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Fig. 1

Distribution of survey sites in the Tumen River basin
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Tab.1 Composition ies of aquatic and riparian plants in the Tumen River basin
T H s & Tif L/t REF
Item Family Genus Specics Proportion of species (%) Exemplify species
IKAERED) PHERL 6 28 19.58 7K B Schoenoplectus tabernaemontani (C. C. Gmelin) Palla
Aquatic Plants Cyperaceae 7R )7 BE ¥ Scirpus orientalis Ohwi
ARAF} 10 11 7.69 74 % Phragmites australis (Cav.) Trin. ex Steud
Poaceae ZRALEN S Glyceria triflora (Korsh.) Kom.
FEF} 7 8 5.59 JK FrOenanthe javanica (Blume) DC
Apiaceae # /7 Cicuta virosa L.
pap 6 8 5.59 F5H Artemisia selengensis Turcz. ex Bess.
Asteraceae M2 Eupatorium lindleyanum DC.
EHER 4 8 5.59 WP R Caltha palustris L.
Ranunculaceae E W Ranunculus japonicus Thunb.
HF} 3 8 5.59 HiH-2L Polygonum sieboldii Meisn.
Polygonaceae JKZE Polygonum hydropiper L.
A] A A R 34 84 16.47 X E i Saussurea japonica (Thunb.) DC.
Riparian Plants Asteraceae KBk Carduus nutans L.
R 17 35 6.86 % 22 0% 32 Potentilla centigrana Maxim.
Rosaceae Nkt Sanguisorba tenuifolia Fisch. ex Link
EER 9 34 6.67 T T8 33 Ranunculus chinensis Bunge
Ranunculaceae 7R 5 3k Aconitum liaotungense Nakai
2R 15 30 5.88 FARMEMelilotus officinalis (L.) Pall.
Fabaceae B K ER Trifolium lupinaster L.
ARAEL 18 22 431 FkMiscanthus sacchariflorus (Maximowicz) Hackel
Poaceae 955 5 Deyeuxia pyramidalis (Host) Veldkamp
T F 10 21 4.12 B2 H Angelica anomala Ave-Lall.
Apiaceae ZRALE A Frdegopodium alpestre Ledeb.
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Fig.2 Amount of river species in the Tumen River basin
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Fig. 3 a diversity index of aquatic plants and riparian belt plants in the Tumen River basin
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Tab. 2 Environmental factors of each river in the Tumen River basin

Factor BE GY HC HQ MJ ™ TZ
WT (C) 19.603+2.950 14.729+4.616 9.378+2.439 20.845+4.043 7.067+2.953 9.987+1.141 14.251+3.451 12.972+4.175
EC (uS/cm) 138,425+ 118.671x 56.628+ 152,974+ 75,404 50,4672 127.264+ 112,500+
73.926 81.431 20.908 88.781 5.998 4.655 42.657 63.883
DO (mg/L)  8856+0.511 9.737+1.125 7.281+0.933  8.994+0.630 11.163+0.717 5.859+1.047 9.521+1.316  9.854+1268
pH 7.611£0.361  7.899+0.505 7.447+0.281  8.040+0.493  7.165+0.231 7.011+0.237 8.758+10.412 7.469+0.291
TSS (mg/L)  57.397+81.178 24.000+28.624 12.128+27.903 64.369+135.109 15.500+14.805 2.033+0.896 45.976+38.973 18.532+31.784
AN (mg/L)  0.3750.535 0.203+0.105 0.180+£0.139  0.207+0.242  0.344+0.079 0.122+0.037 0.219+0.130  0.208+0.245
NN (mg/L)  0.966+0.478" 0.435+0.286° 0.209+0.175° 1.098+1.026" 1.045+0.674" 0.258+0.123" 0.637+0.444" 0.744+0.541°
PO (mgly 012720176 0.078£0.056 007080062 0.138:0209 0.036:0.019 0.055:0.023 0.105:0.043  0.065£0.057

CODy,, (mg/L) 2.391+1.103° 5.263+2.129" 3.563+1.317° 1.912+1.077" 3.364+1.228" 2.091+0.578° 2.781+1.179° 1.852+1.092"

TN (mg/L)  3.610£2.226" 1.430+1.023" 1.042+1.034" 3.484+2.074" 3.406+0.632° 2.324+1.453° 2.081+0.999° 2.5530.778"
TP (mg/L) 0.063+0.059° 0.029+0.018° 0.017+0.012° 0.064+0.069° 0.016+0.006" 0.015+0.005° 0.020+0.013° 0.015+0.010°
Chla (ug/L)  0.004£0.005 0.004+0.005 0.003+0.004  0.004+0.006  0.003+0.002 0.002+£0.002 0.012+0.012  0.005+0.005
Sal (m’) 0.074+0.037  0.069+0.048  0.030+0.011  0.079+0.040  0.036+0.006 0.031+0.003 0.059+0.021  0.053+0.030
SDD (m) 2254029  2.43+0.16  2.5240.20 2.26+0.46 248+0.11  2.70£0.06  2.31+0.21 2.48+0.21
RW (m’) 25781 23.041% 43.393% 17.932+ 10.349+ 15856 108.952+ 6.915%
i 38.885 22.725 48.509 20.502 8.051 11.433 118.317" 4.681
CSA (m’) 0.000+ 8736+ 21,009+ 0.000+ 3.695+ 2.847+ 102.876+ 1.049+
. 0.000° 16.699 29335 3.963° 2.281° 157.140° 1.128°
Q (m’/s) 10.932422.123 5.558+12.905 11.310£19.253 9.770+17.497  2.600+3.769 0.879+1.014 34.511+48.603 0.526+0.791
AV (m/s) 1.04642.619  0.525+0.225 0.459+0.299  0.738+0.407  0.569+0.212 0.264+0.183 0.486+0.271  0.482:+0.246
AWD (m) 0.363£0.254 0.459+1.098 0.342+0.188  0.378+0.277  0.295+0.120 0.187+0.070 0.594+0.416  0.164+0.203
RA (m’) 11.786+23.294 43.107+60.448 4.041£8.271  9.653+17.258 3.144+3.776 2.957+4.382 19.746+20.403 0.747+1.000
PA (m’) 1.736+8.787 30.766+41.340 10.595+23.631 0.64142.146  0.540+0.744 7.697+5.119 78.095+140.518 1.334+3.800

T RS A B _E AR RS AL IR 2 7t 58 2 (P<0.05); T [+

Note: Different superscript letters in the same row indicate significant differences (P<0.05); the same applies below
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THE RESPONSE PATTERN OF AQUATIC PLANT AND RIPARIAN PLANT
DIVERSITY TO EUTROPHICATION IN THE TUMEN RIVER BASIN

ZHANG Yu, LI Chun-Cheng, WANG Zi-Juan, ZHANG Jing-Yi, YIN Xu-Wang and LI Xiao-Li

(Northern Key Laboratory of Mariculture, Ministry of Agriculture and Rural Affairs, Dalian Ocean University,
Dalian 116023, China)

Abstract: To investigate the impact of eutrophication on aquatic and riparian plants in the Tumen River Basin, 354
sampling sites were established from 2020 to 2023 for systematic vegetation surveys and biodiversity analysis. A total
of 143 aquatic plant species (including 17 invasive species) and 510 riparian species (including 8 invasive) were docu-
mented, along with 5 Class II nationally protected plants. Based on the Trophic Level Index (TLI), eutrophication
severity was ranked as follows: Burhatong River (65.8) >Gaya River (59.7) >Tumen River mainstem (54.4) >Hailan
River (54.5) >tributaries (28.4). Diversity indices responded nonlinearly to eutrophication: Shannon and Simpson
indices followed unimodal patterns, while Margalef richness and the Cody index declined significantly (P<0.05).
Notably, the contribution of species turnover to f diversity increased from 32% to 58%. These findings provide valu-
able theoretical insights for the conservation and sustainable utilization of aquatic-riparian plant resources, as well as
for invasive species management in the Tumen River basin.

Key words: Water plants; Riparian plants; o diversity; 8 diversity; Eutrophication of rivers; The Tumen River
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