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Ecological risk assessment of exploitation and utilization in Chuanshan

Archipelago, Guangdong province, China
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Abstract ; Islands are an important part of marine territory and of significant economic and military importance. At the same
time, islands are a kind of special ecosystem with unique and fragile ecological environment. With the rapid development of
marine economy, the exploitation and utilization degree has increased significantly, and the ecological environment of
islands has suffered from the great shock and damage. These lead to the trend of environment degradation and disaster
exacerbation. For a long period, natural disasters have been the main risk source of island ecosystem, but in recent years
human exploitation and utilization activities have been major risk source. The Chuanshan Archipelago consists of the
Shangchuan Island, Xiachuan Island, Mangzhou Island and so on. It is located in the west of Pearl River estuary and is an
important sea barrier in central Guangdong province, China. Affected by ocean monsoon, the climate there is mild and
pleasant. And the tourism resources are abundant and unique, so the number of tourists to island is too many. In addition, it
also has many natural harbors such as Shadi harbor and Nao'ao harbor. Therefore, the exploitation and utilization activities
such as tourism recreation and marine aquaculture are frequent, which causes the great challenge in the ecosystem of
Chuanshan Archipelago. Based on the ecological risk assessment frame proposed by the Environmental Protection Agency
(EPA), this paper analyzed the ecological endpoints, habitat types and press sources of Chuanshan Archipelago. A
conceptual model which was proposed to characterize the relationships between the above three factors. The ecological risk of

exploitation and utilization in Chuanshan Archipelago was evaluated using the Relative Risk Model ( RRM ). The
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comprehensive risk value is 7.745 in Shangchuan Island, which shows the utilization risk is high. The two subsystems of
Shangchuan Island, tidal flats and shallow sea, are the major risky regions, especially the rocky beach in the tidal flats. The
tourism recreation and marine aquaculture are the main sources of risk. The rare waterfowl is the most threatened species.
The comprehensive risk value is 2.317 in Xiachuan Island, the exploitation risk is lower than that of Shangchuan Island
because the pressure from the three subsystems of insular terrene, tidal flats and shallow sea is small. The main risks come
from the marine aquaculture, tourism recreation and urban land-use which also threaten the rare waterfowls and accipiter.
Based on the result above, this paper outlines the risk management countermeasure of tourism and marine aquaculture in
Shangchuan Island and Xiachuan Island, which includes the following parts: controlling the number of tourists to island
strictly, strengthening the ecological management of island, reducing the waste caused by tourism and domestic garbage to
the best of their abilities, reinforcing the management of marine aquaculture and removing the abandoned and illegal
breeding pools, prohibiting production and exploitation activities in nature reserve, and so on. These findings may provide
decision-making support and management basis for the ecological environment protection and sustainable utilization of

island.

Key Words; island ecosystem; ecological risk assessment; exploitation and utilization; relative risk model;

Chuanshan Archipelago
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Fig.1 Location of Chuanshan Archipelago
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Fig.2 The plotting result of risk assessment
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Table 1 Area of different habitat types in Shangchuan Island and Xiachuan Island

445 Habitat )X Shangchuan Tsland X Xiachuan Tsland
B Cultivated land/hm? 851.02 869.92

A% A Construction land/hm? 242.42 175.72
WEEKAR Water column/hm? 9717.34 7896.97
PR Inland water/hm? 72.50 11.85

#E Rocky beach/hm? 962.74 996.85
FFK I Aquaculture water/hm? 203.95 198.27

A HHL Woodland/hm? 12424.69 7024.29

411 Total/hm? 24474.66 17173.87
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Fig.3 Distribution of habitat types in Shangchuan Island and Xiachuan Island
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Table 2 Discharge amount of domestic wastewater and harmful substance in Chuanshan Archipelago

A KR/ (X 10% 1/a) A E Y SR/ (Va)

X Discharge amount of Discharge amount of harmful substance of domestic wastewater

Reci
cslon domestic wastewater Pb Zn Hg PHES COD
| N

ST 120.13 0.0001 0.0170 0.00003 0.0967 27.481

Chuanshan Archipelago

(2) Al HH
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Fig.4 Area change of marine aquaculture in Chuanshan
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Fig.5 Tourist numbers change in Chuanshan Archipelago
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Fig.6 The contact and exposure approach of exploitation and utilization risk in Shangchuan Island and Xiachuan Island
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Fig.7 Conceptual model of exposure and response of exploitation and utilization risk in Shangchuan Island and Xiachuan Island
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Table 3 six pressure source information in Shangchuan Island and Xiachuan Island

JE 15 EAC/ Sl N T
Press source Data source Shangchuan Island Xiachuan Island
BB Urban landuse RS (B hm? ) 242.42 175.72
Al L Agricultural landuse TR RS (AL hm? ) 851.02 869.92
F258 M Cultural sea-area use TSP (HIF/hm?® ) 203.95 198.27
53K Piers stress TIPS (N R A /km) 15.005 9.421
JEARZ T Vessel traffic INOREE G5 HEBCRE (ke/d) ) 81.290 70.125

Jik 745 5k Recreational activities JHRAR BUR R iR UE AR (JT AWK /a) ) 70 50

x4 ETNBREENBEHNENEER

Table 4 Pressure density of six pressure source in Shangchuan Island and Xiachuan Island

FE TR FE 1B R AR g T
Press source Calculation basis of pressure density Shangchuan Island Xiachuan Island
AU Urban landuse Bl b, o5 B 43 L 5 R 43 L LGB 0.861 1
Ay A Agricultural landuse Bl 5 R E 4 L S R E AR LGB 0.547 1

FEH A Cultural sea-area use 2N NER e A NI e A A 0.839 1
T3k Piers stress RS A S I S B E 4 L U E 0.945 1
WEARZ T Vessel traffic M5 HECR: 5 R HE B R U E 1 0.863
BT 4R Recreational activities it Ui AR B R e K LU 1B 1 0.714

®5 ETINBMERFESR

Table 5 Habitat abundance in Shangchuan Island and Xiachuan Island

. A A BETHRAR R BN TN
H: 3% Habitat . .. . .
Calculation basis of habitat abundance Shangchuan Island Xiachuan Island
IV KAR Water column AESR IR E 43 L 5 XA B dm KT RE 43 L 0.863 1
A WE Rocky beach 0.678 1
#HFHb Cultivated land 0.686 1
A FkHL Woodland 1 |

x6 LTINBRARFARKEREREE

Table 6 Exposure coefficient of exploitation and utilization risk in Shangchuan Island and Xiachuan Island

SRETUHI Al i FRA I EIEEEEN ARz i TiRliF e o M b5 Habitat
Urban landuse Agricultural landuse Cultural sea-area use Piers stress Vessel traffic Recreational activities
C C,S D, C,S D, C D N
0.3 0.3 0.7 0 1 0.3 I P
c, s C, S C,S, R C,S,R D, S
) ) D, » D, , o
0.5 0.3 0.7 0.3 0 1 i
0 ¢ 0 0 0 0 Mt
0.5
D, R D
03 0 0 0 0 0.5 A

C: V5% Contamination, D ¥HHL 5N Physical disturbance, R: BRI 425% Removing original habitat, S: ML Changing sediment
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Table 7 Response coefficient of exploitation and utilization risk in Shangchuan Island and Xiachuan Island

AU/ X A5 BHiKE i E i
Risk area Habitat Rare waterfowl Python Rare accipiter Rhesus monkey
ENEX . F
‘E\ v
Shangchuan Island ik 1R 0.7 0 0 0
e F’l N 0 0 0
] F,N, H F
Brsts 0 07 0 0.3
R F, N, H F, N, H F, N
A 0
1 1 1
TINEX s F
Xiachuan Island iR IR 0.3 0 0 0
F, N
Ll gy )
HHE 0.5 0 0 0
B 0 0 0 0
F H
GRS 0 0 ’ ON; 0

F: WA Foraging, H: ##fk Hatching, N. i Inhabit

3.3 KU RAE

RIS (2) B RN/ 28 IRAE 1T NS KUBS /N X A AR X R R B L B 8, & SR8 BRI
DX 2 ) FH RS, 225k 19 a1 P 0 AR i 002 A 3% s 4 e 0, v iR Ui v 2 e e ok, 3 FH i
FEFE R 22 s X F B8 X TS 20 (4 F T e, s VA Sk (0 R g e/ s b 1 1 i IX, 8 6 1) e ) 0
R, HE RS Sk B R T de /N o AT L TR IR 5% S 2 12 DX ) i IR e g 08, ok 2 3 B P b R 5 5 Vg, 2470 3 A4
PR T N XA 2 7 i S R U vt DS Sk i 1 B/

4 r 4 - 4 -
Bngx T ETFNHX

3r 3 3 r

2 2 2+

JRE&AE Risk value

<
<

T T T
<

ESESE, @5 M5 H8S ESESE, @5 M5 H8S ESESE, @5 M5 H8s
Ks3s®mEEO, 5°%% Ks3s®mEEO, 5°%% Ks3s5®mEEO, 5°%%
gz hky B B2 KS gz hky B B2 KS gz hky B B2KS
3 g 5] - = 3 g 5] - 8= 3 g 3] - 8=
= 2 @ = = = 2 @ = = = 2 @ = =
=} = = .2 =} = = .2 =} = = .2
.9 5 bS] .9 5 bS] 2 5 =

- = [0} . = [0} - = [}

:ED = 5 :ED B 5 :ED = 5

QO QO Q

B & B & © &

B8 _ETINEBNEENFEMEXERLI L E
Fig.8 Relative pressure comparison of six pressure source in Shangchuan Island and Xiachuan Island
A (3) THAAF RN 4 Fh 322 A R SRR b T )1 8 XUR: /N DX 52 1) KUBS: JR 0 AR BL UL 9, 45 2R3k
B 7E BRI 5 XA 25 A by S e R T /K A4 52 30 ) T R 0 dee R AR BRI 75, B 188 30 7 7K A )
() 52 B 4 Ry 2 B 28 T R N 5 B XA RE R o, B s T H e AR S B2 0 R 05 T 18 X TR
AT 52 P AT RO IEE KPS0 A G B A1, L1 9 0 PR S A A B Ty B AR,
TE LI X, B B A AR SR 2R A W e | U R TR AR AR, 255 23 o I B Y ) A 25 1 R G T
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Fig.9 Pressure comparison of four habitat types in Shangchuan Island and Xiachuan Island

FIFZA 2 (4) HHEARE0 00 DU AR E b F 11 SRR/ BT 22 10 KUK FE ARS8 TP 10, P o R i
TR IS PRS2 TR 1R, T 2 15 R E 05 DR Hh BB A0 B, 5 SR 1T LU
IR B e 1T )11 5 X B BV 2 IR FE A, Bt 11158 I 8 i SR Ty 0o
(LT 1B X, R 1 6 DX T I VA 1 0 2 IR FE 13, 250 b 188 I A ) P )
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&% %5 BE & ®% 7 H¥E & ®% %7 H¥E &:
%< BE ®s fEa %< 8% < H= %< 8% < H=
g s 2 £ &3 g E 2 & &3 g E 2 & &%
N = < 3\-}3 f\ﬁ}g % &%S f\ﬁ}g @ ﬁ\}ﬁ
] 2 5 ) 2 ] 2 2 s
Q [ [
& = P & 5 22 3 s -

B 10 b1 S IS4 49 7o B 48 X IRUBR: 4R 252 3 B
Fig.10 Relative risk comparison of four assessment species in Shangchuan Island and Xiachuan Island
B K B DA T 8 M XU 4 BT 5 A2 251 R GEHEATE3 45, 15 2 LI DAY DX 2R 5 IKUBS (A
7.745 , JRIT KA e AUBS: X5 71 1 88 XA XI5 VBB R 2,317, Ja I 6 1 F A AR XURS: X

4 WREHR

AR SO AL 2 U PP HESE [ B AU 23 A (L5 B 20 A R 5 0 AT ) DU 2 Ak A0 XS 4 28, %
J7IRA B LR S5 HEAT T A A P A S U AR DA 45 2R s - 7R SCR 0 B WA KU /N DX AN [R] s g
LA 5 2R B XS A5 A7 22 7, A ol DRSS TR Bl A 35 6 R g o A XS, T 0 L 80k 3] 1 i IR B, s A R4 T A O
FR AU B

BN XA X IR ER G KU AE R 7,745, J8 TR T £ e DU X, JFG T 2 XU DX 3l ) el ML T A 25
TARGE, Forb AR 258 b e M A T R M TR e i 0 40 A R L P92 XS s ) 1) S BRI, BB 7K
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BRI BT AR SCES T b8 DO R R P RS A B A — S (1) RS B U Y
B | A HAN AT 1253 AR I AR T 5 in s 5 DA A 2548 B, RS gl D iR e R WD B . (2) R
R BIFRIE M s T AR A R B, A A I R R AL 3 MK B R T TR AR R R A A T
WA IR 5 I DX BEA T (o P UE , RN PR R JOA i ik A 3R S8, JE R AE BRI X i B, (3) Tk
B BRIEAS 9 FLARDRAT DXL TZ XN DR A B R R Sh ) —— e S R B BRI HAT i o B 2 i 2
AR I SRR AR G F IR ORI X A AR HEAT A P RO 6 3l B PR AR AR AT S PR B AN Wi IR 3
I DX DX R G RSB R 2.317 , Ja I A P BB XURS: X, 15 i 3 TR A i = A2 25 1 R GE Y
TR AN ST ERAN TR, SR BE T R0 0 A R Snl B P e 2 RIS s 7 14 2 R, 2 B T K 8 R 85 1) 2
FURTTIR St AR SCSCR N 591 5 ) FAS R ML 10 < i S 58 VA8 B, R B e M 12 OO 97 9
Tt 5 PSR AR 0 AT T, A 2 T 0 2 R 5 I A IR A8 K R R, IS i A 5 R ) I R M TR K
FLAEHEI, S ] B R X R4 B AR S (AR B ROK S IR & A 2 TR L T M E 3R,
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