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Abstract

Aims Shrubland is one of the most important vegetation types in subtropical region, but studies on its life-form
composition and geographic patterns are scarce. In this paper, we addressed the following questions: what are the
characteristics of the composition of plant life forms of subtropical shrublands in China? And what are the relation-
ships between the life form compositions, geographic patterns of subtropical shrublands and hydrothermal factors?
Methods A total of 688 plots, designed with the stratified random sampling method, were systematically set and
investigated in subtropical shrublands in China. Life forms were identified based on Raunkiaer’s (1934) life form
systems. Life form spectrums were compiled at each sampling site and within the whole shrubland, respectively.
Partial correlation analysis was applied to reveal the latitudinal, longitudinal and altitudinal patterns of each life
form. Pearson’s correlation analysis was adopted to evaluate the relationships between each life form and hydro-
thermal factors. Further, redundancy analysis (RDA) was used to distinguish the effect of temperature and pre-
cipitation on geographical variations of life forms.

Important findings (1) In subtropical shrublands in China, 56.37% of the total species were woody species,
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among which 33.88% were deciduous species and 22.49% were evergreen species. The remaining 43.63% of the
total species were herbaceous species, dominated by 35.15% perennials. Generally, phaenerophytes (Ph) was the
most dominant component, while the second dominant one was hemicryptophytes (H). The life form spectrum
showed a pattern of Ph (55.74%) > H (31.03%) > T (therophytes 8.80%) > Cr (cryptophytes 4.08%) > Ch
(chamaephytes 1.34%). (2) Plant life forms mainly exhibited longitudinal and altitudinal patterns. With the in-
crease of longitude, the percentage of Ph tended to increase while H, Cr and T tended to decrease. Furthermore, an
increase in altitude would lead to an increase in H and Cr but a decrease in Ph, Ch and T. (3) Among all the inves-
tigated climatic factors, the mean temperature of the warmest month (MWT) and the mean precipitation of the
coldest month (MCP) had the greatest impact on Ph, H, Cr and T. With an increase of MWT and MCP, Ph would
increase while H, Cr and T would decrease. Taken together, MWT and MCP could explain 41.97% of the varia-
tion of life form spectrum, among which 28.35% was attributed to their joint-effect. The results suggested that Ph
and H were mainly influenced by both temperature and precipitation, and that Cr was more sensitive to tempera-
ture gradients. Besides, T was more sensitive to precipitation, and Ch showed little fluctuation along hydrothermal
gradients. In conclusion, MWT and MCP are the most important hydrothermic factors that determine the geo-
graphic patterns of life forms in subtropical shrublands in China.
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Table 1 Growth forms of vascular plants in subtropical shrublands

LKA Growth form W4k Evergreen 7% Deciduous Z 44 Perennial —4 Annual it Total
FEA Tree 128 (6.87) 154 (8.27) 282 (15.14)
A Shrub 268 (14.39) 411 (22.06) 679 (36.45)
W #EA Sub-shrub 13 (0.70) 13 (0.70)
AT #EA Woody vine 23 (1.23) 53 (2.84) 76 (4.08)
FFBEA Herbaceous vine 31 (1.66) 8(0.43) 39 (2.09)
FLARMY) Herb 624 (33.49) 150 (8.05) 774 (41.54)
#it Total 419 (22.49) 631 (33.87) 655 (35.15) 158 (8.48) 1863 (100.00)

155 WECT AR AT & SR L A1(%) o

The numbers in parentheses indicate the proportion (%) of each growth form in total species.

80

O ¥ #iE M Subtropical shrublands

60 - ) Raunkiaer’s b e
Raunkiaer’s normal spectrum

40 F

u -ﬂ%-ﬂ-@-

HE7ER Life-form

o R S E
Percentage of total species (%)

B2 EHGEREMEYANERE . Chy Cro Hy PhAIT /3504
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A

Fig. 2 The spectrum of life-forms of shrublands across sub-
tropical region. Ch, Cr, H, Ph and T represents chamaephytes,
cryptophytes, hemicryptophytes, phanerophytes, and therophy-
tes, respectively.

T2 BAEERLLH S AL AR I R AR 5 R 2

Table 2 Partial correlation coefficients between each life-form and

latitude, longitude and altitude

AR Life-form A 2 R
Latitude (°) Longitude (°) Altitude (m)

FERLZEEY) Phanerophyte 013" 0.42"" -0.18™
Hh E2EREY Chamaephyte -0.05 -0.26™" -0.257"
MY Hemicryptophyte  0.08" —0.27"" 0.25™
P2 2EfEY) Cryptophyte 0.00 0.02 0.39™
—4EAHEY) Therophyte 015" 033" 017"

ok RRRI* 3 )RR [ A 2 2 K Fp < 0.001. p < 0.01F1p < 0.05.
*** ** and * represent significant level p < 0.001, p < 0.01 and p < 0.05,
respectively.

KKZ(p < 0.001), {HATHE AR &2 AL L
KM > 0.05), JeHEWEHEZEZE LMK <

0.001); Mt ZFHEY) 54 B3 i AH X (p < 0.001),
M54 (P < 0.05)FiEHk(p < 0.001) %3 EAHK,
SRIM, PPN ST 3 IEAH DS (r = 039, p <
0.001), ME&AEMAEHEEREAREMRXRP <
0.05). RE AL ZFEAEY). M ZERE Al — 4R A
AR I — & 26 FE A O, (H A ¢ R (K
R R-0.13. 0.087F10.15) 1 i F Ik T 48 /% (0.42. —0.27
F11-0.33) Fl#F4k (-0.18. 0.2541-0.17).
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R B A AR K P e 7 B Ay s A, LU M T SE A )
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RELA) AN — 4 AR A B AH % R UHE TR 28 R R 38 B
Ko BAL Y 5 MWTFIMCP &3 1EAH 2 (FH 5% &
$34°50.65), MW MY BREFREA—EE D
EMWTHIMCPZ 2 5 AH 5, H i ZF A 5 MWT )
AH 9% 1 (—0.60) B K T MCP (-0.54), Fa i 5
MWT 5 A 55 (=0.55), 1fi —4FE 45 MCP A 2%
PE B K (-0.36) . AT, i B (MAT A1 MCT) Fil B 7K
(MCP) b ZE W (M s a4 A0 I, AT 5 HOE
K, EEHHAMK.
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Fig. 3 Redundancy analysis (RDA) ordination biplots between life-form spectrum and geographical factors (A) and the main
hydrothermal factors (B). Ch, Cr, H, Ph and T represents chamaephytes, cryptophytes, hemicryptophytes, phanerophytes, and
therophytes, respectively. MCP and MWT are mean precipitation of the coldest month and mean temperature of the warmest month,

respectively.

R3  BAKAR T 5 ATE R K Pearsonfi 5 R %L

Table 3 Pearson’s coefficients between hydrothermic factors and each life-form

A fEFEHR Climate factor Ph Ch H Cr T
P48 Mean annual temperature (MAT, °C) 0.56™" 0.14™ 054" -0.50"" -0.13™
4 SR Mean temperature of the coldest month (MCT, °C) 0.42"" 017 -0.43™" -0.40™" -0.08"
B A FH4)<R Mean temperature of the warmest month (MWT, C) 0.65™" 0.07 -0.60"" -0.55™" -0.19™
4E[%7K 1 Mean annual precipitation (MAP, mm) 0.60™" -0.03 0517 037" -0.31™
I A FKE Mean precipitation of the coldest month (MCP, mm) 0.65™" -0.10" 054" -0.37™ -0.36™"
e # A Bk Mean precipitation of the warmest month (MWP, mm) -0.25™ 0.05 0.18™" 0.25™" 0.13™
A4 K=K Mean precipitation of growing season (MGP, mm) 0.59™" 0.02 053" -0.37™ —-0.28"™"

Ch. Cr. H. PhAIT/R ARG B2F R, BRCFREY) . SRIHZFREY) . i 20 AN — SR . . A3 5|27 [ 13 2. 3 P 7KFp < 0.001. p < 0.01

Hlp < 0.05.

Ch, Cr, H, Ph and T represents chamaephytes, cryptophytes, hemicryptophytes, phanerophytes, and therophytes, respectively. ***, ** and * represent significant

level p <0.001, p <0.01 and p < 0.05, respectively.

RDAHEFT (F3B) 4l L M\ A 21| 45 Jz Il i FH B4 7K
UGN K Ao S, o HE T R R 1198.21%,
AIAERHE T () 2 BRI R, ] RE AR 0 AL AH AR
F11141.38%. MWTAHIMCPa] {3 ff1 /N F-45°, 59
BRI KL A P TN EE R H SR 5. A
2 B A BEEMWTRHIMCPE N, 75 57 2F 48 4 328 7 4
%, IR ZFEYZERD; —FE AR Y
53 HIAL T MCPRIMWT 1) J [a] ZE K 28 |, 5 MCPAI
MWT A OC; # b 2R T He 7 B ) Ao AL E,
SR AR K IS i S . R, HE LR T
T E R TR B2 R R 141.97%, FECRIET
MCPFIMWT ) 3 [] 57 ik (28.35%), % H Jt 37 5T ik
X H7.60%716.03% (E14).

www.plant-ecology.com

MWT
7.60%

MWT + MCP

28.35%
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Fig. 4 \Variation partitioning results of the contribution of
mean temperature of the warmest month (MWT) and mean
precipitation of the coldest month (MCP) to the life-form
composition in shrublands.
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41 SUFEPFMEFEISPELATEN
HRBIMMM BB AR

AT REL T R AEAS S, TR AR TS 2 2 A
A SRR R AN SR AN G5 R RR RL(RK &, 2004) . TEFA
M7 HE MAE Y 1038 A K AR A (R T SR i AR A A AR
(K DL), & WIHHEEDF I 2, PR
AFEY N F (L 055F, & Fh % [156.63%), 4K
AFNTE AR A7) 5 15 22.49%F133.87%, Sk T 3F #k
T REINES G VR R SR T RS AR R AR
Pl 2 5 43.37%, Uk B 0 #AHT S A AR JZ W ON R OB
IR, =25 HBEARE A (15 7.17%) L Ag) 5 30 Fis o &
WE IH PR (7.18%) (I P48, 2008)FHALL, 7R A2 7 HAHT iR
MRS TR SR ) R S TR TR AR AR TS AL
T FP A % (15.14%), FEHIE — AT N TRAN
B UKk & (Quercus) BRI EMER TR 2 EEACIR, i BH
R AR 2 E WO AR 2 B S B AN A AR
FERIRAERE, SRARMABRER LR K R %]

S FAH HE MR B A= 15 B DL s A 2R AR N
HE ZFAEYIIR 2, AR R R R S )
> T ZF A8 A >— AF AR FE P> B sF A > 1 F2EAE ),
5RaunkiaerfrifE R EEARLA(E2) . LRETTF, WA
T M Hh s S 2 A A R kb THT 2 A1 40 EE A9 5 Raunkiaer
PR, Al A T A L AR, e R B2
T o XM A E R 5 AR ARV () 22 e 3, o
RLZERE A (54.75%) AR AL Hh X KR B AR MR V4 1) 45
T(46.04%) (FHa20 4%, 2016)m, BT A &
23l bR DL B v I E I 4K (80.0%-89.6%); T
M TH ZF A 4 (31.03%) A1 5 B i Al ¥ I RE AR
(38.00%, ZEU&dbik) (S8R /KEE, 1999)Fn4dk i [X
(32.86%)( E #4145, 2016)4H %, —F MY Lyl
(8.80%) Y& 2 1= T £ I I MK R I AR AR B VR
(0.00%-1.81%)(FHiT3ESE, 2002; TJHEE, 2011). H
LAY S P STV 0 AR A 2 3 TR T 2% S 4 R 7
A 53 S DA BT A B I X A R B R AU 2R
e, RUAEY) AR WG B 52 SR AT E e . — 7
T #4073 SR LD e R b S, WL RSP, FROK
BHARBES, AT &R FEYER, &
LU AG (1) v 57 2 AR T 2 DX 3 PR i B A Vi A% 11 &
B PEE e L A L SR, AR, R
KB, 24 F B R B K 5 78 76 B 5Bk 4
S8 A T A L HE N DL SRR 2

LSRR S DA B> . i — 5T, BEVR
AV R A (] — DX R A8 P T P B, e
MY IE 2, LT S AEY) . B PR A — SR AR A
Y/ (E AR, 1987; FRiTAESE, 2002); AT A
FI3 4R, X H SRR o FE R R i ), M
BRI, VN2 RIAETEVE, Hom AL s A ) A
TH] 27 R A0 R 35 2 3 BRUARRAIE 1 A2 L BT b v 35 B BT
HAR R
42 TWHEEMEFRFERNALEIERIES
KHFFRIN, 2 FE AR &) 72 WA E A
WA E R Ve FT R B I R AR SR, 1T 26 A
AR R GG (FR2; KI3A). DAAE R FE 3 ELAT X R A=
EM A EANRY R, B2 agRRH &M E
Y8 445 FE RN AR ) 3G I ek 2>, b [ ZE AR AR — 4R
A KE W) B8 26 B RN i R 10 38 0 T 3 0 (Raunkiaer,
1934; Hiffis, 1983; FWIR/KEE, 1999); HIEAR X
3 TR AN R 45 B AR s P, G AR b X 5
T #%(Quercus mongolica) V& Mt T ZEHE ) L 5 4
FEFRA 5%, It BS54 156 R iR 5 A % 1]
(T RIS, 2000), -1 FHIBEWERE R X —F A8
Wt e A T v T B AR, b T 2 AR ) RT b ZE R A B v
PRI B (Mahdavi et al., 2012), Wil 4 s
X B R — AR ) R RS S R ) 0 A T T
R o B AT Bl A v T T R, I R A A
L ZERE A B o5 1 B A B R T R T R (SR AT
1998) . SR A TR I5 B 04 i 3 o] e A X 43
BI2ANH L 25N, A R 22325 000 m, Hi4h
B SRR GG K FIKRGER N
b 5| DR W) VR 2 A KT RN R BT 1) B )
F, TR B35 (246 B2 & RN 3RS J=), (H#%
AVER S 2 AR A R RO & T A, R
22 o RN HR b AT 1 U A HE MR ) A v 2 i 2 2
MO SR o FOFLARIR], 128 J 5 W T [X I H
HISRRE O R B % . Ho—, WA B 1) P it Hb
X, i S SR MLk, ARG L. JbARE
il AR BRI, 52 KT 22 XU G T 28 XU Vi
SARPIFEI, BRI R 5 S BB AR R
B 2R 7] PR IZ TR D, T RGBS i R K R RS, Bl T
W HO S R, E 26 R PR B IR R A K ) 2
Wy K=, WA AREAML . R, 7550
N vim R, MOER B SRR S, R R R
BT, R Sl R B B AR, TR R S )
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FERRRE . DRI, SO AT HEA P s AL SRR L I BE 4
FEMIHG N, B>, M B SR Hi SR A
R — 4 A AR L 51 o 22 55 T k2> b T 2 A A4 R
I 2 A2 L A3 I i 4 T 386 0 (3R 2)
43 MWTFIMCPRIEZNIL A M JE R IR
& B KK E F

T A & B X PR R R E M 5 R, 5
PAAERIE 91 45 B (Raunkiaer, 1934; R /K4%, 1999; &
VT7EE4SE, 2002; Vashistha et al., 2011; Mahdavi et al.,
2012)— 5, A [F) A i BUAE ) 6 K AR 7 A 5R 8
FIMHRIE o ASHIF 50 45 B o UG R HE M\ b v o7 2 A
YR HITH] 28 AL 5205 R K 3L R S, B 2
V2R B RS TR, —AE AR A ) 32 25 [ KA
5o BRI, T IT IELE(2002) IAIF FE A A I HAGH 1l [X 7
RLEEREY) SR ERBE K Z TR RANEZ, HFEAKRE
AR R B . X AT BE A P I T AR 5
MG EANE, VT 3525 (2002) BT B i 0 #h 2%
B> LA R AR BEVE 5 AL 28 FE5 9 L ] 76 67.2%—
87.86%: [A], T 5T Hh s B PR BERA FE R /DS, HLAH R
AT R SFE s AT BRI GEiE BB . ABEF
PAHE M ST 5, 78I 34 4= X3 Bl N 20 J2 A R A
PR T BN SE BRI K A B, 25 1L T il L S e
T AETE R 5K T Z AR R

AFRE T A2 355 FR 1 A 0F s ke X 3 A o ) 5
R (E MU, 1987, FFIR/KEE, 1999; #HIE4E4E
2004), 750 FHT H X PR e 5 A 4 A 3 7 b B A
JR3 1 5% K AR 7 B AT R D L (R VT AR 4R
2002). ASCHIBFFLSE R (FR2; K3, KE4)FRPIMWT
HTMCP 2 52 M S 45 E AR ) A= 375 780 1 B A% )5 1)
FEIRIR F o AL ZE YA LT ZE R 5 MWT
FIMCP ) AH 5% 2 B0 ~1- BAH 24, BT & B MWT A
MCP (1) 38 I 2 2 84 n,  J5 & BEMWT HIMCP 3%
T 2 s, Ul AL SR A R AR K
B RIA R KOG R B, T Hb TH 2 A 2 (KR A
TRILFEER MR BREEHEY)E 2 M2 5 15
Wi, XoF 305 s FEE 1100 IS 7 258 7K 43 s P B o R A, 15 B
ZATE AR A KRR I R, —EAE ) 5 MCP
AH S REECK, UHIZ AR 54T T RN
KAREINER ., SR, M B 2ERY 5 KR T 1) 5%
RBONTS, UEUIZA TS B A B A P 7 R K A
JEE R A K3, o H oK 1R by 24 3R (Tt
1994; F 1412 2016). SR1M, RDAFEF 45 R A
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58.03% (/)38 T A HEHE MWT HIMCP I i e, X 1] fig
ST DR AR 08 20 RS2 T H0 R0 ey el A 5 1) 58 21 5
FIREL, A Ja BRI S0 RN 8 T 405 P 855 R -0 HE M
WA Y 2R 2H SR T (1) SISUERIE o

E£mBE +TEHFRRERLEFHEER
(XDA05050302).
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