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Abstract:In order to understand the impact of human disturbance on aquatic plant diversity of freshwarer
lake ccosystems. a comparative study was carried out to examine the aquatic plant diversity of Hatkou.
Taibai and Wushan Lake in Hubci Provinee ol China that experienced different disturbance intensity. Tte
changes of the diversity in the three lakes over ahout the past 20 years and the mechanisms of species V-
lisneriq deseservulata for adapting to frequent human disturbance in Lake Taibai were also investigated in
this paper. At the samec time the suggestions of restoring the aguatic plant diversity and the degraded

aquatic ecosystem of Lake Wushan were proposed. The main results are given as follows;
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(1) 37+ 3¢ and 11 aynatic plant specics were recorcded i 1999 ~ 2000 in Lake Haikou. Taibal and
Wushan. respectively. However. compared with the data obtained in early 1980's, | species disappeared
from [.ake Haikou. while ¥ and 28 species disappeared from Lake Taibal and Wushan. respectivedy.,

(23 11 and & aquatic plant assoclations were identificd in T.ake Haikou and Taibal, respectively.
whereas no assoclations were found in Lake Wushan. Aquatic vegetation coverage ol Hatkous Taibai and
Wushan lake were 96. 184« 76. 17% and 034, respectively and their respective biomass (fresh weigar)
were 2896g/m’. 177g/m and Og/m?, and it decreased 12. 1%, 88. 3% + 10NY respectivelv aver abaut the
pust 20 years. The [lourishing aquatic vepgetation of Wushan [Lake during the beginning of the 86's had
wholly disappeared.

(3) Of the all associations. Trupu incisa + Frapa bispinaosa Ass. in Lake Hauikou had the greatest di
versity indices. measurcd by Simposn Index and Shannon-Wiener Index, Vallisneria denseserrulata Ass. .
Potamogeton crispus Ass. and Trapa tncisa + Trapa bispinosa Ass. in Lake Hatkou had much higher di-
versity tndices than those mn Lake Taibal.

The resulis indicated that the increasing order of aquatic plant diversity of the three lakes 1~ Like
Haitkou > Taibal > Wushan at present. and aquatic plant diversity in the three lakes was negatively relat-
ed with the human disturbance intensiry.

Key words :aquatic plant; diversity; human disturbance; Haikou l.ake; Taibai l.ake ; Wushan Lake
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Table 1 Natural conditions of Haikou. Taibai and Wushan in Hubei Province of China

¥ L1 88 Hatkou Lake 118 Tabar Lake A B Woshan Lake

Mo S AR PR Geographical N30°02'01, 88"~-03755. 087 N29°56'01. 62"~ 30700 56. 707 N209°h3714. 42" 58" 32. 617
coordinate Ei115°12°31. 96"~ 16"20. 68" E115°46'03. 76"-00 28, B Ei115°33 78 63"--36"11. 87"
A A EA (km?) 7.0 23, 1 15. 1
Y ACHE (m) 1. 32 2. K0 2.1
FHSRE. #EEEA

B 17.0, 40.3, -11.0 16. 5, 39.5. —16.0 16.8, 3Y. 8, —13.8
BRESE (OO
F 1 FRE KR (mmy) 1407 1272, 5 11706
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Fig. 1  Sketches of transects and spots {or collecting in Lake Haikou, Tatbar and Wushan( 1498 -- 200)
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Table 2 'The aquatic chemistry futures of I.ake Hajikou, Taibai and Wushan

in Hubei Province of China{(ct, 6—58. 190%)

Wi & . TR o3 NH; COD S H.Si(3, NO; N, P();i-
Lake {m) P (us‘tm)  (mg/L)Y  (mg/L)  (mg/l.) (mg/LY (mgsL) (mgsL) {mg’L)}
BOW e 43 186. 3 0. 068 3.09 30. 71 2. 25 6. 77 C. G016 O DG
Haikou
AH .42 f. 4 X4, 5 210 8. 32 11. 14 .17 12,10 0, 0711 fo 1603
Taiba
E?””m 0.28  B.B 131. 7 0. 3172 17. 71 57. 25 0. 93 16. 33 0. 0730 o142
“llhhﬁﬂ
e P =¥ i1 HCO Cat DA K" Na~ BEIN A TP
Lake {mg/1.) (mg/L) (mg/L> {mg/[.} (mg/L) {mg/L) (mg/1.) (mg 1) (g 1.}
BUM o 0 e20 2362 13. 16 12. 66 30. 16 1. 93 18. 74 0, 87 0. 012
Haikou
AU 5 50 59y 1714 17. 23 7.08 5. 21 2. 82 B. 53 1. 87 0. 103
Taiba
Sy 70 as, s 18. 75 13.13 29. 83 3. 37 21, §1 6. 11 0. 386
Wushan
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Table 3 Comparison of species diversity of aguatic plants in Haikou. Taibai and Wushan Lake

B 2 Species name

T Al

H
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K1 #&
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Fp 2 Species name

1 X BEH Ceratoptendaceae
H & KB Ceoratopters plert

ides
2 EH Marsileaceae
3 Marstlea quadrifolia
3 M 3EF Salviniaccae
B0t E Salvinia natans
| W iL{L# Azollaceae
RILEL Azolla 1mbricata

3 ¥ ¥l Polygonaceae
MEF Polvgonum caespiin-

sien
M3 P. hvdropiper
WEE P ominus

BWE P laparhifolum
2L P oanentale
HRE L pleherum

T ¥ Rumea Japomcus
th R R. Dentatus

KURBE R maririmus

£ W Amaranihacecae
&7 B Alternunthera sessilis
HEMX TR A philoreraides
. Bk X B Nvmphaeaceae
X Nelumbe nuciferu
B Furvale frrox
& ¢t WEL Ceratophyllaccae

2 BB Cerataphyilum demer-

Surnt
9 EH F Ranunculaceas
[A] ] 7% Ranunculus chinensis
AR R sceleratus
BT ERE R seboldi
10 + £ # Cruciferae
FE KT Cardumine hirsuta

KEHB¥EFEC Terat
T H#FE Rorippa rantoniensts

HEHATR R glivbosa

11 §# Leguminosae

24 Aeschynomene indica

12 4 Gt § Callitrichaceae
K S Callitriche stagnalis
13 % &} Trapaceac
WAE Trapa Hipinosa
BT ¥ 1. incisu

TR T marimowiczif

14 M FF Onagraceac
EB B Jussiwea suffruticosa
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AT I Utriculuria anrsa

Mo R 7. miner

22 &40 £l Campanulacese

K1 Lobelia chinensts
24 B #H Compositae

M 5 Eclipta prostratu
28 & # Tvphaceae

Aok Tephu angwsti fulic
26 R T ¥ E Motamoger

OHACEac,
B & Potamngeton crispus

MR -3 I°. disrorctus
PR 73 P, malaranaus
27 ¥ ®EL Najadeeac
K E Najus maring
DM N. minor
28 AR Allsmataccae
B Sugittaria trifolia
K 8. i1 folia var.
fempiloba

BRI S. pvgmuru

20 K K # Hvdrocharitaceae
MW Hvdrilla verticllatu
B X Vallisnerta natans
Wik & B V., demseserrulatu
WS V. spraviosa
¥ Hvdrocharrs dubiu

30 A& F Grarmineac

P Zicama lati folia

P E Phragmites communs
I Miscanthus sacchariflorus
& T Phulurs arundinaced
B8 Beckmannia syzigachne
&R Alopecurns uequalis

HEEREZER A Japonicus
B Lohmmochloa crusgalli
PR B, crusgallr var,
reln VeSS

HABF K colonum
WHER Pacpalum
distichurai

31 #F 8 Bl Cyperaceae
B =8 Scir pus yagara
W E S, trigueter
KBS, tubernaemontuam
KEES. miangulatus
- F 1 Erleochur: vokoscen-

SN

2B F. tuberosa
EREX K pellucida
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T ES e F:'mbrucyh::i

ff & Species name

1% s — fit: & ¥4 Haloragidaceae . W - ¢ -
hookeriana
WAL R . Myriophvlium spi- S : P . LS B S F. henry W N |
fadlurn
R JLEMR M. verticillatum > 1 — '}tﬁ* &ﬂ.f{y!hngd W 1 1 +
brevi falia ¥, letoleprs
16 B # Umbelliferae SRIELE Cvperus difforms W | ]
lﬁﬁﬁl Hydrocotyle sibthorpi- W B N 4 K L rrra W . n
grdes
KA Oenanthe javanica E Z | - WHE TR Carey minwta W [ $ "
HMHF O, leprophyil E - — MMFEER O, wwuseruals W | | -
FRAHE KT O. sinensis E I + — 32 F#H lLemnaccac
17 R F 5} Primulaceae S Lermna nunor F } 3 2
HER X Lysimuchiz candida W 1 + BT Spirodela polyrhiza F 8| 1 2
HBIEX .. parvifolia W 2 + — T A8 8 Wolffia arrhiza It | 1 2
18 B 8B Gentianaceae 33 P A & & Commelinaceae
I & Nymphoides peltatum Fl 1 —- -t K ITH Murdunma triquetra W I 1" +
15 BE#E ¥} Convolvulaceae 31 i A {EH® DPontedernaceae
EE Tpomoea equalica E 1 1* 1 WA Mti.m”rhﬂrm E 1° 1" -
karsakowii
20 % £ 8l Scrophulaniaceae FEE M. vaginalis E 2 2 ]
K& Veronica undulato W 1 ] b oo RLER T Fichhornia crassipes F l 1 1
OB Lymnophila sessififlora E 1" 1* — 39 4TEEE Juncaceae
21 3Bk H Pedaliaceae $1.00 B Suncus of fuses W z 1 + -
22 Trapellu sinensis Fl t — FPeT . BL T, setchuensis W Z° -

22 M WH Lenttbulariaceae

E. XK emergent F.BEZ floaung FlL. FH B4 floating-leaved  S:{LAK submerged W84 wetland-hiving 5.9
% £ extra-abundant  4; % abundant 3.3 # commoen 2.8/ few  1: occasional  + {2 rare -- X 4T n-
existent » BINX A& .BESMEMSEF TR /DKEAS T inexistent 1 the luke bt can be found at little water-hodics

near 1o it

=0.5621), KAMAKAEHBEINEEOWMER AABEEEETERE 7617 BEHLHBENE 177 g/
mLEPHALR T 6 BRHNFFALSBNEE (S EPEHELN 731500 EE S EHA HEH A
M2+ N RZROMSBOMELE . KM s THEARVIANEDBRESOBHEGE. 55
% 198+ 106g/m" 1140+ 297g/m* H 493+ 191g/m? (M A O B 89 4 B 7 2584 1 388g/m’, 2085 = 872g/m°
fil 2285+ 382g/m,) . Hilt SHAMHEYMEXIE 2 HGFUBMM SR 7,511 B0 A& BREMEERE
HERBOPMEBAE D). LUEMAKEHEEEZE2HR M AKFRD, TEA G M BFE 2R
R FHEMERL YRR g/m?., RYEE BETHEMEEESERENBT . &% 08 > K g w200 W
(% 4),

O3 EMAKAMAKEHBENRATER NFXELUMBES R UMBEHRPERCR.& 5 3 #KE
MY THENBRTTE . E 200 ¥ZHEEAHNBEER N> ROM>BOE S  EHEELNT
EREEOEAARE KR BOMEEEZ I AEL KABUAREYER . THIEFR. &O08 2
HRER . S X A BEAHFRF IRKCEHEYNE MA LB OHALEGRE S Y. 0B, M0
HF¥. cEaX RENEE. 9F .2 K% 29 #b,

WUMSKOMAIHESGELE 2, NEZT RS UMBMANARATRRKER LA EX . X EZ
MHABRRA>RERITEEFGHNGER(EEEFEEHR . FRAHRTERFARNERERSEEY
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Table 4 Comparison of community diversity of aquatic plants in Haikoun. Taibai and Wushan Lake (2000

B O #®) Haiko Lake K T1¥ Taibal Lake Fo
MR A 15t t A f E A I B [.ak
BMAXE S5QCIATION type . I’ B b y 1k e
(k) (MY {(g/m®) (km?) (}) (g/m?) - Wushan

VO BEM Phragnutes com-

miunes Ass.

2 Lk BE A\ Miscanthus succhari-

—

- - - — 0. 0020 0.008 7119 0.5222 1.4024 -~

. — — - — 000010 0.004 7722 0.4806 1. 3383
florus Ass.

3 OBE Y Zicanma lanfolia
\ 0.1364 2,220  8FRT 0Q.3749 1. 2240 — — — —
NK,

AH-BZBN Zizama latifo-
0.1365 1.950 3767 0.6285 1.0161 - _ _ _ .

lia-Trapa incisa Ass,
5 0% N OB M Spirodela
pofvrhica Ass,

AR+ BB Trapa neisa
1. 0878 15.541 2285 0.7047

— — - — 0. 0879 0.330 286 0.1466 0. 4718

[

L0063 0.1004 0.400 483 (0. 2214 O. 48K5
+ Trapa Lispinosa Ass.

THZ-BUILEERA Tra
put tncesd- Myriaphyllum spr- 0. 4369 6,211 3418 0. 4277 1. 1984 — - — —

cattem Ass.
AW EEH M Trapa
rnctsa Vallisneria denseser- 004214 6. 020 1843 . A813 1. 5260 - -— — — -

riedata Ass-

C M- OB M Nvymphaotdes
0, 0010 0. 014 1785 O, 4628 D. 9364
peltatum Ass.

10 & § § A Potamogeéton
1. 3806 22,580 2492 0. 2960 0. 7968 G. 5673 2.260 1140 0. 2569 G, 3495

craspus Ass.-

NET - BERERTHA
Trupa incisa + Myrisphyd- 0, 7070 10. 100 2443 0.4706 1. 1072 — — — —

lum spioafum Ass.

12 8 - & & H BF A

Patamugreton
(0, 3192 4.560 2492 0.6037 1.5760 — -- - - i
crispus-Vallisneria

denseserrulata Ass.

I3 MENXERTE L Myrie

0.5033 7.180 2707  0.3259 0.7968 - --- - - —

=]

phvllum spicatum Ass,
L BRELER-FESHEER

M Murrophyllum  apica- '
0.1204 1.720 2384 0. {061 1.00L2  — — — —

rum Vallisneria  denseser-

rielata Ass.

15 KB EEA Najas murina
\ 0. 3869
R5.

16 & of B & B A\ hdnlla
0. 3283 4.650 3133 0. 1820 0. 02621 — —. - i}

on

L9527 7338 003667 0. 9561 — — — —

verticilfalu Ass.

17 i3 8L BE W Vallisneria
0. 43231 133308 3018 0. 3062 1.0646 18.36 73,15 198 0. 0863 0. 2261

denseserrulata Ass.

A: D 4BEE Area P HApAET B8N K THEERN A 5 H Percentage of the area with vegetation distributing  £. 4§
i i sh weight 2. Simposn % ¥ Simposin Index  #/: Shannon-Wiener 45 ¥ Shannon- Wiener Index
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Table 5 The situation of decrease on aquatic plant diversity in Haikou.

Taibai and Wushan Lake over about the last 20 years

R R (R HEMBHFEMAEDRRCT) TR AT ET R
B iH & B Lake name Number of species Number of associatnon {478 Rate of average bromass
)  chisappeared _ type disappeared per m” decreasing (4 )
% O #8 Hakou Lake ] 1 171
ABE1# Taiba lLake 3 5 k3. 3
AU Wushan Lake 29 f 100

M2 #MsSKamAKERBE999--2000)

Fig. 2 Sketches of aguatic vegetatiomn Haikou and Taihar Lake
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BABFASHERCRESOMEEATRAUMA & oL e
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xad. 3P kerH RS RRY: B A Month

(TNOFIEB (TP S B VB OM < KB M0 M

(R XHGAHARTEREENES XG4 HE M3 E NS MR B b H A (2000)
T HEAB KRR RIS RV B A B A Fig. 3 Monthly dynamics of biomass of Vallisnerta
BB R B B HE A P79 B B KRR denseserrulats in Haikou and Tabia Lake
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HFLUERED AN OB BESFBENRSUEL) . B KEHERMK MKy LEHRITHSE
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LM EEEM AR EUHE LR . BALUNRH N SEAERSEEE I# K08 >R

LB R HRREE M S RAM. MBS UBEL SERA HEABMNAIHE -SHAE



11 3 BAMF - HEERU KAMSRKLMAEEY EFEEO R 1823

H/M oM KA ZFAENS 2 THHK.

I 20a B OB LRI R E BT KK RSN IR oMM 20 BT S R ERAR
FoROMAMMRTFERAE PEALEUHA MALMNESNERETETFAF N FALULE S
A, A3 MK BB AT EHEEY R TR © 12, 1% .88 3%,100% (% 5),

AEIIAMBERNTRHYRAMEZBREHAF EHAREES X AT HMRH BE2TPEEEED
MIAMXEZ — EKERDWAAE. AR B AR BEAKE SRS O W RERIFR
.Y —Haia e A A K ERSER THRES EARKEEREMELET . A 2 a7
KAKEZEWABERLR UM - KERYEEEEZEEER. ANTHHMHEZSHEZRE S, A11E.8
FOOsRAGEFATELZTHERAE N MAKEHYEFERAMRANESERE LN FREARE . EF
BLOEN . AN AL EN YRR RS . EH NI EE RN AN SR LER
AMERTEKFHEYEFARDN THRACENERR, A THFAVNTHELRE DA THREERAENR
FEiaF BN OB FRRAUNERE AP EHENKERDHBE VA TFTREBSEAEHBERER —F KN
b R A RARFREHEEE R B KR SR,

o BOM. XBIAS5RUMAFBZAATHRRR

Table 6 Human disturbance on Halkou. Taibai and Wushan Lake
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. 1099 FALE 5 ik 1999 FREWK R KR
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tving out pulluted Fertilizer input 1n 1899  Stocking rate in 1999 Situation of destroving
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water 1o the lake (10°kg/ km?) (10"kg/km?) aguatc plants
# 0% Haikou Lake Lo 0 BEM O 1L EERTEL 26 WAEBEEE
KM Toibar Leke 07 RIS 76 M0 176 FEEH 6 KEEEEN
7
UM Wushan Lake 8 103 Red o pEfRfET. 12 HHEHENR
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W B (Vallisneria denseserrulata) WK Y. B T K EF (Hydrochariaceae ) R K iLF ¥ 8 T
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