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Tab. 1 Floristic composition of aquatic plants in Hainan Tropical Rainforest National Park
Kb _ Al Family _ J& Genus _ i Species
Plant group HEA GR%  BEA m% B4 dib%
Number Percentage Number Percentage Number Percentage

BRIEAHY) Ferns 17 17.89 28 10.98 36 7.69
I

BT Monocotyledon 24 25.26 98 38.43 201 42.95

Angi T HAE

netosperm PR 54 56.84 129 50.59 231 4936
Dicotyledon

&1t Total 95 100.00 255 100.00 468 100.00

22 B BARYFE

221 Aegaa RS EHN S AR B AR
geit 2l 95 MR 6 MEG (R 2) . & 2 1]
L5 10 MR UL BB RS BRI 10.53%,
HEITTHR T 57.48% W9 W) Rl , I H & AR AR
(Poaceae) . PH 5 F}(Cyperaceae) . %57F} (Asteraceae)
FIZEL (Polygonaceae ) A A 3 1Y R AL A 4ss A AL

Bl & 9 MR R LUT R SRR 89.47%, H)
1A 42.52% IR . SR PRl 2 R
3, BRI R G A A R, B Al
T AR T B SEL, 02 BR A
BRI BRI SRR R . [RIRS R T AR
FRRFFISE AR 2 A FE K AE AR 324
BB AT o

®2 EERERREZRAEKEEDROSRSGIT

Tab.2 Level statistics on families of aquatic plants in Hainan Tropical Rainforest National Park

Al Family J& Genus F Species
i Level BRA e B H%  BdeAS %
Number Percentage Number Percentage Number Percentage

BARIARL(1F) Monotypic family (1 species) 43 4526 43 16.86 43 9.19
/B2 ~ 4%) Small family (2—4 species) 32 33.68 53 20.78 88 18.80
H/IR(S ~ 9F) Medium-small family (5-9 species) 10 10.53 32 12.55 68 14.53
FFRL(10 ~ 19%) Medium family (10—19 species) 6 631 42 16.47 77 16.45
BRPBH20 ~ 39Fh) Greater family (20—39 species) 2 2.11 30 11.77 55 11.75
KB =40Fh) Large family (=40 species) 2 2.11 55 21.57 137 29.28
11 Total 95 100.00 255 100.00 468 100.00

222 Bty MRS E AL ARGt
FHY 255 @Al 4 4 NEH (R 3) . HER 3 ATH,
TEIR R b, WFh o AT AR AR 2] o DIYS R
J& (Cyperus) . 22J& (Persicaria) . 2 J& (Carex)
LR (Lindernia) AR KB AR SE
B 5.49%, EIELE T 25.00% RN, T RN E F1
NJE 5 SR B 94.51%, [BALTTHK 75.00% [
il R AR AN E . X S5 R R T
HN UK AR AR ) R 2 8O Rl B vh T A By 2R R
JG, [FE, 8 A SR FISE RN R A A e
AP K AR AT B R R o A

23 AKE AFRRKEESRKRE HEHYEK

TR A P U038 0 R A IR BT S 454, A=
T AU S L 1R R T A A Y 3 1 T R Y,
KA AR SRR AR L T R 5Ky s 2
] PR 4R O R 1200 TR T 25 ST (A )
A KA 5T AL AR R B 468 Tk A= A 4 i3k
177 RGN 55, I it — 242 LR T 2 RN K A7 3
FROERE LI A TOK | EETE L TR KRR A=
SPKAEAESHRI(EK ),

MA YA KA N R, FARRY) &
A X PL s, e 426 B, A S FRER 91.03%, H LIAH
KRN 3 RAKEYFI A 2D, 2 42 B, AL
SRR 8.97%, HUWEA S E(E 1, Bl 2),
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Tab. 3 Level statistics on genera of aquatic plants in Hainan Tropical Rainforest National Park

J& Genus Ff Species
25 Level o =
B/ Number (7 b/% Percentage %W/~ Number 7 lt/% Percentage
BN (1) Monotypic genus (1 species) 174 68.24 174 37.18
/NE (2 ~ 4Fh) Small genus (2—4 species) 67 26.27 177 37.82
HHJE (5 ~ 9F) Medium genus (5—9 species) 10 3.92 58 12.39
KJE(=10) Large genus (=10 species) 4 1.57 59 12.61
41 Total 255 100.00 468 100.00

F4 BEAERRERAEKEEYERE, EFRBRKEESRSGI
Tab. 4 Statistics of aquatic plants by growth form, life form, and hydro-ecotype in Hainan Tropical Rainforest National Park

KA A= 25257 Hydro-ecotype

K e sy PO E% AT R

Plant type Growth form  Life form Species  Perce YFKIEE )Ff % B Floating- Free- VK
Y number  ntage Helophytic Emergent leaved floating Submerged
plant plant plant
plant plant
h=g’s
EF'.TF* i 2 0.43 2
Medium tree  Evergreen
AINFRA Wl
Small tree Evergreen 4 0.85 4
INFRAR ot
Small tree Deciduous ! 0.21 !
N ﬂ%g‘
KR Ak ; 1.49 ;
Large shrub Evergreen
N N
SHEA % t 5 1.07 5
Large shrub Deciduous
KAL) : o
Woody plant ) wR 4 0.86 4
ooy P Medium shrub ~ Evergreen ’
HEAR ot
Medium shrub  Deciduous 8 L7 6 2
HE/INHEAR i
Small and E 2 043 2
dwarf shrub vetgreen
MEFEAR
A gii 8 1.71 8
Subshrub Perennial
R ITREA W . 021 .
Woody liana  Evergreen ’
/Nt Subtotal 42 8.97 40 2 0 0 0
A —AFEAE
Herbaceous vine  Annual 2 0.43 2
LT A LA
. . 6 1.28 6
Herbaceous vine  Perennial
REL — A
BARHEY) Grass Amual 0 04 23 !
Herb L
erb plant A= FHEE 44 8
Grass Perennial
Jue P .
Forb Annual 143 30.56 107 31 1 4
ZRH *+
KR ZH4 193 4124 145 35 5 4 4
Forb Perennial
/Nt Subtotal 426  91.03 327 81 6 4 8

AT Total 468 100.00 367 83 6 4 8
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m AR (4270, 8.97%)
Woody plant (42 species, 8.97%)

B EAAEY) (426Fh, 91.03% )
Herb plant (426 species, 91.03%)

1 RAMEREYHELE SILE
Fig.1 Proportions of woody and herbaceous plant
species
A TG BRI B b7, KA LU 2 32,
YRR FMZ AR AR A LA 32, Hak
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IR R SR (G i ARA | — 4R HAS)
R I ARV, 3 R DR B 1 R 1Y B Al R R
NREZEZeME, [F] A id FAT X P51 v A e —
A (17, 2.38% )
Liana (1 species, 2.38% )

LRI
(7%, 16.67% )
Tree
(7 species, 16.67% )

= A

(34%H, 80.95% )
Shrub

( 34 species, 80.95% )

w B EAR (8Fh, 1.88% )

Herbaceous vine ( 8 species, 1.88% )

LW/ N
(8271, 19.25% )

Grass
(/85 species, 19.25% )

m At
(336Fh, 78.87% )
Forb
(336 species, 78.87% )

B2 ARAFEREYERBMEEE SEE
Fig.2 Proportion of tree and herbaceous plant growth
forms

B R BE T e L 5

MOKAEA I BF, WAEY 3 367 #h,
LT 78.42%, HEAK AR AL 83 b, L S W A £
17.73%, 3% SR G2 [ 5808 el K AR A T Y 32
L TR T NIE A ) S BE S K7 B Y A e s T g S W
B 3.85%(&1 4) o X SHIFFE XS LATT 3 . 7K 3
R, KALEA 3 PR S A A BRI AR AT
24 EAGRP. ZRBEREFEEEY AXRLEGIHT
B 11 A R EP A (BR 5), Hoh, ERK )
ORI AEAR Y 7 Fh, SRR AE AR 2 B, AR
RS ¥ (Alsophila  gigantea) F1 RS (4.
spinulosa); FE K ALY 2 Fi, b /K Bk (Ceratopteris
thalictroides ) FNYERLAE (Oryza meyeriana); YLK HH
Yy 3 Flr, Sk CIE L (Cladopus nymanii) . %5504 €%
H(C. yinggelingensis) FiB# )1| 3 (Terniopsis dao-
yinensis) . R4 B ORI BT AAEY) 4 B, YRR
HAE Y, i RS ALY (Rhododendron hainanense)
151 22 (Cionisaccus procera) . Hi# £ 55 (Liparis
bootanensis) MTTM % (Arundina graminifolia) .

Wi CHp [ AR R MR 24 5% Y G
(2020) ), Al 45 48 g i fE (END2 b, 420 475 3 A A
Yy 1 Fh, A RPRRSE (Gymnosporia tiaoloshanensis ),
DKWY 1 F, ek B (Sagittaria guayanensis
subsp. lappula); % & (VU)S Ff, 4L $5 32 4= M ¥
2 F, Ay il A AL RS FORB Y, SEKAEY) 3 Fh, ek
f& . /NZE W, (Sagittaria potamogetonifolia) F1 7K B ;
i fE (NT)6 i, ¥ 0 W8 A M ¥, R T B Bk =
(Scindapsus maclurei) . KB % (Leucocasia gigan-
tea) . B K (Boehmeria lohuiensis) . Ji 25 2% BT
(Carex planiscapa) . FifR % (Tacca chantrieri) Fl 5
Wk (Asplenium nidus) (32 5) .

% (M EEY ZHMLL 45 &S HEYE
(2020) ). ClEpa A B AEAEE Y 90 B 5 50 10 20
YL NAEYIE (https://www.iplant.cn/), X} HA7 4
WIRFAFAPAGE T, gt 2 ER A Y
24 Fh, Hor MR R AR 9O B, i B ALY
SFPECY 37.50%. FE U R REA R, R AEAE )
6 1, N B8 A (Phyllagathis melastomatoides) .
B B0 A ¥ (Phyllagathis hainanensis) . 15 5§ H- 5
(Hedyotis hainanensis) . i =5 22 ¥ 55 #E K FH W)
1 ®h, A ¥ 5 (Imperata flavida); U0 7K #5 9)
2, R TE R BRSPS R IR R (R 5) .
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ZAEA (8, 19.05%)
Perennial(8 species, 19.05%)

W LR Q0FN, 47.62%)
Evergreen
(20 species, 47.62%)

| JEIF(14F0, 33.33%)
Deciduous(14 species, 33.33%)

WA (175F, 41.08%)
Annual(175 species, 41.08%)

W ZAE (2510, 58.92%)
Perennial(251 species, 58.92%)

B3 AXFMEREVEFRRMEHE SILE

Fig.3 Proportion of tree and herbaceous plant life forms

w FHFAEY) (45, 0.86% )
Free-floating plant (4 species, 0.86% )
UK (8Fh, 1.71% )
Submerged plant ( 8 species, 1.71% )

m A (367Fh, 78.42% )
Helophytic plant ( 367 species, 78.42% )

u HEKHY) (8380, 17.73% )
Emergent plant ( 83 species, 17.73% )

TEMAEY) (6Fb, 1.28% )
Floating-leaved plant ( 6 species, 1.28% )

4 KEEBERBMEHE HILE
Fig. 4 Proportional distribution of aquatic ecological
types

A FE K FE ), ST 7K ki 38 At 1 2 5 P A
A SR E R AL OIER . [FIRE, R 85
A TR R TE AR AT R, HAFAE S X K Ak
IRBE A A0 M o SRR, ELER AR s T L P AROR A
B a1, HA = 1 PR L
25 SRNEEY HFEIFEIICRARMEY
22 B 48 & 57, i AU A A A S R O
12.18%, 7] Bf LA E g 16 1 1 e SRR AR Y
B 51.35%81,
57 FAM R ARAEYI R 537 5 AR FEAFH
1 ROEBAR) 2 RO"HAR) 3 FUFHAR).
4 H(—AR) S BAFFUEL) . BAEFEMEI K
NRFEY (1 ~ 4 FO)IA 46 Fh, oA E
FhELY 80.70%, i, 1 R i £, 2 HikZ, —
B AR AR ST 54.38%(F 5) 6
FERIGETT, 57 FhoNR ARSI, 7 2 Fh LA
AR 8 A, Hirh, BfEFEMAMSRARYIFN(1 ~ 4
GO I Z R R R ARAFR, WEEL, 4k 25
B, (MR AR SR 43.86% (] 6-A)
HRYE IR = gt 1, 57 Fhoh ok AR AP 5= Hh
AR gt 103 . Hidr, EU S R R, dE
82 YK (79.61%), Wi HH X B 4P AMZ A F BRI
TR (G 47 Fh), Hh R FFH 1 ~ 4 3t 38 Ff,
di PR AR BT 66.67%(14] 6-B) .
/g4 R R U INE SR RIS A XA S ES A B 0]
R AGAEY IR AE A R &, 4 45 Fh(1E] 7-A), H
— AR 5 Z AR AR YRR AR S (B 7-B) . X 16
AR AR YA 2 B 5 Tl 1 s A5 v HL AT 3

x5 BREATRKERAEERRP. ZEMBEFEKEED SR

Tab. 5 Checklist of key protected, threatened, and endemic aquatic plants in Hainan Tropical Rainforest National Park

4 i TAPaEe BTG AR ik
Family Species Conservation status Risk categories Notes
— Y
JIIEHEL Podostemaceae Kt Cladopus nymanii @%{,#4&
National grade II
22— Y] N ?;
JIEER} Podostemaceae 1 5R )13 Terniopsis daoyinensis [E%'{#Ji /@_ﬁﬁj‘ﬁﬁ: i i
National grade II Hainan endemic species
g 5 i
JI| & %R} Podostemaceae 8 EF 4 KR 5 Cladopus yinggelingensis @%—"& @fﬁ%ﬁ F . .
National grade I1 Hainan endemic species
' e g : R %
RAFL Poaceae YERIRE Oryza meyeriana . VU
National grade II
. 1
ARAE} Poaceae A Imperata flavida @%%‘ﬁﬁj . ,
Hainan endemic species
==y
ARAE} Poaceae St mEE Setaria pumila T @‘*ﬁﬁ: ) )
Chinese endemic species
SES3
F A
ARAFE} Poaceae R WIH22 Isachne hainanensis Chinese endemic species
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4E3k 5 Tab. 5 Continued
P i (S /AR =41 Wi fE PP S R U
Family Species Conservation status Risk categories Notes
N 3 Y]
2B} Orchidaceae 151 E % Cionisaccus procera /@T_!ﬁé % o
Hainan provincial
. Ay
2%} Orchidaceae PR ETF5 Liparis bootanensis /@T,Iﬁﬁ % _
Hainan provincial
Y /) \Q
228} Orchidaceae 122 Arundina graminifolia /&Tﬁé 2 L
Hainan provincial
K EFl Araceae R T Scindapsus maclurei NT
Krg 2B} Araceae K¥F: Leucocasia gigantea NT
R
PSR} Alismataceae Sagittaria guayanensis subsp. EN
lappula
2 i
158} Alismataceae /J\““. W _ . VU q][gthﬁﬁ . .
Sagittaria potamogetonifolia Chinese endemic species
5 Nk
B4 PR Melastomataceae LT ) ) @T,‘ﬁ%jﬁﬁq . .
Phyllagathis melastomatoides Hainan endemic species
o - N i
PFH PR Melastomataceae T'ﬁ%%%a . . @f‘ﬁ%ﬁﬁ . ‘
Phyllagathis hainanensis Hainan endemic species
==y
Pl Rubiaceae I A B-EL Hedyotis ampliflora E'j[,ﬂ%ﬁﬁ i )
Chinese endemic species
Vi e
PE Rl Rubiaceae g H- 5 Hedyotis hainanensis (ﬁfﬁ%ﬁﬁ ‘ ‘
Hainan endemic species
=y
HFEA} Urticaceae B 5 FR Boehmeria lohuiensis NT i [,J:Ill%jﬁﬁ . .
Chinese endemic species
4
006} Urticaceae Sef A4 Pellionia grijsii PERAR
inese endemic species
Ch d p
oA ==y
VP EFL Cyperaceae JwZ2EEH Carex planiscapa NT /@f‘ﬁ%ﬁﬁl . .
Hainan endemic species
V. a ?:
PR} Cyperaceae LR ZLETH Carex tsoi T"ﬁ%ﬁﬁh _ )
Hainan endemic species
=y
%F} Zingiberaceae %58 Alpinia oxyphylla i EI A . .
Chinese endemic species
s AR HEA Hh A Al
;b:/n 3y R . . .
HERT Rosaceae Rhaphiolepis lanceolata Chinese endemic species
=y
%ii#F#} Thymelacaceae R34 Wikstroemia chui WEI%H?F . .
Chinese endemic species
Z7iF} Dioscoreaceae AR Tacca chantrieri NT
=y
BEAIRFL Myrtaceae KAk Syzygium fluviatile TR
Chinese endemic species
N 5 "
T¥F} Celastraceae MY R o ) EN @T":ﬁ%ﬁﬁ ) )
Gymnosporia tiaoloshanensis Hainan endemic species
. EFE ALY TR ) Hh A A
fHAS LR E
FERSAERY Ericaceae Rhododendron hainanense Hainan provincial vu Chinese endemic species
=y
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Fig.5 Proportion of invasive plant species by invasion
risk level
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Tab. 6 Areal-types of families and genera of aquatic plants in Hainan Tropical Rainforest National Park
X FR G X ALl A A U % JBEUA A%
Floristic group Areal-type or variant Families Percentage Genera Percentage
ﬁiﬁ”L%ﬁ, 1.1 554 Cosmopolitan 41 43.16 41 17.01
Cosmopolitan
2.z Pantropic 33 34.74 94 39.00
2-1 A S PR RNy SE I (1 S PN B8/ A s P4 AF ) | 1.05 3 124
Trop. Asia-Australasia and Trop. Amer. (S. Amer. or/and Mexico) ’ '
2-2 PP — P YR SE N (R 260 | e 5 07
Trop. Asia-Trop. Aftr.-Trop. Amer. (S. Amer.) ’ '
2S. LUrg 2Bkl 1972 47 Pantropic especially S. Hemisphere 3 3.16 0
3R (B | AT ) B BAvity e S ] Wiy 4 a2l » s g
o Trop. & Subtr. E. Asia & (S.) Trop. Amer. disjuncted ’ '
T T
Tropical elements 4. JHH A Old World Tropics 3 3.16 21 8.71
5. H6HF T PN ZE s K E Trap. Asia to Trop. Australasia Oceania 1 1.05 9 3.73
6. P ZEHAFAEYH Trop. Asia to Trop. Africa 14 5.81
(6d).FIE(EZIELFBA ) Trop. Afr. (S. Sahara to S. Afr.) 1 1.05 0
7.7 LI CRIVEAGHE R e 7 22 BB — Bk, RSFPET 8 ) Trop. Asia 18 747
+ Indo-Malaya + Trop. S. & SW. Pacific Isl. '
7-1 T (BRI VBN - S e ) i 2 H oA B g L P g | 0.42
Java or Sumatra, Hmalaya to S., SW. China disjuncted or diffused ’
8.1t iR North Temp. 1 1.05 6 2.49
8-4. ALk AR A A1 434 N. Temp. & S. Temp. disjuncted 2 2.11 2 0.80
9. R S AL LB Wi 4375 E. Asia & N. America. disjuncted 2 2.11 1 0.42
10.IHHH: FHEA Old World Temp. 3 1.24
10-3. KA R AR A I-BAEREM ) [A] W7 Eurasia & S. Afr. . 0.2
TR Ay (somtimes also Australia disjuncted) '
Temperate elements 12 3 Ff i X, P8 F 2 H . Medit., W. to C. Asia 0
(12)s-s- MR X, e LA M FP i Mediterranea, s-s. or Greum-
. 1.05 0
Medit
12- 1.4t r it DX 2 ST R A R/ BR8] W 734 1 1.05 0
Mediterranea to C.Asia and S. Afr. and/or Australasia disjuncted ’
14.Z:3F E. Asia 6 2.49
14(S1). " E—-H A Sino-Japan 1 0.42
ESpa
i %Jﬁ . 15. 9 [E$#H Endemic to China 1 0.42
Endemic to China
£ Total 95 100.00 241  100.00

(15#9)(F% 6), Hp LI#GE il o 8 i £, 4t
179 J@&, o Sm AR 74.26%, LIz B oAy 3
H R0, 41 J&, A EJEEIN 17.01%; &
AT AL 20 J8, B B 8.31%; H R X
1J&, M B & (Terniopsis), 5 B )& 5L 0.42%,
AT R4 RN IR B2 FEAE (R/T) Sy 8.95, 1X 1,
T B IR E A TR K A A T, R AR

SR R R X R Ty i R DX R R AR
Y. IX b 2 4 REER o B, HL AT REAE Jas 2ok
b SR M AR L R A D

3 1
3.1 BEAERAERLEKEEY SHELEER

SEMBE AU, 1R P AR E R
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Composition and floristic characteristics of aquatic plants in

Hainan Tropical Rainforest National Park

Li Zhaoyang'**, Wen Qiuhua’, Song Ligiao'?, Yang Zexiu*, Zhong Yunfang"*

(1. Key Laboratory of Genetics and Germplasm Innovation of Tropical Special Forest Trees and Ornamental Plants, Ministry of
Education/School of Tropical Agriculture and Forestry, Hainan University, Haikou, Hainan 570228, China; 2. Hainan Institute of
National Park/Key Laboratory of Protection and Development for Hainan National Park, Haikou, Hainan 570203, China;

3. Zhufeng Forestry Ecology Research Institute of Hainan, Haikou, Hainan 570220, China)

Abstract: To understand the resource status of aquatic plants in Hainan Tropical Rainforest National Park, the species
composition and floristic characteristics of aquatic plants in the park were analyzed based on field surveys and literature review.
The results show that a total of 468 species of aquatic plants belonging to 255 genera and 95 families were recorded, among which
angiosperms were absolutely dominant with 432 species. Both family- and genus-level species richness showed a
"core—periphery" distribution pattern, i.e., species were highly concentrated in a few dominant families and genera. In terms of
growth form, herbaceous plants predominated; regarding life form, perennials were the majority; and concerning ecological type,
helophytes—emergent plants were dominant. There were 11 key protected wild plants, 26 Chinese endemic species, and 13
threatened plants. A total of 57 alien invasive plant species were recorded, among which harmful invasive species accounted for
up to 80.70%, mostly originating from the Americas. The floristic composition at both family and genus levels exhibited strong
tropical affinities, with the R/T ratio at the genus level reaching 8.95. All these findings indicate that the aquatic plants in Hainan
Tropical Rainforest National Park are distinctly tropical and of high conservation value, yet they face threats from multiple alien
invasive species. It is recommended to strengthen the conservation of rare species and the prevention and control of invasive

plants.

Keywords: Hainan Tropical Rainforest National Park; aquatic plants; flora; rare and endangered plant; alien invasive species
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