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Abstract: In the spring and autumn seasons of 2019, two surveys were conducted on the macroinvertebrates of 76 lakes in Jiangxi
Province. Based on the analysis of their communities and diversity, the relationship between diversity and environmental factors was
explored. The aim was to identify the important environmental factors influencing macroinvertebrate diversity and provide scientific
basis and technical support for the precise management of lakes in Jiangxi Province. A total of 140 taxa were identified in the two
surveys, with aquatic insects and mollusks being the main groups, and the number of chironomid species accounted for 53.62% of
the total aquatic insect species. Typical lake species and eutrophication indicator species ( Chironomus sp., Tanypus sp.) were the
dominant in both spring and autumn seasons. The abundance variation of typical lake species ( Chironomus sp., Tanypus sp., Bel-
lamya sp., Branchiura sowerbyi, Limnodrilus hoffmeisteri) led to seasonal changes in community structure. The alpha diversity of
macroinvertebrates was relatively low. Based on the results of PLSR and PLS-SEM analyses, the environmental factors influencing
macroinvertebrate diversity were closely related to algal population dynamics and water quality status. There was a stable relation-
ship between macroinvertebrate diversity and algal population dynamics, which was not influenced by seasonal factors. High algal a-
bundance was detrimental to the improvement of macroinvertebrate diversity, while good water quality conditions were favorable for
enhancing macroinvertebrate diversity. To protect the macroinvertebrate resources in lakes of Jiangxi Province, restoration of aquatic
vegetation should be carried out in lakes with fish farming functions and urban lakes, transitioning from algal-dominated lakes to
macrophyte-dominated lakes. Systematic management should be implemented in highly eutrophic water bodies to control non-point
source pollution, promote the transformation from traditional fish farming models to ecological fishery models, and undertake targe-
ted ecological restoration measures. In addition to controlling algae and improving water quality, enhancing the connectivity and wa-
ter exchange capacity of lakes and fully utilizing natural restoration processes should be emphasized.
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Fig.1 Distribution of shallow lakes in Jiangxi Province involved in this study
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Tab.1 Environmental parameters of shallow lakes of Jiangxi Province in Spring and Autumn
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TRIERE) B/ (x10* cells/L) 2149+2962 26~11599 71069504 13~ 40485 <0.01
FEMEERE/ (x10* cells/L) 3342540 4~3060 3774652 3~3900 0.85
BRI/ (x10* cells/L) 1067+1968 0~8245 5572+7623 3~39705 <0.01
G FRE/ (x10% cells/L) 612+1250 5~8925 1071£2011 0~12115 0.06
KL/ C 20.8+6.0 8.5~27.0 27.0+4.5 18.0~35.0 <0.01
B/ m 0.52+0.35 0.18~2.76 0.53+0.97 0.15~8.43 <0.01
pH 7.420.5 5.0~8.6 7.520.7 6.1~8.9 0.45
ME/ (mg/L) 1.249+0.940 0.200~5.629 1.071£0.655 0.110~2.750 0.27
M/ (mg/L) 0.093+0.086 0.014~0.566 0.11420.113 0.021~0.854 0.06
A AN/ (mg/L) 0.443+0.605 0.013~4.288 0.444+0.436 0.013~2.190 0.37
TAE/ (mg/L) 0.555+0.736 0.030~5.317 0.448+0.577 0.020~3.873 0.41
A/ (mg/L) 7.8+1.4 5.0~11.8 6.9+1.3 3.9~12.0 <0.01
M4t o /(pg/L) 26.3+34.7 0.7~187.1 23.3+18.3 3.2~78.0 0.13
COD,y,/ (mg/L) 4.03+1.85 1.60~12.00 4.42+1.80 1.62~14.3 0.09
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Fig.2 The biplot of macroinvertebrate broad taxonomic groups based on PCA analysis result

(the different groups are from the cluster analysis result)
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Fig.3 The biplot of feeding functional groups of macroinvertebrates based on PCA analysis result

(the different groups are from the cluster analysis result)
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Fig.4 Biodiversity indices of macroinvertebrates in different seasons
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Fig.5 Overall conceptual models based on PLS-SEM analysis: (A) the spring data, (B) the autumn data
(The rectangular boxes represent observed variables, and the oval circles represent latent variables.
The arrows between observed variables and latent variables indicate the outer loadings,

while the path coefficients are displayed on the arrows between latent variables)
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Attached Tab.1 Basic information of 76 shallow lakes in Jiangxi Province

KRR
5 WA AR [X 45, 25 i S
/km?

1 SR HE 115.9808~116.0038E 28.6735~28.7181N 3.91 1
2 R I8 ME 116.3600~116.4184F 28.6101~28.6882N 18.6 3
3 Kb HE 116.1812~116.2136E 28.5874~28.6235N 5.58 1
4 75 B HE 116.0451~116.0819E 28.5239~28.5631N 3.69 1
5 =i Ha 115.9438~115.9620E 29.0623~29.0785N 16 1
6 W HE 116.3921~116.4238E 28.7059~28.7334N 2.07 1
7 AT Ha 115.8063~115.8280E 28.6462~28.6618 N 178 1
8 77 1L NC Ha 115.9304~115.9532E 28.6899~28.7211N 3.14 2
9 Lt e 115.9499~115.9902E 28.8948~28.9371N 4.73 1
10 R =t 115.9188~115.9255E 28.7757~28.7872N 172 1
1 B i =t 116.4299~116.4601E 28.6009~28.6337N 3.63 1
12 BRI HE 116.0304~116.1117E 28.6436~28.7371N 20.5 8
13 ZE 1113 HE 116.2941~116.4841E 28.3955~28.6323N 164 5
14 it i 116.6192~116.6357E 29.0239~29.0505N 1.93 1
15 p b i 116.5526~116.5636 E 28.6812~28.6999N 1.63 1
16 R i 116.5190~116.5506 € 29.0050~29.0.330N 467 1
17 TE T i 116.7426~116.7606 E 29.0349~29.0493N 1.68 1
18 M SR i 116.6808~116.7020E 28.9829~29.0045N 176 1
19 B I i 116.7760~116.7833E 28.7844~28.7980N 1.44 1
20 B i 116.4412~116.4658E 28.6269~28.6671N 1.74 1
21 S B 116.7662~116.7730E 28.7542~28.7642N 3.45 1
22 L5 i 116.4044~116.4179E 28.7639~28.7874N 1.85 1
23 W5 i 116.6329~116.6439E 29.2904~29.2999 N 1.29 1
24 B b 116.6494~116.6725E 29.2893~29.3060 N 2.15 1
25 JRR I8 i 116.6480~116.6624E 29.3062~29.3378 N 2.37 1
26 (et i 116.7382~116.7523E 29.2375~29.2589N 3.39 1
27 TEZ A i 116.5660~116.5723E 28.4921~28.5023N 2.86 1
28 i i 116.3938~116.3978E 28.7935~28.7959N 1.24 1
29 ot . i 116.6542~116.6581E 29.0112~29.0160N 179 1
30 &R b 116.9528~116.9642F 28.9201~28.9251N 3.29 1
31 e 3 i 116.7123~116.7251E 28.8443~28.8571N 2.1 1
32 AN i 116.4993~116.5180E 29.0027~29.0141N 1.89 1
33 e i 116.6250~116.6362E 28.5813~28.6006 N 2.53 1
34 i ME. L 116.5076~116.5575E 28.4960~28.5691 N 18.6 1
35 b i 116.5878~116.5994F 28.7898~28.8106 N 2.1 1
36 HEDS] i 116.5728~116.5795E 28.8048~28.8132N 2.43 2
37 1L SR = 116.6432~116.6637E 29.0194~29.0531N 31 1
38 L i 116.4533~116.5433E 29.8617~29.9717N 83.8 3
39 i i 116.6050~116.7433E 29.1533~29.2717N 66.6 2
40 JUELIH JuL 115.9207~115.9548 29.6442~29.7009N 20 8
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41 FI7K FLIT. 116.0133~116.0227E 29.724441~29.7413N 14 3
42 iR JUIL 115.6750~115.7204E 29.7387~29.8103N 58 3
43 A Sk A FLIT 115.7715~115.7880E 29.7064~29.7193N 1.99 1
44 RIT T LT 115.7872115.8021E 29.6589~29.6783N 3.94 1
45 e JUIL 115.7672~115.7780E 29.6900~29.7069 N 2.43 1
46 I S FLIT. 115.3668~115.4156 € 29.7965~29.8514 N 1.39 1
47 NI LT 115.8045~115.8096 E 29.6393~29.6631N 3.64 1
48 P JLIT. 115.6988~115.7082E 29.7029~29.6990 N 1.93 1
)
49 FE JUIL 115.8575~115.9023E 29.6546~29.7042N 47 4
50 b NUER JUIL 116.7040~116.7339E 29.9863~30.0260N 345 1
51 55 i JUIL 116.4414~116.4768E 29.7969~29.7961N 111 1
52 HFH JUIL 116.3442~116.3515E 29.7903~29.8093 N 8.02 1
53 PNt JUIL 116.1754~116.2037E 29.5491~29.5911N 3.23 1
54 pJAL R FLIT. 116.3450~116.3599E 29.2212~29.2414N 31 1
55 P IR JUIL 116.3203~116.3289E 29.20060~29.2377N 3.72 1
56 1L 3 JUIL 116.0803~116.1036E 29.5679~29.4901N 2.47 1
57 +HiH JUIL 116.1720~116.1850E 29.4910~29.5075N 1.38 1
58 Zigmb JUIL 116.1541~116.1598E 29.4782~29.4877N 1.44 1
59 PHHRE JUIL 116.5202~116.5167E 29.3779~29.2658 N 1.93 1
60 K JUIL 116.2118~116.2129E 29.4168~29.4182N 1.08 1
61 A JUL 115.8267~115.8967E 29.1950~29.2233N 7.86 1
62 LIERL] JUL 116.1717~116.1833E 29.5067~29.5250N 1.26 1
63 - HUIT 115.8634~115.8941E 29.2145~29.2408 N 165 1
64 i 3 LT 116.1852~116.2068E 29.2690~29.2569 N 1.47 1
65 & JUL 116.1833~116.2183F 29.5867~29.6150N 6.8 1
66 b HUIT 116.2117~116.2683E 29.6783~29.7300°N 28 2
67 A LA HIT 116.1233~116.1417E 29.6083~29.6233N 2.76 1
68 K HIT 116.2467~116.2667 E 29.2567~29.2800N 4.09 1
69 B JUIL 116.1467~116.2700E 29.3600~29.4467N 313 2
70 bERER! JUL 116.1450~116.1700E 29.4600~29.4817N 5.11 1
71 =7 N HUIT 116.9100~116.9317E 29.2700~29.2933N 7.21 1
72 Ex il LT 115.9758~116.0047 € 29.3255~29.3575N 3.92 1
73 T HE 115.8423~115.8077E 28.2607~28.2701N 2.5 1
74 Wi HE 115.7921~115.8018E 28.3371~28.3548 N 3.11 1
75 23 HE 115.7226~115.7675E 28.3328~28.3544N 6.08 1
T, b
76 EER 115.8000~116.7333E 28.4167~29.7500N 2978 13

e
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Attached Tab.II List and density of macroinvertebrates of 76 lakes in Jiangxi Province

%Pl (ind./m?)

ES i Pfip EVIE
HE= =
ARSI R R Physa acuta 0.00 0.05
Shds Gyraulus albus 151 1.47
Ji 5 R Hippteus sp. 0.18 0.16
R 1) 152 Hippeutis umbilicalis 53.04 0.00
eI SR — Fol Gyraulus sp. 0.00 0.01
B NBJE—Fh Radix sp. 0.05 0.59
WHIE 2 42 Radix swinhoei 1.74 0.10
R MR Radix lagotis 0.56 0.18
7R HIE Bithynia fuchsiana 0.00 0.22
K2 Parafossarulus eximius 0.48 1.48
LU IZ: Parafossarulus striatulus 1.24 0.16
KAz Alocinma longicornis 0.68 0.31
KGR — A Semisulcospira sp. 0.11 0.00
TSR Semisulcospira ningpoensis 0.00 0.71
R IRAZ Melanoides tuberculata 0.00 0.05
i H A S — o Sinotaia sp. 17.95 14.14
ZLTE A IR Sinotaia purificata 4.62 7.58
AR A R Sinotaia aeruginosa 1.88 0.27
KR Rivularia elongata 0.44 0.00
RIKFER Limnoperna fortunei 0.01 1.44
AT Vi Anodonta woodiana 0.16 0.00
MEVAGTE:S Lamprotula caveata 0.02 0.05
KRR Lanceolaria glayana 0.00 0.05
TR i Schistodesmus spinosus 0.00 0.04
T U B —F Lanceolaria sp. 0.03 0.00
S ERFIE I Schistodesmus lampreyanus 0.03 0.00
T v e — Anodonta sp. 0.44 0.00
PR Je —Fol Cuneopsis sp. 0.04 0.00
[E3] T0 Bk e Unio douglasiae 0.12 0.37
F [ R Acuticosta chinensis 0.00 0.05
o [ K i Novaculina chinensis 0.04 0.00
VAT Corbicula fluminea 2.82 1.16
KAERE  &miEE—F Aphelochirus sp. 0.00 0.01
R Corixa substriata 8.40 0.86
B Fids Sphaerodema rusticca 0.00 0.01
T JE —Fh Sphaerodema sp. 0.99 0.10
i Ranatra chinensis 0.00 0.01
b — Fh Ephemera sp. 0.05 0.00
e R —Fh Potamanthidae sp. 0.00 0.15
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Baetis sp.

Caenis sp.
Psychomyiidae sp.
Ecnomus sp.
Leptocerus sp.
Trichoptera

Chlaenius sp.

Donacia sp.

Cybister japonicus
Dytiscidae Larvae
Dytiscidae sp.
Staphylinidae sp.
Caenagrion sp.
Anotogaster sieboldii
Libellula sp.
Libellulidae sp.
Calopteryx atratum
Aeshnidae sp.
Tipulidae sp.
Hybomitra sp.
Tabanidae sp.
Ceratopogouidae sp.
Ephydridae sp.
Polypedilum albicorne
Telmatopelopia sp.
Tanypus punctipennnis
Macropelopia sp.
Psectrocladius sp.
Glyptotendipus tokunagia
Glyptotendipes sp.
Polypedilum sp.
Propsilocerus akamusi
Procladius choreus
Chironomus kiiensis
Cricotopus sp.
Chironomius flaviplums
Cryptochironomus rostratus
Conchapelopia sp.
Cricotopus sylvestris
Lipiniella sp.
Clinotanypus sp.
Rheotanytarsus sp.
Propsilocerus sp.

Endochironomus sp.
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FEMRVIIYD T
il T —
IR AL

Z BE K
K| JE — A
T K

FE /KL

E Bk 2
SERLIZK 2215
7K 2215 J& —Fif
75 IR ]

Jre fig ) J&g — A
IE B
HE Al L
Skt ot &g — A

Y L RAT 22|
il £ g —Fh

Stempellinella sp.
Procladius sp.
Cryptotendipes sp.
Parachironomus arcuatus
Clinotanypus microtrichos
Ablabesmyia monilis
Microchironomus sp.
Chironomus sp.
Chironomidae pupa
Cryptochironomus sp.
Polypedilum nubifer
Tanytarsus sp.

Tanypus sp.

Cladopelma sp.
Orthocladius sp.
Chironomus sinicus
Chaoboridae sp.

Diptera

Gammaridae sp.
Procambarus clarkii
Eriocheir sinensis
Caridina sp.

Caridina denticulate sinensis
Macrobranchium niponensis
Palaemonidae sp.
Macrobrachium sp.
Palaemonetes sinensis
Nephtys oligobranchia
Tubificinae sp.
Monopylephorus limosus
Aulodrilus pluriseta
Aulodrilus sp.

Aulodrilus limnobius
Limnodrilus hoffmeisteri
Limnodrilus grandisetosus
Limnodrilus claparedeianus
Limnodrilus sp.
Branchiura sowerbyi
Branchiura sp.

Tubifex tubifex

Nais communis
Branchiodrilus sp.
Bothrioneurum vejdovskyanum

Nais sp.

0.00
15.21

0.11
0.64
0.51
6.83
75.48
0.17

0.90
3.34
54.63
0.71

0.04
0.03
1.32
0.00
0.07
0.02
0.00
0.07
0.30
0.09
0.20
0.00

0.11
0.00
0.25
0.88

43.20
11.28
42.14

15.88
0.11

0.14
0.22
0.27
0.00
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Dero digitata
Fridiricia sp.
Nematoda

Barbronia sp.

Glossiphonia sp.

Glossiphonidae sp.

Batracobdella sp.
Helobdella sp.
Erpobdella sp.
Erpobdellidae sp.
Whirmania sp.
Hirudo sp.

Trachelobdella sp.

0.03 0.00
0.63 0.00
0.01 0.00
0.27 0.00
0.86 0.42
0.00 1.81
0.04 0.00
0.60 0.00
0.30 0.04
0.13 0.05
0.07 0.00
0.03 0.00
1.05 0.00

BRI 7 A KA FR 2R B TE 5 ME S 1) 22 R TR

Attached Tab.III Diversity indicators of macroinvertebrates in shallow lakes of Jiangxi Province

Fisher 5% Shannon-Wiener $5%¢  Pielou $%5] 5%
s b MBS [X 35k
w5 €= w5 K w5 €=
1 ptat S 5] 0.941 — 1.164 — 0.458 —
2 R e 1.104 0.729 1.083 0.474 0.591 0.321
3 Nt ME 1.372 5.564 1.810 2414 0.873 0.798
4 J5 B ME 1.011 0.796 1.650 0.658 0.744 0.322
5 U] =] — 0.311 — 0.287 — 0.666
6 7 FE 0.657 0.715 0.855 0.837 0.588 0.577
7 AT FE 0.472 1.096 1.085 1.311 0.987 0.742
8 7 1L NC i 1.221 0.357 1.569 0.637 0.600 0.945
9 b FE 0.236 0.744 0.000 0.982 1.000 0.667
10 R FE 0.196 0.905 0.000 1.099 1.000 1.000
1 B 7 o=} 1.048 0.659 1.550 0.679 0.673 0.394
12 BRI o=} 3.777 1.452 2.237 0.764 0.493 0.239
13 1L =) 0.932 0.651 0.775 1.085 0.543 0.740
14 {34 Er 0.950 0.979 1.110 0.999 0.759 0.905
15 KI5 Er 4.140 1.002 2.075 0.843 0.664 0.774
16 PN b 2.040 0.864 0.749 1.177 0.176 0.464
17 T8 Er 1.442 1.871 1.271 1.760 0.357 0.831
18 M SR Er 1.617 1.576 1.500 1.099 0.641 1.000
19 B Er 0.353 1.542 0.690 1.683 0.997 0.769
20 B b 1.490 2.670 1.301 1.598 0.612 0.549
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0.479

2.947

2.191

1.414

1.464

1.445

2.555

0.903

1.199

1.191

0.719

1.265

2.534

3.454

2.816

1.465

2.723

1.852

0.837

2.080

0.355

0.437

0.458

0.348

0.126

1.337

1.020

1.203

0.337

0.490

0.142

0.692

0.585

0.450

0.881

1.205

0.856

1.917

0.457

1.057

1.399

1.554

2.020

1.132

0.319

1.145

0.603

0.639

1.549

0.222

1.428

1.323

3.725

1.008

1.826

0.605

1.066

0.437

0.333

0.781

0.392

0.938

0.897

0.296

0.505

0.746

0.463

0.332

0.363

0.392

0.505

0.553

0.861

1.988

1.548

1.248

1.141

1.516

1.436

0.889

1.541

0.894

0.478

1.427

1.904

2.091

1.782

1.167

0.288

1.797

1.267

1.319

0.955

0.469

0.802

0.715

0.000

1.755

1.197

1.703

0.562

0.956

0.000

1.277

0.955

0.600

1.386

1.576

0.829

1.627

0.287

1.037

1.256

1.230

1.931

1.210

0.000

1.349

0.980

0.693

1.645

0.000

1.310

0.831

0.935

0.785

0.957

0.861

1.061

0.790

0.175

0.966

0.693

1.151

1.206

0.662

1.011

1.016

0.251

0.594

0.978

0.693

1.011

0.815

0.789

0.609

0.523

0.581

0.447

0.650

0.601

0.608

0.667

0.489

0.537

0.694

0.839

0.736

0.849

0.803

0.167

0.603

0.710

0.249

0.867

0.533

0.743

0.681

1.000

0.643

0.662

0.686

0.877

0.867

1.000

0.897

0.650

0.608

0.800

0.806

0.458

0.727

0.666

0.940

0.877

0.489

0.862

0.559

1.000

0.771

0.888

1.000

0.864

1.000

0.463

0.383

0.283

0.438

0.217

0.591

0.413

0.735

0.397

0.438

1.000

0.452

0.477

0.969

0.917

0.552

0.321

0.604

0.886

1.000

0.917

0.565
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0.357

5.755

5.324

1.738

1.991

1.042

2.410

3.309

1.329

2.444

1.002

1.733

1.103

1.479

0.405

0.202

0.860

8.845

0.357

5.553

2.670

2.652

6.333

6.008

2.629

1.295

6.351

1.000

0.930

3.169

0.935

0.132

0.199

4.951

0.637

2.116

2.418

2.070

0.950

1.063

1.081

1.343

1.264

1.478

0.553

1.709

1.218

1.256

0.501

0.234

1.376

2.686

0.637

2.096

1.543

0.660

1.552

2.436

1.521

1.557

1.707

1.229

0.195

1.197

1.523

0.000

0.230

2.224

0.945

0.638

0.701

0.881

0.259

0.413

0.246

0.319

0.590

0.438

0.348

0.691

0.564

0.502

0.550

0.632

0.792

0.445

0.945

0.509

0.520

0.276

0.787

0.672

0.509

0.791

0.424

0.570

0.304

0.414

0.655

1.000

0.630

0.330






