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Characteristics of Benthic Animal Community Structure and Evaluation of Biological
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2. Hunan Shuitiandi Environmental Technology Co. Ltd., Changsha 410205, China)
Abstract: In order to explore the ecological health status of the Yuanjiang River Basin in Hunan Province, two benthic animal
monitoring sampling and analysis studies were conducted on the main stream of the Yuanjiang and its primary tributaries, Wushui
River and Youshui River, in the winter (February) and summer (August) in 2024. 81 species of benthic animals were collected and
identified belonging to 3 phylums, 6 classes, and 57 families. The difference in the number and structural composition of benthic
animal species between winter and summer was relatively small, but the biological density and biomass in winter were higher than
those in summer. Two sets of benthic index of biological integrity (B-IBI) evaluation systems were established for winter and summer,
and 22 candidate indexes were screened. The core indexes of winter were percentage of chironomidae individuals, Hilsenhoff
biological index, and percentage of scraper individuals. The core indexes of summer were Shannon-Wiener diversity index, total
classification units, classification units of ephemeroptera, trichoptera and plecoptera, and sensitive group classification units. The
evaluation results showed that 68% of the sampling points in the Yuanjiang River Basin achieved or exceeded medium level in winter
and summer, and the overall ecological health status was good. The health status of tributaries was significantly better than that of the
main stream. The evaluation results were consistent with actual research situation, indicating that establishing a B-IBI evaluation
system based on seasons was very applicable to the Yuanjiang River Basin, and increased the accuracy and reliability of the results.
The research provided theoretical support for subsequent river health evaluation and management, water ecological protection and
restoration, and ecological resource utilization in the Yuanjiang River Basin and even the entire Hunan Province.
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Tab. 1 Coordinates of monitoring points
TR JEC A <53 ZJE(E) i (N)
river site type longitude latitude
YI1  ZHE 109.798148  27.199099
Y2 ZHiE 110.024566  27.173510
o YI3 A 110.217458  27.410433
biIA R weii} i
) YI4  ZHiE 110263697 27.913750
main stream of -
. YI5 i 110.106442  28.082184
Yuanjiang o
Ri YI6 A 110388377  28.415791
wer .
YJ7  ZHiAE 111.007045  28.804040
YJ8 P 111.460933  28.825552
YJ9  ZHiAE 111.625671  28.958599
WS1  ZFE A 109.123026  27.345890
WS2  ZFEH 109.265690 27.373679
ok WS3  ZHiH 109.416596  27.427045
/)
WS4 Zis 109.659433  27.476530
Wushui River B
WS5  ZHiA 109.769110  27.460548
WS6  ZHWiH 109.850476  27.546813
WS7 i 109.949522  27.498364
YS1  ZFEA 109512328 29.573164
YS2 AN 109366159 29.329291
YS3 A 109.324193  28.786391
ok YS4 AN 109.496344  28.835833
YS5  ZAE 109591623 28.709260
Youshui River —
YS6  SZHiM 109.749854  28.726593
YS7T A 109930715  28.746171
YS8 A 110305938 28.704451

YS9 A 110.295929  28.539400
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Tab. 2 Calculation methods for main indexes

FEFT index

8B ¥ caleulation method

L EEFEEL advantage index

FONEE R AP BLR DU HE %0= 0.02 MR N L3Rl

Shannon—Wiener ZFEMEFE%L

H Shannon-Wiener A 384 5 R 58 H IR ZFEE

Shannon-Wiener diversity index

Simpson ZHHHLIAL I Simpson 23 s H AL A A AR SR

Simpson diversity index
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Tab. 3 Benthic animal species in Yuanjiang River Basin

Pyl X7 HZ || Yrfl X7 FES
species winter summer || species winter summer
8] Annelida + + 39. ) I Heptagenia sp. +
FEE 4 Oligochaeta + + E#M H Trichoptera + +
LIRS Branchiura sowerbyi + + 404841 4% Ecnomidae sp. +
2B K221 Limnodrilus hoffmeisteri + + 41K ASAATIK Phlaeothripidae sp. + +
1% 2K Hirudinea + + 42 /N85 Hydroptilidae sp. +
3.414% Erpobdellidae sp. + + 43 )5 47 1 Rhyacophia sp. + +
4 Ji & Glossiphonidae sp. + + 44 8 M, Limnophilidae sp. + +
BARSI] Mollusca + + 4555 41 %% Brachycentridae sp. +
ML 2N Gastropoda + + 46.2041 %k Hydropsyche sp. +
5. MME Bellamya sp. + + 47 WREAT I Dipseudopsidae sp. +
6.7 Rivularia sp. + + B5HE H Odonata + +
75653548 Simisulcospira sp. + + A8. 7R AR Orientogomphus sp. + +
8.4 N Radix sp. + + 49 INHFRIE Gomphidia sp. + +
9 MR ME Radix swinhoei + 50.88 Coenagrionidae sp. + +
10./N 45 Galba pervia + 51.5 4 Macromia sp. + +
118082 Parafossarulus striatulus + + 5285 Libellulidae sp. +
12 KA Alocinma longicornis + + #5¥ H Coleoptera + +
13. KA Parafossarulus eximius + 5332 H Elmidae sp. + +
147752 Bithynia fuchsiana + + 54. R H Psephenidae sp. + +
15. 15 & Hippeutis sp. + 55.553H Staphylinidae sp. +
16. MR Physa sp. + + 56\ Dytiscidae sp. + +
17561 B (T2 Stenothyra glabra + + 57.MH Chrysomelidae sp. +
18. 1 7FUE Pomacea canaliculata + + 58. 4 W Hydrophilidae sp. +
19. 43588 Valvata piscinalis + 59.%H Curculionidae sp. +
WFE4 Bivalvia + + 2 H Hemiptera + +
207041 Corbicula fluminea + + 60.%%% Corixidae sp. + +
21 THEREE Unio douglasiae + 617K Gerridae sp. +
22. TGtk 1% A nodonta sp. + W# H Diptera + +
23 R IK5E3K Limnoperna fortunei + + 62.85 Culicidae sp. +
TREEHIT] Arthropoda + + 63. KU Tipula sp. +
H S48 Crustacea + + 64 5 KM A ntocha sp- +
24 Y8 HF Macrobrachium sp. + + 65. B2 KIL Hexatoma sp.
25 KUF Caridina sp. + + 66.95 Ceratopogonidae sp. +
26.£%F Gammaridae sp. + + 674 LM Dolichopodidae sp. +
27 Ffi7K B\ Asellidae sp. + + 68.1 Muscidae sp- +
[ H14 Insecta + + 69. Vi BEREIL Stictochironomus sp. + +
# H Lepidoptera + + 70.22 EFEIL Polypedilum sp. + +
28. LI Crambidae sp. + TP Chironomus plumosus + +
29. /KI5 Nymphulinae sp. + + 72. BRFEIL Cryptochironomus sp. + +
30. 2 U788 Protohermes sp. + 73.MEFEIL Harnischia sp. +
0 H Ephemeroptera + + 74 A MFEEL Tanytarsus sp. + +
31154 Ephemera sp. + 75. X FEWL Dicrotendipes sp. + +
32.V975 0 Baetis sp. + 76K K BRI Cladotanytarsus sp. +
331U Neoephemeridae sp. + 773 R EEBL Cricotopus sp. + +
343 ERE Potamanthus sp. + T8.ERFEML Chaetocladius sp. +
35.4F% Caenis sp. + 79. 1 EFEML Procladius sp. + +
36. 50 50E Euthraulus sp. + 80.TCHEFRIL A blabesmyia sp. +
37.Z25E0% Habrophlebiodes sp. + 81.Z2HHHEIL Clinotanypus sp. +
38./NIE Ephemerellidae sp. +
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Tab. 4 Biomass and density of benthic animals in Yuanjiang River Basin

T H Wi biomass/(g/m?) H W9 ¥ biological density/(ind./m?)
river 2 winter HZ summer K2 winter E 7% summer
VLYL Tt main stream of Yuanjiang River 19.31 9.18 50.47 30.76
#E/K Wushui River 36.26 31.51 99.43 137.60
47K Youshui River 104.40 22.21 118.82 45.17
SRS total average 54.69 20.13 88.78 65.86

x5 ULREAEME

Tab. 5 Dominance population in Yuanjiang River Basin

A FEFEEL advantage index

Yikh K7 winter K7 summer

species ULt K PiK ULIL K (i 8
Yuanjiang River Wushui River Youshui River Yuanjiang River Wushui River Youshui River

EHKLE Limnodrilus hoffmeisteri 0.032 0.047 0.067

B Bellamya sp. 0.052 0.182 0.099 0.244

RV Simisulcospira sp. 0.080 0.045 0.038 0.053

% MEZ Radix sp. 0.103

fhBIEE NE Radix swinhoei 0.056

R Corbicula fluminea 0.054 0.029

IRIKFESE Limnoperna fortunei 0.074 0.096 0.032

TRUF Macrobrachium sp. 0.052 0.054 0.043

KEF Caridina sp. 0.033 0.133 0.211 0.098

VU5 Baetis sp. 0.074 0.043

T XIEWL Dicrotendipes sp. 0.022

I IEFEIL Cricotopus sp. 0.248 0.041 0.076

PEFFI AT total number of dominance population 5 7 5 3 6 5
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Tab. 6 Candidate indexes of B-IBI index system
izt el st Ei= AN Xof PR3 He g i
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M1 Shannon-Wiener ZF14F5 %4 TR
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M4 Pielou 5] B F5 4L TR
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M17 RIUTCAMESNYHHUECE BTN 15X (BMWP ) 154 T
M18 R E (FBT #5410 EJt
‘s M19 S w4 TR
Uit ISR S A ’
PUEIRREI R M0 RS AI T
e e w21 IEEHE AR LTt
o M22 A H AR E TR




F£39%

66 -

2 ., i
g 5 3
B : = (= | |
X i g
g g :
B i i
4 K N
S N S S) " S 12 SRS " S
— o — (=) — (=] — o
I TN 91N TN
s Hh o
W E 1 E
B BN B
e B i
n ¥ e E
i\ K K\
o <+ A O SR S o © < A C <+ a O
N - o - ST -
0TI TN
€ e o
| B = || = LT
BN X BX
i i ,
g 2 i
o o | | o
4 & &)
(=] ) (=] S L L
— S 1@2 w M < © © < o
a1 PII STIN
s 7 e
s SIEEE JENE  UHIEE |
FX EX X
i o R4
m 5 :
4 X\ ®
o =S EREE Q g ¢ 22 8 °
TN SIN L = — =
TIN 1

=

X

&\

SR E

7N

&Rk
Fig. 1 Distribution box of winter candidate indexes of Yuanjiang River Basin
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Tab. 7 Variability of B-IBI candidate indexes

a5 A7 winter HZ summer

index M10 M12 M15 M22 M1 M5 M6 M13
SEHH average 0.31 0.00 4.44 0.68 1.71 11.00 2.67 2.00
R standard deviation 0.52 0.00 1.51 0.38 0.48 1.73 0.58 1.00
7R B Z B variation coefficient 1.70 0.00 0.34 0.56 0.28 0.16 0.22 0.50
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Tab. 8 Calculate formula of B-IBI index

Z=Y season

KU FEFR core index

803 caleulate formula

MI12(BEBCEEAAEE 7 ) (0.89— SR )/(0.89-0.00)

275 winter M15( Hilsenhoff 4= #1555 ) (8.37- SFME )/(8.37-4.42)
M22(FE HAAECE ) SRR /0.88
M1(Shannon—Wiener ZAFE4EFE50) SEBRE 2.2
M5 (s IT ) SCBME /14.6

HZ summer

M6 (i ie H B8 H A H 7325080
M13 (U2 BT RO

SEBR{E /3.0
SEFR{E /3.0

UYL IR 3 450U 45 W U A 55 B-IBI 1155045
I 9, 24 B-IBI Jy 2 YCRHEH T & HER
FERMISME . WK B-IBI 7E4¢ Eé&éiﬂ(ﬂ?i’%
ER SR b == N N i N £ 3.9, R ok B e WO 1

#£9 TULHRE B-IBI MM ER
Tab. 9 B-IBI evaluation results of Yuanjiang River Basin

Il river SV site K Z5 winter 525 summer 224 annual
YJ1 0.550 0.445 0.497
YJ2 0.704 0.200 0.452
YJ3 0.732 0.432 0.582
. Y4 0.292 0.538 0.415
YL
B YJ5 0.216 0.719 0.467
Yuanjiang
. YJ6 0.482 0.150 0.316
River
YJ7 0.548 0.279 0.414
YJ8 0.730 0.748 0.739
YJ9 0.172 0.697 0.434
S average 0.492 0.468 0.480
WS1 0.899 0.674 0.787
WS2 0.962 0.925 0.944
N WS3 0.170 0.852 0.511
K
) wWs4 0.220 0.786 0.503
Wushui
. WS5 0.562 1.215 0.889
River
WS6 0.796 0.607 0.702
WS7 0.794 0.670 0.732
- average 0.629 0.819 0.724
YS1 0.900 0.820 0.860
YS2 0.921 0.126 0.524
YS3 0.373 0.325 0.349
YS4 0.592 0.251 0.422
FiK
) YS5 0.878 0.438 0.658
Youshui
) YS6 0.714 0.468 0.591
River
YS7 0.805 0.790 0.798
YS8 0.163 0.576 0.369
YS9 0.193 0.151 0.172
Ty average 0.615 0.438 0.527
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Fig. 4 Distribution of B-IBI values at sampling points in

Yuanjiang River Basin
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Tab. 10 Biological integrity classification standards and health status of Yuanjiang River Basin
2R A2 winter EHZ summer
level 75 %3 s B2 WeZe 75 RAF g B2E e
-IBI 7 .93 . . 0.873 0.6 0.437
B-IBI JL [l ~0.031 <0931 <0.698 <0.466 <0233 =0873 < 8 <0.655 <043 <0218
B-IBI range H=0.698 H=0.466 H=0.233 H.=0.655 H=0.437 H.=0.218
VL{T. Yuanjiang River  0.0% 33.3% 33.3% 11.1% 22.2% 0.0% 33.3% 22.2% 22.2% 22.2%
77K Wushui River 14.3% 42.9% 14.3% 14.3% 14.3% 28.6% 57.1% 14.3% 0.0% 0.0%
47K Youshui River  11.1% 44.4% 11.1% 11.1% 22.2% 0.0% 22.2% 33.3% 22.2% 22.2%
STt total 8.0% 40.0% 20.0% 12.0% 20.0% 8.0% 36.0% 24.0% 16.0% 16.0%

T FERE R 22.29% WA RS S n] A1, VK
VERDCTLAE M R A S N Y B SO0, AR ASIREREAE 3
SR R R A, O T i SO P K, B 22 ML
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3 e
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Tab. 10 Average flow rate of hydrological stations in the Yuanjiang River basin
Jr K324 R ST I ] it 2 APt /(ms) 8 A-F-E3i e /(ms)
No. station name river belonging to average flow in February average flow in August
1 LT PEVL T 144 292
2 (=) PEVL T 308 907
3 TR () RURARS BT 321 1320
4 B LIRS BT 383 1470
5 1YL WK 46 92
6 AP () [T 28 352
7 sk PN 53 679
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