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Abstract: Resource allocation strategy is central to plant life-history theory and thus receive extensive attention of
ecologists and evolutionists, However, there are few research about the resource allocation strategies of sympatric spe-
cies of the same genus. We studied the plant traits and reproductive allocation of three sympatric Comastoma species
which are all alpine annual herbs of the Qinghai-Tibet Plateau. Our results were as follows: (1) there were significant
differences in plant height.flower number every plant.top flower size and reproductive allocation among three species
due to their different mating systems, habitats and life-history strategies; (2)in all three species, there was positive
relationship between resource allocation of vegetative organs and reproductive organs,and no trade-off between vege-
tative growth and reproduction was found; (3)the reproductive investment increased but the proportion of reproduc-
tion(reproductive allocation) decreased with increased individual size, which was consistent with the previous conclu-
sions,indicating size-dependency of reproductive allocation and this might be resultant from the allometric relationship

between reproductive allocation and individual size.
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Table 1 Habitats and companion species of three Comastoma species
il % B R B 25y
Species Habitat Sample number Companion species
LI EEYIA [SE 8] 40 Aconitumv gymnandrum s Del phinium kamaonense , Gentiana scabra » Elymus nu-
C. pulmonarium tans sOplopanax elatus ,Saussurea japonica ,Gentiana straminea
4% S Mk B AL T FEFE N EL Hb 40 Potentilla fruticosa » Gentiana scabra, Leontopodium leontopodioides, Oxytropis
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Table 2 The numbers of pollen grains,ovules and

pollen/ovule ratio of three Comastoma species

yfp HHEH k% H TR IR R L £51
Species Pollen number Ovule number pollen/ovule ratio
C. pulmonarium 5416.6+515.9  119.7£4.2 46.314.6

C. polycladum 3944,74+226.3  269.3+6.6 14.740.8

C. pedunlulatum 3915.04+370.3 216.146.8 18.842.0
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Table 3 Comparison of vegetative and reproductive characters of three Comastoma species

LU TR i AL A2 AL =i 1EEH E-YUCis 1B A BRI
Species PI_H (cm) fl_D (mm) fl_H (mm) fl_num V_mass (g) fl_mass (g) RA (%)
C. pulmonarium 15.624+0.30" 16.10+0.19° 17.514+0.13" 3.80+0.16° 0.07440.004"  0.030-0.002" 28.7640.64"
C. polycladum 13.8840.35" 7.7440.15" 10.4140.12" 17.034+2.11" 0.1954+0.028"  0.061£0.009" 24.8040.78"
C. pedunlulatum 20.54+0.47¢ 9.20£0.08° 9.65+0.07° 9.384+0.69°¢ 0.09440.009*  0.023£0.002" 21.27£0.70¢
e AR A R R R AE P=0.05 KFERARE,

Note: Values with the same letter indicate the difference is not significant at P =0.05 level.
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Fig. 1  Comparison of flower diameter ({l_D), flower

height(fl_H) and flower number per plant of three Co-

mastoma species White, gray and dark gray column represent C.
pulmonarium , C. polycladum and C. pedunlulatum , respectively.
Different letters in the same column indicate there is significant

difference between every two species at P=0.05 level.

(0.074£0.004) Z [0] 22 A g & (LSD, P =0.411);
XF H = AN BEA A B AR Y & A Mk B AR (0,061
+£0.009) [\ #E i 2 & T H & W ik £ 48 (LSD, P <<
0.001) , 1 2% 55 Mx & 4£ (0.023 £ 0.002) 1z E 1E
(0.030£0.002) Z ] /) 2= 5 [A] FE A &k 2% (LSD, P =
0.417) (£ 3), 430l % & = A Fh (Mg BAE r =0.798,
P<C0.001; 45 MEEAE r=0.955, P<C0.001 ; 32 55 Mk
B r=0.974,P<<0.001) L5 & H & =1 Fh (r =
0.946, P<C0.001) , & A B3 F7 45 B A FH 25 B M 48
PORARI S i I RS RN T o i W PO i S

B AT B o BB A B SR AR E TR A X
FWR AR EEZ R BERGE R T Rm W EE
BB A (78.73% +£0.70 %) s A MR B AE (75.2% +
0.78 %) Mk B AE (71.24 % +0.64 %) . 1 Z 5 43 i W)
TE S AH I W T A6 1) B8 43 T A8 B e » 000 W 6 AL L
VK 5 2% 55 0% 6 A6 B 1K, FL = A 19 0 43 i 24 7
20%~30%Z M (F 3,
24 EHEHAS 5N RNAGEXSH

Wk B A R 48 300 Wk AR B TR B AR (W B AL r =
0.559, P <C0.001; 4 Mk E 4 r =0.405, P =0.01)
AL KN TBAE r=0.516, P =0.001 ; 4% 311 W 4
r=0.455,P =0.003) 28 S AR T AR KN 32 55 1k
EAEMTAL B4 (r=0.112, P =0.491) F14£ K/
(r=0.099, P =0.542) 54 K/ Z [6] 1 FH 5 134
AN AT TOAE R BN O TS AR R
(MEFEAE r=-0.017,P =0.918; 4% MEF AL r =0.24,
P=0.135; Z 5§ M E4E r=0.017,P=0.918),

AR B A A S AR/ 2
TEA O (MEFAE »=0.798, P <C0.001; 4% 31 Mk B 4
r=0.955, P <C0.001; F 5 M B/ r =0.974, P <
0.001) (&l 2: A) 5 Ti) %58 43 i 5 AN K /N TE Wk B 4K
(r=-0.332,P=0.036) Fl £ 55 Mk £ 4L (r =-0.557, P
<C0.001) H 5 I 3 R O¢ , 78 9500 Wk B A6 T AH OGP
AN E(r=-0.248, P =0.123) (& 2:B); ¥ A K
N BT A AR T BB 53 IC 43 ol 2R AT R O
Ja s SRR RN B A E A Y R R W
TEAASE (M B AE r =0.831, P<C0.001; 4% 1 Mg B 4
r=0.958, P <C0.001; X5 M L4 r =0.943, P <
0.001) (Kl 3), 5 %5 4y Fil 4 2 B & UM ¢ (ME E AL



42 I -

34 %

r=-0.34,P =0.032; %1 W E 1L r =-0.426,P =
0.006; X551 EAE r=-0.768,P<0.001),
25 EEAMENMERNIFREXER

ML 3 AT K B0 i FVE 5 d B AR
A7 U 4 J B PR AR DG HE = A NI Oy i 3 U W]
TE = B AL b Al BEAFTE S U . X =il B 4B
BT A E AR i AR RN Z TR AT R G B 4
RS X HOC R 835 /N B AR UKy Sy ik B
W R=0.247 V "8 (+=0.799, P <C0.001) . 4 1 ME F
£ R=0.318 V " (r=0.955, P <C0.001) Fl Z 55 Mk
FAE R=0.156 V “™ (»=0.974,P<C0.001), #tM
5 EA SR F 20k B A T, B R B PR
Tl B A6 AT AR 18 B0 43 E 5 SR KN Z TR A S G
EX IS ETE

3 Hiw gtk

3 EESMAFMEER

BN MEEAL R 5GME BAEH TR £, i D)
ASC PR S5 516 T — 2 A 11 25 e AR SR Bk 55 B WT e )
ANHERS . A AN FE XS A BN TR BT A R
JEE FIZ PR A A6 550 AT A2 B W 25 10 A O L D6 W AE X
A R AR A Bl e, S TR Fir 6 R Y e B R L AR
AMAEBR BT RE AR 1 AE B H W B 2, THUAE i 78 AL
(8 e BE A — 8RR FE AR TSR Bk 1 B JOIR L

LR IR Ak AL LB A BCAE I AE 2000
~30% Z I, X 5HICHIE (1999) 15 1) 4518 —
B AE AR TP — IR G SR AR W 1Y LR B o — R
di H R R AL R Y 20 %0 ~40 %6, 22 YR &5 S A 4 )
o7 B AR B AL RE RE Y 20 0 AR .

X ) BB 3 TC Y R R F 5T R B A AR B A O
SORFAE AR i RN AR T 5 LA RPN R A T R L R T
PR B AR P BEAE — O 72 B b 52 e B E 4 TC 5K W 1T
L3 2 52 i ) LA 32 30T R I A 0 IR R AT e T I
By 3R 5% B a8 A R i & A= AF fb (Karlsson et al.,
2005), LR ARLLM 2257 (a1 [ A8 5 58 MG o
S AT AR ) A 1 35 A B R IR AL S5 A AR R
() 52 W), T EL 3 5 0 A6 1Y A BF BT IR A E (5K R B
85,2001) T, AEAL A BRI &0 T AR RS 20
I AT T 5 s B CAnAE I AR RN B
FVE ) WA LA 5| B 2 A A B & . TE
H A )Rl B0 5 IR 5 A B AL WG 51 25 48 1 1L 5]
A4 B T 52 2 0 10 A AR GRX A M 4L 2003 5 X AR NI

2005) . HHE Cruden(1977) BRI 43 b5l A1 = A Fl i
B (P/O) (£ 2), Mk BALE T3k A 82K
AL AN B R 5 Mk B8 TRk A g KA,
AT M BAE KT RGP LU0 R LY
52 LA A 38 3 CR &SRB & [8] 38843 A 1) 48500 1
BAMEEEEATRLL AL E, MEALAE
SR HACRE S (A AR =D . Kk, X AP A
P 5| B d i AE S50 by B R L 40 0 AR Tk R
A6 - 31X 5 FRATTXT ZE 5 43 Bl W 9T 25 2R (3R ) AHTT

AP EAR A B AR O T K 4y FR 4 KR
DL K 32 T P B0 vT BE 5 O BB 0 TE SR W A OC L T
A [F) 4 b BB 3 T B A 5 3 g i 7 D7 55 HR
AR] Foeb A 6 XoF 9 52 A 9¢ (Karlsson e al.,2005), MR #E
Grime X453, R XK (Z¢ K4 , ruderals) \C X 3K %
(G543, competitors) Ml S X % & (0 32 &,
stress-tolerators) 43l Xt 1 & DL BEAH A K FIAE TG R
F BRI FOA L, TR FEXS R A — A i A A
PRAE T 3R TE A 6 S0 BT BAIR I A8 1 e W 16
HAHME T AR B, A KA IR N5
ik Fof 1 A 35 52 300 A0 56 1 e i A B v, 3 B )
MY rKRGERETR r SR ESE -Gk KE,
2004) . 7EIEE K BOM AR AL T, 40 2R Rk 1 AE
T8 T4k, IR A8 bk 19 58 43 e #4255 (Willson,
1983) . BHH AT BCAIE 5T 6 S i = i 5 A6 S A R R
T RXEE ALK A P AL A S AT A A — E 22 57 Mk
B A6 RN 48 0 Wk B AR AR KA K AR A S R 2= 1 R L
VR N\ Y e L T L LA 2R R R e B, T
P B R W E . PEREEAE K FEN T AR R
9 H IR, v At 3k b DX SR 2 T BEAIR L IS UK T
KA A 33X 2 52 BYIX P oo e = A 09 0K AL T R R
i PRHORE AR 00 BB Ay T 4 v FLAC L EAT B0, 2R
55 W% B A6 AR K AEIK A3 RS 43 25 0 3 LU By ) AR 34 il
kA it R R (i B R A 90 Y0 1R R Aa) v, AR e R R
1T % 4 TR R XoF 23 555 e 6 6 S 3] 17 A 4080 e 3288 i AR £
AER RO /N 15 WA A2 A X o, T
P e SO0 H A 55 BE T 32 55 Mk B B 2 A5 O3 TE T
Z IR E TR AR = B L3k B LT 2 B
SR I A A 2 R DR O S 5 0 R AR Y BB 43 TG B
% I e AT B0
3.2 ME KN

(A TAT I3 i WL Ik 7 N M N Al 21 ST
MM (Samson et al.,1986), FE— b HAG 70 fE %
B RE 77 B4 fen LA U 2 i A ) B (Ge-



1 SR . =[] d G A7 T AR 1Y BB 0 43
0.08 0.5
, &
& £ 0.06- = 04
& = 0.34
# 2 0. 04 4 2:'% z
ur b o>
e 3 &t o 0.2
s E
k 0. 02
8 £ 0.1
&
0.00 . . r . . 0.0 . . . r
0.00 005 010 0.15 0.20 0.2 0.30 0.0 0.2 0.4 0.6
EFEELEYE Vegetative biomass (g)
2 ZMIEEAEEBZE LR (A VEESE (B 5K KN RAH &2
Fig. 2 Linear relationship between reproductive biomass and plant size (A) and the relationship between reproductive alloca-

tion and plant size (B) of three Comastoma species

The linear correlation between reproductive biomass and plant size is significant in three

species. Dotted line and circle represent for C. pulmonarium (R=0.006-+0.322 V,r=0.798, P<0.001) ;short dash line and square for C. polyclad-
um (R=0.00140.311 V,r=0.955,P<C0.001)and solid line and star for C. pedunlulatum (R=0.005+0.191 V,r=0.974,P<C0.001). However,
the correlation between reproductive allocation and plant size is significant in C. pulmonarium (RA =0.325-0.508 V,»=-0.332,P =0.036)and C. pe-
dunlulatum (RA=0.252-0.417 V,r=-0.557, P<C0.001) but not in C. polycladum (RA=0.262-0.070 V,r=-0.248,P=0.123).
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Fig. 3 Correlative analysis between vegetative biomass (IgV/) and reproductive biomass (IgR) of three Comastoma species
A. C. pulmonarium ,1gR =-0.622+0.807 1gV,r=0.831,P<C0.001; B. C. polycladum ,1gR =-0.598+0.874 1gV,r=0.958, P<C0.001; C. C. pe-

dunlulatum ,1gR =-0.901+40.705 1gV,r=0.943, P<C0.001.
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