5539 B 13 1 *E &~ 2 Eild Vol.39,No.13
2019 4F 7 A ACTA ECOLOGICA SINICA Jul.,2019

DOI: 10.5846/stxb201803080461

BV, mHE DR 2RI R, BEERG  EA, X 2, A A G T AR MR A0 Tt 52 I R 8 e ) b A (A S —— LA A SR D T S ). A R A 4R, 2019, 39
(13):

HuT, Gao YN, LiYF, Yu HY,Wang S X, Liu X, Yang C Y.Emergy-based assessment of threatened and endangered terrestrial species; A case study
from Xiamen City, Fujian Province.Acta Ecologica Sinica,2019,39(13) .

ETREMNMEBZEBMARIFHNERE
—— DAR A4 5L ] 1

PR B RS R TR 0 & AR
| P AR b RIS X A S B S T A E R 80 % JERT 100012

2 R E AR RLAEIT B PR SEE S XU A [ K S SE 0, s 100012

3 R HERAF B, R 350013

4 ABIEAE Bl dbst 100029

TR JF R 2 B S PR O B TG S A W 2 REE I ST A S IR B 2 — W2 UM I e 0 R 58 1AL T WS S A
FERAP UL SE ML W B TR AE AN RR PP SR 8 UGB M B PPAl 7 i )X B S i B2 M35 45 2 D i R0, A 55 R A TUCN Wi/
LGN P E R R AR S S 1T TS IR S R R R, T D SR LR P R (B 45 S R 1 A o I B (B 9% T LR I 1)
TR RS2 B AR S A N (L BEAT AN 5 . G BUR 0 205 A2 B AN A B 1 B 1D T B ek A S M Rh Bk 1444 Fh
o 32 R A G R Ak 318 52015 AR T T TR REME M E 2R 3.53x 10" 76,2010 4FZ 2y 3.08x 10" 7T, v 19 1 32 sl Jiy #0
WY AL M B4 5 D BB 88.31% 5 Hh I 4AT il &5 0 X401 BT ik B3t K3 73.25% , HoE TUCN WG 45 35 23.24%
5T I, BRI PRAG 1k RE A5 2000 (2 32 B R G M Rl (8L, I 9T 45 SR T A AR ) 2R M R IR R T A A B SR S R S 9
KR WS YIFN 2 U R MRS SR AR AR (E/ R T LS T Tl

Emergy-based assessment of threatened and endangered terrestrial species: A

case study from Xiamen City, Fujian Province
HU Tao'*, GAO Yanni">", LI Yanfeng’, YU Huiyi"*, WANG Shixi"*, LIU Xin*, YANG Chunyan'"

1 State Environment Protection Key Laboratory of Regional Eco—Process and Function Assessment, Chinese Research Academy of Environmental Sciences,
Beijing 100012, China

2 State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences, Beijing 100012, China

3 Fujian Research Academy of Environmental Sciences, Fuzhou 350013, China

4 Information Center of Ministry of Ecology and Environment of the People's Republic of China, Beijing 100029, China

Abstract; The implementation of value assessments and analysis of the effectiveness of protection of different types of
threatened and endangered species has become a key issue in biodiversity research. Current research into threatened and
endangered species focuses on defining the level of endangerment and determining the priority of protection, and it is subject
to problems, such as cross-management of different protection levels, lack of value assessment methods, and repetitive
calculations. In this study, the number of different endangered species in Xiamen was determined using the TUCN
endangered grade and the list of endemic species in China. Based on this, the emergy/GDP ratio was used to estimate the

number of threatened and endangered species in Xiamen City. According to the collected, summarized, and analyzed
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results, there are 1,444 terrestrial wildlife species in Xiamen, of which 318 are threatened or endangered. The estimated
emergy value of those species was found to be approximately 3.53 x 10" yuan in 2015 and about 3.08 x 10" yuan in 2010.
The emergy value of threatened and endangered species in the two periods accounted for 88.31% of the total value of the
species. The endemic species hierarchy in China contributed 73.25% of the emergy value, but the contribution rate of the
IUCN endangerment classification was 23.24%. Research indicates that the emergy assessment method can highlight the
value of threatened and endangered species in an objective manner. These results can provide technical support for decision-

making in biodiversity and species conservation management.
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Fig.1 Administrative map of Xiamen City
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Table 1 Endangered species criteria and endemic species assignment criterion

Wil fe 152 IHORCa RE A A
Endangered index Endangered criteria Endemic species distribution range
4 % f& ( Critically Endangered, CR) SRR T8 RIS B L e sl 4R 5k 1) SRS BRIREE T /0 A

KR T e R A H AR B BEPR I T S0 A BOZERE , IS0 A S K R i

3 Bifé (Endangered, EN) B IR 2T

2 5 & ( Vulnerable, VU) AN FR T A B 34 i 53 257

1 T f& ( Near Threatened, NT) FTE 2 AN REHAG 43 AR 953 5
0 JGfG ( Least Concer{l, LC) 4R i 2% ( Least ST [ 42 R

Concern, LC) KAl (Not Evaluated, NE)

K2 TRSERMFER TG T E

Table 2 Number of species of different heirarchies and assessment methods
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Project Number of species Formula
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Endemic 174 A
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Table 3 Table of emergy evaluation of social, economic, and environmental systems in China

25 S| Hfy LG HE REME G405/ (sej/unit) K BHBEAH sej
Category Project Unit Raw data Transformity Solar emergy
QIR KIHRE £ 5.97x10% 1.00 5.97x10'2
Renewable resources /KA fEH 3.03x10" 1.54x10* 4.67x10%
MK aE 1 8.86x10" 8.89x10° 7.88x10%
AN fEH 5.84x10" 6.63%x10? 3.87x10%
HuERFERfE fEH 1.39x10" 2.90x10* 4.03x10%
A B K1k TR 4.69x10° 4.00%10* 5.50x10?
Renewable resources N J3 g 3.35x102 3.49x10* 1.40x10*
product A7 i T3
R T3 1.96x10* 3.59x10* 8.78x10!
N T3 i 1.15x10* 6.80x10* 1.76x10%
5P/ T3 1.77x10* 8.52x10° 5.51x10%
FES T3 1.90x10% 8.30x10* 5.86x10*
Tk T3 3.23x10° 6.90x10° 4.83x10%
B3k 3 9.30x10? 5.30x10° 4.12x10%
KR T3 2.14x10* 5.30x10* 5.72x10%
HAlb T3 1.54x10* 2.37x10* 1.22x10%
I 7
AES T3 7.93x10° 2.00x10° 4.03x10%
LLES T3 3.75%x10° 1.71x10° 4.49%x10%
BE T3 2.76x10° 2.00x10° 9.39x10%
*E T3 4.29x10' 4.40x10° 2.83x10%
HAth 7 i 1.85 2.00x10° 4.71x10"
K77 b T3 5.37x10° 2.00%10° 1.16x10%
AN PR B S T AR JE AR Ji 3.24x10° 3.98x10* 3.77x10*
Nonrenewable resources Papiil T3 2.03x10* 5.30x10* 4.64x10%
product and consumption KRR 3 AR A 1.43x10* 4.80x10* 2.01x10%
K7 K L T3 AR i 2.27x10* 1.59x10° 1.06x10%
W Lo 8.03x10"7 1.98x10" 1.59x10%
Ak L0 5.97x107 1.00x10% 5.97x10%
J R Mg 7.04x107 1.00x10" 7.04x10%
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B3l mH B JE IR B AEMEEE %/ (sej/unit) K BH BB/ sej
Category Project Unit Raw data Transformity Solar emergy
KR i 1.88x10° 1.98x10" 3.73x10%
AL i 6.34x107 4.77x10" 3.02x10%
Loy e T 4.43x10° 6.60x10* 1.26x10%
4 Ty 9.83x103 3.49x10* 4.12x10%
£ T 3.89x10* 1.04x10* 1.35%x10%
s 2k J7 i 2.24x%10? 1.97x10° 1.96x10%
ERRE TN i 1.07x10° 6.25x10* 6.67x10°
HET Currency flow GDP B 6.08x10" 8.69x10" 5.29x10%
HECTR En 2.11x10" 2.50x10" 5.28x10%
FEl PR e s A Ew 7.61x10° 2.50x10" 1.90x10%
RIS En 1.65x10'" 2.50x10" 4.12x10%
WO B 2.39x10'" 1.46x10" 3.49x10%
X} oh55 55 En 1.35x10° 8.67x10" 1.17x10%
JEYIIA Waste stream K T3 6.17x10° 6.66x10° 2.05x10%
[/ T i 3.46x10° 6.66x10° 3.33x10%
k% N7 X7 T 2.41x10° 1.80x10° 3.16x10%
E‘»ﬁﬁ{ﬁ( £ HEZ ) Total emergy ( Removal repeated term) 7.49%x10%
3 HRESW

3.1 JE T 2 EU RS A R BRI

1T Bl A AT TR B A SR Y AN EC 1444 B (R 4) , s A 5 9935 H 106 £ 211 J& 325 Fi,
YA 9 4962 H 190 B 679 J& 1119 F, syt J& FEZK 1 ZayPFhgca 2 B3 FBHS f DR TRIWY
FECA 12 H 16 B 29 Fi @ THa 8 AR A ECR 10 B 14 #) 26 F 8 T FEEA WFRVECH 15

F4 EITHHSEESNEDHRBUHBRARER

Table 4 Number of endangered terrestrial wildlife species and endangerment categories in Xiamen

E4 EH SRR Fh T FE Fh
Name Grade Animal species number  Plant species number
[ RAR I AE R P 5 1
National protection grade EEIE 29 14
RINA 291 1104
CITES Bt 545 %% R 1 12 0
CITES appendix grade Bt s 10 13 34
Bt 3¢ 0 2 0
KINA 298 1085
TS A SR PRI I (TUCN) M 5 554 e f& (CR) 3 5
International Union for Conservation of WifE (EN) 12 2
Nature( IUCN) endangerment category ZfE(VU) 24 26
JEfE(NT) 26 19
Jofe(LC) 226 14
KT PG (NE) 33 1053
BAEHL= (DD) 1 0
o R Fh ARG = 15 181
China endemic species grade 7 310 938
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BT EZEEY T 9O 4% A58 AR TUCN 2 )8 i fa i A Ech 21 # L J8 T CITES 4 TUCN 32 j i fi
WIS AERRA IR ECH 6 i, 3X PGSR 3 b i £ 55 9 e R AE TR F TUCN Bifa 259 h I fE (NT) " 4%,

3.2 T2 B A fE P R B (A 5 ME DA 45

A T AR S MR R T AR LR 3.33%107° SR JH A (1) T sk BN R (4 BE AR 3 4 R
g 2.03%10% sej/Fir, 2010 4E [ [ Y A= 77 Bl K 4.13x 10570, h EH S B S5 RS e Al 7.49x
10%sej, iR AR (6) HEAS S h [F BE /55 T 2k 1.87x10"sej/ $ , 5 C A BFZE 7 A e b R/ 4%
LR AR 2235 R R R AT K, 35T ERSECR A (2) S35 2010 4F 61152 Jak B Fn it £z 4y ol
HIREIE A 5.74%10% sej , BEAE R MM (E A 3.08%10" 6, W FAAE@E B IZAK R, LL 2010 4 R A4, 2R &
FOT-S49 70 TR A % R 8 1.15 A5 545 21 2015 AR RBIE ST TANME R 3.53%10" J5,2015 4FEAH L 2010 4F3E 04,54 %
10"7¢C,,

[l A3 (3) —(5) 32 G 43 20 356 A 3 5] hy v [ e A5 W Bl L TUCN W& SE 9, A v B R )
P, AR TUCN BifE S5 Rl Ak B R AR S5 9, AU CITES Bt S S5 R A RE(E 23 310 1.52x 10 [ 1.33 %
107 4.21x10% 4.40x 107 sej il 6.48x 10" sej, 1 2010 4ERE(EL BT A {E 4351 0 8.12x10° [ 7.15x 10" 2.25x
10" 2.36x10°JCH1 3.47x10°JC, 1Mij 2015 4FREA 5 M E 20918 9.32x10% 8.21x10'" 2.59x 10" 2.70x10° JCFI
3.99x10°JG, Ak, FIREEFXT L &I, A T REAT Pl 7 A2 8 R A R R AEL A M 7 L B 2 73.25%,
HYKK TUCN Wi fE 590l 4 Lok 23.24% , CITES B AE 90 4 Hdse /D oh 0.11% , SRR S5 9 RE M 5 0 (BT
il 45 R 25 S AR T 52 S W AR A 200 o 50 RT 0 i 55 R B80S R A A B 1) SR R 2R
3.3 T2 EUM R fE AR [ S AR Ao BT

KA (2)—(4) AR T B 2010 AFAS [R) 9 16 45 95 0 Bl 3o 32 Jal ol 400 00 i 4 ol 4 B 6% 704162
5 PR Hrh E AR ARG AZ U RIS 6 S R P BB BT T AR (E 4 51 5.41x10° TR 1.36%10° 7T,
SR 3.99 55 CITES B 5% 55 9 v 32 JaUbih R SI AS 1Y) 20 ) FAEL 49 e 5% T 40 18 437 R 3.62x 10° ST Al
5.41x10° G, A2 B 1.50 4% ; TUCN WS 55 9 rh A2 S B RN B3 A 1) 20 4 R 0 fi (B T AN(EL 53931 R 3.10%
10701 2.10x 10" JC, ShPI AP 1.54 455 ; v B REA b S5 0 rb 52 W N3G 1 1) sl 0 FRAE 90 6 8 9% T A0 (43
AR 2.17x10°TCHI 2.44% 10" JC, FE S0 112.22 7%,

DL 25 SRR 4 AN B O A5 T 153 H 1% A2 S i R i fa W R R (L 0% TR E 22 00 50K, B AR
MR, Hh i Rk 2.44x10" T, /A 1.36X10° TG, 136 B 45 A 47 A5 4% v 52 Jal oy A0 5 1 20 40 2 LU AL 90 11
REAE BT M E AL/ s B AR 47 45 SR TUCN I 1 5 5 ok 32 Jg il A3 A8 2 4 ) AR 4 4 o A, T
CITES Fff 5 55 9 A [ R A A A8 4 rh TR S AR S, JHE b v [ R v 45 b 0 35 22 R e oK, A il D 1) i v o
FE AT R 5 22 HL W MG S5 ot 4 5 s TUCN W 1 S5 R v R A b A5 0t T 1) 71 2 s A s 0 o A £ 4
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Table 5 Emergy value of terrestrial wildlife species under different endangerment categories in Xiamen

25 H YR R fE(H/ sej #r{d/ It
Category Project Species number Emergy Value
B Animal FEPIVSAR 571 34 1.01x10% 5.41x10°
CITES Fff3R554% 27 6.75%x10* 3.62x10°
IUCN Hiif& 554 65 5.79x10% 3.10x10"
A A 15 4.05x10%! 2.17x10°
H4) Plant P IVSAR 271 15 2.53x10%! 1.36x10°
CITES [ff 52454 34 1.01x10% 5.41x10°
TUCN #iif& 55:4% 52 3.76x10% 2.01x10"
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