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Fig.1 Sampling stations of macrobenthos in Jiaozhou Bay
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Table 1 Transformation relation of each paramete in Brey(2001) model

K N S A~ 0 T
Groups Wet weight/g—>AFDW/g AFDW/g—>Emergy/k] Emergy/k]J—>AFDW/g
W H 44 Anthozoa 0.138 21.54 0.046 43
WHL 4 Turbellaria 0.211 24,82 0.040 29

£ E 4 Polychaeta 0.145 23.33 0.042 86
J7#% 5 L4 Sipunculidea 0.111 23.33 0.042 86

Z M4 Polyplacophora 0.144 23.04 0.043 40

8 /£ 44 Gastropoda 0.144 23.04 0.043 40
WFE4 Bivalvia 0.144 23.04 0.043 40

FH 724 Crustacea 0.169 22.57 0.044 31
#5240 Holothuroidea 0.085 22.59 0.044 27

i 24X Ophiuroidea 0.090 21.75 0.045 98
fifi & 24 Osteichthyes 0.251 25.57 0.039 11

H 2k Others 0.120 22.30 0.044 84
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Table 2 Species composition and species number of macrobenthos in Jiaozhou Bay in different seasons

2=y ZBR iRz Hoek TREZ B He it
Seasons Polychaetes Molluscas Crustaceans Echinoderms Others Totals
A2 Winter 73 o4 62 4 13 206
%2 Spring 76 42 72 4 14 208
HZ Summer 70 45 52 6 17 190
#*Z Autumn 67 25 44 4 8 148
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Table 3 Dominant species of macrobenthos in Jiaozhou Bay in different seasons

A2 Winter %% Spring ¥ % Summer 2 Autumn
e wh e e wh PesFh

Dominant species " Dominant species Dominant species " Dominant species "

JER TG 5777 JERTEIGAT 4426 JER I 1594 JERRTEIGAT 1722

414 678 AR R 1376 GRS 851 8N 1010

rhg] ey 577 ARV DA 591 ENEERR 475 A5 755

Ly THFHE R 545 NEERLE 356 EIREER 419 SIE kS 488

Kt 447 SALEE 335 KA us 343 ERL oS 439

K1 BMNESHEMABRANMFE EMENFERRETH

Table 4 The abundance, biomass and secondary production of macrobenthos at each station in Jiaozhou Bay

WHAT 1 O )
i s i i
Station /.\bundance Biomass Secondary F)roductlon (Redardless of cultured species)
/Gnd. * m™ %) /(gem™®) /(gem?eal) B B
/(gem ?eal)
Jo1 2 656.67 121.993 4 106.242 2 2.624 2
Jo2 3 997.50 328.341 3 123.933 8 14.953 0
J11 2 361.92 56.099 9 56.385 0 3.519 8
J12 2 228.33 104.407 5 63.467 4 8.837 0
J13 1 696.67 54.381 6 47.327 0 2.768 7
J14 1 958.33 195.803 9 117.925 5 2.062 7
J15 1 025.83 416.861 9 93.510 1 6.260 1
J16 2 361.67 127.481 1 46.100 1 6.418 2
J21 1 308.33 11.566 1 8.490 7 6.242 7
J22 691.67 1.195 9 1.586 0 1.522 4
J23 740.83 28.910 1 9.442 0 9.439 1
J24 795.00 3.353 8 2.260 7 1.440 5
J25 690.00 1.631 4 1.815 4 1.691 8
J31 2 556.67 240.614 4 169.027 3 2.458 8
J32 1613.33 3.657 1 3.802 5 3.281 2
J33 1 280.00 0.901 1 1.598 4 1.597 9
J34 1 370.00 7.028 9 4,587 1 4.525 2
J41 2 928.33 7.832 6 9.287 0 9.276 3
J42 1 486.67 5.141 4 3.754 6 3.754 6
J43 4 348.33 23.171 8 35.143 8 2.834 9

SEE Average 1 904.80 87.018 8 45,284 3 4,925 5
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Table 5 Correlation coefficients between secondary production of macrobenthos and environmental variables

ZH0 ERPET N RIRY SR KIS OFIPRARY dERARD MR« O BEEMSRE o« HHIUEY
SRR G A 7= 1 © 1 0.044  —0.455"  —0.434 —0.346 —0.354 0.468" 0.294 —0.332
SR 0.044 1 0.407 0.431 0.355 0.488* —0.037 —0.322 0.293
JiEER —0.455" 0.407 1 0.636" " 0.605" " 0.578" * —0.189 —0.374 0.343
KRS —0.434 0.431 0.636"" 1 0.607**  0.654"* —0.287 —0.527" 0.010
SFH R AE© —0.346 0.355 0.605"*  0.607"" 1 0.935" " —0.635" " —0.775" " —0.035
FR kAR —0.354 0.488" 0.578* " 0.654* 0.935"* 1 —0.574"* —0.743"* 0.074
g E o® 0.468" —0.037  —0.189  —0.287 —0.635""  —0.574"" 1 0.858" " 0.064
B4 o® 0.294  —0.322  —0.374  —0.527"  —0.775"" —0.743"* 0.858" " 1 0.177
HHLREO —0.332 0.293 0.343 0.010 —0.035 0.074 0.064 0.177 1

L MHSCHETE 0.05 B REBEGUR) . TR 0.01 B EBEGUR) .

Note: Correlation was significant at 0. 05 level(double-tailed) ; Correlation was significant at 0. 05 the level(double-tailed).

(DParameters; @ Secondary production; @) Temperature; @Salinity; ©Depth; © Average particle size; @Median diameter; @ Chlorophyll a ; @ Pheophytin
a ;@0rganic matter

R6 NTFEMHRERAINYERRET D EREERFHIEXE

Table 6 Correlation coefficients between secondary production of macrobenthos without cultured species and environmental variables

YO ERGEPHT RRT KRS KRS PORES RERAT 0RO BEETEE O FHUE

SRR A @ 1 0.169 —0.009  —0.064 —0.113 —0.033 0.249 0.323 0.143
SIS 0.169 1 0.407 0.431 0.355 0.488*  —0.037 —0.322 0.293
JEEh® —0.009 0.407 1 0.636" " 0.605" " 0.578"* —0.189 —0.374 0.343
IKERY —0.064 0.431 0.636" 1 0.607** 0.654** —0.287 —0.527" 0.010
SRR —0.113 0.355 0.605"*  0.607"" 1 0.935"* —0.635" " —0.775**  —0.035
TR 2 —0.033 0.488" 0.578**  0.654"* 0.935"* 1 —0.574" " —0.743" " 0.074
g a © 0.249  —0.037 —0.189  —0.287 —0.635"*  —0.574"* 1 0.858* " 0.064
R4 0@ 0.323 —0.322 —0.374  —0.527*  —0.775** —0.743"*  0.858"* 1 0.177
LR 0.143 0.293 0.343 0.010 —0.035 0.074 0.064 0.177 1

e HSCHETE 0.05 2 ERE GO s * . HIRIETE 0.01 )2 ERE R .
Note: Correlation was significant at 0. 05 level(double-tailed) ; Correlation was significant at 0. 05 the level(double-tailed).
(DParameters; @Secondary production; @) Temperature; @ Salinity; & Depth; © Average particle size; @DMedian diameter; @ Chlorophyll a ; @ Pheophytin

a ;@0rganic matter

3 e A7 B IS R 35 v o o7 T V85 3R A% 3t 67 7S 2R L AIG, n Jo2,
J16 S0 5, A b S 0 pl v [ A 2 v AT P

3.1 FREEFXI R M KBRS YR R AE 7= R P, VAL WK S HRBE 7 9, IS ER 4E R TR B R K
AT B N ER B3 31. 06, A2 KL Fl N -5 BREE ST VA ALK L Y K S B8 ) 855 L TN BB R IR

30. 15~31. 54,43 TV 1B Y 133 J41.J42 1 J43 3 KA (A ER R WA . A BF o eI, e ki



9 1 BR R S TR R A Sh ) HEVR 1) AR R A 7 g e HSE R D R 5 51

1 BIR i AT I AT 21 4 A= BEAILRE » X6 R FR IR AV 3 ) A VK
PP A, 225 (8] 43 A7 DA BB A 7= A g . AR
FEH L RER T R Zh W HE IS IR B A 00 T B
XA SR R A A e 1 i 3k 23 B K B I sl iy A
KE EHH,

AWFFARIE ™ Ry EE TR 3 )2 1
B a s M KB AN 3 Y A v I R A 7 g 1) T T
R AL, AR 4R o BB
BESN 1.37 pg/g, ZBAIEE N 0.52~2.10 pg/g. i T
TR 123 F0 J24 S, DU R R @ WA
AL T ALHRAY J02,J13 357 FT 1Bt Y 132,133
WAL DU PSR o MRS, LB ARr f a 5
BT J1 o3 A R B A — 3, S fl v v S 1) e
JEPIMZ B RS 4R ER o HHERFRTIH
R AT S A ) o 1 22 /0 T JEC AT f e 2 DL 2R ER Y
TERE SRV 22 /N R AT 20 0 00 TEDRL SR R . /N B R A
BYiE A 22 B2 U R R4y £ 5 R R S 1
TR}, B 2 KRR sh 0 A K % &
32 MMEBEFERBEXRFENEERREFT NHEHE

BN I O 5  LR VAN o VA REA N A D=3/ s ¥
By FRBE X, i AL FR 0 W R IR R A P2 T W3R 7, 415

FRBAIX D RAER R A7 10 73.893 5 gem 2« a '
Z1 A7 R A X R DL R B AR IR A 77 T3 2 166. 568 6
gem ?ea i B SR X FRAH DI 2R AR IR A 1
32.3089 gem *+a!,

ASBIFE R R B TS G 3l W RE T A R A 7 1 DA
FRHH DR T3 7390 45. 284 3 1 40. 358 9
gem ?eat FREH DX A ™ I 10 BTk 3R 5 ik
89.12%.

RN FRFE A A BT L ARG 3y 1) 7 X 4%
R AR ARRBLAN SR 4,181 5 FiR . KBRS
PIREVE IR AL 4.925 5 g« m 2« a LAk
T 45.284 3 g e m ? e a ' ANTFFREE TN A M KA
RS S A 7 ) JE W o3 A . 102 3 57 Y 4F
WA 1 E . 14.953 0 gem 2 » a ', %} JO2 i
BLR A7 I STRREBLR 1Y Ry 2% (L 80Uk A (Am phibala-
nus variegatus) . S TAEFRFE X J23 1 J41 B 457 HY
R B 7= IR XF 123 SR A 77 ) sk R I
T (Scapharca subcrenata)  ¥F JA1 wi{i IR e 4 7=
FITTERE KB SIS Ak S (Nucula kawamurai ) fll
SRR (Xenophthalmus pinnotheroides)

36.3°N
KU .
Daguhe River . M (E'[_
Baishahe River
36.2°N
j01@ 102'
1110 112@713 8114 @ I15@J16 2 4R
HERT Licunhe River
Yanghe River 121@ 122@ 123§ 124@ 125@
36.1°N
J3@ J32@ J33@ J34@
141@
J42@
T43@ ‘
% Huanghai Sea
36.0°N ® 1.44~3.37
® 3.37~5.30
® 530~7.23
® 7.23-9.16
®9.16-11.09
®11.09-13.02
®13.02-14.96
35.9°N T T T T
120°E 120.1°E 120.2°E 120.3°E 120.4°E 120.5°E

BSOS R B RAR S AR I G A 7 T3 CSTHIRBE A - 1 3 A1
RGEF T g e m® =2 )

Fig.5 Annual secondary production of macrobenthos without cultured species estimated by Brey(2001) model in Jiaozhou Bay

(Secondary production unit; g+ m 2 «a !)
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Table 7 Cultured species and their annual secondary

production at each station in the cultured area

FRA AR R A7 T

VME jf ﬁ%f‘r d Thg annual secondary .
Station species production of ctzllture(li species/
(gem “ea )

Jol AEHEIGT 103.618 0

J02 Kt 108.980 8

J11 EF TG 52.865 2

112 FEHEIAT 41.3311

J13 R S 14.558 2

114 FEHEIGT 112.862 8

J15 AR Ui 87.250 0

J16 AN i 39.681 9

J31 R S 166.568 6

J43 JER TG 32.308 9

TH:J01,J02 . J11~J16 7ELLE FRFEIX 5 131 FELL A1 FEFRAHIX ;43 TE B 1 57

JHIX .

Note: The stations in Hongdao cultured area are J01,J02,J11~]J16; the

SIRMEBRBEEBEINNBEEERREFTNERER
BTtk

ABIFFELER 7 s BRI XT EL L% 8. i3 8 W,
ABIFE R KRBT SR A 7™ 2 5 2 v T i =
I LA S UL | 388 V5 R N T (L D R S Ji s L
A ERIRAT IR 9 . AR RS s
WRPA= IR T2 8 I g e v e il 1 L, SR
AR AT R D S RA Rt A G I s

LS AR [R PRI 22 181 DR 3R 285 B B0 R 3l 437 152 5
PIANTE] S BT AR B A AR IR G R 7= ] LE A R R
— AN B I ARG Bl P TV R A 7 B DR /N B
P12 07 B 5 DR TR ECAYG 21 0 1 T 44 145K
TIPTS5 4 Wy i, — 4 r iR e BURE YR B508R 22 CRIVERURE I [i]
V) R A 3% A 1 {0 A A B ) R Y U A
FEIVR A B . — NI KB AT S TR 1)
SERGE TS T SR A S SR A 77 T3 (034 b (v
25 FOV- YA A 30 Vi 1) R R ARG 3 40 A % AF IR R
A PRI AR . PR 3 A5 BROAS R R0 — 4 o o A TR B

station in Hongshiya cultured area is J31; the station in Huangdao cul-

FRIANTR] S JEA [FIFFE 45 5 =2 1] B 22 ) ) B B A
RS AHREHEHEHIIEL

Table 8 Comparison between this study and the historical data in Jiaozhou Bay

tured area is J43.

FRIEFT) e AR R )
TR 5 v 38, Secondary Surve Number of Number of Y%k KR g Ry S22 CHR
Suvey areas production/ h 3: Y sampling surveys Species Grab Reference
(gem?eal) ate stations per year
rdlikes 45.28 2018 4F 20 4 354 0.05 m* FizUCRIE  ABFF
Jiaozhou Bay : :
B 125 43.20 20152017 4 12 3 191 0.05 m? ke 50 BURJEse  [32]
Jiaozhou Bay ) : ==
%J‘” {%‘ e 2 fpe sy
Jiaozhou Bay 9.64 2016—2017 4 12 2 117 0.1 m* 450 Re#s [33]
Hﬁ‘?d\” ?’TE‘? I P S I
Fowhou Bay 23.16 2014 4 14 4 251 0.05 m’ F7 R JE 58 [25]
M 25 26.63 20052009 4F 14 1 M2 01 m AR [22]
Jiaozhou Bay : : :
e 75 13.41 2000—2004 4 10 4 — 0.1 mPR¥E 50 AURPERE (18]
Jiaozhou Bay ) : :
e 25 18.65 19981999 4 10 4 — 0.1 m’K¥E 50 BURUER (18]
Jiaozhou Bay : :
IR 2 s o
Bohai Bay 6.12 2014 4 14 2 29 0.05 m2 4 2R IR 4 [26]
M 5.60 2011 4 20 4 177 0.05 m? k¥ 50 BRI [23]
Laizhou Bay ) ) -
JI;E?% 2 fote ST o
Liaodong Bay 5.99 2007 4F 19 2 46 0.05 m* = RIE A% [29]
s 2\ RECH P
Haizhou Bay 1.50 2015 4 10 4 123 0.1 m* =R U8 2 [30]
LI 11.06 2011 4 21 2 161 0.05 m’ f 7R3 [27]
Rushan Bay ) :
25 ki
R 4.76 2009 4 9 2 — 0.05 m? & 2B 58 [21]

Sanggou Bay

T RN ARAESCHR P R BB

Note: “—”indicates that the data is not found in the literature.
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Table 9 The primary production of Jiaozhou

Bay and its adjacent bays

e G a)]

TR . . 27 SCHR
Primary production

Gulf L Reference
/(mgem*+d")

JEEMI 5 Jiaozhou Bay 345.510 0 [44]

¥ 75 Bohai Ba 176.717 1 [45]

SN Laizhou Bay 280.000 0 [46]

L Z 5 Liaodong Bay 127.251 4 [47]

Wi Haizhou Bay 21.070 0 [48]

#1175 Rushan Bay 137.920 0 [49]

Z2VHTS Sanggou Bay 65.380 0 [50]
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AR 22 85 47 (R, philippinarum) 1) 35 FE 45 5 N
429. 00 ind./m’, A% BF 58 I5 58 M (4 S 3 F ¥ B i
546. 00 ind./m*. #id T FARKIIRIH A& .
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Study on Annual Secondary Production of Macrobenthos
and Its Influencing Factors in Jiaozhou Bay

Chen Chen', Yang Xiangjun', Cui Wenyao®, Zhang Mengsheng®, Yu Zishan!
(1. College of Marine Life Sciences, Ocean University of China, Qingdao, 266003, China; 2. Haichang (China) Investment
Co. Ltd., Shanghai 200050, China; 3. Survey and Design Institute of Shanghai, Shanghai 200050, China)

Abstract: According to the data of macrobenthos collected from 20 stations of four seasons of Jiaozhou
Bay in 2018, the secondary production of macrobenthos was estimated by Brey (2001) models, and
the factors affecting secondary production of macrobenthos were studied. The results showed that the

2 and

annual average abundance and biomass of macrobenthos in Jiaozhou Bay were 1 904. 80 ind * m
87.018 8 g » m™ %, respectively, The annual secondary production of macrobenthos in Jiaozhou Bay was
45.284 3 g+ m %+ a . It’s increasing of the secondary production of macrobenthos from the center part
to the northern and southern part of Jiaozhou Bay. The secondary production of Ruditapes philippina-
rum and Crassostrea gigas accounted for 89.12% of the total secondary production of macrobenthos in
Jiaozhou Bay. The content of chlorophyll a and bottom salt were important factors affecting the seconda-
ry production of macrobnethos.

Key words: secondary production; macrobenthos; environmental factors; Brey(2001)model; Jiaozhou

Bay
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