2013 3
Journal of Fishery Sciences of China

,20(2): 327-337

DOI: 10.3724/SP.J.1118.2013.00327

ZrE, kFME, KE, KL, pE

1. R 266003;
2. , , 266002
HE: , (Apostichopus japonicus)
(Haliotis discus hannai) 2009
S EWE (Ecopath),
19
, P 0.51, (P/B) 50%
(B) 1.36, ; 10 786.680 t/(km>a), 27% , 17%
; 4131.966 t/(km*-a); 10.5%,
39%, 61% , ;
309.4 t/km®>  198.86 t/km?, 31.72%
26.15%,

s E

XERFRRRRD: A

s

hESHES: S93

(] 2005

[2-4]

X EHS: 1005-8737-(2013)02-0327-11

Ie#s B EA: 2012-06-13; &iT H#A: 2012-09-23.

HE&WH: «C )
EEE AN (1985-), ,
BIEEH: ,

(200903005);

. E-mail: gaozhang@ouc.edu.cn

(Patinopecten yesoensis)

70 >

[7]

(200805069).
. E-mail: wuzhongxin2007@126.com

20



328

20
’ ( D, 97 hm> 2006—
2008 75 10w
’ 13015 ,6.5 m™ 60 .
’ 043 m> 12
[8] ; 1 ABCD
[9-13]
1.2 Ecopath
’ 1.2.1
141 Ecopath ’
3 21,
[5,15-18] .
[19]
[20]
, 1.2.2
n
TLi=1+ ) DC;TL;
j=1
2 5 ( )
} l :
2 ( ). :
b 3 (
s J |
1.2.3
t/(km*-a)
’ (B)
4 (2009 ) (
1 GB /T12763.6-2007 221y
1.1
¢ 9 Hm (20 30 m) |



329

2
122°34' 122°35' 122°36' 122°37' 122°38' 122°39'
3 U Pt T° R
2
o Y
b
e =)
TG i
Yellow Sea ,,)Q
=,
il B
hS
- & L - C
e & e
NYellow Sea !
? 4] legend
- -1 o KB stone reef
S AR UM derelict vessel
-10 fiﬁff?dffgifﬁme reef]
122°34' 122°35' 122°36' 122°37' 122°38' 122°39'
1
Fig. 1 Sketch map of Lidao artificial reef zone
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Tab.1 The basic input and output ( in black) parameters of groups as estimated by Ecopath for Lidao artificial reef ecosystem

2 2.1
functional group bior/rE;:sm : P/B@") QB EE c/gtckl:n " trophic level
1 style fishes 0.091 0.850 4.800 0.242 0.010 3.718
2 style fishes 0.083 0.920 3.800 0.527 0.005 3.637
3 style fishes 0.252 1.070 8.800 0.234 0.040 3.609
4 fifi Sebastes schlegelii 1.126 1.420 5.800 0.271 0.400 3.514
5 Hexagrammos otakii 0.583 1.240 8.300 0.504 0.060 3.445
6 small demersal fishes 1.980 1.340 15.150 0.850 — 3.259
7 small pelagic fishes 2.600 2.370 7.900 0.541 0.300 3.137
8 Apostichopus japonicus 98.000 0.600 3.360 0.688 40.000 2.097
9 Haliotis discus hannai 52.500 0.460 9.940 0.681 16.000 2.044
10 Crustacean 11.403 4.800 14.500 0.599 — 2.645
11 Cephalopod 0.250 2.940 11.970 0.792 — 3411
12 Mollusca 24.700 4.425 17.200 0.641 — 2.179
13 Echinoderm 95.600 1.300 4.700 0.260 30.000 2.063
14 other benthos 10.365 2.000 27.800 0.628 — 2.160
15 zooplankton 10.738 25.000 122.100 0.755 — 2.000
16 heterotrophic bacteria 1.258 84.060 171.551 0.399 — 2.005
17 bethic algle and seaweed 283.000 9.880 — 0.378 — 1.000
18 phytoplankton 18.763 71.200 — 0.941 — 1.000
19 detritus 130.000 — — 0.381 — 1.000

,B- , P- , Q-

Note: estimated parameters in bold by model, P—production, B-biomass, Q—consumption.

®2 RAEBAISEHESREGHEERRETESH
Tab. 2 Summary of system attributes obtained for Lidao artificial reef ecosystem by Ecopath

attribute parameter value 1 value 1 2 value 2 unit
total consumption, TC 3773.585 4644.022 5553.292 t-km2-a”!
total exports, TEX 1878.417 1333.642 558.565 tkm>a™'
total respiratory flows, TR 2240.382 2798.323 3573.400 tkm>a™'
total flows into detritus, TDET 2894.297 2883.540 1736.139 tkm>a™
total system throughput, TST 10786.680 11660.000 11421.000 tkmZa™
total production, TP 4910.452 5049.000 5001.000 tkm™?a”
net system production, NSP 1891.584 1333.642 558.566 t-km2-a!
calculated total net primary production, TPP 4131.966 4131.966 4131.966 tkm>a™
total biomass, TB 613.293 830.540 771.427 tkm?2a™!
/ total primary production/total biomass, TPP/TB 6.737 4.975 5.356 —
/ total primary production/total respiration, TPP/TR 1.844 1.477 1.156 —
connectance index, CI 0.131 0.324 0.324 —
system omnivory index, SOI 0.122 0.119 0.118 —
Finn’s cycling index(% of total throughput), FCI 0.045 —
Finn’s mean path length, FML 2.619 —
ascendancy, A 0.291 —

T 23 e 177 e 27

Note: ‘value’ represents the present status of the system; ‘value 1’ represents the status after a large amount of sea cucumber biomass is in-
troduced into the system; ‘value 2’ represents the status after a large amount of abalone biomass is introduced into the system.
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Fig. 2 Partial sensitivity analysis of Ecopath model for Lidao artificial reef ecosystem

a: small demersal fish(P/B) on small demersal fish(B); b: other benthos(EE) on other benthos(B); c:

style fishes(B) on small

demersal fish(B); d: Sebastes schlegelii(B) on small demersal fish(B); e: Apostichopus japonicus(B) on other benthos(B); f: Haliotis
discus hannai(B) on other benthos(B); g: other benthos(P/B) on other benthos(B).
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Fig.4 Energy flow diagram of Lidao artificial reef ecosystem
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Predicting the ecological carrying capacity of the Lidao artificial reef zone of
Shandong Province for the sea cucumber, Apostichopus japonicus, (Selenck) and
the abalone, Haliotis discus hannai, using a linear food web model

WU Zhongxin', ZHANG Xiumei', ZHANG Lei', TONG Fei', LIU Hongjun’

1. College of Fisheries, Ocean University of China, Qingdao 266003, China;
2. Mariculture Institute of Shandong Province, Qingdao 266002, China

Abstract: The Lidao reef zone is a typical artificial reef ecosystem for rare marine animal stock enhancement in
the coastal sea of North China. The sea cucumber, Apostichopus japonicus (Selenck), and the abalone, Haliotis
discus hannai, are the main enhancement species in the system. Based on the data of biological resources obtained
from an investigation of the Lidao artificial reef zone in 2009, a balanced trophic model of the area was con-
structed using the Ecopath with Ecosim software package. The effects of uncertainty of input parameters and
Ecopath analysis sensitivity were explored. Trophic flow and system attributes of the Lidao artificial reef system
were analyzed. The ecological carrying capacity for A. japonicus and H. discus hannai were also predicted. The
model consisted of 19 functional groups, which covered the main trophic flow in the Lidao artificial reef ecosys-
tem. The results showed that the pedigree index of the model was 0.51, and the input parameters having the great-
est effects on the output parameters were the production/biomass ratios (P/B) of small demersal fish groups. A
—50% change in the production/biomass ratios in small demersal fish groups gave a sensitivity of the biomass (B)
of the same group from 100% to 136%. The total system throughput was estimated to be 10 786.680 t/(km*-a),
27% of which flowed to detritus and 17% of which is tranferred out of the ecosystem in the forms of fishing and
sediment. Total net primary production was 4131.966 t/(km”-a) and the total energy transfer efficiency was 10.5%.
The proportion of the total flow originating from detritus was 39%, and that from primary producers was 61%,
indicating that the energy flow was dominated by grazing food chain. The ecological carrying capacity was de-
fined as the level of enhancement that could be introduced without significantly changing the major trophic fluxes
or structure of the food web. The ecological carrying capacities for A. japonicus and H. discus hannai were 309.40
t/km” and 198.86 t/km”. This accounts for 31.72% and 26.15% of the biomass of each, respectively, meaning there
is further potential for stock enhancement.

Key words: artificial reef; ecological carrying capacity; Apostichopus japonicus; Haliotis discus hannai; Lidao
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