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Integrity evaluation and dynamic simulation of Xisha coral reef ecosystem
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Abstract: Taking Xisha coral reef ecological monitoring area as an example, from the perspective of ecosystem integrity,
combined with the multiple feedback effects of coral reef functional groups and environmental changes, this paper constructs
a dynamic diagnosis model of Xisha coral reef ecosystem by using the method of system dynamics. The development trend
and evolution mechanism of ecosystem integrity of the ecological monitoring area in 2010—2050 were analyzed through the
simulation process of basic scenario and typical interference scenarios (fishing activity, terrigenous deposition, and crown-
of-thorns starfish outbreak ). The results show that; (1) the integration of system dynamics and ecosystem integrity
assessment method provides a feasible method for the quantitative study of coral reef ecosystem integrity. (2) The changes
in the cumulative effects of the various effect indexes of the coral reef ecosystem are the most obvious. From 2010 to 2050,

the index will increase by 17.2, with an average annual growth rate of about 1.2%. The comprehensive integrity index has

BEE&TE - 1 EBHABEI e R R L (A 28) XDA13020401 5 HE#BASUH SR E AUHFT LI E O H (18JJD790005)
Weim B #1:2019-11-21; &1T B #1:2020-12-15
# WIRAE# Corresponding author.E-mail ; wanggeng@ Innu.edu.cn

http ://www.ecologica.cn



4078 JAE = 41 4

steadily increased in fluctuations, and the degree of coral reef damage has changed from damage to medium and low damage.
(3) The ecosystem integrity of coral reefs in different states is different at different stages of their evolution, and this
difference is usually amplified over time. (4) In any case, the coral reef ecosystem has a certain ability to recover,
especially in the stage of release and reorganization of the system evolution (2035—2040). The research results provide a
theoretical reference for the analysis of the overall evolution process of the Xisha coral reef ecosystem, and also provide an

important basis for the subsequent research on the adaptive restoration theory of the coral reef ecosystem in China.
Key Words: coral reef ecosystem; ecosystem integrity; system dynamics; simulation
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Table 1 Coral reef ecosystem integrity evaluation index system
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AR bR & . : i
Indicators Weight Fok e SN ik {8 LS T {H
Requirement ~ Evaluation ~ Requirement  Evaluation ~ Requirement  Evaluation
SR WK €/ % 0.2 c,z1 50 0.5<C <1 30 €,<0.5 10
Cumulative effect(0.5) RS KR Cy % 0.12 C,=0.5 50 0<(,<0.5 30 C,<0 10
I KEE LA €/ dmnl 0.15 Cy>1 50 0.5<C,<I 30 €4<0.5 10
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Table 2 Coral reef ecosystem integrity assessment criteria
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Table 3 Mathematical expressions related to table functions
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2.4 R AR S R GUIE R

A 35 FR G W PP PR A2 2% A A5 R G I A AR A T B SRS A B T — B IR S I AR A
SRGE NGB E A TS BT 30, MR AR TS PR PR e, Ik AR S R G A AR — A
VU BB T B B B4 B B BT B B A HE 2H By BE, 450 B B X L AR 25 AR GEAS [R] R I U A 9 Ak

Bt

DN o

(1) TR B BE s SOPR A R A K I B, I3 R A 285 28 48 P9 1) 25 A DK I T BE A9 R P 25 b B B DR R8T
L2 2K [ B AT A Tl e B, DRk o i g — > T REAY A 25 0 (PR R IR S (8] 45 ) o e AR S R ¢
PRIl ] A E AR D AR e ) AR Bl

(2) DRIPBIY B . PR ARG E SFIE B B, Bt A 25 R G (45 25 0 M BE 1 F IR 2 1 FR R AEAE AR W DL 34l
THURFEAL , 3 4+ 3 T i (0 SHER AL A A= 0 A A i A, vl DA R 8O M R X R R, O, 2R 8 A ol 1]
I 2 H 2 55, NSRRI BE ) g g ol . (EREE R Gtuil LSRG TR, R, Ak A= 25
Geghi i H AT E  (HAE S PRIEREAR LR S R G2 AN TR KBS BE=Z K

(3) Bl BE - AT —BrBez 2000 i BB CUnad BER BT | Rl IR TS G S ) 40 i o HORBBE T it I
AOIEEAEE A ) O 2R 5 A TR, A2 S R GE R S5 A AN T RE S B REIR | DA A 5 7 A T A9 8 10 ( n sl 3t A o
PR ) BRI, R GT A TR ATHLE] 32 B0 | e A S BOMWINE AR 25 RGN B A I TR 7R B9 4 2B IR Ok

http ; //www.ecologica.cn



4082 JAE = 41 4

FGE, [ T — B By stk (o2 2570 ) 3E 1 Al gl

(4) AW E IEAZNBUG , R Z PRI EE M REME, RS RGAL T —FRELIRE, LT
BEATRE R PRI . AL BUS I, RIS BT A U4 (LR AR A ) sk A 2R 2SO I AR S R G0R
SN Bk AFr I K BB

3 ARG NFRENE

FRAE Itk D BEAE 2 [ AH B DG 3R, 7E Vensim DSS S HIAHDC R G sh Ji2E i B (B 1) AR B[] 31 5K
2010—2050 4F B 0.25 4F, Wil 1 050 W K ER T R % M7 2% A AEY T RE (kA
K- (Scaridae ) FUE A M- K i £ ( Acanthaster planci) (84542 P15 - K12 ( Charonia tritonis ) ) L%
LW RGNS
3.1 AR

B B R A A

(1) RAAR L 2R BRI AR RE, ARIEDFIE H A R GE A AR 7 It iR gl ik i
WA S AR R S AR OO AR RO LR AR AR IR AR A R SR S AR

(2) BRAR G R RBRON S AR 78 B ARl T 45 R A A o A B 8 BT REE T L B B A
B TRIRERL S O gl (RBE T RSt A SE T S f0 BRI AR IR ST IS AR ST T I 4 A K
B MBI I SRR AR i

(3) fBhAE L. DN SRR, 25 i 1) o A e A A =2 ] A v AR R A 5 I A Ak R I
TR BN AR R

(4) % AE T SR B s 1) N ZE AL ELR AR XA AR AL AR 28 R G SR 5, BRI SR E B AR
BE R R B WIIRTESS

BERUAR NS5 52 (R 2 7% 18 T REAR R PG VD IR A 25 R e i AL B ) I R B e R 5 T
FNZAARL R R AR A EAS SR AT RE AR R PG VD IR A 25 R G 1 SC PR 5 100, BE A% 1 S 2 e 7 v/ I 0 e 2 25
ARG R, TR0 B A X — AR E - T RKOpE R 5 R A I B R, KBS E RS
B SCERY ) CANE 5 Bl R R BRI M 4%y — e R At AR B AR S R PR TR R R A

4 EREH

4.1 B

TR S — AT APk EEE T F ARG R AR R B R T2 i SR U i AR A
FEWIRIFAE N TR, I T S 52 2% RGT R Y sh A A B, LLEE I R S8 ) 2 Bt 04 /0 S )
bR AR IR A S SE R PETHAE HLBE, DR, Y S SR T A R AR

(1) ZERVER IR . T2 200 e BRI A A B S e 1 B SOIRAS . AL 28 22 0 A48 TE B0 A9 3K, [
GERIRILN A R 0 SRS A% i 25 (] AT TR [ 2 % R R AR AR BR B 2 2 TP I TR Bt i Je e b T S
BOA S I SRS BB B, RO BHE AT 5 SEAC K B AR ML, (2) BEAL i s AT B A%
BRI, & I R G AT PR AR E | BV DI RERE RN 2606 A | R 48 B A9 47 A it 2 AR A
9, Hh3R 4 WoR T EREEE TR R I 1.5 R0 2 A% X A AR 25 2R 4t S B R A BRI DU O, 25
F W B 2R IR TURURHIT B 15 Sl 2 X B GER MR BR Y SBE H 3R | XA S PR Vb S Bl A, [l 2 J5 2212
Wi T EARE , (3) FLSCVEARR S : th TR S By ST S X A0 Dy s s , 3 a e A% 0728 i (D7 3
3)) BEME 5 SEPREL A ST LE BT (181 2) |, R BRBR T ST 35 R 22 I 2 Ob B A A s 5 S PR ) 5 4
5, AT LA B 2 TR Y R A R

http ; //www.ecologica.cn



4083

S5 VU VDINI A A S R G e BV S S A 0 EAUAT S

A

10 4

BEIRG

GEF YT

WI)SAS033 JIAI [BI0D BYSTX dY) JO WRISRIP Mo[J drmeui(q ['31g

E¥EL =G PiaE 1H

<I B  ele> <k ORI
GBS
W & > <Z AT - I oun > Heeiist>  Hygiel Sl
et <HEERES Wity BEENUHE \ w%m Gyl wﬁwm
ﬂ§
GEE RN J et BXHH LagY il

WAL DGl ERER

£25H
R WWN@E ©
\ / % V\ .
W HEEHEY
ik e R \ p
X *1%
B SR !
BN NS /I\Aﬁsmv EEER S JEa
Wz /A /_l\
<HREW> Pt
Qm% L MO SRl

BERBLEE
- &l‘// \ w \ <F§ TRl m@«ﬁ% —

7 E LEL
el AR

~_ S

- <
HHERES

MMWMQ T e <HSWWWL > T
MEE ol T
\ HIERE Aty
<y WL // / &E@@
AR
/’ s
v MR o sEm Seo o wwmsed XS ammww (TR SeFREE
) % " —
o il kL BT T = L | v/ B O ol
. W B o iR S TR AR W
\\ R MWMW oy 1% GrrEgEet o 5 b .
S b ran TR L wwmme ﬁg/m \\ﬁgﬁ WRBRL / HREWL BOWRL
S~ SR BRTEY \ TETR Y TN
<t & - AWl S \
= — EWUE
#1300 -— ,
13 e RS - e
e b N waE O wTaE O WA
st .V _ /v /P / umm I Pore izt YA wE Ml
AHEERI AN BRBRNT N 1T ki GrY
/) \ LAY
LIRS P BYRERY CURTE i YN L R T
g R e ot _ el L) ATHHEY S

e ER T o
U wmn RETRR— HAETEE <
W B wERH < B i
HRATORY G HHHERY
& HMATTHE <yl
W <Ridc & SERIEEY >~
EHE 7 HAMNNE  m o
HEYE e ! FRY T
<yt ek —— HHEE HRYH <P HR Y ~_

O RTEY  EENMEY
W -——

W TR

< IR>

[ 322 B ot e i <YHRY>

WL IR

http ; //www.ecologica.cn



4084 JAE = 41 4

x4 HEXTEHREMNRER
Table 4 Related variable sensitivity test results

GRS B PRI el

v S POl AR
HOEA R %}]ﬁuﬁ G Average change value of A ﬁi'“‘Jy‘(%
. . Initial Ranges L . Comprehensive
Policy variables comprehensive integrity status o
value sensitivity
+50% +100% +50% +100%
B E) Fishing activity 1 1—1.5 1—2 4 6.5 7.3
i B AR Terrigenous deposition 1 1—1.8 125 8.2 9.7 12.4
IR TR i
WA R SR 02 02-03 0204 0.4 38 s
Coral reef total inorganic nitrogen content
s B R L
IR RRIILI 0 0—15 03 3 3 41
Random outbreak of mature algae
KRR 0 0—3.7 0—6.8 10.2 16.6 18.5

Outbreak of crown-of-thorns starfish
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SRR R K 17.2, KRN 1.2%, 715 2034 2010 2011 2012 2013 2014 2015 2016
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Bt £ 490 7 A B35 2 e A 0 4 B B2 SMERERL AT L
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