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Ecological health assessment of Beibu Gulf based on the integrity of zooplankton
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China)

Abstract: This article applies the theory and methods of biological integrity to the coastal waters of the Beibu
Gulf, constructs the zooplankton biological integrity index (Z-IBI), and uses this index to evaluate the
ecological health of the coastal waters of the Beibu Gulf from 2016 to 2020. The study aims to explore the
applicability of Z-IBI in the Beibu Gulf waters and analyze the ecological health status of the waters. The
results showed that among the three water periods (wet season, dry season, and normal season) in the Beibu
Gulf, the ecological health evaluation results were the best during the wet season, with a Z-IBI score of 3.398;
The dry season comes second, with a score of 3.045; The performance was the worst during the normal season,
with a score of 3.011. Most waters near the coast of the Beibu Gulf are in a healthy state, but the ecological
conditions of Qinzhou bay and Fangcheng port (bay) urgently need to be improved. Z-IBI is positively
correlated with water quality categories in all three water periods, indicating its applicability and wide potential

for application in ecological health assessment.
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Tab.l Sampling station information in the Beibu Gulf

RbE 23 i

RbE )3 2113

S (°E) (o) IR S C°E) (o) SO
S1 108.09 21.49 Bkt S S23 108.69 21.65 ML ML
S2 108.16 21.52 77 s S24 108.76 21.58 IRV R
S3 108.20 21.57 B S L BRI S25 108.92 21.53 SR Y5 e
S4 108.22 21.55 Bl s 2k S26 108.95 21.44 BNV rhis
S5 108.27 21.50 B S S27 108.97 21.29 BNV S
S6 108.28 21.46 77 I s S28 109.03 21.54 BRI TS Fa
S7 108.29 21.41 Bt S $29 109.05 21.47 JREIH T
S8 108.34 21.65 7 S ARV P T S30 109.09 21.49 SR TS T
S9 108.36 21.54 B S VS S T S31 109.09 21.07 TR 5 307
S10 108.40 21.63 I3 AR V2 2 T S$32 109.12 21.01 B &30 7
S11 108.48 21.50 HONEINE S33 109.13 21.41 R
S12 108.51 21.81 BN NTE S i S34 109.13 21.07 B 530 7
S13 108.54 21.85 NS LS 2 S35 109.20 21.37 LI R
S14 108.55 21.80 BT N LS R S36 109.35 21.00 TR 5 4 Mt
S15 108.56 21.62 BTSN i S37 109.35 21.27 HESNE
S16 108.56 21.72 BV S I S38 109.37 21.43 BRI R
S17 108.58 21.82 BRIMTE N LS R S$39 109.45 21.37 BRILIE
S18 108.62 21.63 MV M I S40 109.54 21.42 BRI
S19 108.62 21.69 BRIV SIS T S41 109.56 21.64 BRIl s R
$20 108.63 21.51 NS S42 109.60 21.50 BRI i R
S21 108.63 21.72 BRIV M S43 109.64 21.39 Rl rhis
S22 108.64 21.35 HONEINE S44 109.76 21.44 RIS R
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Tab.2 Stations in each water period
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ZARIX BLIX

K

ZHRKX

S1. 82,83, 54, 88,89, S10, S15. S16, S21,

S5. 86, S7. S11, S18, S19, S20, S22, S26,
S27. 831, S32. S34. S35, 836, S37.
S38. 839, 543

S5.S6. S7. 820, S22, S26. S27. S34,

Ak S12, 813, S14, S17 S23. 824, S25. 828, S29. S30. S33. S37.
S41. S42. S44
S1.S2. S3. S4. S8, S9. S10, S11, S15, S18, S21,
S12, S13. S14, Sl16,
FKH S23. 824, S25. S28. S29. S30. S31. S32. S33.

S17, 819

S35, S36. S37. S39. S43

S38., 5S40, S41, S42. S44
S2, 83,84, S5, 88,89, S10, S11. S15, S18,

S12. S13. S14.

\/7 i
A S16. S17

S1.8S6.S7, 822, 826, S27, S31. S32
. 835,836, S37. S39, S43

S19. S20. S21. S23. S24, S25., S28. S29. S30.

S33. S34. S38. S40, S41, S42., S44
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Tab.3 Mann-Whitney test results
WIER T SRR AR AR KERGHR MIPTKE A e AR ERIB MBI
45677 3.1347 4.5677 3.4929 2.7316 41646  3.9407 4.3885 2.866
A <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
WRER T ERE EMEREMIER REE KEHRYH hREISZIR fPfn EPERTHR BDBEKE SRR
K 4.473 45607 3.6836 4.5607 4.0345 3.5959  3.5082 4.0345 3.9468
<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.02
WIRERF  EEE ARSI SRR mEXRER S AR EREid AP frta ZEHY R
Tk 44851 44851 3.2036 3.9922 3.8936 2415  4.4851 3.5979 2.415
P <001 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
F 4 (RiE Z-1BI 3845H) Pearson 18K 15 #7
Tab.4 Peaarson’s correlating coefficient between candidate biological metrics
7K EWE AR BEE RERGE MUPKE frn EREEHR BRI
FEE 1
W ZREPEFREL 0.564%* 1
SRR 0.019 -0.301* 1
KEEYGH  0.074 0.101 -0.029 1
IMUFIKE 0.094 0.06 0.625%* -0.03 1
g 0.214 0.147 -0.026 -0.036 —0.047 1
frta 0.283 -0.203 0.388%* 0.08 0.04 0.113 1
LG 0.227 —0.363* 0.502%* 0.079 0.089 0.037  0.729** 1
BIEMIBIAKE: 0049 -0.157 0.26 0.079 -0.061 —0.008  0.675%*  (.532%* 1
Fk FEE AYESEENER BEE KEXRY R pRSIF ff0 EREETR HDEEKSE SRR
FHE 1
W ZAEETRER 0.758%* 1
SR 0.364* 0.03 1
KEXRL R 0.340% 0.165 0.712%* 1
RRIEEER 0.363% 0.148 0.497%* 0.782%* 1
frta —0.253 —0.481%* 0.065 -0.003 0.063 1
LG 0.186 0.079 0.298* 0.243 0.288 0.350% 1
HOBEEKRE  0.065 0.092 -0.08 -0.012 -0.085 -0.151 0.175 1
LRATCTLIM 0.093 -0.015 0.384% 0.554%%* 0.369% 0.352*  0.284 0.08 1
SR FEE VSRR SRR EERERG S PRI GEEiR M frta ZELHY R
FEEE 1
W ZREHEFREL 0.644% 1
MR —0.138 —0.562%* 1
IR H 0175 0.289 0.286 1
GREIVE -0.001 -0.099 0.193 0.111 1
LG -0.13 0.04 0.212 0.666%* -0.052 1
g 0.213 0.221 0.065 0.046 -0.01 0.015 1
frta —0.066 0.104 0.091 0.622%* —0.049  0.919%*  —0.012 1
ZERYR 0.062 0.136 0.297 0.308% -0.01 0.281 0.051 0.025 1

R 1E 0.01 G OBUR), AHCHE RS * 7F 0.05 Z OBUR ), M i 3
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Tab.5 Threshold selection of zooplankton index and assignment standards
B ) SR il oA
7K Eiztan X3, .
15%  25%  35% 50% 75% 85% 1 3 5
) ZHX 170 1.82 1.91 1.91 2.02 2.14
W ZRETEAREL
ZHX 170 192 233 243 2.86 3.05 <192 1.92~2.43 =243
X ZWMX 023 039 0.73 2.60 6.46 8.58
INUFT K B )
ZHX 131 251 3.67 550 1556 27.19 <131 1.31~5.50 =550
A7k —
s ZHIX 000 000  0.00 0.00 0.13 0.28
) ZMX 079 212 373 426 885 1436 <079  079~426 = =426
ZHX 000 000  0.00 0.00 0.32 0.70
BRIE M g 7K B:
ZHX 000 017 024 0.40 1.18 344 <0.17 0.17~0.4 =04
N ZMIX 106 122 124 1.56 1.72 1.83
Y 2R
ZHX 221 243 250 2.52 2.61 281 <221 221~252 =252
- ZHX 076 0.90 1.04 2.81 2.88 3.02
o ZMX 013 0.18 0.21 0.29 0.46 052 >0.76  0.52~0.76 <0.52
FraK I —
: ZHIX 000 000  0.00 0.00 0.00 0.00
HHEEK %
ZMX 039 051 0.67 0.79 3.55 382 <039  0.39~0.79 =0.79
ZHX 000 000  0.00 0.00 0.00 0.05
BRI R )
ZMX 000 000  0.10 056 1027 21.08  <0.1 0.1~0.56 =0.56
o ZMIX 111 185 2.05 2.57 2.72 4.63
ZMX 379 793 1445 1675 2478 2515 <793 793~1675  =16.75
- ZHX 000 000 033 087 089 154
e :
ZMIX 215 3.07 7.81 1547 2512 2710 <3.07 3.07~1547 =1547
KA —
) ZHIX 000 000 008 0.28 0.33 0.58
ZEHRLN
ZHX 000 000 041 0.67 2.08 251 <041  041~0.67 =0.67
(4 ZHX 000 000  0.00 0.12 0.20 0.30
o ZHX 018 0.26  0.tt48 0.72 1.02 1.25 <026  026~0.72 =0.72

TE: *15%f A% T2 NFIREE 15 T 73250 (P 1S ) B MR A 6 5 A DY 7 B

P08 SRR BR v, X i e Sh e I T ok
TGy, HHG 3431, e A5 3] Z-IBI fH.

DL MR IX Z-IBI B Y 25% T3 433 B0 Sy fete
FETEAN bR e, B4R T 25% 1 4900 B4 i) {1 388 3 4%
Oy Ay AR — L B2 R 25 3 A g
(£6).
2.4 BT Z-1BI W ALE S A A VP4 45 R

FETLE (] 1a, B 1b, B 1e) BN, BFE A
Z M &, X R IR H A R R A IR

HEBTEM T A AT . fER K, Z-1BI 15
530 3.045, FHor 27 A SRAE S AL T AN S5 R N
CHERET T AREESEN N C—T L 6 N RAE
UL CREZET L AASREEMNI R “HRZET o fE

% 6 Z-IBIiEMir
Tab.6 Z-IBI indicator system health evaluation standard
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Tab.7 Average Z-IBI scores and stations ' results of three periods

3.011, PR 45 5 WoR 27 D R EEuE 7 Ry« il
FE” L AAREESA Y M7 L 2 AN RAEER
N CREFET 1L ASRERNEA R “MeE” (R TR
A 1d),

in Beibu Gulf
WKz IBISSr  fEEE i RE W
iR 3.045 27 7 6 4
27K 3.398 32 4 2 6
SEAKHA 3.011 27 4 2 11

2.5 Z-IBI 57K B A SR S5 A

145 K K B b5 1) (GB 3097—1997) 1
WA —FOK R ER IR R 5. 2K R4, =
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Reference area and damaged area results; Z-IBI ecosystem health assessment results
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Tab.8 Pearsin correlation analysis of Z-IBI

Pearsonff A7k FK Sk
Z-IBIS 7K JGi 28 1 0.665%* 0.709%%* 0.575%*

T OTE0.01 KF F B AL

2.6 Z-1BI FELHE - vh it a2
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RIE (K 1a, E 1b, E 1c) B, PIAFERZ (8 J0
i, RUPTIHE N SEREA BIX 5SS RS2
P, X IR B AR B BUSMERNIX 4 2 Z-1B1 5
TR BT 2Z 8] Y 3 3 A G v i — 2D W Z-1BI 72 4=
DI A EZ LR E L
2.7 JCERE T A RGP

AR Z-1BI KRS I vl AR
ATV, G5 R R 2B sS iR 2 T R,
FEHALTRES ) AR S MR AR R A X — R
A RN B AN BRI A RS, 1E
34K, S5 KO A AR A A R A 45 R AR,
Rk, kI iR 2%, X 5 P-IBI 344 5
FEAE—E 25, 1EXT P-IBI PEM 45 S 5 7K e 1l
PEATAE AR S BT, Al A AR DG M A IR 31 dd 25
HOE, ML RBUH 0.134, AHE, TEARTIZE R, K
IKIBIRAH DGR R, I HAE 0.01 B7KF F i 2, Uik
B TE PP b0 A K 0 1 A AR GL I, Z-IBI L
P-IBI B HE 0 b Sz e g 33 A4 25 1) S Bk O o

TEALTRE AR 2/ NS v, 26 it 3 47K
VP45 B = T 25 . 28 R AR RN T
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T, [V AR A i K 35 58 3, 5 e 1 v (%) PEDRL R
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PHVE SV AR ) VT THEAE, T Gy B B[] 458
K, =2 TSR, AR RIE SR
Genb T RSN F RIS E
JEE VA i A I O T A S RN S S Y LA
INTERYVE o B IRAR TS () PR 45 R W, MBI TR
T, ARIBOLT VTS . E 2R, By s T V4 v Y 7 Ik
VLN AT K B IR 5515 e, ok v v
V5 YL 1) FE R ARTE LA AR B 380 T 15 7K Ak
PR HET S CORUBERR |, VI AE Tl X K HE
B, X — 45 G P Y TR g A
— B R A X0 B ST S R
T 3 Vg S A A — 2 BTG e LG, (HAE AR 5T
SR N B s s i N s e B I SR f2:9 5
IR B £ & B AW R 2 HEEk
F, BN TS 5 ARV Bl ) 22 S8, X AT g
SRASHIEFE R B R T, B I 2 b A7 F|
CARGEAALT S
2.8 ZIBI PPN AAAERY SRy BR 1

MR AE BAT 0 Cif v W B ¥E ) (GB 17378 —
2007) 12 SR XU VE A A W R R ML, IR WS
YIRS T BRI SRAE v 38 H T/K IR 2 m
R0 o SR, 78 0BT T 5 Vg 3a8 A 1A 000 ol o5
Al S K BN T 2 m, S BRI BB K
DX AT RAE AR, 17 HL AR PR . AT
e, A3l A SRAE R R T S R R
L X PG GRS IR X 2 45 X 35 B, DA
ST A e T S R A R . TR A R
TRIR/NT 2 m B8 W Sl 500 Wit 8 40 SR AR ) R 2
i, W ER I sh ) AT 3 5 oK T A0 i Al 47
PETF EAEAR R T LT A

AW FERT T W A A R G g 48 2 (1BD)
PPN PR AE, IF 0 2] B e 1BI I A R
ARG —hnifE . 83K ] Mann-Whitney £
55 (3% 3) 1 Pearson AH I 40 #7 (55 4), AR Sk
T IBLITPA B DGR o SR, ASBIF5E 0F R TR
NGB R - i i 2 A, DA P Fh A S Rk
AR AR A8 FR G D) e Y 52 e K AR FHAILT]
JEEEARR, B9 T AR N EE A5 B B A [R] P A vl
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