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Abstract The submerged macrophyte Ottelia acuminata is a rare plant native to China that preferentially inhabits
lakes and streams with clear water. It used to be widely distributed in Erhai Lake before its population declined
gradually and disappeared during the late 1990s due to heavy harvesting by the local people for consumption
and the deterioration of water quality. The local government launched projects to improve water quality and
help restore aquatic vegetation (including O. acuminata) in the lake in 2017, after which the O. acuminata
population was rehabilitated and recovered gradually. To determine the distribution status of O. acuminata after
restoration, we conducted a field survey in Erhai Lake in 2021. The distribution of O. acuminata in Erhai Lake
and the biomass allocation of its roots, stems, and leaves at different water depths were investigated to explore
the mechanisms of plant adaptation to water depths. The results showed that O. acuminata was predominantly
distributed in the southern and western littoral areas with water depths < 3 m and that many populations
comprising healthy and reproductive plants, with a total area of ca. 9.2 x 10* m?, have been established in
the lake. Its physiological characteristics and other indicators changed with changes in water depth, and its
biomass, leaf number, and leaf area per plant, among others, reached a maximum at a water depth of 1-2 m.
Therefore, at present, the O. acuminata population has recovered well, and a water depth of 1-2 m is the most
suitable for the growth of O. acuminata when considering a water quality of II-Il.
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Fig. 1 Schematic diagram of the study area and investigated sites.
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Table 1 Water environmental factors in the whole Erhai Lake
and the concentrated distribution area of Ottelia acuminata in
September 2021

BSALE X
Concentration area of
O. acuminata

HEER T
Environmental factor

ST
Average

WL/m 1965.28 £ 0.11 =
TI(°) 23.96 + 1.21 23.67 £ 1.30
DO/mg L 7.22 +1.89 6.75+ 1.88
SAL/%o 0.16 + 0.01 0.16 £ 0.02
pH 8.58 £ 0.28 8.50 + 0.20
SD/m 1.54 +0.44 1.54 +0.34
NO,-N/mg L 0.13 £ 0.04 0.10 £ 0.03
NH,"-N/mg L™ 0.03 +0.03 0.02 + 0.01
PO, /mg L’ 0.01 £0.01 0.01 £ 0.01
TN/mg L 0.62+0.14 0.55+0.12
DTN/mg L 0.43 £0.08 0.39 £ 0.04
TP/mg L 0.06 + 0.02 0.05  0.01
DTP/mg L 0.02 +0.01 0.02 +0.01
Chla/ug L" 45.03 + 44.93 39.45  25.14

WL: /KA T: iR DO: ¥ fi#%; SAL: h%; pH: BT SD: FEIE;
NOy-N: &% NH,-N: &% PO, IEBFER#h: TN: S%; DTN: ¥
% TP: S DTP: MR IESRE: Chla: M4 3%Ka: —: L.
WL: Water level; T: Temperature; DO: Dissolved oxygen; SAL: Salinity;
pH: Hydrogen ion concentration; SD: Transparency; NO;-N: Nitrate
nitrogen; NH,"-N: Ammonia nitrogen; PO,"; Orthophosphate; TN: Total
nitrogen; DTN: Dissolved total nitrogen; TP: Total phosphorous; DTP:
Dissolved total phosphate; Chl a: Chlorophyll a; —: No data.
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Table 2 Distribution of Ottelia acuminata

ge MR BKRE CHSRE BB @
Number Minimum Maximum Average Are% Coverage

depth (6/m) depth (6/m) depth (6/m) (A/m°)  (P/%)

1 1.1 2.4 1.8 600 10
2 1.5 2.7 21 500 5
S 1.0 2.0 1.5 3000 10
4 1.0 1.9 1.5 5000 5
5) 1.8 2.5 2.3 1000 80
6 1.5 1.8 1.7 5000 80
7 1.3 2.0 1.7 3000 30
8 1.0 2.0 1.5 500 20
) 141 2.0 1.6 4000 30
10 1.5 2.0 1.8 200 30
1 1.0 2.5 1.8 200 50
12 0.7 3.0 2.0 4500 80
13 0.6 2.5 1.8 2500 20
14 1.0 3.0 2.0 7000 40
15 1.0 3.0 2.0 2500 20
16 1.0 3.2 21 14000 60
17 2.0 2.5 23 5) 100
18 0.9 2.9 1.9 2000 5
19 1.0 1.2 1.6 5 100
20 0.8 0.9 1.7 5 100
21 1.0 2.5 1.8 50 100
22 0.9 3.0 2.0 1000 5
23 0.8 3.2 2.0 10000 80
24 1.0 2.5 1.8 2000 80
25 0.5 2.6 1.6 6000 70
26 0.8 2.7 1.8 1000 60
27 0.9 2.6 1.8 1500 80
28 0.9 2.5 1.8 300 60
29 0.6 2.6 1.8 500 70
30 0.7 3.0 2.0 200 90
Sl 1.0 25 1.8 1000 5
32 0.5 2.8 1.7 7000 40
33 1.3 21 1.9 300 50
34 1.2 2.8 2.6 100 50
35 11 2.6 1.9 2000 20
36 1.0 2.5 1.8 4000 40
37 1.8 27 2.6 200 30
38 1.8 2.4 2.3 10 100

I3 BB
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I3 E F
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F
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Fig. 2 Water depth of Ottelia acuminata distribution.
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Fig. 3 Changes in biomass and height of organs of Ottelia acuminata under different water depths (WD). The same lowercase letters
indicate no significant difference between different treatments (P > 0.05), while different lowercase letters indicate significant differences among

different treatments (P < 0.05). The same as below.
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Fig. 4 Variation in the leaf traits of Ottelia acuminata under different water depths.
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Fig. 5 Changes of Chl a contents in Ottelia acuminata under different water depths.
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Fig. 6 Correlation analysis between water quality and the traits of Ottelia acuminata. The abbreviations in this figure refer to Table 1.
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