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Fig. 1 The sampling areas in Haizhou Bay

R fa Ak £ 1 W () IF 5 SR I, BERRAE B
KFR . BRZREAD RIFEREDRE/E R
NGRS, AT B ST BN R 2 W)
S RE R, B T A ST B R R . S
Bresk, MR, FHWOK AR 2K 43 )5, FEM
fRT A ) e T S 5 TR A 9 (0 R 2 0 3 B
H, EYHREEEHE 0.001 g JFRE%E SRR
SIRM TG X 2011 4EF5 | FK R M T B 40 v 35,
() 22 Pl 25 (5 iR S AE Y 78.91%),
I 4429 DMEEYRERER DT T 00, Kz
WARBEE R 5 AEFRDIGERE, BT
A Sh & . MR IR A
P 2013—2016 4F ¥ V5 S &P 3 Vg Bl £ 2 HE TR 1)
ERIRERERI L. 2011 4EE FRINBEREMI ] 43
SEI AR, BTk B S S AR X ZE T
PNV S AR ) S AR R Y 73.05%~81.53%
1.2 HIESH
1.2.1 IDheedEkla WIES SWoms R, ¥
A EYALURIA N LT R SR IRk, D2
FMRE . BeE ., e, ZEEK . EREK.
BEDS . BRI FEE. BRIRSE . BEERZE. BAF
5 BRSSPSR (IR HEA
Fh2), SRR B BT o5 AR B R RO
O H(%IRDHEAT B Hr > 2 0 ARBE 5 % A
PRIMER v5.0 #4755 534, 1] Bray-Curtis AH{
PERBOIAR R 8 TR RERE . T HPRHH LM
FB RN Z R LE W 1 43 2 B T R R R,
SRR UL, AHRITE R BN, AR o
S} R FH BAR: R BT B — A —pifel™ L,
[, BT Y AL 2 B HE BB AL 60% Y PH ) b 2k
TE SR BRI XS, kR 2R RS 1 E ST
REREOT
1.2.2 RBMETE MG Pinkas! A X Z 1k
&4 (index of relative importance, IRI)#f & I M 7%
R AR RS A AN, A58 ol IRIK T 500
R AR AR IF

IRI=(N +W)F
Ao, N OB EASFE Y R R St AR R g b e
(14 LG (%o); W Ry A 8 190 B o A B30 A0 dk v
m T (%); F oA B b A 8 S A
I .



FEWER S5 EH 1 L SR T sl A0 ST v 119 8 FR T RE At B s A7 1k 143

F1 ENERVILDEHFTEGMERABTIVHRNE

Tab.1 The number of major fish species and their stomach number from Haizhou Bay and adjacent waters

N=4429; X+SD
28 4 /mm ez B R AL SR
fish species body length non-empty stomach number number
M4kt Argyrosomus argentatus 114.98+38.54 49 54
Kif 7~ fi Hexagrammos otakii 91.14+33.65 139 169
s & Callionymus sagitta 75.56+24.55 181 228
S W) 415 5 Cynoglossus joyneri 139.35+37.82 232 337
JTRZ= % Enedrias fangi 114.38+14.90 336 534
#:fifi Callionymus beniteguri 113.08+20.89 44 65
Wik #§ % f8 Collichthys lucidus 92.80+20.57 133 172
£ K-8 Pleuronichthys cornutus 122.63+36.28 33 42
Z=[Gfifi Callionymus richardsoni 82.13+11.23 197 245
N2zl IR FE i Amblychaeturichthys hexanema 95.11+49.55 131 223
F BUF £t Chaeturichthys stigmatias 95.76+22.60 205 223
fit Miichthys miiuy 72.70+223.38 52 54
K G &t #f Johnius belangerii 84.46+16.76 103 148
Wi Liparis sp. 97.79+21.43 249 269
/NEEff Larimichthys polyactis 117.22+21.55 338 426
/MR &€t Chelidonichthys kumu 139.26+16.86 395 450
SEHEE 88 Conger myriaster 106.48+27.38 226 259
L ffifi. Ammodytes personatus 121.35+£10.04 32 43
Kighifi Saurida elongata 147.13+56.72 246 330
HJEYRFE 1 Triaenopogon barbatus 63.66+13.24 53 103
PFICE-fil Sebastes schlegelii 31.44+87.26 27 33
Hifa Trichiurus haumela 23.72+218.50 21 22

TE: R R )Z k.

Note: The fishes listed in the table are all demersal fishes.
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FIK I 75 26 1 (Hexagrammos otakii )& HF £ P 25 35
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opsis dalei), 4i%ELUF(Leptochela gracilis)FIPETy v
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91.38%; Hk Mz Feny i fa, T 89.92%IK 4R,
PRERR R, %, T RINE M. I AR
LA AR ELBITE 60%~80%, i Ji T 5 1 3=
AR H A S MR (Alpheus japonicus) . JETY T 4T
FAH 2 UR S i B B A MR 28 DA isf B 5 AF (Alpheus
distinguendus) . H A&7 BFF# FC AR BF R B, 55 40
WSS, FRINE AR E IR EEN
HASGHR | Ty TE40ER A B g ir, SR —
Sy R 2R W SE 2, Wil fi 32 B o G AR R R
PETF VAR, T AAF B — b i 2K

MR /0 £ PR 8 R T RE A 0 H5 B A DU KO R
54.7%, BLFETF BT fif(Sebastes schlegelii) . /N fh
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Fig. 2 Trophic groups by cluster analysis (A) and the food composition (B) of various fish species in Haizhou Bay and adjacent waters
a. Shrimp predators; b. Shrimp/fish predators; c. Piscivores; d1—d4. Benthivores; e. Zooplanktivores.
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JEZE, AR B B — AR50 B ARSI HR 2 (] 3b).

A £ K i i (Sawrida. elongata) J& £ P
BIRGERE, HARE ALK N 69.67%, &
WA 69.39% 202, [l B — & LL il i sk
JEZRAMRZE (B 3c); K e fili 5k & A0 £ 25 2 i
(Engraulisjaponicus) . #fi4% K~ 1fi(Apogon lineatus)

145 & i (Callionymus sagitta); i 3 52 4% £ 41
SRR i, ARk R

Mish et 7 F, e WIEN Y
PR RRK, TR 4 25, BWARRIE K
RAE, A4 20.32% ., —FALFERIMILL T i Cynoglossus
joyneri) Fll 7S 22 5l FE #F ;% (Amblychaeturichthys
hexanema), #& & HIAHIITEK R 62.94%, F &
WEmEL, HEYH 66.63%; J7Kz=i#(Pholis
fangi). /& & i F1 2 [C i (Callionymus richardsoni)
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Fig. 3 Diet composition of each nutritional functional group in Haizhou Bay and adjacent waters
a. Shrimp predators; b. Shrimp/fish predators; c. Piscivores; d1-d4. Benthivores; e. Zooplanktivores.
A: shrimp; B: stomatopoda; C: ophiuroidea; D: bivalvia; E: amphipods; F: polychaeta; G gastropoda; H: crab; I: cumacea;
J: isopoda; K: mysidae; L: euphausiacea; M: acetes; N: copepoda; O: gammarid amphipods; P: fish; Q: others.
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cornutus) F1 £k i (Callionymus  beniteguri) 351 L1 £
B 25 (82.59%) Fl I 2 2 (72.09%) hy & L 1H Kt
(K 3d).

% #fi fi. (Ammodytes personatus))& i i s £
PEEFRIRERE, FEBEREL, HEYHBW
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WFST &I, 1M T R 403 Vi 1 £ 5 1
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e, A S W& E SR T REREAE A AR T L
B, HA 2011 07 d7 ELBIEAR, R 39.17%,
HAEN G B RD 43.07%~65.58%; HF M
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ZJa ETF, 2014—2016 4F 5 & A8 & Ll
20.04%~47.91%; fa V& TR RERE BT 7 Le il 7E
2011 4Fdc i, N 3.73%; IRIGSI R E SR AE
BELLBITE 2013 4E %, R 22.51%, HARKAFEL
B 4) o NFR RGN M, 7 IR o B e 44T
BT 5 Fe B3 g, R FE 2011 4EAF & el e,
M 23.03%, 2013—2016 4F 5 B4 F 4] 3k 5
34.40%~58.07%; H R AW+, Brofi b A
2011 AEM R T H IR, A 30.00%; F /i fafl
TE 2013 AFAERRHFEL, BTl 22.51%
(#2).

FERKZE, AR LoRUL, MREME R IIRERELE
FAE PTG e, R 2011 4EF1 2014 4%
B i O BAEAR, 2050k 44.61% . 35.91%, Hi4x 3
FEHHIE L 56.56%~62.50%; JIEHSh Y1k 5%
WIRERERT (5 LB 7E 2014 4Efe i, M 37.80%; fafE
PEE IR DI REHETE 2013 4R 7 | HL I Ik, M 6.74%,
ZIRBAE LT, 2016 4EIEE] 15.08%(El 4), WFhZE
R ESRUE, BR 2014 44N, HAAEG)/NIR SR 1 £
Fe e, N 34.47%~54.96%, T 2014 4E4X 5
26.69%; [FI4F R bl s, A 26.82%, H
SAEGY T Lo 44N, 7E 2011 4EH 2015 4R
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YER RS B, A e By 7 L) AR 22 T
o o 2013 AEFT 7 LIRS, A 6.40%, 2016
R, N 15.03%(F 2),

23 BMERBEESHEXBEEERLEHMNS
TN

MWZEAI ALK E, 2011 4E K 2013—2016 4EFH
TRKEE R A AL 3 . 454 1 AR
M EFRYIRERER BT 07 LB/ N TR, AT
Y EEEFRDRI LIRS R THKE, A
2011 FAFEPEE FRIIRERE LB, HESE
) 42.07% LT KB 44.61%; X FaahEs
FEYJRERE R UL, 2011 4F K 2013—2016 4EFZ 5 &
PR N 0.20%~3.73%, FKZEFT & HG 4R
FHEZE, }6.74%~15.08%((% 4).
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e RIBIRN T IR, 25 Rk 2/ INIR S 10 T o
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Fig. 4 Biomass composition of various trophic groups of fish communities in Haizhou Bay and adjacent waters
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Tab.2 Dominant species and their trophic groups of fish communities in Haizhou Bay and adjacent waters
#2Z spring k2 autumn
AEA SR e B R e
year ol 5 H /% e R o i /% HRERE
fish species percentage in  functional fish species percentage in  functional
total biomass group total biomass group
2011 PiiFf4 Liparis sp. 30.00 S /NIR &4 1. Chelidoni chthys kumu 34.47 S
7 & = i Enedrias fangi 23.03 B /N 71 Larimichthys polyactis 19.21 SF
/N £ Larimichthys polyactis 10.10 SF K fiff Saurida elongata 11.92 P
Kk 754t Hexagrammos otakii 8.95 S SR 1 Conger myriaster 8.65 SF
45 & 7 Calli onymus sagitta 3.69 B F [G Y 4 461, Johnius bel angerii 2.35 S
FNLEL T PR A 2.26 B
Amblychaeturichthys hexanema
2013 J5 [ #if Enedrias fangi 47.44 B /NHR 434 £5. Chelidoni chthys kumu 49.76 S
£ ffi . Ammodytes per sonatus 22.51 z SRR 8 Conger myriaster 12.52 SF
i 74 Liparis sp. 8.05 S K Mgt Saurida elongata 6.40 P
/NE{tf Larimichthys polyactis 5.88 SF J7 K = i Enedrias fangi 6.37
I LR PR AL 3.32 B
Amblychaeturichthys hexanema
7 FEHF fE £l Chaeturichthys stigmatias 2.57 S
2014 J5 [ =i Enedrias fangi 37.99 B 75 = i Enedrias fangi 26.82 B
JiiFff1 Liparis sp. 17.12 S /IR &4 {1 Chelidoni chthys kumu 26.69 S
Kifp 752k £t Hexagrammos otakii 9.94 S K fiff Saurida elongata 11.86 P
NLLEE RN R 8.53 B LB RAR R 3.28 B
Amblychaeturichthys hexanema Amblychaeturichthys hexanema
J #5€ ifii Callionymus sagitta 5.78 B 5 W) 21 7% f5 Cynoglossus joyneri 4.34 B
F RRUF jE fi. Chaeturichthys stigmatias 3.11 S
2015 J7 Kz Hi Enedrias fangi 34.40 B /INIR 24 #€ 1. Chelidonichthys kumu 4225 S
WiF-fa Liparis sp. 32.21 S K it Saurida elongata 13.57 P
KE 754 1 Hexagrammos otakii 14.84 S /N i Larimichthys polyactis 6.15 SF
T /¥ 4 Ammodytes personatus 3.75 Z J5 W) £1 7 5 Cynoglossus joyneri 5.66 B
sk # % 11 Collichthys lucidus 5.33 SF
7 B HF JE £ Chaeturichthys stigmatias 3.37 S
2016 J7 [k 8 Enedrias fangi 58.07 B /IR 434 £11. Chelidonichthys kumu 54.96
Wi¥-fa1 iparis sp. 10.65 S K it Saurida elongata 15.03 P
/N A1 Larimichthys polyactis 9.92 SF WSk HFE ff Collichthys lucidus 5.84 SF
K75 fh Hexagrammos otakii 7.78 S S5 W 2175 5 Cynoglossus joyneri 4.19 B
J5 K = i Enedrias fangi 3.31 B
IN Ll R IR R 1.58 B

Amblychaeturichthys hexanema

TE: S FRUFE M, B RN RN Y &, SF FoRiF /e th, Z FoRiF s i ik, P o it

Note: S indicates shrimp predators; B indicates benthivores; SF indicates shrimp/fish predators; Z indicates zooplanktivores; P indicates piscivores.

3 itig

AHIETE R, T M R L A08 a0 V del ) £ IS
Ao 5 AVESRIIRERE, BV R )
Yreetk ., SR/t s etk D
MR R, 2050 g Ko P

WP O 2SI S 7 A E SRR, HohR
o et RS et SRR AR TR
X LA 1B SR I RERE o TP T 3] 0 1Y)
EIRDIRERE S F [T v SRR AT 15 SR I BE
PERBORHIR] o M B QT ¥ S £ 2R AV 18 97 )
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B Z R 2s, AR R sh P Fh 2k 22
SR, EWRARIMEACEAR a4 EE LI
FEIN RS, G It R g i 2 [ AT
FE D RO B, W) SRS
2R RAF R, FEREZ ERNMAARM R E
PR LR, BB - WmEE, £
PR TAMR M AR BINIRZ M2, HINEE
SERE g Je 0, % T S K R ST B ) P 2
9 1790 ind/m?, MOFYA Y& 185.11 g/m?, ik
] R 55 T P TS TR IR B A sl 1) B A
R EA X,

DI R oE B, BRSSP i
R kA B EE, (AR AZF HE Y5
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The composition of and variations in the trophic guilds of fish assem-
blages in Haizhou Bay and adjacent waters
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1. College of Fisheries, Ocean University of China, Qingdao 266003, China;
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Abstract: Based on the samples collected from bottom trawl surveys in Haizhou Bay and adjacent waters during
spring and autumn in 2011 and 2013-2016, the composition of and variation in the trophic guilds of the fish
community were studied. The results showed that the fish community comprised 5 trophic guilds, including shrimp
predators, benthivores, shrimp/fish predators, zooplanktivores, and piscivores. The fish communities in Haizhou
Bay and adjacent arecas were dominated by the benthivore functional group in spring, and the proportion of Fang’s
gunnel (Enedriasfangi) was higher than other species. In autumn, shrimp predators were the dominant trophic guild,
with red gurnard (Chelidonichthys kumu) being the dominant species. From the perspective of biomass composition,
the proportions of functional groups of the fish community in Haizhou Bay showed significant differences. The main
functional groups were shrimp predators and benthivores, followed by shrimp/fish predators, while the zooplank-
tivores and piscivores functional groups were relatively sparse. The dominant species of these trophic guilds were 6
fish species: Fang’s gunnel, red gurnard, lizardfish (Saurida elongata), small yellow croaker (Larimichthys poly-
actis), lionfish (Liparis sp.), and jade fish (Ammodytes personatus). The trophic guilds and dominant species of the
fish communities in Haizhou Bay in spring and autumn of each year varied greatly, mainly due to the impacts of
environmental variations and fish migrations in this area.
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