5 ikE REPOATS

1985~1986 F 1S, IO SR FRE AN E AT

kM E" LB

(1. : 266071; 2. : 100049; 3.
, 266071)

FEE: A 1985~1986 KT v £ A A %49 Ecopath A&, 1E#AR4E 1985~1986 44 12 MR K
IO BARE R GASEERIE, SMRA LRI O BAVGT AR A S AR RALM, AL R
%éﬁi#@iaﬁ?%é\iﬂéo 1985~1986 F KT O KR A S A% 0I5 16 N BE, SHRBNERR
E 1~4.52, P EE#HARAMAEH AL EERSERA. SHRBANXEZ LR 3 FEZRFH: BHEX

AXBRERERTRABK, BRARLSINEAY, 1985~1986 FRIIO AKX AGBATHRRELHE L
J})%i—?fi&ﬁ, HEBERAMBAETHWGEWL 57%. AL HHAKIIO AR RZRALSTRATHHMLAES
12.4%, R AR R BACES 12.9%, R OMBLEFHOQHHRBEN 12%. ES5ZAEKH
JESMRT, ZALPEBRBEAEZRLRI/ES AN 0471 = 0.103, KT 0 BRARVLEIRMINIE 4K
Fo P32 KN F A 9.35%F 2,778, BB /TR EH 1.724,

KR Kz o, FAS, MBS, AAEEAER
PESES: Q147 iﬁéﬂmﬂ:A X EHE: 1000-3096(2016)07-0060-13
doi: 10.1759//hykx20141224002

[3-4]

, Ecopath ,

) Ecopath 51 (61
, (7] [8]

Ecopath 1985~1986
- 1 AR5
’ 11 AR RIRA SRR
’ 0 1985 9 ~1986 8
) :2014-12-24; :2015-04-22
1985~1986 : (41176138 31272663
) - ( U1406403);

(J32012-2013 )
[Foundation: National Natural Science Foundation of China, No. 41146138,
No. 31272663; NSFC-Shandong Joint Fund for Marine Ecology and Envi-
ronmental Sciences, No. U1406403; Program of State Council Three
: Gorges Project Construction Committee, No. JJ 2012-2013]
Ecopath 2] , Ecopath : (1991-), ’ ’
1 18511599851, E-mail: zhangxiao-

jia.ok@163.com; s , E-mail: wwxian@qdio.ac.cn
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Fig. 1 Sampling stations in the Yangtze Estuary and adja-

cent waters

1.2 ARF ik
1.2.1 Ecopath

Ecopath )
[9-10]
( 1 a)
(M), 2)
5 :

P=Y+M2,B+E+BA+MO0,B; (1)
s P,’ ’ Yl > MZ’ 4
Bi s Ei , BAI 5 MOI
O=P+R+U; (2)

,Ri > l]l
(1

Bi'(g)i :sz‘(Q
J

E)j DC; +Y, +E; +

BA4; + B, -(g)i ‘(1-EE))

, DCy i J
, EE;
Ecopath , B
P/B O/B
EE 4 3,
( EE) )
DC Y U/Q ,
E BA
1.2.2
( :
) ,
1985~1986
16
1.2.3
Ecopath ,
( gC/m’ t/km?) ,
la )
’ [11]
, /
zM3, Beverton-Holt!"*!
, , Ecopath
( O/B
DC ), (6, 14-25
[26]
, Ecopath
1.2.4 Ecopath
Ecopath ,
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EE>1 , MTI; J
s s DC’J[ i
[27] ;
( B DC) . . FC@/ 1
0<EE<1 Pedigree J
(28], Lindeman
[33]
1.2.5 s
Lindeman®”’ ,
Pianka” 1974 Ecopath
0~1, , 0 , Finn Finn
1 [34]
Leontief*!! Leontief ,
et 2 BRLAM
Ulanowicz
EwE , (Mixed 2.1 KiZ v hag2ER 4
trophic impact, MTI) MTI 1985~1986
) > (
> 16
(D
F1 KIOKRBESHESRENRBEREEME
Tab.1 Functional groups and main species in the Yangtze Estuary and adjacent waters ecosystem
(Polychaeta) (Mollusca) (Crustacea) (Echinodermata)
(Octopus ocellatus), (Octopus variabilis), (Todarodes pacificus),
(Loligo japonica), (Sepiola), (Sepia esculenta), (Sepia
lycidas), (Sepiella maindroni)
(Portunus trituberculatus), (Ovalipes punctatus), 05
(Charybdis bimaculata), W (Charybdis japonica), (Matuta planipes),
(Scylla serrata), (Portunus sanguinolentus), (Portunus
hastatoides), (Portunus gracilimanus), (Dromia dehaani)
(Fenneropenaeus), (Metapenaeus), (Trachypenaeus),
(Parapenaeopsis), (Metapenaeopsis), (Solenocera), (Alpheidae),
(Palaemonidae), (Crangonidae)
(Collichthys),  fi(Erisphex pottii), (Liparis tanakae),
(Cynoglossus abbreviatus), (Cynoglossus macrolepidotus), (Zebrias
zebra), fifj (Minous monodactylus), filf (Takifugu flavidus), fif
(Takifugu bimaculatus), filfi( Takifugu fasciatus), fili (Takifugu niphobles),
(Arius sinensis), (Priacanthus macracanthus)
(Muraenesox cinereus), Wi (Lophius litulon), & (Uranoscopus japonicus),

i (Miichthys miiuy)
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7 (Apogon lineatus), (Raja porosa), 1 (Dasyatis sinensis), il
(Dasyatis laevigatus)

8 (Johnius belengerii), (Larimichthys polyactis), (Pennahia ar-
gentata), (Larimichthys crocea), (Nibea albiflora), (Hapalogenys
mucronatus)

9 (Harpodon nehereus), (Trichiurus japonicus), (Eupleurogrammus mu-
ticus)

10 (Pampus argenteus), (Pampus cinereus)

11 (Coilia ectenes),  (Ilisha elongata)

12 (Scoliodon sorrakowah)

13 (Coilia mystus), (Setipinna taty), ¢ (Engraulis japonicus),

(Sardinella zunasi), fisg(Thryssa kammalensis)
14 (Copepods), (Cladocera), (Mysidacea), (Amphipoda),
(Euphausiacea), (Sergestidae), (Ostracoda), (Isopoda),
(Chaetognatha), (Planktonic Mollusca), (Tunicata)
15 /
16 /

2.2 Ecopath R E TR 5ERAVHEFE

1985~1986
Ecopath 2
(Ecotrophic Efficiency, EE)
0~1, )
Ecopath Pedigree 0.685,
Ecopath Pedigree 0.64 61
2 , 1985~1986
1~4.52 ,
1,
2.01 2.2,
3.06~3.2 ,
4.52
2.99~4.25,
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2.3 Kizv RAREARES ARG RAEE

2 1985~1986
y
2
66.23%,
72.58%,
85.21%
99.19% 99.20% 1985~1986
filk G2 , 3
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F2 KIORSBIEFHESERY Ecopath AN SH

Tab. 2 Basic parameters for the Ecopath model

(t/km?) / / *
22 19.575 4.544 17.128 0.751
3.17 0.189 3 9.75 0.791
3.2 0.446 3.5 12 0.938
3.06 1.391 8 28 0.976
3.87 0.65 0.587 4.93 0.879
4.13 0.159 0.625 6.085 0.872
4.08 0.475 1.514 9.952 0.839
3.67 0.757 3.279 7.992 0.985
4.25 1.093 0.681 5.8 0.978
3.02 2.037 0.729 4.8 0.858
2.99 1.061 0.456 18.704 0.852
4.52 0.0533 0.604 6.4 0.932
3.02 5.339 0.469 12.28 0.936
2.01 7.221 25 180 0.798
1 16.97 106.52 - 0.503
1 92.846 - - 0.465
72.58%, 0~1,
24 AXBEETENAN 3

®3 KIORMEEBHINEHBDEVEERMGIT

>

Tab.3 Estimates of prey overlap between functional groups in the Yangtze Estuary and adjacent waters model

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 1 - - - - - - - - - - - - - -
2 0.051 1 - - - - - - - - - - - - -
3 0.242 0.027 1 - - - - - - - - - - - -
4 0.123 0.897 0.418 1 - - - - - - - - - - -
5 0.016 0.391 0.07 0.279 1 - - - - - - - - - -
6 0.008 0.039 0.065 0.026 0.207 1 - - - - - - - - -
7 0.001 0.106 0.069 0.008 0915 0.212 1 - - - - - - - -
8 0.031 0.688 0.045 0.59 0.884 0.215 0.661 1 - - - - - - -
9 0.009 0.171 0.01 0.157 0.18 0.222 0.103 0.291 1 - - - - - -
10 0.046 0984 0 0.864 0.285 0.001 0.004 0.583 0.145 1 - - - - -
11 0.107 0949 0.277 0986 0.286 0.013 0.001 0.613 0.162 0.923 1 - - - -
12 0.001 0.034 0.017 0.007 0.227 0.147 0.232 0.173 0.651 0.006 0.006 1 - - -
13 0.046 0984 0 0.864 0.285 0.002 0.004 0.584 0.145 1 0.923  0.006 1 - -
14 0.53 0.012 0.028 0.031 0.004 - - 0.008 0.002 0.012 0.084 0.005 0.012 1 -

5 2. ;3. ;4. ;5. ; 6. 5 7. ; 8.
;9. ; 10. ; 11, 5 12,
; 13, ; 14, ; 15,
64 /2016 / 40 / 7
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1 [31-32]

1985~1986

2.5 RIT0 BAREEBRA S F G AN ;
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WS IRER
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Fig. 3 Mixed trophic impact analysis of the Yangtze Estuary and adjacent waters
2.6 Kirv RARLHERAESRANRALS A :
Lindeman 64.94% , 31.59%
[33] 1 >
1985~1986 36.42%  28.52%
(99.87%)
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F4 KIORMIEBHESRRENEHERRD R

Tab.4 Trophic level decomposition of functional groups for the Yangtze Estuary and adjacent waters ecosystem

0 0.958 0.042 0 0 0 0
0 0 0.887 0.105 0.008 0 0
0 0.059 0.847 0.09 0.004 0 0
0 0.016 0.966 0.017 0 0 0
0 0 0.229 0.723 0.047 0.002 0
0 0 0.059 0.855 0.081 0.004 0
0 0 0.02 0.96 0.019 0.001 0
0 0 0.4 0.567 0.031 0.001 0
0 0 0.095 0.648 0.243 0.013 0.001
0 0 0.992 0.007 0 0 0
0 0.061 0.93 0.009 0 0 0
0 0.004 0.009 0.521 0.44 0.024 0.001
0 0 0.992 0.006 0.002 0 0
0 1 0 0 0 0 0
1 0 0 0 0 0 0
1 0 0 0 0 0 0
[0.184 [0.748 10.542 [0.140 10.00746 10.000329
P36-42 910.1 | 131-59 152.7 ”?.077 17.08 | \9.344 2.321 %0468 0.116 0\-/010233 0.00497 0-\0/(1)?097
16.97 26.09 | 20975 1159 0417 (2366 0768 10381 0410 100195 | 2497 |0000831 |—
657.8 —49489 ~188.57 —=9.672 =1.387 —0.0691 —0.00288
897.6
2852
’:1'1?85 466.1 46.29 4534 0.680 0.0343 0.00144
LR i
W | SBEW(0)| B A AL
ARt i’_—ﬂ'Wi_‘ I 5 £
4
Fig. 4 Linear food chain of Yangtze Estuary and its adjacent waters
P. ; D. ; TL.
P. primary producer; D. detritus; TL. trophic level
, 9.2%;
, 9.7% R
88.44% 3.077% 16.8%;
12.0% 12.9%,
12.4%
6 ,
5 , 1985~1986 43%,
10.2%; 57%., 1985~1986

Marine Sciences / Vol
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Tab.5 Transfer efficiency between trophic levels in the Yangtze Estuary and adjacent waters

(%0)
- 10.2 10.4 16.4 11.1 10.7 10.5
- 9.2 13.7 17.2 10.9 10.7 10.4
- 9.7 11.7 16.8 11 10.7 10.4
:0.43
:12.0
:12.9
1124

759.0792 t/(km*a)  15.1%

‘ o 3 it
27 KiITuA LSRG EIKREE

1985~1986
1985~1986
6 57.416 31 t/kmX( ’
) : 35
5020.886 t/(km*a) 1798.019 t/(km™*a), ’
. 358%; 1415223 t/(km®*a) (
, 28.2%: 1 048.565 t/(km*a)  20.9%, )
%6 WIOREEEES RGBT Bel
Tab. 6 Overall features of the Yangtze Estuary and ,
adjacent waters ecosystem i i ’
> , 0.923,
/ t/(km?-a) 1798.019
/ t/(km?-a) 759.0792 ’
/ t/(km?-a) 1048.565
/ t/(km?-a) 1415.223
/ t/(km?-a) 5020.886 ,
/ t/(km?-a) 2099.306 , ,
3.474921 [37]’
0.000897349 1 ,
/ (t/(km*a) 1807.644
/ 1.723922 ’
/ t/(km?-a) 759.0793
/ 31.48312
/ 0.01143549
/ (t/km?) 57.41631 (99.19%),
0.4711111 ,
0.1032073 :
Finn 9.35 s
Finn 2.778
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, (TL=
4.52) (TL=4.25)
(TL=3.87)
[36] ,
(Connectance Index, CI)
(System Omnivory Index, SOI)
CI
SOo1 1, (381
1985~1986 Cl SOl
0.471 0.103, 1 (Finn’s

Cycling Index, FCI)

, (Mean Path Length,

MPL)
[34]
FCI 9.35%,
(16.1%)5%
(25.19%)1" ; MPL 2.778,
(4.27)149
(10)[41]
/ (TPP/TR)
(TPP/TR)<1
;. (TPP/TR>1
TPP/TR
1, 421 1985~1986
TPP/TR 1.724,
(1.37)1%
(1.18)14%
1985~1986
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Energy flow and network analysis of the Yangtze Estuary
ecosystem during 1985-1986
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Academy of Sciences, Beijing 100049, China; 3. Laboratory of Marine Ecology and Environment Science,
Qingdao National Laboratory for Marine Science and Technology, Qingdao 266071, China)
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Abstract: The term ‘energy flow’ expresses the substantial relationship between organisms and their connection
with the environment. It reflects the productivity level, structure, and function of a particular ecosystem. In this
research, based on a comprehensive marine survey conducted during 1985-1986, we developed a mass-balance
model for Yangtze Estuary to analyze the energy flow of this ecosystem. Using the Ecopath model, we evaluated the
overall characteristics of the Yangtze Estuary and adjacent waters ecosystem. Ecosystem organisms were divided
into sixteen functional groups. The Pedigree Index of the Ecopath model was 0.685, indicating that the quality of
the model data was acceptable. Sensitivity analysis showed that changes in input parameters may influence the
output parameters more significantly in some functional groups than in others. The Ecopath model suggested that

during 1985-1986 the trophic level of functional groups ranged from 1 to 4.52, with pelagic nekton-feeding fish
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occupying the highest trophic level. The trophic level of macroinvertebrates, including shrimps, crabs, and cepha-
lopods was approximately 3. Mixed trophic impact analysis suggested a direct or indirect relationship between
functional groups, including the direction and degree of its influence. The impact was mainly caused by control type,
niche overlap, and trophic cascades. Trophic aggregation analysis showed that the ecosystem was dominated by the
grazing food chain. A linear food chain was derived from the mixed trophic network with a mean transfer efficiency
of 12.4%, 12.9% from detritus and 12% from primary producers within the ecosystem. During this period, the total
system throughput was 5020.886 t/(km”a). The sums of all consumption, all detritus flows, all respiratory flows,
and all exports were 35.8%, 28.2%, 20.9%, and 15.1%, respectively. The evaluation of the ecosystem structure and
function showed that the connectance index and system omnivory index were 0.471 and 0.103, respectively. The
Finn cycling index and mean path length were 9.35% and 2.778, respectively, and the ratio of total primary produc-
tion to total respiration was 1.724. The mean trophic level of the catch was 3.475 in the Yangtze Estuary and adja-
cent waters ecosystem during 1985-1986. This provides a background value for exploring the impact of fisheries on

the ecosystem in the coming decades.
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