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Fig. 1 Sampling stations in the coastal waters of Shandong
Province
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Tab. 1 Sample number, feeding rate and mean size of three fish
species in the coastal waters of Shandong Province (mm)

i FiSpecies  20164E10H 2017414 20174E5 H 201748 H

T R fte 171 45 119 130
Cleisthenes 57% 89% 83% 83%
herzensteini
147.02+ 13836+ 12053+ 12644+
38.03 33.58 54.13 56.62
/NI G 1 147 173 — 142
Ch.elidonichthys 579 75% o 85%
spmosus
147.14+  173.26+ — 140.25+
15.19 17.58 20.46
R Lophius 241 237 102 185
litulon 66% 61% 78% 81%
20020+ 23628+ 263.85+ 181.78%
49.96 39.95 34.96 82.14

B AR AR B RER B B E A L
Note: Feeding rate is the percentage of stomachs with food in
all samples
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Fig.2 Cumulative prey curves of three fish species in the coastal waters of Shandong Province
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Tab. 2 Food composition of three demersal fish species in the coastal waters of Shandong Province
] Tk o R . /MR R Fe e
;Hr:;f T ijr; Cleisthenes herzensteini Chelidonichthys spinosus Lophius litulon
W% N% F% IRI% W% N% F% IRI% W% N% F% IRI%

#3K Fish 36.8 3.53 7.25 3.06 1658 4.3 14.43 2.28 85.55 53.3 75.56 85.91
fi Engraulis japonicus 27.57 143 348 257 176 0.17 1.03 0.06 10.14 573 9.21 6.88
KRG Syngnathus acus 0.58 0.11 029 001 04 017 082 001 004 013 038 +
Hey ik Sebastiscus marmoratus 0.03 0.07 0.19 +
7 Rz i Enedrias fangi 024 0.11 029 + 248 021 1.03 0.08 158 14.93 24.06 34.10
e iy Pterois volitans 1024 2 376 2.16
NN Gadus macrocephalus 11.03 32 7.14 478
F B AY 4t £ Johnius belangerii 0.04 0.1 0.21 244 16 32 0.61
PSRy | Apogon lineatus 0.04 0.07 041 141 1.6 263 037
Py Lophius litulon 1.08 0.13 038 0.02
T Sphyraena pinguis 0.54 0.07 0.19 0.01
Kik7s&k Hexagrammos otakii 1.09 0.2 0.56 0.03
B o Conger myriaster 075 02 056 0.03
G F Pennahia argentata 02 0.07 019 +
7 B g it Thryssa kammalensis 0.07 0.13 0.19 +
Skt Agrammus agrammus 0.13 0.07 0.19 +
U pR R Gobiidae 0.05 0.13 038 +
K2z % £ Cryptocentrus filifer 0.15 027 0.56 0.01
7 RIFE fa Chaemrichthys stigmatias 1.5 033 058 003 204 059 1.65 013 312 3 695 2
LIRFUFRE Odontamblyopus rubicundus 0.07 0.07 0.19 +
INEELRIN R A Chaeturichthys hexanema 556 1.14 433 084 65 5.13 11.65 6.38
W ICHIR R Ctenogobius pflaumi 04 069 144 005 004 0.13 038 +
INKHIFLER R B Ctenotrypauchen microcephalus 0.23 0.33 0.38 0.01
Fe4ail R M Tridentiger barbatus 0.35 033 094 0.03
H A Hippocampus mohnikei 024 0.07 0.21 +
W Scomberomorus niphonius 297 1.07 0.56 0.11
fifg s} Callionymidae 0.19 021 124 0.01 031 0.53 0.56 0.02
BL K Callionymus valenciennei 0.25 027 0.57 0.01
15 Callionymus kitaharae 0.21 0.03 0.21 +
R} Pleuronectidae 0.67 02 038 0.02
o HIR fil Cleisthenes herzensteini 0.94 0.13 0.19 0.01
g2 i | Anguilliformes 02 013 019 +
iy Scomber japonicus 7.64 273 244 1.19
B Setipinna tenuifilis 471 0.77 087 0.12
F i Ammodytes personatus 1.54 293 188 04
P AT i Sebastes thompsoni 0.14 0.13 038 +
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g2
P, iy R 3t /NIRZR A AR T e
ﬁi‘j T ij Cleisthenes herzensteini Chelidonichthys spinosus Lophius litulon
W% N% F% IRI% W% N% F% IRI% W% N% F% IRI%
NEE Larimichthys polyactis 1.21 0.67 1.69 0.15
WNIREREES  Chelidonichthys spinosus 0.93 0.07 0.19 0.01
VY7 Lutjanus kasmira + 0.07 0.19 +
T KRR Zoarces gilli 026 0.07 0.19 +
AATHEHAFAZE  Unidentified fish 221 077 203 0.15 32 086 433 051 246 48 109 3.72
L1 Shrimps 53.02 66.59 73.04 9141 70.65 77.82 84.33 9459 8.66 30.65 39.85 12.83
HIE BT Crangon affinis 4722 21.06 3507 60.95 28.17 585 1876 18.55 6.05 18.05 27.07 30.70
SHELAT Leptochela gracilis 0.08 221 145 0.15 786 26.12 4392 4337 + 02 0.56 0.01
KRIKIREF  Ogyrides orienlalis 012 072 1.03 0.03
K- Heptacarpus futilirostris 0.19 031 0.21 +
HEER Latreutes anoplonyx 022 0.11 0.29 023 055 144 0.03 + 007 0.19 +
P AT Latreutes planirostris 0.02 022 0.58 1.59 8.02 1299 363 0.02 047 132 0.03
i JTCHR Trachypenaeus curvirostris 0.58 0.07 041 001 039 047 1.13 0.05
A IRMR Eualus sinensis 4.08 2459 3246 23.69 194 3.03 247 036 004 1.07 132 0.07
H IR ARER Metapenaeopsis dalei 19.42 11.08 22.68 20.11 1.27 5.13 451 136
MIGFXUE  Parapenaeopsis tenella 1.88 0.89 227 0.18 0.16 073 132 0.06
BT Alpheidae sp. 0.11 0.11 0.29 047 028 144 0.03
H AR B R Alpheus japonicus 046 0.11 0.29 353 1501 474 256 043 147 226 02
it B Alpheus distinguendus 208 055 268 021 009 0.13 038
BT Alpheus hoplocheles + 0.07 0.19
It Upogebiidae sp. 0.04 0.07 041 +
ISEL Palaemoninae sp.
BIRKEI  Palaemon gravieri 0.05 0.11 0.29 + 1.38 089 186 0.12 0.17 133 1.13 0.08
FiF Acetes sp. 0.63 13.56 1.16 042
ERNESEEL (S Acetes chinensis + 0.07 0.19 +
PO IR Penacus 0.01 033 087 0.01 049 0.07 0.21 +
ESCIE Unidentified Shrimps 0.15 419 10.72 1.18 0.68 428 845 122 0.04 14 357 024
TR Mysidacea + 022 029 +
AATHEHABREF  Unidentified Mysidacea + 022 029 +
Ly RE Amphipoda 01 904 1594 152 0.62 8.61 23.09 1.61
R Gammarus sp. 0.07 595 113 173 054 737 2082 4.79
PR ERUE Monoclodes sp. 0.03 3.09 4.64 037 0.08 1.2 33 0.12
SLHR £ AR Amoelisca sp.
R ARIGURR 2 Sinocorophium sinense + 0.03 0.21 +
WPEES Stomatopoda 4.61 1.1 557 024 276 1.07 2.07 0.06
WL Oratosquilla oratoria 461 1.1 557 092 276 107 207 0.17
7R Crabs 001 044 1.16 0.01 527 396 14.85 1.03 0.05 0.13 038 +
N Pugettia sp. 0.01 044 1.16 0.01
VY L Pugettia quadridens 0.06 0.07 041 +
AU Charybdis bimaculata 2.89 255 7.63 121
H Az Charybdis japonica 1.16 034 144 0.06
WIK=%  Tritodynamia rathbunae 0.17 0.07 041 +
ER=WE  Tritodynamia horvathi 0.03 003 0.21 +
T8 )8 Hemigrapsus 0.05 0.1 0.41 +
EREES TS Hemigrapsus sinensis 0.3 0.03 0.21 +
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gR2
LRk IR /NIRERE B Bk
lﬁjjfijr; Cleisthenes herzensteini Chelidonichthys spinosus Lophius litulon

W% N% F% IRI% W% N% F% IRI% W% N% F% IRI%

ity S M 4 Oregonia gracilis 0.05 0.07 0.19 +

R unidentified Crabs 06 076 433 017 + 007 019 +

HRER Isopoda 0.01 044 087 + 0.06 007 041 +  0.01 007 019 +

H A TRIE /K &L Cirolana japonensis 0.06 0.07 041 + 0.01 0.07 0.19 +

VK AL Cleantioides planicauda 0.01 044 087 0.01

Bk Cladocera + 088 029 0.01

K% Daphnia sp. + 0.88 0.29 0.01

BER Copepoda + 099 058 0.01 + 003 021 +

K& Calanidae sp. + 011 029 +

R AP K & Calanus sinicus + 0.03 0.21 +

R Cumacea + 055 145 0.1

AATHENEER Unidentified Cumacea 0.55 145 0.02

ARPHAFEZ  Unidentified Crustacea + 003 021 +

WE B Echinodermata 38 915 1971 2.67 016 11 6.6 0.06 0.44 9.46 10.34 0.84

Li=2e Ophiuroidea 0.15 0.22 058 0.01 + 007 041 +

[N Y Ophiura sarsii 364 893 19.13 6.12 0.03 0.14 0.82 + 041 813 695 28

A KRR Stegophiura sladeni 0.09 0.17 1.03 0.01 0.02 0.8 2.07 0.08

& RAEE Ophiura kinbergi + 0.1 062 +

KR Ophiopholis mirabilis 0.03 062 371 0.07 + 0.53 1.32 0.03

LR Cephalopoda 049 0.22 058 + 07 065 3.09 0.03 182 413 7.4 035

+ i H Decapodiformes

WG - 5, Sepiola birostrata 044 011 029 + 066 038 144 004 061 093 207 0.15

VY2 H- 5 Euprymna morsei 0.06 0.27 0.38 0.01

iR Loligo sp. 1.14 266 451 0.81

Ko Octopus variabilis

L] Octopus ocellatus

REL 2L Unidentified Cephalopoda  0.05 0.11 029  + 004 028 1.65 001 + 027 038 +

MR Bivalvia 326 65 1072 11 021 1.62 887 012 0.01 033 0.75 +

IRIT BEN G Hiatella orientalis + 0.11 0.29

Pty Tellinidae sp. + 0.22 0.58

AR Moerella rutila + 0.03 0.21 +

YL B Moerella jedoensis 0.01 0.27 0.56 0.01

H A 53 ha Dosinia japonica + 0.03 021

A BLIS Dosinia laminata + 0.14 0.62 +

B i Ostrea denselamellosa 0.02 0.03 0.21

o [ ey ) Mactra chinensis 321 562 87 195

H A 05 Portlandia japonica 0.05 033 0.87 0.01

BRI I Terebratella coreanica + 0.07 0.19 +

LR v Ostreidae

5 DURE Pectinidae

RAER Unidentified Bivalvia 0.01 022 058 + 018 138 7.84 0.35

BRk Gastropoda 008 021 124 + 032 0.67 1.13 0.01

o O E Doridoidei

22 IR ST Iy Philine kinglippini 0.07 0.07 041 + 032 06 094 0.04

rh [ 2205 Pterygia sinensis + 0.03 021
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g2
TER} ﬂl% Cleisther':sB %?fzensteini Chelidg}ff}i%;%%)mosus Lop%ziﬁgfulon
Prey item W% N% F% IRI% W% N% % IRI% W% N% F% IRI%
A 7K /N B Mitrella burchardi + 0.03 0.21 +
AL B IR Cerithidea sinensis + 0.03 0.21 +
RIS Littorina brevicula
TE 1R IR Temanella turrita
KRHMGLZE  Unidentified Gastropoda 001 003 021 + + 007 019 +
ZEHR Polychaeta 25 221 435 021 1.07 048 268  0.03
Wit Nereis succinea 2.5 221 435 052 1.07 048  2.68 0.12
RV BRI Lumbrineris heteropoda
W Aglae 0.02 0.1 0.29 + 038 02 038 +
£y Fish eggs + 0.03  0.21 +
e+ FRR/ANT0.01
Note: “+” indicates that the values are less than 0.01
w/N0.399). BT EIRAESMES, 30 KR A ESFEILE TSR g S ES R 4).
AR E A B (R 4), m RS i 3 it

LA e 1 S (8] A2 2547 55 85(0.478), 117 /N IR S 1
5 B MR 1) 2 1) A 5 EE & AR /N0, 115)

Mt T8 75- 2 0 e S ESGER 4), B
R S NR SR gt B s e RS ES, 1
BT RS ESRN, b S8atE
() R AL E B R/ A, B i PR G R e i
) FRAESMESARIE S, BT AE

Pas
-

31 BRI
AWFFRI, AR = IR T R sh ) &
PR, EELLEUARE, DU IR AR AT A 22 SR AE Dy A
PARL . ST ST SO, A O e AR g
PLEE B 55 MR (Alpheus distinguendus)~ 4R (Ora-
tosquilla oratoria) H ARG (Alpheus japonicus)

o=

Fish<1

Cs
.18 .72 .10
61%

Echinodermata<2

Other.crustacea<l
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Tab. 3 Trophic and spatial niche breadth of three fish species in
the coastal waters of Shandong Province
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FEEDING ECOLOGY AND FOOD COMPETITION OF THREE DEMERSAL FISH
SPECIES IN THE COASTAL WATERS OF SHANDONG PROVINCE

HAN Fang-Cheng', LI Fan’, FENG Yuan', LIU Li-Jun', NIU Chun-Xiang', XU Ye-Peng',
REN Yi-Ping"** and XUE Ying"*

(1. Fisheries College, Ocean University of China, Qingdao 266003, China; 2. Shandong Provincial Key Laboratory of Restoration
for Marine Ecology, Shandong Marine Resource and Environment Research Institute, Yantai 264006, China; 3. Laboratory for
Marine Fisheries Science and Food Production Processes, Pilot National Laboratory for Marine Science and Technology
(Qingdao), Qingdao 266237, China; 4. Field Observation and Research Station of Haizhou Bay Fishery Ecosystem,
Ministry of Education, Qingdao 266003, China)

Abstract: The coastal water of Shandong Province is a typical continental marginal sea, which is an important fishing
because of its unique geographical environment and hydrological factors. It is also a major spawning ground and feed-
ing ground for many fishery organisms in the Yellow Sea. In recent years, due to the high fishing intensity, fishery re-
sources had declined seriously. The proportion of traditional economic species in the catch has decreased significantly,
and the fish community structure has changed greatly. By studying the feeding ecology and food competition between
fish species in Shandong offshore waters, this study aims to understand the effects of interspecific competition on the
spatial distribution, population change and stability of fish community. It will also provide basic information for the
management and sustainable utilization of fishery resources in this area. Based on the data of seasonal bottom trawl sur-
veys and stomach content analysis from 2016 to 2017, the food composition and differences in trophic and spatial niche
of Cleisthenes herzensteini, Lophius litulon and Chelidonichthys spinosus were analyzed by assessing niche overlap
coefficient and classification tree. A total of 1630 samples were collected, of which 440 were empty stomachs. The ade-
quacy of stomach sample size was determined by cumulative prey curves. Through the cumulative prey curves, it was
found that the curves of three demersal fish species were all close to an asymptotic line, indicating that the number of
stomachs was sufficient to reflect their feeding ecology. The results showed that the three demersal species were
benthic predators, mainly feeding on shrimp and fish. Among them, C. herzensteini mainly fed on shrimp (61%) and
echinoderms (12%), C. spinosus mainly fed on shrimp (68%), while L. litulon mainly fed on fish (66%) and shrimp
(26%). There were some differences in the feeding ecology of them, which could be distinguished by building a de-
cision tree. ANOSIM analysis also showed that the interspecific differences in feeding ecology of the three fish species
were greater than the intraspecific differences. Canonical correspondence analysis (CCA) was conducted to study the
main factors affecting feeding ecology. Bray-Curtis similarity index was used as the basis of matrix calculation. Length,
weight, season and geographical location (latitude, longitude) were selected as explanatory variables. A biplot of re-
sponse variables and prey groups along the first two canonical axes was constructed for interpretation. The result of ca-
nonical correspondence analysis (CCA) showed that the feeding ecology of C. herzensteini was mainly related to its
length. As length increases, C. herzensteini feed on more fish and shrimp. The feeding ecology of C. spinosus was
mainly related to the season, while the feeding ecology of L. litulon was mainly affected by the spatial distribution. L.
litulon eat more shrimp at the high latitude areas, and they feed on more fish with the increase of longitude. By calculat-
ing the spatial and trophic niche breadth of three fishes, it was found that C. herzensteini had the lowest trophic niche
breadth, indicating that the prey diversity of C. herzensteini was low. The spatial niche breadth of L. litulon was the
highest, indicating that its ability to adapt to the environment is relatively high, which is also consistent with its wide
distribution in Shandong offshore waters. The trophic-spatial two-dimensional niche overlap index reflected the simila-
rity in the utilization of food and spatial resources among species. If the overlap index of any dimension decreases, it
would lead to the decrease of trophic-spatial two-dimensional niche overlap index. The trophic niche overlap coeffi-
cient of three fish species was high, but the spatial niche overlap coefficient was low, which reduced the interspecific
competition to a certain extent.

Key words: Niche overlap; Classification tree; CCA; Food competition; Shandong offshore waters
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