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Analysis of the ecosystem structure and energy flow of the Yangtze River estuary
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Abstract: The cumulative impacts of water conservancy projects in the Yangtze River basin, especially the Three Gorges
Reservoir, have had a significant effect on the biological and ecological integrity of the Yangtze River estuarine ecosystem.
This research establishes three ecopath models of the Yangtze River estuary and adjacent seas before (the autumn of 2000) ,
during (the autumn of 2006) , and after (the autumn of 2012) the impoundments of the Three Gorges Reservoir, using
Ecopath and Ecosim software to characterize and compare the estuarine ecosystem’s food web structure and energy flow.
Sensitivity analyses were carried out to evaluate the uncertainty levels of the models. The three models consisted of 17

functional groups covering the main paths of the ecosystem food web, including piscivorous fishes, generalist predators,
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shrimp predators, zooplanktivores, crab predators, other pelagic fishes, other demersal fishes, other benthic fishes,
shrimp, crabs, jellyfish, cephalopods, macrobenthos, meiobenthos, zooplankton, phytoplankton, and detritus. The
simulated results showed that the values of trophic levels ( TL) ranged from 1.000 to 3.802 in 2000 ( before the
impoundments ) , from 1.000 to 4.058 in 2006 ( during the impoundments) , and from 1.000 to 4.019 in 2012 ( after the
impoundments ) . This indicates that the TLs distributions of the functional groups were similar under all three conditions.
However, the ecotrophic efficiencies of commercial species, such as Pseudosciaena polyactis, were elevated because of the
increased fishing intensity in the Yangtze River estuary. The structure of catches did not change noticeably during this
period, but the mean trophic level of the catch decreased from 3.406 to 3.369, as did the number of catches (from 1.026 t
km™? vy t00.719 t km ™ y'). Meanwhile, after the impoundments the role of the detritus food chain became less important
to the energy transfer process than that of the grazing food chain, and over 90% of the energy flows were assembled in TL I
and II, most of which flow into detritus and could be a source of internal pollution. The total transfer efficiency of the
Yangtze River estuary ecosystem was 10.2% in 2000, 10.0% in 2006 and 9.4% in 2012. All of these negative effects are
likely to be closely related to reductions in freshwater and sediment discharges, as well as the increase of land —based
pollution in the Yangtze River Basin. Furthermore, the result also showed that the parameters of total biomass, total primary
production, and the sum of all flows into detritus gradually decreased; however, the gross efficiency, Finn cycling index,
Finn's mean path length, and system omnivory index increased. The ecosystems ( before, during, and after impoundments )

were found to remain in the immature stage.

Key Words: Ecopath model; Yangtze River estuary and adjacent seas; ecosystem structure; energy flow
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Table 1 The functional groups and main species of the Yangtze River estuary Ecopath model during different periods
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R3 2000 F£F.2006 FRF 2012 ERKTIAESRELERE EVEREREEEFREN S
Table 3 Comparison between distributions of throughput, biomass and catch at effective trophic levels in the Yangtze River estuary ecosystem

in autumns of 2000, 2006 and 2012

— BBEW R/ (1/km?/year) W/ (1/km?/year) Ak &/ (1/km?/year)
SR Throughput Biomass Catch
Trophic level
2000 2006 2012 2000 2006 2012 2000 2006 2012
1 6486 1121 2466 33.98 23.60 25.00 - - -
I 913.7 498.0 950.0 16.28 12.41 10.55 0.134 0.174 0.104
1 41.20 13.91 30.34 4.369 2.676 2.416 0.454 0.487 0.329
v 4.345 1.469 4.161 0.765 0.728 0.667 0.381 0.272 0.235
v 0.477 0.187 0.486 0.090 0.090 0.0913 0.053 0.041 0.047
“ =" FORAHNAEANFATE

R4 2000 FF.2006 EFFD 2012 FRKTIOESREZEFRRFERYE

Table 4 Comparison of transfer efficiency of discrete trophic levels in the Yangtze River estuary ecosystem in autumns of 2000, 2006 and 2012

2000 4E#K The autumn of 2000 2006 4EFK The autumn of 2006 2012 4EFK The autumn of 2012
B4 Trophio level ;ﬁii?;iﬁ::ﬁr )& / % Detritus jﬁiﬁszigﬁr 1% JH / % Detritus ;ﬂiﬁiiﬁ:ﬁr )8/ % Detritus
I 4.7 4.6 2.8 5.2 2.0 5.4
m 10.1 16.2 11.9 16.7 16.6 16.6
I\ 19.9 19.6 18.2 17.5 17.3 17.3
\Y 19.3 19.5 18.1 18.9 17.4 17.8
VI 19.2 19.4 19.3 17.8 17.5 17.2
il 19.0 - 18.0 19.8 17.5 17.6
A F Transfer efficiency 9.8 11.4 8.5 11.5 7.5 11.6
24 B g SR
"I‘?(;ij:}tﬁijl;fcr efficiency 102 100 94
“ =" RN AN AR

wOKHT, B YRR R SRR B rp S AU RE S R AR I 56% , i RS B AL 1
44% VB EFARA 10.2% ; BK MR Y EEE RGERE RIS h HAT LS 148 56% RERE  a i 18 )
AL 4490 VX R R 10.0%  BEEK TS AR K05 R B W8k e R L RE R B P Ry LS ok, B
OE S R B EEL I 59% i8S TR B BEAL 18 41% SR AT TR N 9.4% , A IRE R 7>
A FEAEPAE T — L, S RRRER A 90% LA L, B FR L i E 57 2 UCHI T s i, il g J2= U 8 IR S RE i
Hsh oAb ANV — VR shE b,

33 IR EIRM L REL 7
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RS 25 Ty REZH (5 WA T 1E )

KEEDIRELLJEAE A S R G AW I A Yy A B MEX R BA EISE A DI REd], B 2R TIRG
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Fig.2 Lindeman Spines in the Yangtze River estuary ecosystem in autumns of 2000 (upper), 2006 ( middle) and 2012 ( down)
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Fig.3 Keystones in the Yangtze River estuary ecosystem in autumns of 2000 (upper left) , 2006 (upper right) and 2012 (down)
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Table 5 Comparison of system statistics in the Yangtze River estuary ecosystem in autumns of 2000 and 2012

B RGFIESEL Ecosystem characteristics 2000 4EFK 2000 4EFK 2012 4EFK
R Name S ¥ Parameters AL Units The autumn of 2000The autumn of 2000 The autumn of 2012
ZRYRAEHE Total throughput TST t/km? 7517.423 2935.707 3498.801
BEYE Total biomass B t/km? 40.491 21.515 20.733
WGP 1475 5294 Mean trophic level of catch - - 3.406 3.240 3.369
SR Total catch t/km? 1.026 0.979 0.719
A9 L7 4 Total primary production TPP t/km? 3415.770 1120.50 1400.00
=¥ S yg=ind| B
Ti;?ﬂfriiyiﬁoﬂifﬁ%mtal respiration TPP/TR h 5331 1899 2.095
R4 M R/ R R
:l\:(‘)izl*]?lfn/as:; k:[‘(z)ltf throughput BT h 0-005 0.007 0006
HEFRHERL Finn Cycling Index FCI % 1.63 7.26 5.99
YR B 4% Finn’s mean path length MPL - 2.169 2.619 2.500
HEFEREL Connectance Index CI - 0.359 0.371 0.371
RY A8 8 System Omnivory Index SOl - 0.179 0.205 0.196

TERSCARI R GE R B AR/ B (TB/T) RYRUE — BB, AR 0 A2 R G2 TB/T {HISARAE, [F]
FERB T R AR @ REEHARE(CD) MRS EAEE(SOD) )t T RGENE AR L, il a2
7%, RILHAEZSRGER CLA SOI KL T AEZS R GE N ARG AL — BN Tl 4, AR I AR K AN RGEARXTA
W & TRFAEE(FCT) 15 2R 58 Hhie o 140 s AR 0 PRI k-5 8 o 19 UL, P 3 B AR KK JBE (MIPL) 48 1Y J2 4
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Table 6 Summary statistics of ecological characteristics in Ecopath models applied in the Yangtze River estuary and surrounding

waters ecosystem

B RGFHESEL Ecosystem characteristics

B RS Ecosystem 4y Year
TPP/TR SOl FCI (%) MPL cI
AL The Yangtze River estuary 2000 5.551 0.179 1.63 2.169 0.359
2006 1.899 0.205 7.26 2.619 0.371
2012 2.095 0.196 5.99 2.50 0.371
ZRIFFI ) The Southern East China Sea 1999—2002 3.060 0.213 4.100 2.398 0.330
739 1'8) The East China Sea 1997—2000 3.38 0.2 0.18 - 0.19
K12 The Taihu Lake 1960 23.735 - 6.86 2.464 0.186
2002 5.457 - 15.49 3.428 0.215
H#IE2) The Yellow Sea 2000—2001 1.42 0.21 9.83 - 0.36
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