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Abstract: Lake Caohai is a noteworthy example of a subtropical plateau wetland ecosystem in China. It is
distinguished by its substantial aquatic flora and fauna resources and its significant ecological value. However,
recent intensification of eutrophication has triggered a massive decline of submerged macrophytes, driving a
gradual regime shift from a macrophyte-dominated clear-water state to an algae-dominated turbid-water state. This
has had a profound impact on ecosystem functions and biodiversity. This study is based on field investigations
conducted during 2022-2023. The aim of the study was to systematically examine the current status and
characteristics of macroinvertebrate communities in Lake Caohai. The study also compared these communities with
historical data from macrophyte-dominated periods (1983 and 2014). This approach enabled the revelation of the
response mechanisms of macroinvertebrate communities during the regime shift. The results demonstrated that the
current macroinvertebrate communities exhibited a mean density of 146.49 + 16.62 ind./m? and a biomass of 15.93
+ 14.02 g/m?, with a Shannon-Weiner diversity index (0.73 + 0.06), a Margalef richness index (0.37 + 0.03), and a
Pielou evenness index (0.66 + 0.04). The composition of the feeding groups was as follows: 94.69% were collectors,
2.81% were predators, 1.58% were scrapers, and 0.92% were filter-feeders. The spatial distribution patterns of
macroinvertebrate communities exhibited a correspondence with the distribution of submerged macrophytes.
Biomass demonstrated significant seasonal variation (p < 0.05), with higher levels observed in autumn and winter
compared to spring and summer. In contrast, other community characteristics exhibited no significant seasonal
differences. Redundancy analysis identified dissolved oxygen (DO), water depth (WD), pH, permanganate index
(CODMn), transparency (SD), and conductivity (Cond) as key environmental drivers. Over a period of more than
two decades, CODmn demonstrated a persistent increase, while Chl.a concentration rose and SD declined on an
annual basis in the period following the regime shift. A comparative analysis was conducted, revealing a
predominance of scrapers (Gastropoda) during the clear-water state over gather-collectors (Tubificidae and
Chironomidae) in the turbid-water state. The study observed higher species richness, density, biomass, and diversity
indices during the macrophyte-dominated phase. This study provides a scientific foundation that is critical for a
comprehensive evaluation of the status of the aquatic ecosystem in Lake Caohai. This evaluation involves an
analysis of the responses of macroinvertebrates during shifts in the regime of plateau lakes, and the implementation
of targeted ecological restoration measures.
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Fig.1 Map of sampling sites for macroinvertebrate surveys in the Lake Caohai
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Tab.1 Dominant species and dominance of macroinvertebrates in the Lake Caohai during 2022-2023

2022 4 2023 4
HIES
1H 4 A 7H 10 A 1A 47 7H 10 A
E H /K 2285 Limnodrilus hoffmeisteri 0.10 0.11
7K £2.85] J& Limnodrilus sp. 0.02 0.03 0.14 0.15 0.14
FRIF Chironomus sp. 0.05 0.07 0.08 0.19 0.11 0.19
BAERR IR Einfeldia sp. 0.02
Jif I #21 & Glyptotendipes sp. 0.11
% /L FEIUF Polypedilum sp. 0.03 0.14 0.32 0.14
Al 2 PR IUE Procladius sp. 0.04 0.02
PR IR Propsilocerus sp. 0.76 0.04 0.61 0.41
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Tab.2 Historical changes in macroinvertebrate density, biomass and species diversity indices in the Lake Caohai

Shannon-Weiner Magalef
% J% (ind./m2) A=W (gim?)
KAE R ESERERIE Y FE TR

1983 4F 2014 4F  AWIFT | 19834 2014 4F  AWIF | 20144  AWBIFT | 2014 4F AWFA

CHo1 133.00 1824.00 225.00 4.04 180.48 1.65 1.68 0.90 1.66 0.49

CHO02 254.00 208.00  179.00 71.13 20.35 2.39 0.83 0.87 1.53 0.49

CHO3 230.00 936.00  105.00 40.17 409.50 2.81 0.68 0.86 2.94 0.44

CHo4 302.00 - 58.67 75.01 - 131 - 0.39 - 0.17

CHO05 81.00 560.00  120.00 34.58 557.03 1.05 0.75 1.00 3.99 0.46

CHO06 - 232.00 40.00 - 3.90 1.27 4.44 0.20 0.59 0.09

CHo7 - 672.00  228.00 - 289.75 13259 2.52 0.88 1.58 0.41

CHO08 208.00 168.00  146.00 55.61 2.74 1.27 0.00 0.82 0.00 0.44

CH09 - 1400.00 107.43 - 46.23 0.72 10.23 0.54 0.77 0.27

CH10 110.00 96.00 242.29 6.24 3.17 3.46 1.25 0.80 2.01 0.38

el 188.30 677.33  145.14 40.97 168.13 14.85 2.49 0.73 1.67 0.36
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Fig.3 Spatial distribution pattern of macroinvertebrate community structure in the Lake Caohai during2022-2023
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Pan %5 (2015) MHCTLA RF 2 AR R A S5 R 8, RBTUKREY 5 0035 (0 BRI Rl
NPT Z FEVESR BB S, BN R 2, TIAEVR IR o DL 5 A v b KB R B P v e T R
—A, TSR CnEERL, PRIRL R 2. ARG P Shannon-Weiner ZAEIETE %L, Margalef &
FEFRHUR Pielou Y5 5] FEFRBUCRE AR Ab T AR, DhRe S (S T3y LAER & AR 3A, X — 45 Ryt RE
WEE ARSI e n R ARSI HAT WA B 0 B — b I R o I T R WK B 7 R AR FE T R U B A0
T I He 3K, WO |5 LEI R R IR B R R ARG, & S AL SR e & e, T
T o5 LE RN R DK R (5 5L, RO R PT LIRSS VISR A EE 3 FE PS4 B0, At AL 1) 25
RIFATE AR SHFIX— L5185 45 RS bR os il B # A 8  BEIE B, ARG A bl B 5 AR R
JERAC TR« IX AT RER B T AR A Ol B 2 KRR IUR Tanypus sp., XFHEBBA AR K
VLA R & S TR AR SRR, T AR I — A AR A

RS e 4 J B R T SR S D A 0 OIS 203 A R 0 — e A o 7223 1) 231 b, I R X A K
TURRMIZN A B At SRl 2 RE MR B Rl O X8, X — AR 2016 AFTH A A5 I — 5, 4
2R RN, — 5T, H AT TR £ A AW AL SR R S I A, 50 X KR
ROTVUKMYE M 5 —J7H, SR, RACAARERSAR O, DL R KA R
SR T IRARAEI O, AL E A NS HAK IR ZZ gy ales sl R0k b, BB ATAYE B3
T HEEE, XU RARRZ 2 H RS L. T H AR R AR R
Propsilocerus sp. 55 BE7K il AR ATE T 3 B (10 2 P, TERKR &4 2 R R AL i A R E T B AT 1
WESE, FIAE L HPCREN., 5—J7H, KRR 2 R E SR AR, EEZEASR
T B S KR SR B P FE AT AR B A BT R BT
32  RERMMEEEMSKIMEERFHNXR

TUARMM A RR, HME (DO). KiE (WD), pHfE. EHEMRIEIEH (CODw). BEWE (SD) F
HL3% (Cond) & FEMH g R IR EN M TEIE S5 AR AL ) E BRI 1. BIBAE 1971 E A2 NNHUKJE K
BRI AN 3.18 km?2, T 1981 SETFLAEH &K, 1983 FERAE H B KR ERE 1.5 m A4, KiAEEW
FER ER IR, TN PR 0.988 mg/L, £5EF-FHWKE 55.760 mg/L, BRI LATEe-IAYE N+, /KAEM
WiAE R AT A, B —1E4% (1988) HEMIX —IRERIE AL T IR MBI E K AR AP, H 2000 4ELAK
BLifF CODMn 3FEE EFHEH (R 3), BFITRIIEEIFE SR CODMn SIS YIRS, JUH 2 W5
TE CODMn IR BA B ERHA, AR T Rk SR A AR S 1, RIS, i T
2015 4 5 St 7 IRETT AR — R A KA B S i, 2017 SE NS YR OUF KR FP%, 3 2019 £ )5 FK
LB, UL SMIETS G CA R SN B0 B B R PuE PR R, IRTS RaEg b mE R, x5
AT S B HEE T TN A1 NH3-N 7E 2020 45 J5 RRZE T @ 45 FAH — B0 DK AR S
TR B 8 IR SR I d ™ B BRI 1] iz — 1490,

WHARRA RGO AEY RS Chla WA R EE FUHEX, R THAES Chla WKE FAZ



30 mg/L B R BIGUKIEY) 23 SARTE B0, BT 2021 EFF 4R LUK K THAVE T %, ARG 2=
ZHAERIBT LR 2021 4F 6 H 5 Chla JRZCHIE 30 mg/L P2, JUKAEY R TR Tt 2 MU B R
R Zh VIRV S B R R — . WL FERKAEEMFRER, BEARZ, MUOTK R it
T2, W TRMEST R, VIR R R T RIS A, IR R 4B
DEFAEREEOST o AR B A BT SR RO 5 2021 4F Bl DK AR AR SRR, K AR A o5 XU 16%.,
RERSBURMAESHOR, KERSWEYRE TS, 2018 4 )5 % SD £#4: T F#, Chla #f
BT, HEMGE d KRR TR R KR HEAR T MO M SR A, X BRI i A K A
FESD FFEL M, KL TOCAE K AR SR, SBUKERYDG A REEIER, 252 DO T,
(7 S B A R R A A S A B 2 i AL R A 5 R B R, KT SR Sh M e a0t — 20 i — 4 52590, it
bk, YUKAEY R BT TG TR R R BE S 5 T i R, B0 R DX R B 220 9 s & SR TR s e e . 7
JRAE R AR AR RE AR5 FT LA A1 ST KR A S T 18, 100 J65 55T N = O R HIURR S5 5 3 P R S A
5, AEEFREERREAKE R & A, SRR 2 RAE T B,
%R 32000 £F-2023 4R HEfE 3 ZOR IR IR LY
Tab.3 Trends in the variations of water quality indicators in the Lake Caohai from 2000 to 2023

Fy DO(mg/L) WD(m)  pH CODwmn(mg/L) SD(m) Chla(ug/L) TN(mg/L) TP(mg/L)  NHs-N(mg/L)

1983 4 - 15 8 - - - 0.988

2000 4 - - - 3.687 1.592 13.331 0.985 0.092

2005 4 7.985 - 8.765 4.96 1.1 11.332 0.941 0.203

2010 4 8.57 - 7.885 4791 1.234 10.379 1.212 0.25

2011 4 8.57 - 7.885 7.68 - - 0.648 0.147 0.375
2014 4 7.333 1.45 8.08 5.61 1.17 15.229 0.86 0.064

2016 4 6.31 - 8 5.535 1.25 7.75 1.425 0.052 0.212
2017 4F 6.25 - - 5.68 0.93 9.37 1.355 0.09 0.265
2018 4 6.85 - 7.993 5.825 1.463 36.375 0.91 0.062 0.263
2020 4F - - 8.67 7.78 1.35 7.18 0.78 0.07 0.32
2021 4 - - 8.78 8.67 0.83 17.96 1.39 0.04 0.34
2022 4 6.25 1.28 8.45 8.6 0.53 2153 1.78 0.04 1.138
2023 4 6.85 1.00 8.58 8.71 0.51 5.95 1.75 0.05 0.644

-7 RO ZK AR B TR AR R I AR B A R .
33 EEKAESEBEEN

R RS, RN EERT 2022 FHE T — RINESBGERE. B0 ERTTKE
YZEIR ) 0] /R, A5 OGHR 1) T R S UK A B Tl R AN A KR AE DG SR 5004 . KRB SN 1 R
2023 44=1 Shannon-Weiner 2 #1445 201 Margalef & & FE4REUE 2 =T 2022 4F, Uil KBRS HE
KIEEEZR KA  WALIZ ZE ) R S K AR 10 L 7GR T R Y A 3 ) 22 e PSR & R 3 P e A AR
o T SR A [ BB A 5 A AL B R R Y 1X — 25 S RATI &S S — 2, BREA LI H T ITKAE
YNBSS TAE CHUS— i Bk . A TR B BRI IR A AN R R AR 3 < T AH AR F A 58 4 —



B QIR IR R S IR IR R N KRN B, BUUKEIM S RIEAREEY), 1K fsisa s bt A4 18
SR LTUKREY) E RIS B2 e &, HAR KB m RO T/K B, Zhu 58 R ILIEEL (Potamogeton
crispus) TR, R FEER RN & KEIT SEURZ I e N R LS, B2 Hsh4x
Bl BE LR BRI, @R SEE TAE T 2 G UK 5 KRR M ZN A FLOG &R, 2% ) 57 o
P UK A R F IR N A K B 5, nT DA SR R B A Sh VA K 2

SO, R IR R AR 2R, B 2018 FEFFURST AR MEUR . AAmEUR R
JEAB SR IR WA BRI, B H D> T NS S0 R AR S 356l 2022 A% i g
o SR K TR T A T S DR B SIS S B T A AL IR BE 7 45 SR I, ARk D T JECHE X v LK R A A %
T4, A OS2 R R R B V& L J I 18] N A3 AR 8T, SR, Bt At ) S R 0T f S P AT R
BRIETE, TRONIE 2 /N 8 0 B S BV e s M s SRSy 1, b — DR AR T RO ) AL AR
e, (R TRV BRI 2 B oK T R A SRR S 1 B B SR FE T R UK R IR IR R AR B, B
T 2022 FIFIANTEL (A, B, SSE B RHT ARSI, Bk 2023 F 7 A 19 H, BASEELHEE A
IR 168.9 i, HAEFEEMA (16.15 W), B (74.65 W), ] (57.15 W), 517538 B RN KRG 5h 4
FEVE ) SO 7E T 6 2 R R LUK AR B 8 FR AL RN RS A6 58 53 0 P B o o 20580, R, A SR R U R AL T RE R
2023 AT IR E YT B S AR R AR T 2022 F R E I EEE R LR ERR, @i
i 5 A vt AR Hh N SRk B P 0 RN S PR ) T P B B A A R AR ER BRI, s T R f R AR S
EEE

4 g

AT TE S I - AR A 4 R v R A AR S W VA B T AN R AN B B A Dy DL B R R
TR N FE IS, X5 KL A A AR A e 3 2 b KB R B W BV A AR B, . B0 2 TR
R ZN Y REVE 25 (8] 23 A 5 UTUKREA 3 A K RV, BRAEY S A R B A 2 VT8 S A R AEAE AN R 2R
HZESFARE. TTROITERELY, DO WD. pH{H. CODmi SD 1 Cond #2510 2 i KB R AR SN W
TEAERRAG I T ZIAEE N 1. 3 20 4K EG CODMa FFEETH 81, HARH S SD FF4E N RE. 2023 4EffK
TR ZN Y BEVE AR LT 2022 FF IR G %, W R 5B KAEDEE T ITKE YR A 24 25 1
PR OG, 5 B0 B0 IR A AT U — PR 5T KRR Zh ) 5 S 2B AU e SR R . IR
TERBKAESBE TAER KBRS AN S R BFR bR AT 2 WIS I, Ins& i /K sk 52 f
KB SRR ERE TR PRI HERE, {3k B KR M B ) BRI 5
it R EMFRKEEDARHERARLR . KFWHIARLR AR B R HaFIF I RAF AT L T8
X A8,

5 BiR
PR TAITLIL HL B (DOT: 10.18307/2026.0134).
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Nematoda £k dt Nematoda sp.
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Oligochaeta
X FE4M Bivalvia
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Mollusca JilcRea]
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FH 524X Crustacea
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Arthropoda

E.H4N Insecta

Fi1%E %} Erpobdellidae

gl &l Tubificidae

%} Unionidae

5 R IB} Physidae
HESzE2 AR} Lymnaeidae
B2} Planorbidae
HAER Ampullariidae

GAZEL Bithyniidae

FHI28} Viviparidae

KAEIR Rl Palaemonidae

2R Chironomidae

f71% J& Erpobdella sp.

75 IC R #815] Branchiura sowerbyi
FLRLIA7K 2255 Limnodrilus
claparedeianus
FE A/ 2285 Limnodrilus hoffmeisteri
K 228 J& Limnodrilus sp.
Biils| J& Tubifex sp.

i A Lkt Anodonta woodiana

* QeI Physa acuta
i 2 D42 Radix swinhoei
*M i Gyraulus convexiusculus
*#f 75 42 /® Pomacea sp.
SR Parafossarulus stratulus
I 52 8 Bellamya sp.

KB R JE Palaemon sp.

FZWUE Chironomus sp.

i M B2 IUE Cladopelma sp.
BAERE IR Einfeldia sp.
[ P2 B Glyptotendipes sp.
/RIS Microchironomus sp.
% JEPRISUR Polypedilum sp.
i 2 BRI Procladius sp.
R BUE Propsilocerus sp.
K& 2 IE Tanypus sp.
JEE M FE 150 JE Benthalia sp.
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P FRIT 2022-2023 FFEAN [F] 25715 HE K AR A 855 [R) 1

BT 2 2 = X7
WD(m) 0.96 +0.12 1.06 +0.062 1.07 +0.19% 1.45 +0.09
sD(cm) 49.75 £4,02% 31.75 +0.75b 69.95 +4.31% 59.80 +3.56°

Turb (NTU) 10.994 +1.553°  17.564 +1.077° 8.340 +1.441 5.484 +0.626°
WT(°C) 16.540 £0.210°  21.135+0.1250  17.765+0.111° 4.110 +0.098¢
DO(mg/L) 5.966 +0.083? 5.364 +0.098° 6.784 +0.083¢ 8.047 +0.062
Cond(ps/cm) 524.921 +2.597*  494.115 +4.269°  344.231 +8.424°  499.535 +2.176P
S(mg/L) 279.0 +1.62 3435 +2.20 203.0 +8.6 2442 +1.3

pH 8.416 +0.018% 8.556 +0.009 8.858 +0.041° 8.223 +0.012?

TN(mg/L) 2.114 +0.071% 1.328 +0.026° 1.634 +0.053% 2.016 +0.039?

NHa-N(mg/L) 1.142 +0.047% 0.762 +0.022¢ 0.710 0.045b 0.966 +0.015
TP(mg/L) 0.046 £0.0042° 0.051 +0.0022 0.028 +0.009 0.056 +0.002?
CODwn(mg/L) 9.759 +0.29% 11.249 +0.233 8.805 +0.199? 4.524 +£0.078°
TOC(mgl/L) 18.72 +0.727 18.78 +0.741 19.32 +1.931 14.365 +0.259
Chl.a(ug/L) 8.665 +0.331% 27.5 +1.201°¢ 8.4 £0.531% 8.75 +0.6922

T

(] — IS A B A P A2 [ B E AN ) 7 BRI A R R 2 (P<0.05)



