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The spatio-temporal change in the secondary production of macrozoobenthos in

the intertidal zone of Jiaozhou Bay

ZHANG Chongliang, XU Binduo, REN Yiping" , XUE Ying, JI Yupeng
College of Fisheries, Ocean University of China, Qingdao 266003, China

Abstract: The secondary production of macrozoobenthos is an important component of the matter recycle and energy flow in
the marine ecosystem. In this field there have been extensive studies abroad, but the domestic research is limited. In order
to get a better understanding of the secondary production of macrozoobenthos, seasonal surveys were conducted in the
intertidal zone of Jiaozhou Bay. On the basis of the seasonal data in 2009, the secondary production of macrozoobenthos was
investigated using three empirical equations: Brey (1990 ) , Tumbiolo & Downing (1994 ) and Brey (2001 ). The results
showed that 95 species were found in our study, and there were little variations among seasons. The annual average
secondary production varied between 5.3 and 29.9 ¢ AFDW -m ™ a™', depending on the empirical equations used. The
secondary production showed great differences between seasons. The estimation value in summer was much higher than the
others,and the values in spring and autumn were similar and were slightly higher than that in winter. The secondary
production of macrozoobenthos in low-tidal area E was the highest, and was slightly lower in middle-tidal area B&C, much
lower in middle-tidal area D and the lowest in high-tidal area A. However, there were slight variations in the secondary
production among different seasons and among the methods used. The secondary production was the highest in the tidal area
D in spring, while the highest value was in the tidal area E in summer and autumn, and B in winter; the secondary

production was relatively low in the tidal area A&C in all the seasons, and the tidal area D had also low value in summer.
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The aquaculture of bivalves may contribute mostly to the changes of spatio-temporal patterns of the macrozoobenthic
secondary production in the study area. The three empirical equations showed some differences in the estimations of the
secondary production. In spring, the estimations from the three models were significantly different; and in summer the
estimations from Brey (1990 ) and Brey (2001 ) equations were similar, while the values of Tumbiolo & Downing (1994 )
model were low. In autumn and winter, the estimations of Tumbiolo & Downing (1994) and Brey (2001 ) equations were
close to each other, and Brey(1990) method deviated from them significantly. The Wilcoxon test showed that estimations of
secondary production from the three methods differed significantly, which presented a caveat for the applications of the
empirical equations. According to our results, it inferred that Brey (1990 ) and Brey (2001 ) models were suitable for the
estimation of the secondary production of the entire year, and the Tumbiolo & Downing (1994 ) was suitable for the
estimation in autumn and winter. Brey (1990 ) and Tumbiolo & Downing (1994 ) models were convenient methods for the
estimation of the secondary production of macrozoobenthos, but they simplified the environment factors and the compositions
of the benthos community, which might impact the accuracy of the estimations. The species composition of the
macrozoobenthic community and the water temperature of the study area may be the main reasons for the different estimated

values from the above equations in our study.

Key Words: secondary production; empirical model ; macrozoobenthos; Jiaozhou Bay; intertidal zone
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Fig.1 Sampling stations of macrozoobenthos in the intertidal zone of Jiaozhou Bay
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Table 1 Conversion factors of the macrozoobenthos body weight

BE BE Ry E
43 Taxa Wet weight /g Wet weight / g Ash free dry wgight/ g
— T& — BRHTE — REfE
Dry weight /g Ash free dry weight /g Energy/kJ
WFEHN (F5%) Bivalvia 0.087 0.057 22.79
J§ £ 24 Gastropoda 0.094 0.079 22.83
Z B4 Polychaeta 0.188 0.145 23.33
HEW A (255¢2) Cirripedia 0.066 0.039 22.74
52 (BR& EJE) Crustacea 0.226 0.169 22.57
Pk W H Natantia 0.267 0.234 22.25
€173 H Reptantia 0.258 0.180 22.26
124 Holothuroidea 0.158 0.085 22.59
MNIE W) Nemertea 0.220 0.209 24.82
AL Sipunculida 0.177 0.111 23.33
JIEJ2#25 Demersal Fish 0.258 0.251 25.57
HE Others 0.274 0.120 22.30

1.3.2  Tumbiolo 1 Downing #& %

Tumbiolo FI Downing'”' 2% T Brey 446/ 301 Plante-Downing [R5 S5 55 TR A= v AR 55 A 1

ghaik  dar 1 — Nl VG R ) B A
lgP=0.18+0.97 lg B-0.22 Ig Wm +0.04 T6-0.14 Tb lg (Z+1) (3)
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lg P/B =7.947(-2.294 1g M-2409.856x(1/(T +273)) + 0.168x(1/D)

+0.180SubT +0. 180InEpi+0. 277 MoEpi +0. 174Taxonl —0. 188 Taxon2
+0.33Taxon3 —0.062Habitarl +582. 851 x( lg Mx(1/(T+ 273))) (4)
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Fig.2 Seasonal change in the distribution of the macrozoobenthos in the intertidal zone of Jiaozhou Bay
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Fig. 3 Seasonal change of the macrozoobenthic secondary

production in the study area

F2 RMNZHEFESPRXEEENYEF ERRETN

Table 2 The annual secondary production of macrozoobenthos in each tidal zone of Jiaozhou Bay

Jrik X A WX B WX c WX D WX E
Methods Area A Area B Area C Area D Area E
Brey90 /(g AFDW-m2a"") 4.49 31.10 21.84 19.82 52.92
T&D/ (g AFDW-m2a™!) 1.53 5.24 3.07 4.00 12.18
Brey01/(g AFDW-m2a"") 4.13 25.21 20.07 8.23 28.13
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Fig.4 The change in the secondary production of macrozoobenthos among seasons and tidal zones
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(P <0.05), #—200rHr kI SRR F BN, FEHE RIS N E A Y 0 260. 4 ¢ /m?  IKF EA:
Pt 62.5% ;Y G FEE R 1217.9 ME/m® BB FEIEN 90. 1% . FRIEFPREFE AR 7ES T
T T o LB a2 3 BR | FRAE PP AR AR (b 3 B0 i 2 38 A B VE 00 “F BE AR K7, XS R AR X
JBE M Y G S R TR ARG B IR A 7 Ty R S50 AR, FRBEAE MR AL 7™ T W 2 1 ARk 2 S R R G AT
GBI S 6 RIS R GEA K 2 B R R E FE MY AR ERHAEY ST —A w2
AR R BRI R R, 3 ANREE AP AR X SR A R S ] B a7 , R BRI

x3 BMNZTHEGEFREMEEFENENETH
Table 3 The change in the abundance and biomass of the aquaculture species in the intertidal zone of Jiaozhou Bay
FH WX FRE/ (A/m?) F B Ll % YR/ (g/m?) W L %
Seasons & Tidal areas Abundance Percentage of abundance Biomass Percentage of biomass
¥ Season # 7 Spring 27.1 24.3 76.0 61.7
K78 Summer 1315.7 97.0 387.1 92.9
#Z Autumn 139.6 79.9 254.9 89.9
47 Winter 25.7 29.5 50.2 64.7
WX Tidal areas WX A Area A 16.2 30.2 14.1 39.0
WX B Area B 837.8 94.3 170.6 86.4
WX C Area C 745.5 91.7 92.4 78.4
WX D Area D 69. 1 41.1 105.6 61.4
WX E Area E 207.0 91.4 556.9 95.8

ARG AR B R G AR 72 S (23 6] 40 A i X ESTAIX B>IIX C D>HIIX A 7RG A 72 148 v i i)
X4 B.C Al E, FRFEM A FE BS54 W b R R 0 el e (6 3) . FREEM s M A A v, R A s
AT FZ A T X B, 200 X T 54 845 3k A M B s 1 75% 1 83% 5 el i 0 B0 A )
X B.C, P X 60 15 MG B0 A 2R R 1 99% ; 48R AR X B .C A9 F 1 5 A i 64 5k B A RN 24
T 90% F193% , FRFHANISTEA R X 1) o 2 BE AR vh 43 A W] e £ 22 FRFRAR T M52 IR , 25 bk FR 0 I
B AT B T A T OB A Sh IR LR 7 T i 28 o3 A AR A i) 22 I A
3.2 AR BE = I

FE A5 2R Brey90 AZUTHEAEE IR B A 77 7, PRMCAR SR SR R 2 A58 R0 A4k S 5040 6 4738 DX ] vk
P I, AR AR A Zh Py AR YR A= 77 F1°8 29.90 ¢ AFDW -m ™™, I {FL i T4 A 1A 2 g 0 3
)47 3.72 ¢ AFDW -m > a™ """ 22T YIS DL 2R FREMER 26.32 ¢ AFDW -m > a™ ) {RFIRIIEVHME48.79 ¢
AFDW -m™a™ "% ORN[RIE X B SREARAE 45 57, T VA S0 IS ) Sh W SR R/ 3 1 96 2R 45 4k 1 1
M3 2% 53 24 0] BESL MR G A 7 A K

Xof EU TS T Sk G A 7= T, 2R IE 2 A A R 18. 65 ¢ AFDW -m ™ a™" (1998—1999 4F) FlI

http ; //www. ecologica. cn



5078 A E = 314

13.41 g AFDW -m™a™' (2000—2004 4F) , 5ASCH L HAAREAR, M55 1 Dho 45 5y 47.34 ¢ AFDW -
ma” I ARG P IR L 7 T 1Ko R D s 5 % R A 3 R 32 B T T A B, 5 AR SR AR L
FEAE—E DR S o AHORE T3 R A7, 1R G AR ) 2 W /K kv B sh o , AR ) AR A7 5 AR 7 i e A 3 PR A
Iy — 5 T, W TR 4 A2 0 Bl DR A e AT 22 OF HOHOR IR BN R T A ALY DURR, Rk R S
B RS R RE R BT IR S KPR I 25 5 . 53 ANFRFE I Sh AL TR B AR AR
XU AR 3 1 e AR A 4 B2
3.3 fHEITER A

FI 2 B A FIR B AL 7 12— R B G AT 0 7 v (B Y s b 5L R A TE AR A T 25 i R B8 />
MEBL R A FERZE AT RBAR K (RR B REAAL S R0 B, A 531 25 SRR AR, Rt 7R 2
B 2 B AL 25 AN sl L UG AE 7 T3 A ST BB 152 22 AR TR (L X HE i 28 AA 94) il B30 DU) T LA A e b i/ >
DR2E . ARHIESE b B X (6] SRV AR W e 4 R 22 0 B, B i) X A S s b | 3 AN BB G ) X U R A 7
A A 2 S A R 3 5 TR 2= TR ISR Sh A A 222 B 55/, TRI N 3 AN SR =745 IR G A 7 g A BB 22 S A
BF, XANERERE FRIUE TGS YR 5 SRR E Z M CR,

EIRABITE TP AR 5 ¥ AL 7 T Al BB 22 S 0K (BB B e i i) 25 A8 A i 3 OR BOR [R] . Wileoxon
o A5 BRI 7 T4 FE Brey90> Brey0l> T&D, 2 5 Wk 2, UL WA AL X IR A 77 Ty Al S oK, 3xX
TEWFFE AT AT & RS R A 7 ) i BB RAS , PR —FBOE LIV 2R S R R R B2 .
TETHRVE , AW OB R 5 B A A S 28 2R B L AR 5 B BSE AA J2 AE 7 0F ) T S A A, DA T
3BT . TEMCHTHE T, A B Brey90 XJ AT B & ZR R G A= 7 ) FIAE IR A 7 07 Al AL 2 AT 1
T&B fFAETERK AP ZETT 5 Brey01 XU Bk A ZFAE SR A 7 ) A ST 1T T 58 905 O i 0 4% A5 7
493 B L, Brey90 A 2l Tk S0 AR IR G AR 77 07 X B — ZR I ROR R A T&B RIS T8k (&R
RAET G T L ZRREROK ; Brey01 FEANTEARE I fk SR 22 2= A SR AR Y s i VB ™

S AR G 7= A B SR AE R A 00 s e Rt 2 LR R A8 Tl TR v A U Sl AR AR A e AR B
H R AR AR, % E LA Y L T Brey90 2 sAN S Je 74 i W A SRl 280, (8 O 4
FEREWNAMATIZ I Tumbiolo FIF Brey90 AZUHGHIE 173k [ 4t 5t 34 AR A9 IR G A= 7= 1 9k
Hrh AL g 125 AR TCEHESI Y , 45 R3] Breyo0 AR A M LA Tk S65E 7 . (U Breyoo AR hk v
R ZH, 2o EALGS R IR 5 R RIS IR 7 1 0 P 347K 3X AT BB Brey90 24 ZORAS [l 2275 1k
PR G ERSORAN AL DR S S IR AR 7 i AR A2 PR B BE B s B2 e, RITE =il 25 F AR A ik
PP, R = S T T&B AL BT KR A AR Ak BRI T B S Sk v Ak SR DR B R R
MIRETE IR A 7= 1 o E—20 10, i T A A R B A B 30 B A b 2 S 1, 9 R 7 K- s T H
PR ZH B2 BreyOl #7025 10T HEVE BRI S HL KB o0 0 LA BRI B 5 Rk g 7=
71, B O ER . Dolbeth X JULRN FIHL MUAG SEABY R AT 1RG5, 45 R & B T&D 1 BreyOl #4111
TR E B A A T VA SEMIR L T 1, 3 B Brey0l BERITE P Al SRR R h 5 A R 2

iE— 20 3 i K AR B 2R TR) Al IS A A W U B S i SR AR YRR S R B B O o L s
( Musculista senhousia) , 22 U #50G , BB K . BT Brey90 Fil T&B R AIERA % e I 45 14 A
BTN AE DR S 20 il e 22 AR KGO0 T, A THE A 1k T0 i IR B, X AT RE R B 8 0 4
HBEWHAE T TR 25 . HOR, T&B BAL Y HEATECHE 3= R IR T PG WO B T 3, 5 A I Vi Sl 1
Shpmg e XA R R BOZSAEAOE B E R AL, S R IR I R R R X
FERY , TS AR Tk 4 T % A A el PR 2R DR A SR 45 SR A MERR I AT BR . i BRI T I R Ak S8R4T, LA
AT B S T SR AT O
BT ABEFEAERE i 3 B e B A 38 rb TR AR AR A2 B T LI BRI ™ 27 B B DS A 1 K ) 36
Bl e 308
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