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An initial study on the population growth dynamic of Galinsoga quadriradiata

Ruiz & Pav. on Qinling-Bashan Mountain

LIU Gang, ZHANG Lulu, KONG Binbin, WEI Xinhua, ZHU Zhihong *
College of Life Sciences, Shaanxi Normal University, Xi'an 710119, China

Abstract; Whether an exotic plant can successfully invade a novel habitat depends on the invasiveness of the species (e.g.,
growth rate, propagule pressure) and the invasibility of the habitat ( environmental factors). Mountain areas are difficult for
exotic species to invade owing to high variation in environmental factors and the low propagule pressure of invaders.
However, anthropogenic activities, particularly farming, frequently disrupt restrictions due to such factors, and
subsequently benefit the range expansion of some exotic plants in mountain areas. The population of Galinsoga quadriradiata
Ruiz & Pav., introduced from tropical America, has exhibited an explosive increase on Qinling—Bashan Mountain, mid-
west China. However, the population growth dynamics and habitat preferences for this invasive species are unknown. In the
present study, we conducted a field experiment and a sampling survey to determine the population growth dynamics and
habitat preferences of G. quadriradiata. The field experiment was conducted in Xunyangba ( Ankang, Shaanxi) beginning in
late May 2014, with 12 1 x 1m plots in 4 sites of farmland which were in close proximity to each other. The coverage,
height, number of inflorescences, and seed production of G. quadriradiata were measured or counted in each plot every
15—20 d until mid-September, by which time all the plants had died. The sampling survey was conducted in Qinling—

Bashan mountain in July, 2014. In total, 90 1 X Im plots at 30 sites were established with different altitudes, slopes, and
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aspects. The frequency, density, and height of G. quadriradiata were measured in each plot. Environmental factors, soil
compaction, altitude, and slope were measured. A repeated—measures ANOVA ( GLM-RMANOVA) was used to determine
the population dynamics of G. quadriradiata within a complete growth cycle. PCA and multivariate analyses were used to
detect the influence of environmental factors on the population characteristics of G. quadriradiata. Our results show that the
population density of this invasive species reached 300 individuals - m™, the average seed production was 675 seeds per
individual, and the seed production of the whole population was 45,619 seeds + m™> within one generation. This indicated
that this high level of propagule pressure could provide sufficient seeds for a successful invasion in the study area. The
population density decreased with time following a logistic pattern, and its mortality rate reached the highest level during the
transition between vegetative growth and maturity. This suggests that G. quadriradiata may exhibit an inverse density —
dependent effect during population growth. The result of the field survey shows that the frequency of G. quadriradiata in the
local plant community is positively related to soil compaction, but negatively related to slope. This information is useful to
predict its invasive tendency in the future. To summarize, G. quadriradiata would be a successful invader in habitats on
Qinling—Bashan Mountain due to its high invasion potential; therefore, measures for controlling the an invasion of this

exotic species are urgently needed.

Key Words: biological invasion; propagule pressure; inverse density dependency; environmental factors;

Galinsoga quadriradiata

EPANR = NRI RS R G U™ UK A IR AR T FE 2 AU S 2 058 A E 57 1)
N FhZ T LLRESE TR AR B AR, — 5 T H PR T AR 2 e, g — D T, A0 PR A 199 3 455 )
Fo KEWIE AR , AR A A BAT SR A4 K BRE R e S 55 FEAOKT B AR BN
PR A K BE ) HAE S AS #1958 G vh ARAS B s 1 SE P U0 X — e R 2R 45 T AR R DL S R0 |
RE RN UE A FHACR S s AR FRa AR 7 KAl 1, R 7 T s AR A /N, HAT ) B R 180 e 6
ST . FERREEZ UK b BT TR0 (Allee effect) FUPEFT, A SR FIRE 25 BE R (1) 20
Y HORE S A5 DE T AR 4 5K RE | %2 BB s 1 R S 28 2 i Bt ™ A K b 7 B 45 ) B b
AR A AT B A — B R LR SR AR AR RS, KERFIT R, AR R
TEASE A G2 B TSR A g v AR — 5T, AR I A A A S B A T 55 e
HMEFPRES AR S —Jr i, B3R 6 S AR AR RGN T e — e R R T
HPRFPEY I AR o B0, b 2SR ) Rt S0 A= B e ] R B A A1 N RO A R 7 R 45 A8 B IR A
FEo Rt AR A0

LB A4 IE% ( Galinsoga quadriradiata Ruiz & pav. 5 G. ciliata (Raf.) S.F. Blake) b2 5k 4 B2 J| —4F 4
FOAHY) ST SEVIRIEE L0 B EL i A A BRSSO (4 i b s
H—FEBERLO AR Hoa e, o] U AR O 8 50% A2 A7 L b e 3 i ScEkic
SEEAR I EILE 1979 AFRRCH ERE AR , AU FICPE ) I, DA Tl ss AR ARG A HREE A %R
FI 20tz vpot Bl A 51N 1943 AR 7L DU IR R BIAR A S 7R 28 B I X, HLE A IR 44 3l A T IR
667m—1982m ) KGN, BT AR REE " o FRATRTIIA IR A SR R E R I K B2 i T2 M
N2 IR K e H . ZR 0 SR 3R A= ) b BRAN M pa A o P2k AR TR A W) ZREPE AP TAE P Ak T AR H
EEMMAL, T ARF AR B E R i R 2R IR A A C AR R L X R
FAAR AORFE , ol U B2 XA A= Z2 e P R . SR, R S0 7 b [ O AR BIE T Sl e %o
THAK B N S B R R R MM ZEL D il FRATH S DU R [l 728 1 10 XOHL B 4 T
2 BRI B RS A BRSSO R AL 08 1 B AR 7 AN /NS IR R - 2 ] 1 56 R il 7 A
WFFE B TEE L B AP AL M AN A FE R E 2 o AR 6 A IR 3 78 28 L LU XA R i sl 25 R B0 ) 1
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T2 DX AR AR BT A AT L E] YA 23 A A% FE R B AN, ZEAR N AR L, 2014 4 5 A 00, R ATT 76 A BH 3By
JT P AR BT 4 S IAE L, LA 35853 501 R AR DU 25 7+ FORE R b (FE b 1, T 14mx9m ; 14K .
1350m ; b5 . /NZRIE 1, S Hb ) AR oK (REHD 2, TR 17mx8m ; VK« 1345m ; H s . /NI IA R 200m , 31
H) BRGE T K+ THAA Rl (R 3, AR 16mx60m ; T : 1392m #5745 T34 10, 3t ) R 2 oK i (R
Ho 4 TR 17mx 8m s 4K : 1428m s # i ORI ML) o 4 SRAEHLAY [E] BE7E 200—500m AN S5, 7EAEHAE
FEPLIZE 3 > Imx1m WEER T, N5 Hda 2 9 a0 10—15 Kid st A 77 WL B4 3 A 1R bk
= (em) AEJTE G5B (%) RV (n/m?) 55 IFAER M7 SRIE AL B I Imx Im FEJ7, JEARAZ 430 B4 TR
AR, VeI £, 60°CHE 72h, S IFREAR R ZEM AT T8 (g) , 0 RREE 2 2 B4 M HARSET N
1k FERRF B BEHLR SEAH B 2R 2 MR IE SRR T AR T4 (n) . W 2014 4 9 A A2l
Ieph A 8 Uk, Es THL A RA NG e 5 Sc I H B T BN E KR A BB, o — IR
B, B AR 4G © 56 Ak BT, DR G ) 500 (S04 B i 7 N

PN LR A T 2014 4F 7 A 18 H & 26 H W E—F R H— 2 B—L R — I —a R E—7
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D7 M ML AR A AR (n/m®) MR 45, OF
FE (0. 1m* ) ZEAE Hb 35 il N BEALIBE SO v I 2 HL AR 132
(%) , [ SR 4K (m) R (°) A2 2 B 25 5
Bl F 43 B S0 L SC-900 ( Spectrum Technologies
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x Fig.1 The location of the field experiment and sampling survey
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L, ARG E, FIEEN & 18] v+ 1 AR EIAAIE 5L, L, = (n, + 0, ) /23
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Table 1 The geo-information for the 30 sites of sampling survey

Hh o B i BRI 25 /E /N KR /m
Location Site Habitat type Longitude Latitude Elevation
BAREH 1 £ H 109°45.02" 31°45.54' 1077

2 &5 b 109°34.065" 31°45.067' 1069
3 A 109°33.837' 31°46.096 1049
4 e 109°32.074' 31°48.941’ 1010
; mos MRS WRTS e
0 it ormss aso tos7—1123
7 P 109°23.102' 31°57.991’ 1517
A 8 e 109°19.218’ 32°01.635' 1785
A 9 £ H 109°04.803" 32°10.033’ 670
10 A 108°53.787 32°21.719' 473
11 T 108°53.681 32°21.811" 456
AR 12 A 108°10.072 33°09.080’ 533
13 A 108°12.554 33°05.340’ 404
TheH 14 &5 108°16.508" 33°18.361' 719
15 Tl 108°19.081 33°21.010’ 835
16 B 108°19.507" 33°21.085' 822
17 T 7 108°19.068’ 33°21.096' 820
18 A& 108°19.048’ 33°21.124' 828
19 jiZ:3w] 108°31.352" 33°29.842' 1669
20 AT HL 108°31.590 33°30.194 1630
21 qe 108°32.195 33°31.594' 1458
22 A 108°32.325 33°32.198' 1404
23 B 108°32.314 33°32.319’ 1399
24 255 108°34.708’ 33°34.064' 1241
25 230} 108°37.218’ 33°34.636' 1184
26 AT H 108°43.423' 33°45.452' 1073
27 A 108°43.292" 33°45.465' 1067
28 #i 108°47.253' 33°49.539' 1770
29 A 108°43.292" 33°45.465' 1067
30 #ih 108°47.253' 33°49.539' 1770

K GLM-RMANOVA J3 7 B4 1 36 R E 2% ( Density, n/m*)  BAREA: ¥4 ( Biomass, g)  BARKAE 5 /E
Yy (Inflorescence mass,g) R E (Height,cm) FRFRIERF £ ( No. of inflorescence ,n) Fl55 J ( Coverage , % ) 1F
ARSI 225 . it IR O S5, 228 HBCR /N B 3 22 12 (LSD)

SR A [B1VA 53 BT B 2 8 A rhodL B A TR A RE % 8 ey B2 55 BB DR (-3 SR S B g AR RN 8 ) ) 1Y
RER, VB4 A ML AR A SRR R F4RE, S 1 BRI R A8 i 2 ] iy e v, SR
BT 53HT (PCA ) B RATF AR R 1154, . 76 PCA ZpAr 4 b B B Re Ak (A /N T 1 B9 BV 4tk [l 15
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ST AR 5 . PCA 238K PC-ORD 5.0 #4458 %, , GLM—~RMANOVA F1£k M 8] 1943 #1=% 1 SPSS 16.0 %X
H5E R,

2 HRE5H

2.1 MBFBA MRS

1] 91 ) i A DU A Al 45 SR s, OB AR TR AE 1Y 6 A =2 AE K AR bR o0 iAE b 5 4248 J i, 4 A58 2ok
ERIE KB (Mauchly’s Test of Sphericity) (£ 2) . 48 Greenhouse—Geisser 5 1F )i FI KL 5645 S B~ |, 1R 2% (Age ) X
6 M ELARKIGIRIA N 00 (p<0.001) , BIIX 6 4> F LA KARPRI & I | 772 T W (W3R 3) ;
H P 2 AT U0 5 A TR A R e 2 32 i o ] 22 0L S I 5 B R 3 SRR A i A A4 0 s ARV o D) i i 1] 522
Kk  FRAR AR P e 0 o P U AN B] 52 S BRGNS D B R B, R Hi PR 2R R A A Y FRARAE T AR )
iR MR P AR RN T B A TR Y (3R 3) , 2 LB (LSD) A5 2R LI 2- C—F ; iR 2 5 R B
PRAEY REAERE I Z IR I 3 22 5 A I GORTRE Hb ( Site ) PIAN R 2 X046 7 A= 0 i Mk oo i 3 A ik
FHWZHAEN

2 HESARIWHHTE ESREVE EREFEYE KB . ERKEFBENEEHIENIRERIEER
Table 2 The Mauchly’ s test of sphericity on density, biomass, inflorescence mass, height, no. of inflorescence, and coverage of

G. quadriradiata

ZH e B Rk FARRAE R Y B FARRAE R Rt Wi
Parameters Density/ (n/m?*) Biomass/g Inflorescence mass/g Height/cm No. of inflorescence Coverage/ %
Mauchly's W <0.001 0.004 0.003 0.001 <0.001 0.001
df 20 20 20 20 20 20
P 0.024 <0.001 <0.001 0.004 <0.001 0.009

R3 HE4BFHHTE SKREVE BREFEVE NS ENEFHENEEEMNBRE EEEMESHH Greenhouse-Geisser
MIEMBER
Table 3 The GLM-RMANOVA analysis on density, biomass, inflorescence mass, height, no. of inflorescence, and coverage of G. quadriradiata

FREESAE A BB A AR ZBORE AG 56

Population Tests of within-subjects effects Tests of between-subjects effects

characteristics df F P df F P

P B2 Lk 2.51 31.66 <0.001 i 1 164.97 <0.001

Density /n/m? W x FEHL 7.53 1.99 0.111 FEHL 3 1.37 0.327

Rk . 2.23 33.51 <0.001 i 1 431.79 <0.001
AT A Y

Biomass /g RERIER XFEAL 6.69 1.68 0.179 o 3 1.00 0.393

AEFPIE i . 3.09 34.62 <0.001 T 1 351.56 <0.001
A IS Y 2

Inflorescence mass /g IR X 9.26 6.03 <0.001 Fei 3 4.89 0.003

R 224 1.92 204.69 <0.001 R 1 1042.00 <0.001

Height /cm W xAEH 5.76 5.86 0.003 K 3 12.48 0.002

AP E z 1.61 19.97 <0.001 TR 1 850.88 <0.001
& AY)

No. of inflorescence R S 4.82 2.92 0.057 K 3 28.13 <0.001

s . 3.07 12.25 <0.001 U 1 216.13 <0.001
Ay

Coverage /% WG 9.22 3.57 0.006 L 3 8.63 0.007

FEES S A R BN (R 4) BB A RECR RS 2 GBI A Ha)) BF R 8K, LS
AL REAR, I MRS T BN AE 3 #5B IR ) 85 5, SET- 383K 57% ., 55 4 WG ASAST- 35 46 1 Bt ik B 55 K (&l
2-E) B4 A A BB R BAETEGE 25 1, B ATk 309

LB A AR R IE AR B AR A K T N e R e R K O B T R i s, e 89
A (1—3 #90) 4EF4E 100 n/m® DA b e il 3524 300 n/m?, T E A S (4—7 9% UG, HAhRERS
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JE B2 100 n/m” LA (K 2-A)

X BEAE S AR TRl i A R A S BT T3 7 A 27 R U SRR R B A R A
BT AT A 675 KSR B KT 77 A 8343 KL LASHE 4 WSS (ORI RE S BEA SR IZ AR A RE
2ot R AR B 2 I S T AR B K AT 77 A U 724 45619 n/m”

x4 HELBIMENSESGER
Table 4 The cohort life table of G. quadriradiata population

s \ S . | T S
2% . R \ TR e Wil g X!
Number of . Number of o Average value .
Age class K Survival rate Death rate Killing power . . Total age Life expectancy
survivals deaths of survival .
x I, d q, k, ber of lived e,
e g FmRer S individuals T,
1 1960
2 2399 1.00 500 0.21 0.10 2149 5210.50 2.17
3 1899 0.79 1088 0.57 0.37 1355 3061.50 1.61
4 811 0.34 252 0.31 0.16 685 1706.50 2.10
5 559 0.23 130 0.23 0.12 494 1021.50 1.83
6 429 0.18 116 0.27 0.14 371 527.50 1.23
7 313 0.13 313 1.00 156.50 156.50 0.50
8 0 0 0 0

2.2 HBA AL 5 AR H 5= ZEREE R 78] A AR Sk

HY AR BRI A 25 0 W 7R 2R L XML B A 48 A IR PR  F- 29 %6 B 55 n/m*(£4.76 SE) , /M5
FEN 29.21 em (£1.35 SE) , PS8 K 55.87% (+3.47 SE) . i@t IR A R HEBA B EE L
BRAEAR B PR e T OR300 55 2 B AChIE sh H R A A . FER TRl A= 5 A 2 (0] R 4 2 1 s B
L AN e BE R B0 Wk 3 22 5 (WU F=0.50,df=3,P=0.69; R ¥ : F=2.33,df=3,P=0.08) ; M A 5
W25 3 (F=5.54,df=3,P=0.02) . ¥R B4 RGP IE S B fi ey, HL I 3850 T A% RN #8572 H e b b
B 5 DU R 2 70 A 355 v (R R R A TR A IR 2 I b R BI /MY S < i (AR > B 0 > A T > 8 S b ( DLIRT 3)

PCA S3Hr&5 A R  Hi I~ F 5043 PCL A PC2 IRFAEEAS /N T 1, WG 0 SR8 R 28 b5 RS A AR AR S
B B3 9N 44.25% F1 20.45% , BRIk 64.69% (3 5) , PCl T8 5 + 3 B S0 FF (SDen ) 2810 A €,
HEREAAHKCKE R PC2 FZ G T4 5, RIS A RS (E 4) .

LRAME M R R (0 S) B4R FRENE 5 PCl B MG, 5 PC2 B3 IEASE, B B4
T8 1)+ IR 8 ot 7 - 498 55 S B A KT 4G 5, Bl 0B 1S M BRI PP RE 2 AN S PC2 Z M R IEAR G, 5
PC1 Z R TCAR SN | RIDH 6 A0 I A R 4 132 it 3 B3 KN BRI, HOARAZ 13 B S i) s AT 3 AL S
PC1 Z [a) @ RSG5 PC2 Z (B J0 B & 4R MR G, RIHL 6 2 I A Ak oo Bt - 4 5 S B 398 KT 34 v

x5 HESBRIAERENEEMRERT PCA BEMITWME

Table 5 The propotion of variance of the environmental factors explained by PCA principal components

ERTN TFIER L FiH R
PC Eigenvalue % of variance Cumulated% of variance
1 2.21 44.25 44.25
2 1.02 20.45 64.69
3 0.87 17.33 82.02
4 0.61 12.09 94.11
5 0.29 5.89 100
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Fig.2 The variation of density, biomass, inflorescence mass, height, no. of inflorescence, and coverage of G. quadriradiata along time in
each site
FEF MR AT AR (38 3) Y A REHL RN 35 Sl I LSD X LU [RIRE L AL B A I G TE A R KR B IR 22 501 . PP R b =2 )45
MR TR FRR P ETE «=0.05 KV B2 RE, 1—7 BRI BN B IE ARy 2014 £5 H 26 H 6 H 1087 A1 H.7 418 0.7 H
25H 8 14HM8H22H

3 e

ZFH R 1B U ( Propagule pressure hypothesis) Ak, AR FPE B A= 55 v 9 AR R D LR Bl % 3]k i 48
B i BREARBOR I NG R KRBT AS FESE T AR o K 5 A DL AR5 A AR b A i 11
TR, NI SR AR R e S AP 100 ML 2R R4 70 22 1 1L XA AR R 2 B K | Bk A i ¢
B IR, PR b PN B 5 K AR B A T 38 B D 0 B 2B B ™ 2B 1) AR ] iR 2 45619 R, X FITE
JEIEI B AARFITE A B AR 5 7= A AR R AR0RT 3 3000 A, BAfAh 7= vl =ik 7500 R0 T AT 28 RE LY
F R 5, AN BB AR T L AMRER , P 25 7538 B K S5 T 0T DURE 28 i Fh e
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Fig.3 Comparisons on the traits ( frequency, density, and height) of G. quadriradiata among different habitats
Farmland 7R 4% H ; Abandoned land /R 5 HE ; Tree nursery 32718 1 [l ; Road side 7R 300 5 W0 7 AL B 28 0 2 (8] 45 TOAH B A B R AR I ETE o
=0.05 R R 25 B3

AR E R R E SR 2—3 A% AT L R LA A TR, A R R SRR S TE i
DX AER A e Y BFR AT ) O HAEZE L X PR — 2Dy RARE S S, A ML B 2R s i 1A B R )
HCIE R B BN AR B R B i A B RS B X SRE e 2R, ELRE b R B HRTORG B T L 20
IR SRR AT I T R AT | b A5 PR 38 6 b 14 T80 28 1 B, 1) JH Rt S 0 a7 B 5
P, ARFP AR 1 FE— 53 A ZEFE AR ) 55 32 ( Transport) | 7€ 5 ( Colonization ) | & 37, ( Establishment ) F1§~
i ( Lanscape spread ) PUASBY B ML B A R AR K R B S SRS R BoR JNARFITE 4 HepE b rh Y REaS
HERFRL R B A RO R A AR i (18] 2) 5 BEWTZARTE 220 R 3 i) T P B EL 28l s e 1 ORI
T SEIG R Y AMRFIRE ; A EA ML IX ) AR HEAY B Bt . X B G HLE A BA X A IX 1 H AR AE S R S0
A AR 7 9 R T RE R 2RI T s

FFERE L PN A0 RE T 2 I 4 TE — A KT I N i 2 J32 it 4 P ) 52 322 6 30 25 B % ( Density = 30.6693 +
151.0567/ (1+(x/3.6750) %) | R*=0.636, P<0.001; & 2-A) , K5/~ & A A= bR N 30 A7 A £ 28 B i) 24 3% i
(Negative density dependence effect) >, 1 TBAFEIRAGFIREAE 3 Wy GIR) 4 i St W31 o) o B T KA MR BE T,
HACT-RAREAN R T R P AL TRk (% 4) o FEUITIR], HAE 8o AL 7 A= Wt ) s 1 34
K (B 2-CFIE) , XULHT T 7ESE A BT | QR AR B R IR Rioe oo 7 25 [ 67 %85 B 1 29 A 4
T AET BRI T o X —IH A 25 B A5 2 T 2 B A 25 R RO EDIE . 2B A 1IE AL TR B4R 2 1Y)
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