.88 +
mi4hifa Johnius sp. + 0.01 0.15 +
2= [Kff Callionymus richardsoni 0.05 0.02 0.29 +
N RRARFEA Amblychaeturichthys hexanema 5.04 0.38 2.79 0.21
¥ RUFFE L Chaeturichthys stigmatias 0.47 0.07 0.88 +
2 Fem 4 Johnius belangeri + 0.01 0.15 +
Ffill Sebastes sp. 0.21 0.01 0.15 +
AR R Ctenogobius pflaumi 0.41 0.37 3.81 0.04
H A% o Engraulis japonicus 0.88 0.40 0.73 0.01
fizffi Engraulis japonicus 0.73 0.10 1.17 0.01
Yt fE Sillago parvisquamis 0.04 0.01 0.15 +
40 45 K4 Apogon lineatus 3.79 0.58 5.57 0.34
T ffifa. Ammodytes personatus + 0.01 0.15 +
fiiy Callionymus sp. 1.67 0.52 3.67 0.11
AA[HEA 2 unidentified Pisces 2.57 0.75 7.33 0.34
H Crabs 4.28 1.57 15.69 0.69
HIEZM Philyra pisum + 0.01 0.15 +
P2k 5R M Eucrate crenata 0.07 0.02 0.29 +
O GE R Pilumnopeus mikiana 0.06 0.05 0.44 +
FRIE JE5C M Arcania globata 0.03 0.02 0.15 +

(fF4£ to be continued)
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(8% 2 Tab.2 continued)

PRI prey item JEHEE A b /% Woo  NBCET A3 LE/% N% BB/ % F% *gix ;ﬁfﬁfﬁy
H 748 Charybdis japonica 0.10 0.03 0.44 +
4B L% Raphidopusciliatus + 0.01 0.15 +
W HT4E Charybdis bimaculata 3.70 1.10 9.82 0.66
PO HLEE Pugettia quadridens 0.08 0.01 0.15 +
/NFIEHI 4 Pilumnus spinulus 0.05 0.02 0.15 +
A Ye e  Achaeus tuberculatus 0.02 0.01 0.15 +
A HEAEEZS unidentified Crabs 0.17 0.28 3.52 0.02
% £Z Cephalopoda 2.58 1.10 11.58 0.28
%M Octopus ochellatus 0.02 0.01 0.15 +
H 5 Sepiolasp. 0.11 0.05 0.29 +
450§ Sepia carinata 0.18 0.01 0.15 +
#50 Loligo sp. 2.03 0.65 6.89 0.26
X% H- 50, Sepiola birostrata 0.19 0.08 0.88 +
AATHEASL £ 2K unidentified Cephalopoda 0.06 0.29 3.37 0.02
M 3% Stomatopoda 2.57 0.30 3.52 0.14
1 F i Oratosquilla oratoria 2.57 0.30 3.52 0.14
Wi 2 Amphipoda 0.26 2.96 19.35 0.36
MR %4 9F  Monoclodes sp. 0.03 0.56 3.37 0.03
#JUF Gammarus sp. 0.07 1.19 10.85 0.19
KR A4 4T Ampelisca sp. 0.15 1.21 7.18 0.14
W5E2E Bivalvia 0.17 1.08 12.61 0.07
A B5tA Dosinia corrugate + 0.27 2.79 0.01
ZRITEEMIN Hiatella orientalis + 0.03 0.44 +
JEAT%  Solen dunkerianus + 0.03 0.29 +
FEH =M Ruditapesphili ppinarum + 0.01 0.15 +
YL/ i B Protothaca jedoensis 0.01 0.09 1.17 +
VLIPS Moereua jedoensis + 0.01 0.15 +
4l Ostreagigastnunb + 0.08 1.03 +
fit H = BHiG Yoldia notablils 0.02 0.03 0.29 +
SIS Macoma incongrua + 0.02 0.15 +
AATHHAIGEZ unidentified Bivalvia 0.11 0.49 6.16 0.05
HEIFZE Mysidacea 0.08 0.58 4.99 0.05
% FE2 Polychaeta 1.11 0.23 2.79 0.03
o N B B Pherusa bengalensis 0.59 0.05 0.44 +
P75 Nereis succinea 0.51 0.17 2.20 0.02
AATHHA L EZE unidentified Polychaeta + 0.01 0.15 +
I JE2E Castropoda 0.11 0.27 2.93 +
TE IR Buccinium yokomaruae + 0.01 0.15 +
IR 5 g2 Inquisitor pseudoprincipalis + 0.01 0.15 +
L K FE% s Philine kinglippini 0.06 0.03 0.29 +
f/NERZ Mitrella bella + 0.01 0.15 +
ik41 82 Rapana venosa + 0.01 0.15 +
AR IR Pseudoetrema fortilirata + 0.01 0.15 +
Tifi 2% i 2% #iT 2. Proterato callosa 0.02 0.01 0.15 +
FRAEF ST I2 Cerithidea sinensis + 0.03 0.44 +

(fF4£ to be continued)
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(&% 2 Tab.2 continued)

THEAIZ prey item BT 43 /% W DNECE A3 H/% N% B /% F% ?ﬁ{iﬁﬁﬁf
AR HHAME £ unidentified Castropoda 0.01 0.13 1.32 +
LS Isopoda 0.17 0.10 0.88 +
Fe5 1 #E/KE Synidotes laevidorsalis + 0.01 0.15 +
H 7SRk E Cirol anajaponensis 0.17 0.09 0.73 +
P2 2h%) Echinodermata 0.09 0.19 1.76 +
g2 Ophiopholis mirabilis 0.05 0.05 0.59 +
T8I H Hemicentrotus pulcherrimus 0.02 0.01 0.15 +
TG filie 2 Ophiothrix marenzelleri + 0.02 0.29 +
AL E Stegophiura sladeni + 0.02 0.29 +
ANA[HEAZ %) unidentified Echinodermata 0.02 0.06 0.88 +
10y fish eggs + + 0.88 0.04
HAth others 0.15 0.62 4.69 0.06

R I H61<0.01%.

Note: “+” indicates the ratio <0.01%.
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Fig.2 Dietary composition of Chelidonichthys spinosus by size class in the Haizhou Bay
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Fig.4 Effects of different factors on feeding intensity of Chelidonichthys spinosus in Haizhou Bay
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Fig.6 The relative abundance of main prey species of
Chelidonichthys spinosus in environment ()
and in stomachs ([]) in Haizhou Bay
a: Leptochela gracilis; b: Metapenaeopsis dalei; c: Latreutes
planirostris; d: Trachysalambria curvirostris; e: Loligo sp.;
f: Chaeturichthys hexanema; g: Palaemon gravieri; h: Crangon
affinis; i: Alpheus disinguendus; j: Charybdis bimaculata;
k: Ctenogobius pflaumi; 1: Oratosquilla oratoria.
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Feeding strategy and prey selectivity of Chelidonichthys spinosus
during autumn in Haizhou Bay

WANG Rongfu', ZHANG Chongliang', XU Binduo', REN Yiping" %, XUE Ying'

1. Fisheries College, Ocean University of China, Qingdao 266003, China;
2. Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National Laboratory for Marine
Science and Technology, Qingdao 266237, China

Abstract: With the decrease in traditional economic fish resources, Chelidonichthys spinosus has become one of
the dominant fish species in the Haizhou Bay ecosystem, playing an important ecological role in the food web.
Chelidonichthys spinosus is a benthic fish species widely distributed in the China seas and Japan Sea, and in the
waters around the Korean Peninsula. Using the samples collected from the bottom trawl survey in the Haizhou
Bay during the autumn of 2011 and 2013-2015, 733 C. spinosus stomach samples were analyzed to study their
feeding ecology, including diet composition, feeding intensity, feeding strategy, and prey selectivity. The results
showed that the prey items of C. spinosus included more than 80 species, and shrimp and fish were the predomi-
nant prey taxa, with the index of relative importance of 97.14% and 1.15%, respectively. Leptochela gracilis,
Metapenaeopsis dalei, Latreutes planirostris, Charybdis bimaculata, and Apogon lineatus were the most impor-
tant prey species. The results of the cluster analysis showed that the diet composition did not change significantly
with the increase in body length. The average similarity coefficient of the food composition of C. spinosus was
86.74% among different size classes. This might be because the samples were collected in autumn. The samples
reached or were close to adulthood, with their mouth, teeth, gill rake, and other feeding organs developed per-
fectly. The feeding intensity was described by the percent of empty stomachs and the mean stomach fullness in-
dex. The percent of empty stomachs of C. spinosus did not vary significantly among different size classes (P>
0.05), but the mean stomach fullness index varied during the growth period (P<0.05). Overall, the feeding inten-
sity of small-sized C. spinosus was higher than that of large individuals. This is because the growth rate of
small-sized C. spinosus is faster than adalts; they require more energy from prey. The feeding of fish is generally
affected by several variables, including the development status of fish, the type and abundance of prey species,
environmental conditions, and other factors. In this study, the generalized additive model (GAM) revealed that
the feeding intensity of C. spinosus was affected significantly by salinity, water temperature, and latitude (P<
0.05), whereas, the effects of body length, longitude, and water depth were not significant (P>0.05). It will help
analyze the factors that affect feeding habits of fish, understand the feeding status of fish, and examine the cur-
rent situation and development of fish and their prey species, in order to make reasonable resource development
and utilization decisions. The feeding strategy analysis further revealed that C. spinosus is a generalist predator
and mainly feeds on shrimp and fish. The general feeding habit is an adaptive feeding strategy for fish that fa-
cilitates the adaptation of fish to variable environmental conditions, regulating the relationships with competitors.
By calculating the prey selectivity index, it was found that there was a difference in the composition of favorite
prey items and actual feeding prey items. The feeding ecology of C. spinosus is affected not only by the abun-
dance and availability of prey, but also by strong active selectivity. These results will provide basic data to fur-
ther understand the trophic dynamics in the Haizhou Bay ecosystem. It can also provide scientific reference for
the protection and rational utilization of C. Spinosus resources in Haizhou Bay.
K ey words: Haizhou Bay; Chelidonichthys spinosus; feeding ecology; feeding strategy; prey selectivity
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