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Ecological carrying capacity of six species of stock enhancement in Pearl
River estuary based on Ecopath model

LIU Yan', WU Zhongxinz, YANG Changpingl, SHAN Binbinl, LIU Shengnanl, SUN Dianrong1

(1. Key Laboratory of South China Sea Fishery Resources Exploitation & Utilization, Ministry of Agriculture and Rural Affairs;
Guangdong Provincial Key Laboratory of Fishery Ecology and Environment; South China Sea Fisheries Research Institute, Chinese
Academy of Fishery Sciences, Guangzhou 510300, China; 2. Dalian Ocean University, Dalian 116023, China)

Abstract: Stock enhancement is important for conservation of exploitable resources. Assessment of ecological capacity of the dis-
charged sea area before discharge and planned implementation of proliferation and discharge activities can avoid damage to the ori-
ginal ecosystem. Based on the survey data of the fishery resources of Pearl River estuary in 2016, an Ecopath mass-balance model of
the Pearl River estuary ecosystem consisting of 29 functional groups was constructed. Thus, the overall characteristics of the ecosys-
tem, the food-web structure and the mixed trophic impact were analyzed. The ecological carrying capacities of six species of stock
enhancement which were suitable for this area were estimated. The results show that the fractional trophic levels ranged from 1 to
4.2, and those of the six species ranged from 2.2 to 3.7, with marine mammals occupying the highest trophic level. The total system

throughput of the ecosystem was 9 092.447 t~(km2~a)71, and the total energy transfer efficiency was 12.23%. The connectance index
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and system omnivory index were 0.370 and 0.287, respectively. There were two main channels of food chain in the ecsystem, and the

energy flow was dominated by grazing food chain. The ecological carrying capacities of biomass for Lateolabrax japonicus,

Acanthopagrus schlegelii, A. latus, Penaeus penicillatus, P. monodon and Paphia undulata were 0.094 t-km >, 0.500 t-km ~,

0.650 t-km *, 1.580 t-km >, 1.610 t-km~ and 75.870 t-km~, respectively.
Key words: Ecopath model; ecological carrying capactiy; enhancement; Pearl River estuary

RYT P R ER VT AR il R i = 5 B R,
oI E R L E S w2 U 20 4
80—90 AEMARIL AL B IR L £ 5, &bk
Bk 50 AR, WFPERREE R A 30 Jr iR 1,
Bl 2605 K s R PR BT 15 Y S5 R DL R A5 e )
(2RI, A2 T IR A 2 7 R
TR BB RO R R SR I R
—, REFE B SRS K, IS —
SERCRD, TP IR SRAR AT, RO AT RO
PSR ASZE AN B VAL, ARl b St ki %
gly, Al AT AR S R G IR

A ZSTEE Y (Ecopath) J2& 1 PRk A2 YE R4S
FErputy (ICLARM) JF & B &9 M 3 BT 8% (Eco-
path with Ecosim, EwE) "1i)—3#B43"", % gt
THEBRGEWE TN 5, Q53 A F R ) hg
M, MEKIBESRGEEHE . i ES RGN EEE
Wsh 545, EEAEBRGRE, TN ESRS
fr e s e 5 s R A U R AL
il FIIAS [l BOR XA S R g il s 2
N 25 T R R i 2 S Vet T
Ecopath BRI EIPAN T+ 5 N THEX A RS
FasEtE, BRVESZEN T E T B0 7 4
B I RIS AR R R SR . Ecopath 15
RPN KA E S R G R L fh5RK
WA E MRS A E L RASEN, A
U PR R T SIEMVS ) 2 (Apostichopus ja-
ponicus) )5 BLIGFA 75 5 IF 5 H IR 4 78 48 B R
W, S b A AT S A I T X 2
A5 S8 (Haliotis discus hannai) WA 59
i, FRBE A TN E AR (Fenner-
openaeus chinensis) Bz

BRIT KSR, Rt i £ 4 T 2008 44
HAB RS EWE BRI e R 7y 5 B AR
BT 1981 4E 5 1998 4Ryl FA- 25580, g 1
LI Ecopath ARSI, JCTERYL H /K Eco-
path B 7K BIE T FPEAE A G I REIR IR AR L
i, AMFFEIER “ LM I T ML =1 K

A B RO TAE R S U T
BAEFEY) 5 AN () A 2557 A0 3k B0 A A [ A
(Lateolabrax japonicus) . 28 (Acanthopagrus schle-
gelii). THEEHY (A. latus). FKFXTUF (Penaeus peni-
cillatus) . BETIXTUER (P. monodon)], 5i& BHAZIEIX
AR D1 2% 2 AR MR (Paphia undulata) F:[R4H R,
T 6 MMZIEEGE FRR A, A T iR
BRGEMFLEEF)ZR ., BT 2016 FIRIL A Ml
PRI R, MR S TR, FE A
BREMSAERRGVER, JEXT 6 Fhid B FE B
FEHATAEASEE N ERAR TR, DU A i ) 1S FE T
MLt AR E B SRR S

U bbR

1.1 HAREBEXSHIFERE

ARG FH BB R EEOR A 2016 4F 4 4>
ik 3 AL S H. 8 AR 11 H) BRYT LK IS B IR
ARSI A, AT ERREAE A RITAEK
R TRV O TR B X AR, MR AR bR
9 113°30'E~114°24'E, 22°16'N~23°00'N, /K ifii
FAZY % 400 km” (A Sl 740 B DLIET 1), SRRE T 4%
CHFPENEIIEITG ) (GB 17378—2007) 1 (M7
ARG A4 ) (GB 12763.6—2007) $447 .
TR R FH 3K TR PR3 A= RAE, T liE s
FHBK T BUPERAE D RS, 0 B AE £0 ] R
T E I (M43 80 cm) K4 M RAE , A Al
FH“REE-507 BUERIBHRAE, Wbk Wl HH A
W HOMREBT . TR . IRIEshY . A A
U FHECAEAR I 5% WIS E, /rd8%E
FEARYE PR > H 4% ) (GB/T 17826—
1999 ) A7, Xty BE IR A ik A Wit sk kAT
AW E B ST
1.2 Ecopath #8357
1.2.1 IhfigH%I5  Ecopath #lE XA SRS
— RS BRI RELH L, BRI AN}
B RGRE R R AR R AS R TEE, R
MDIRE N G A VLS . TR . RS |



X 4F: JET Ecopath BEIRYBRIT I 6 PR FEHURAN S E S A AN H 21

%4 1
N K41 legend
T e o
'_;,-'-\“*-\-./,_?: ,:;7‘ AR
23°00' ?ﬁ\ (g sampling site
il .
'sha%_\;‘ o (f} L
-E."\Q;S 3L— L
L a
\k\ ;‘A S8
\% sS4 , 0
D EEA
23930 o AJr—
3°30 ,’) S5, 12/.! Y. |
[ g S104 5124 =
A A |
N r’(‘ S6 o 2 __‘_Jf?{f -\J ::}_":,j
S11 A e <§
b .. e ;
KM q‘b—r\/ A . s O % -
Ay =22 N
P a
:—:!:J \'}"" r( "
22°00" B S
113°30' 114°30' E

B BRI R A v 8]
Fig.1 Sampling sites in Pearl River estuary
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Tab.1 Functional groups and main species in Pearl River estuary
75 ke ke
No. functional group species
1 W EL ) ALK Sousa chinensis
2 HBESS I [C8E Raja hollandi. 933K % Scoliodon sorrakowah 55
3 HAbRA T |2 KA E JI . Chirocentrus nudus . V48K Eleutheronema tetradactylus . 124 Liza haematocheila . i fi
Trichiurus haumela . JE55 10 Trichiurus brevis, — K8 Paerargyrops edita %5
4 piaa 185 Lateolabrax maculatus
5 HA/ N 22 Jil a6 Mugilophuyseni . RN Allanetta bleekeri. 7518 S8 Polynemus sextarius . WM 5
Syngnathus acus Linnaeus %5
6 HAb#EE B 138 R /N T 10 Sardinella jussieu. HE# Clupanodon punctatus. W Ilisha elongate . FER/NATH
Stolephorus commersoni. 7854t Thrissa kammalensis . FLIKHHE Thrissa dussumieri, G B
Thrissa hamiltonii . £#8% Coilia grayii %
7 R\ g5 R Coilia mystus
8 i AL Clupanodon thrissa
9 HAeh KRBt Kt Saurida elongata. RVIHE Uroconger lepturus . 8% Muraenesox cinereus. J¢3kf4 Harpodon
nehereus ., "FAEWHES Arius sinensis. Z8iE Sillago sihama ., ¥BHETET14 Siganus oramin . B3GR
Drepane punctata, | A 8j Megalobrama hoffmanni . K5 Cynoglossus macrolepidotus . - i
Cynoglossus semilaevis %
10 AR WL FE A Collichthys lucidus . )% IS I8 Johnius belengeri. #JE UL Argyrosomus aneus . ¥
WAt Umbrina russelli 5
11 PR P4 Acanthopagrus schlegelii
12 e HE T IEM Acanthopagrus latus
13 IR E 02 HER XL 81 Ambassis gymnocephalus . FANURS Leucosoma chinensis . REPEER Leiognathus ruconius . &
Wt Leiognathus brevirostris %
14 fifi . H 124 BESUZR T Fugu ocellatus . ¥R Gastrophysus spadiceus . B85534 Lagocephalus inermis =5
15 (YRS F R Chaeturichthys stigmatias. $JEMRE . Triaenopgon barbatus . £IARF B
Odontamblyopus rubicundus . FLBRIE A Trypauchen vagina %5
16 kR KM Octopus ocellatus . "FEM W, Loligo chinensis . 2 FRICEF LW, Sepiella japonica %5
17 HAeEHEshy  BESEE
18 S YR TTE Scylla serrata. 21 EAR T8 Portunus sanguinolentus . HZRW Charybdis japonica . 5T
Charybdis feriatus . T2 5% Varuna litterata . HADEEE Eriocheir rectus . TS5 Varuna litterata %5
19 HAlbdF2E ILGTUEF Metapenaeus affinis . JE FGHTXTER Metapenaeus joyneri, 2555 XtUF Banana prawn . YR
Exopalaemon carinicauda . ST Alpheus distinguendus . MEIRYUF Macrobrachium superbum ., | %
KHEHR Palaemon guangdongensis . = RAfiXHF Parapenaeopsis hungerford %5
20 K EXTHR KEXFUEF Penaeus penicillatus
21 BT X IR BETIXFIF Penaeus monodon
22 LN S TABE MRS Oratosquilla kempi . JEEFYS Harpiosquilla harpax . %R Oratosquilla oratoria. HRBESGEF
i Harpiosquilla annandalei %5
23 HAWKERAGSIY A K>1 mm, @FHMBE Y . Treds . BEYEFOLIEI L Potamocorbula laevis, TIHE
Corbicula fluminea . "PIE B MR Cipangopaludina chinensis . JERTEIMTUMA Modiolus philippinarum . /)N
Jéug Siliqua minima %
24 s e[ WL AR Paphia undulata
25 R B BIRE BS2 BRI, WK
26 INRLEAR S8 A<l mm, AR, Y. ZEEK. WK . HREF
27 RS JEA . KIEKRESS . BRREE . R, madE. KEXR . BRIRE. B, AREER. H
T4 1A 55
28 TEEAEY) T, PR WAV SRS ORI EAEVE Melosira granulata . WRIE 23 Skeletonema costatum . /NER
P Chlorella sp.. #4233 Tribonema sp.5F
29 EERIRLIE] oA AR A A LA
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Tab.2 Basic input and output parameters of groups estimated by Ecopath for Pearl River estuary ecosystem
P Ui BHR% A ckm AR A WRER R R
No. functional group trophic level B P/B Q/B EE
1 L) 4.159 0.009 0.045 14.77 0.000
2 A 4.152 0.012 0.820 9.500 0.000
3 HAb KA [ 2402 3.366 0.721 0.940 5.110 0.294
4 1Ef 3.722 0.004 0.270 7.300 0.721
5 HoAth N [ 202 3.277 1.370 2.880 11.00 0.391
6 HAb#HIE H a2 3.112 1.750 4.080 17.35 0.243
7 A\ 2.696 0.330 2.825 13.50 0.837
8 AE 2.931 0.120 3.650 12.10 0.769
9 oAt R A JECAR £0.25 3.682 0.012 2432 27.44 0.616
10 VANER LSRR 3.226 0.160 3.550 11.35 0.608
11 AR 3.680 0.005 0.330 6.600 0.600
12 HBE 3.332 0.008 0.450 8.100 0.681
13 N E A 3.251 1.770 3.940 15.59 0.896
14 filfjz H f0 2% 3.401 0.120 1.780 7.110 0.086
15 YRS 3.098 0.870 4.110 17.20 0.805
16 S S 3.647 1.24 3.500 11.60 0.674
17 HABTCHHEZ ) 2.469 1.270 9.600 41.54 0.903
18 LS 2.651 0.810 5.650 26.90 0.918
19 HABIFSE 2.669 1.089 6.800 41.54 0.820
20 KEXIF 2.669 0.030 6.500 30.00 0.647
21 BETTXTUR 2.669 0.005 6.500 30.00 0.452
22 LIS 3.074 1.700 5.300 18.90 0.591
23 HAb KA ) 2.450 5.600 5.100 18.50 0.915
24 BB AR 2.200 1.950 3.000 18.500 0.970
25 R S 2.184 1.570 10.260 41.54 0.561
26 /N AR B ) 2.250 13.76 6.570 36.90 0.789
27 TSI 2.000 13.50 36.000 186.0 0.437
28 TR 1.000 15.00 230.000 - 0.672
29 EER IR 1.000 200.0 - - 0.374

T BRI AR R S

Note: The estimated parameters by model are in bold.

BRILIKAE S RGN EFRH N 1~4.2 %, &
R E SRR X NS, AT ARG

E Y BE Y R U

e IK (Sousa chinensis)

&, HUOR&EREIE . DI T i sh P N et
ZHHEFREN T 2.7~3.7, LERKZNANEM,

LA T2 Moo B2 B3R N 3.6, 6 FiE
HRURAEFFRANT 2.2~3.7, ZERERRS
B 9092.447 t-(km™a) ', REGHISE T
1345.636 t-(km™a) ', L5455 0370, RS

F5%41 0.287,
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Tab.3 Summary statistics of net flow in Pearl River estuary ecosystem by Ecopath
FHIESHL Bl HefH1 Hufei2 HifH3 Hile4 Hufes Hifeo6
attribute parameter value Value 1 Value 2 Value 3 Value 4 Value 5 Value 6
S FER - (km - a)
total consumption 3491.934 3492.591 3495.201 3497.134 3538.434 3540.084 4 859.454
Bk (km®a)
totﬁjiin( m-a) 1345.636 1345.135 1343.186 1341.765 1318.511 1317.548 473.380
B - (kma)
totjrieésﬁratgrr;ﬂi)w 2104.364 2 104.865 2106.814 2108.235 2131.489 2132452 2 976.620
2 i 8 24t (K 2. N1
t/}(l)btg??lﬁ:))v%vlsini détrrirtlusa) 2150.513 2 150.012 2 148.063 2 146.746 2 128.968 2 128.204 1 415.009
ARG M- (km™a)
tft?lasysotléﬁthgoughglt 9092.447 9092.603 9093.264 9093.880 9117.402 9118.288 9724.463
BT (kma)
totillzziuct(iozl 2) 4139.183 4139.208 4139.347 4139.472 4149.258 4149.616 4360.943
BRI S (kma)
calculated total net primary 3 450.000 3 450.000 3 450.000 3 450.000 3450.000 3450.000 3450.000
production
SHIRA T 3
total primary production/total 1.639 1.639 1.638 1.636 1.619 1.618 1.159
respiration
Y RGP (km )
itiyﬁgni;fduéti?n ?) 1345.636 1345.135 1343.186 1341.765 1318.511 1317.548 473.380
SRR B
total primary production/total 53.253 53.179 52.849 52.731 52.009 51.966 24.873
biomass
BAY R (kma)”
total biomass (excluding 64.785 64.875 65.280 65.427 66.335 66.390 138.705
detritus)
Vot ek
Ef;ﬁ:séice index 0.370 0.370 0.370 0.370 0.370 0.370 0.370
-
RAA R 0.287 0.284 0.284 0.285 0.288 0.289 0.283

system omnivory index

e R REYHTRGRTS
RABHWEE N REFESH

CHUE 1 E BB 67 HORFTRAEST. BEY. EEEH . REXUF, BEVXTURRISE ST AR R LB i

Note: The "value" represents the present status of the system; Value 1—Value 6 represent the status after a large amount of L. japonicus, A. schle-

gelii, A. latus, P. penicillatus, P. monodon and P. undulata biomass.
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Fig.2 Food web of Pearl River estuary ecosystem

I —IV. trophic grades; 1-29. functional groups serial numbers, and the functional group specifically represented by the

serial number is shown in Tab.1. The same case in the following figure.
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Fig.3 Mixed trophic impact of functional groups in Pearl River Estuary ecosytem
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HE ARG IX 6 FiE A ERYT L /KA 25 R G5 ik
TN IS TR B 2 AN
IR, K204 AR S RGN SR
A, S /N R s R s Hilh
T HEsh Y . HABIRSS | HA KRG s . /N
JEEH S S D REAL RO B R 7 o G R SR %ot
G0 BE>1, 20 ARG 2R 8 119 A= Wy (i AR B ik
P, FEEAE AR T, SRER A Y AW,
KT 0.50 tkm * JEHRERUANFE T, i A Rtk
UIRE4LY) EE>1, HHSLHES IRV KA R R 55
P BT AR 0.5 tkm (L) 0.01 tkm Ky
R, EE>1 54 0.001 t-km 2K s)

R ZAE S R G B A S A, R Y
M ETRTI 0.005 tkm > HIME0.5 tkm >, XA
REWBIRG TS HOT UL, TPP AZE, R4
SVBBTRIGIN T 0.23%, HABRAE RS SMRRHE K
TR SEREA—BEE AR, H A EBRTT K
A S R G T B A S AR 0.5 tkm

FEARMF T I AESEP R B —Xf
6 MY EY R T RE BN, RA WAL
PG BEEER . K BXTIR . B XIS S AR
(R A S 25 AN 0,094 tkm . 0.500 tkm ~ .
0.650 tkm *. 1.580 tkm . 1.610 tkm 175870 tkm
(F 4).
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Tab.4 Maximum ecological carrying capacity of six species in Pearl River estuary ecosystem

7 TSRS YA A e km BB/ km AR Yo
No. suitable release species current biomass maximum capacity conversion efficiency
1 pia 0.004 0.094 12.28

2 AR 0.005 0.500 12.46

3 BB 0.008 0.650 12.40

4 KEXFIR 0.030 1.580 12.33

5 BEFT XA 0.005 1.610 12.34

6 BB AR 1.950 75.870 11.06

MR RGO R12.23%

Note: The current system conversion efficiency is 12.23%.
3 1hg
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