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Abstract

Aims Diversity of climbing seed plants and their reproductive habits and characteristics are central for the un-
derstanding of community structure and dynamics of forests and hence are important for forest protection. How-
ever, little is known about the climbing seed plants in northern tropical karst seasonal rain forests. Here, using the
data of the species diversity and reproductive habits of climbing seed plants in Nonggang, Guangxi, China, we
aim to 1) explore the species diversity and distribution of climbing seed plants in northern tropical karst seasonal
rain forests, 2) study the flowering and fruiting phenology and 3) the associations of reproductive characteristics
to the environment.

Methods Species composition, preferred habitat, flowering time, fruiting time and fruit types of climbing seed
plants were surveyed. The seasonality of flowering and fruiting were analyzed by concentration ratio and circular
distribution. Climbing seed plants were divided into three groups according to their growth forms and places in
spatial forest structure: bush ropes, herbaceous vines and lianas. Monthly flowering ratios, fruiting ratios, fruit
types and their ratios in different groups were determined. These relationships of flowering ratio, fruiting ratio,
fruit type and its ratio to meteorological factors were investigated using Pearson correlation analysis.

Important findings There were a total of 333 species of climbing seed plants in Nonggang karst seasonal rain
forest, belonging to 145 genera and 56 families. Bush ropes, herbaceous vines and lianas contained 119, 88 and
126 species, respectively. At species level, herbaceous vines were more abundance in valleys, while bush ropes
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and lianas were more abundance on slopes. Flowering and fruiting of climbing seed plants occurred seasonally,
with flowering peaking in April to September, while fruiting peaking in July to December. The seasonality of
flowering and fruiting in bush ropes was weaker than in herbaceous vines and lianas. Flowering ratio was signifi-
cantly positively correlated with rainfall and air temperature, which suggest that flowering peaks in monsoon sea-
son. Peak time for fruiting was about three months later than the peak time of flowering, around the end of mon-
soon season. The ratio of samara species to all fruiting species in lianas was significantly positively correlated
with wind speed, but negatively correlated with rainfall and air temperature. It showed that samara in lianas
tended to occur in dry season with high wind speed. In conclusion, species diversity and the seasonal features of
reproduction of climbing seed plants in Nonggang karst seasonal rain forest were closely related to the spatial and
temporal variations of habitat resources.

Key words karst; seasonal rain forest; seed plant; climbing plant; growth form; flowering; fruiting; habitat re-
source
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Fig. 1 Monthly variations of precipitation, wind speed and air
temperature in Nonggang northern tropical karst area (adapted
from Wang et al., 2014).
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B. H. LEEHFAE LTI, 35 R0 b (75 Hb) (1) Fb
gt g5 KR BB R MOS0 AL 1 Fh
AT 2B, PP EAe 7 S 00,49, TMHAILE
BESY HN0.72H10.53; By Hy LIEHEES 5 54.6%-
56.8%- 52.4% IR R PR T JE—Hh SR o A, i
B T BIRAF RRRORFE FE R A Rl AR B 23 a), 22
HFA & B FER AR, Y EEER
FEARXT A L (F2) . BISRE R T LT 25 A5 1 LAk
A 7 1l Bk (Secamone sinica). JH 4 & ¥k (Acacia
pennata). Bk>%(Hoya carnosa)ss, T3 434 i
TR H B (Jasminum elongatum). £ 4874 JL 4%
(Berchemia floribunda). #7315 #% #2(Smilax hypoglauca)
S, T A I WA B R 24 (Rubus fed-
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KB R TR A0 (PR 5 BRI 2 4y, T 8%
(Cayratia japonica). % #fj#(Merremia boisiana). V]
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Tablel The diversity of climbing seed plants and their proportion in seed plants of Nonggang Kkarst seasonal rain forest

e AT T
Type Climbing seed plants

AT TR o AR LA
Proportions of climbing seed plants
in seed plants (%)

T
Seed plants

%l Family J& Genus F Species %} Family J& Genus Fi Species #} Family J& Genus ' Species

HFHEY Gymnosperm 1 1 3 4 5 10 25.0 20.0 30.0
L SRiELY] HFIH4EY) Monocotyledon 6 10 31 25 143 255 24.0 7.0 12.2
ANgIOSPETM - B4 Dicotyledon 49 134 299 126 611 1337 38.9 219 24
it Total 56 145 333 155 759 1602 36.1 19.1 20.8
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Table2 The families containing climbing seed plants and their areal-types in Nonggang karst seasonal rain forest

K44 JE L B HF4 LFP % SR S3AT X AR
Family Genus No. Species No. of B Species No. of H Species No. of L Total species No. Areal type
SRl Asclepiadaceae 13 12 5 9 26 2
HIEIERL Papilionaceae 13 8 6 8 22

HiF Rl Cucurbitaceae 13 20 2 22

HEFl Vitaceae 5 0 17 22

Bi Ll Menispermaceae 10 0 1 7 19

AR Oleaceae 1 13 5 18

JeTHERE Apocynaceae 10 6 9 15

PEELRl Rubiaceae 5 5 12

F5AR} Caesalpiniaceae 0 12 12 (2-2)
fZ=F} Rhamnaceae 11 0 11

EERl Ranunculaceae 0 10 11

Rl Rosaceae 10 10

ek} Convolvulaceae
74 iRl Annonaceae
FRFF} Smilacaceae
ETiAl Dioscoreaceae
KEEFRL Araceae

%l Moraceae

ZEHFl Rutaceae
HAE3%F} Capparidaceae
44 Fl Aristolochiaceae
T %l Celastraceae
VTRl Passifloraceae
HAFL Caprifoliaceae
¥-¥#F} Hippocrateaceae
%% EF} Malpighiaceae
%j#} Compositae
SERRERL Gnetaceae
TRFEl Schisandraceae
4R Myrsinaceae
ERtERE Arecaceae

#H 7l Combretaceae
iZEEL Polygalaceae
IR Piperaceae
AT F} Elacagnaceae
k1%l Campanulaceae
BEREEL Actinidiaceae
HHEFR} Illigeraceae
75X R} Sabiaceae
HH#El Stemonaceae
BAFH Liliaceae
KBl Euphorbiaceae
K#REl Cannabaceae
KR Sargentodoxaceae
75 ¥R Mimosaceae
#F} Polygonaceae
757K} Basellaceae
Ly#FRRL Verbenaceae
¥Rl Connaraceae
MR Anacardiaceae
EORFIRL Nyctaginaceae
Al F#} Opiliaceae
FafAF} Sterculiaceae

(2-2)

(8-4)

—_
R W WR =N 00N TIRE — 00— RN O I, 0 wo NN —10MIMNDIN = — =m0 — 0o —

74

e e e e e e e e e e e e e e e = RNk —m m kRO~ RN, — R RN N B WA
—_ 0 O = = OO0 = O 0O = 0O 0O 00O OO NON—=OWOO W~ OOO O WUMNONO O XN

OO OO O OO OO -0 OO == O O ONO RO OO0 00 0000 R ONOOO O~ O WO~ OO N OO N W

OO = = OO0 = = 0 000~ O OO ONMNNOOO—=O WO WWONWEROOWOhR—~OOO—=NO
_ e e e e e e e e e e e = = = = DR RN R NN W W W W W W W R BB LY 0O O O O

TAEHF} Dilleniaceae 2(2-1)

FIHLR} Plagiopteraceae 7(7-3)

Z %%} Scrophulariaceae 1 1

ST Total 145 119 88 126 333

B, BRIRWEA H, REFUBEAS L, AFUBRA . A0 XA 1, 5, 2, #G)A0; 2-1, By - KA B SE I 2-2, #0ly TEPH- 2ty RN -2ty 58
W 3, RILENT S TR ) B s m LRI, 5, A TN ZE 0 R PEIN; 7, #vis T, 7-3, 40f. RE B RTER 0, 7-4, B (EH e ) B AR EL

VERg 4 AT, 8, Abilily; 8-4, AL ARG IR VT 43 A5 9, ARIE R ALSE AT, 14, AKRIE.

B, bushy ropes; H, herbaceous vines; L, lianas. Areal-type: 1, widespread; 2, pantropic; 2-1, tropical Asia-Australasia and tropical America; 2-2, tropical
Asia-tropical Africa-tropical America; 3, tropical and subtropical East Asia and tropical South America disjuncted; 5, tropical Asia to tropical Australasia Oce-
ania; 7, tropical Asia; 7-3, Myanmar, Thailand to Southwest China; 7-4, Vietnam or Indochinese Peninsula to South or Southwest China; 8, North Temperate;
8-4, North Temperate and South Temperate disjuncted; 9, East Asia and North America disjuncted; 14, East Asia.
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T 4 ¥ (Sephania sinica) . 3 % % (Sephania
longa). i (Pothos chinensis)®. LISHELL T3
AR R 2, AR LT SR
WA 40 A6, BT BE(ligera rhodantha). % ¥ i
(Sreptocaulon juventas) - FF Jm % Bk (Pristimera
arborea). /INAJE(Clematis armandii)Zs .
22 FIELEZHIFTTIEFFLLREN

B. HALIEH ) z{E 5K T AR ()20 05, W1
AT R I A6 A SR ) R I TR AR b, A7 AE
I [ FH v 1 . Watson's UK I B, B. H. LK#E
T P 2 T £ A B 4 s e e I 1) I 65 5 1k 2 31 (U
<Ujos, p>0.05). BARMIFFERIEI 4 H4H %9
HI10H, E{ErE6 H21 H Al fa; 45skmgiihTH7
H&E12H19H, WBEEIH25H TG (ER3).

BRI S5SLBIMIEI/NT0.3, RHIF
AE AN GG SR 1] 73 A7 LB &), I IR SR AR 25
MHALERITAE . S5 SCMIEIYTE0.3-0.52 /], &
A — FZETTVE(ER3) . NH IR LR R,
BB A8 AR FE 55715 (13.6%-53.4%), LISHE AR
PR E Bt R (7.1%— 57.9%); H £ 2 i ALt A
BRI AR AR FE 55715 (21.9%-55.9%), LISFE AR

B i Valley

HH Valley

LT Peak

S

111 TR Peak 2
i Slope

3 Slope

T £ K (8.7%69.0%) (KE13)o

KRG RAF TP AR RAL
WL R B KR R MR T
KEVMFINEKE, BT BEAED T LR RL R
FLRBERAAE, RRRMFLRBERALAE, BR
KA FHEBEPARLEAE . By HATLISEE I Fh S %,
Fe bz H AR I — 5 1 22 57 (Kl4) . 1-12 H B2
M RFEERART TR, 2-11 HHER R+
BEHRKT TR, VA2 NM R, 6 HLERF R
REEEMRRT TR, HAb A0/ T TR
5). g b, BRI RS K, mMLRRNT
REFEBRK.
23 FIEXESREFRIERMSE

AR FHVINITAE . G52 R 5K RN 117
FE—E IR K R (F4). B. He LEBRITELLE
AR KEREE IEH S (p < 0.01), 5
MK ARNEE (p>0.05). B. H. LEBERLEH
EERRMEKERHICKRARE@P > 0.05), 5
U SRR RIS R (p < 0.01). 735k, ELE
TR R L 2R 5 X SR 3 IR A K R (p < 0.01),
B RN K B AR AR R (p < 0.01).

L HiHh Valley

1S

LI TH Peak
3 Hb Slope

B2 AFSEE AR T YEA R S A A B AR . By HAIL 2.
Fig. 2 Sketch for species numbers of different groups of climbing seed plants in different topography positions. B, H and L see

Table 2.

R3  AFRBEHEAT TS, L5 1 S ey 7]

Table3 Seasonality and peak time of flowering and fruiting in different groups of climbing seed plants

Fi JF1t Flowering 455 Fruiting
Group  grppe e U] et g Al ] z
Concentration Peak day Peak season Concentration  Peak day Peak season
ratio (M) (month-day)  (month-day—month-day) ratio (M) (month-day) (month-day—month-day)
B 0.29 6-13 3-15-9-14 31.18 0.23 9-20 6-16-12-30 22.79
H 0.45 7-5 5-24-9-18 68.87 0.43 9-28 7-18-12-14 64.78
L 0.46 6-17 4-7-8-30 69.19  0.44 9-25 7-16-12-11 79.20
B&H&L 0.39 6-21 4-4-9-10 172.62 0.36 9-25 7-7-12-19 169.86

B. HFILW%2.
B, H and L see Table 2.
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MR(5.0-15.5%)(Z =S, 2005; Zhu, 2008), {EHAKT
— L UG F Bk AR e M AR (15.6%27.4%) (R 2E
&, 2000). IXFRILGA] RE 5 5 b W HTRE 2R 1 R AR
TR AR B R RE R S DR A I S8 B R
Ko AT U XU 44 AH (7] BAE AU # 1 b e,
T A AR () LU A8 DA 22720 A0 B A S ) s 0 e
21 T AR R T TR R R IR VE AR (Zha et al,
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Table4 Coefficients of correlations between meteorological factors and flowering and fruiting ratios in different groups of climbing seed plants and the ratio

of samara species to all fruiting species in lianas

[EH T F4E Flowering

4555 Fruiting

Meteorological factor

B H L B H L
R Air temperature 0.833" 0.963" 0.854" 0.380 0.269 0.296 (-0.747")
[%/K & Precipitation 0.838" 0.960" 0.880" 0.189 0.042 0.103 (-0.715™)
R#E Wind speed —0.142 —0.426 0217 -0.906™ -0.835" ~0.860" (0.876™)

P <0.01o Hi 5N AARTUBEA R RS LR T RAAX R B. HMILIE2,

** p<0.01. The numbers in bracket are the coefficients of correlations between meteorological factors and the ratio of samara species to all fruiting species in

lianas. B, H and L see Table 2.

FEF PR R AR (RS, 2000). H S TERHE P
T % S0 R AR AR RAB ) 22 K A S 3 A s =) () s e
TR, R P SR SR R X AR
TR MR R S TRAMERCER RS,
2014), H1 AT DA B e S R AR OPK M 5 T AR
Y2 EEENBER . WA Y 15
Bk, ALWE. AW A8 ABSEZRENNESE
FH, DAROK. #, D3R S 1R AR
T BEH S ot 1k 30 B (4 B 55, 2008; 5K 8 5
2011), B JgAS [A] AR 25 R IR R A R R R
BAEAT S5 A (SRR SR, 2011), { BUHEE TR =5 Al
P 2 FEALRE fL(FRIZ 258, 2015; B RTERSE, 2016),
IFi) B 9, 5 o A R ) 2 RE VT A B B R 3

- i) W TR 2T M R AR A P A 2%, ABH
JFEIR B, BEAF TR AT X RS FT HE
EE T 66.1%, & HEFEURZ R B EER 8L
B HEREE, SRR Z RS AT
(Gentry, 1991). H 5 B RN o ()8 2 B, 1984)H —
B, YL TR DX R AT A AT W A M

IR B A ) L ) oy Ak o2 ZAEVERE S
FEREARTI RGN, 5. HEARME A SE Y RAEAH
oL, fE 48 0 ) bE 5] 52 K (Schnitzer & Bongers,
2002). %X A AFUE A YIBIILER L2455, 5
Z X RAREY) (& T 5 R R R 172.5%;
55 G Ry M X F B R 1 L (200FF, 5 2 X R A
PI79.1%) (5K EERAZLLHE, 2001)Fl4E 2 L (156
P, AL XA 475.6%) (BR4E 5255, 2003)AH LL,
PRI T AR5t R AR A B, At L
L5 PR A R D AE A I P P B A
32 BAEYAEEIHTTEREEXESNEF

FRATH TRV T AE G SR B — 5 2= 1,
THEEIEEIE4-9 7, disemiglifE7-12 4, B
BRI A X 58, 31X ] R A A B R 1
A S oy A R, A FEIRE N T & B R E R
Bk, o T IR R BRI (FR 0, 2008).
AN 5 A 5 R R T A6 BN SI2 11 e g I TR A A R B
7= 5 (Krishnan, 2002; Ramirez & Briceno, 2011). 5
SRAHI T R A REL ) AN () AR 35 TR SR () T A s i
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WE S, UBXRHRY, HRMENG, H25E
EZMRE B, HALERZ M ERIFALE,
KA b B ) — 3 . R anth, JATRIH
KRR ZE Rl AT e, TBRAILERE KL
K Fh AT LE b, AT R AR B 4 A 1 25 AR T
RE S AL R I I A ZE PR A AR R . T
R R AN St S PR A, I X K B 22 T
o R KA 24 B (KR, 1988), HLALMIGHE:,
AR, R LU VESR A N 3, TS AT T
bR TR, EHMEAE AL LERE, 19
OIATANTE Fr S5 05, B G TR, 0 CATT
BN (SIS, 1988). A5 % W RIT4E
Xof T FAE B R R R T RRCEAE EEE R L
(Franks et al., 2007), BFILZERETT A e W s 8] A %o 72
AT AT DL A A 38 0 A B 11— b BB N 5
FRAFI PRV FFAE LR 5 BK B SR 2 A
FIIEMR R, FEWER ABEAF FHEY I
TET IR &5 S ) LL T A6 e 3T 5 2034 H
HIEMN AR MIEN RS G, 5 FRE IR
B 1) AT A B R EE AR A 42 A AL (Ramirez,

2002). HIFARFRR 735 18] —JuaS # AR 73 PRI 2k,

A ST 107 A6 T 8 8 S0 e s (XA 40 11 S BOKJR (B =
4%, 2011; Deng et al., 2012), T £ 22 KB )
SR, 5 i W ST AR DX A A 7K 3 B IR 9 2R AR
WAy . BAR T EDES TN, W71
S FIHZETPERIK 73 TR, DAORFR B R . Lasky
£5(2016) I\ Ay #valy T B AR R B A ) (acquisitive

species) S 1 TR I AEL S, X FMAMIA T 5 LA,

A B R K 43 32 s8R RV B 1 it 7K B 1 DA B i 1)
A KB SR Lasky®5(2016)%F IR T 5 AR bkt
KIIWF 7T 45 R A B 5 AUEZ WS . A A
FRFHIE(RILZESE, 2007, FBARZEE, 2007), Frbh
A 7T 45 R 7 FF Lasky 55 (2016) [ W £5 «  Chen %%
(2015) I FE R B, B 2= B ke AR AR 02 bk A HEL )
A% LU AR I SE R 2 9 ) 838K, A T sk 1) A=
PRGN R . BRI, TR R YR T KR
ENE7/INE S0 P s LSRR s R YN o v
T TR G5 S (21T PR 38 N TS S AR DL AR
oK o =TT AL, SR IR EE 3 AR PR 45
BIRERRE, BRAPh TS S R 5K
AR RKRZARE, 5REFIEWNEET
AR KR (HRTELH R LR 5 KA 2 2 E
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G, HREKEMSRMEE M. #RE—K
BRI RIE R, 2 W T LR, BERDA,
TMTHRHEE A - 5206 N EEH AT P (R 520, R EE
A RGEAE, ASHI T3 Rk, THRE A T78.4%KY)
Aot oA T, BRILISHE A A755.5%M158.7% . 14,
RN KO H 7N TR IR R ), 1988; 17 = 8 4F,
2012); B. HAILFHFAE ARV 25 10) B &4 T AN
(AL, BRBF LA ARG E, BbLE SCRHE
AR LK, M MERERIEME R, HE
WEETran, T & s e ™ Z2EAK, )
DREREAMIEJZ; LB SESN SRR AR K,
TR, RS R MO TN E (R I, 1984).
PR, LS LU BATH AT 5 2% XA 25 A1 o 45 5 v 0
W BE A FFAC S, U 1a) B 7K 2 AR B U R
H, T RGE SE N E 3G K, 9-10 H KgAK . 1
Nidh, MOHIFIG, LR BRILRZEANZ, B
BRFEMEIRL. B2, SRR EAREDET
mERGR T RET S, 28 BATR, B E
A R PR R A o R A P R AR AR B TR A
ARG ICHR . DX ) AR MR AR AR BE s IR
Al A2 G| EC R AR Bl A ST A ) 7 KA,
1M AT BE T 20 i 2H R R 45 4 Dh e 1 g
33 AMRWAFERT—HITIERE

DIAERAET VU7 B [ 2K 2% H AR IR X i SR A
IR A Z1k6 8495, HLAS0AL 120 \ikSY
KE(RENE, 2011), (HRED R MILAAERZ
W), A — e bR AR AN B PR, PRI IX N L M
PURFIR . BHESSHEIR, B5EARTERTE R ZX
R Z FEPE L B ATIA S, 2013). AP RE T4
TR BT AR AR A E R AR TR AR TS Y AR
I3 FEAERNGS SE [a], (HAFE R A IR R BESRE 4
ERITAE. S SEmvietE, Mo Regs% (b
EEMEY M EYE) FRidEk, it
AT REA — & 1= BRYE

TRAF TELF IR 5 B s SR 2 1 MO AR 2 B AR
IR T RIS, Horb B AR AR E)
iRt e A S, X HAEAE AR R R A
W EESE, 2010). ZXENWIFEEE, HHEk
"4 (Trachypithecus leucocephalus). 22 4% (Tra-
chypithecus francois). f& % (Macaca assamensis)® %
MERIYICEEZ, 1988), it a5 8 B AR
KEFI TR RZXFRES RGEYZFEERE
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4, FERRAE IIX AN R 75 RE P~ H KR I A sk,
RET AR PIPE AL E Y ? XA LA TE
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B R, Lhan R 35 B S A KRB 1K
SHERLIEAR DS, W X 5B EA R AL R
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o BRBELE S E TR SS, WREEE AR
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