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Clonal plants along NECT and relation of their importance to envi-

ronmental conditions
SONG Ming—Hua, DONG l\/[ll’lg¥ . JIANG Gao—Ming ,LI Ling—Hao (Lab. of Quantitative Vege-

tation Ecology, Institute of Botany, the Chinese Academy of Sciences, Beijing 100093 ,China)

Abstract: Northeast China Transect (NECT) is a transect designated for Global Change and Terrestrial E-
cosystem Program (GCTE) and recognized by the International Geographical and Biological Plan (IGBP)
as one of the four major global transects (GCTE core project office 1994). It extends from the northern
Changbai Mountains of Jilin Province through the Songliao plain to the plateau of Inner Mongolia, at ap-
proximately 112~ 130°30" E and 43°30' ~ 44°30" N. The altitudes range from 120 to 1700m along the
NECT. Along the transect from east to west, there are decreasing gradients of precipitation and tempera-
ture as well as variations in plant communities and the soil nitrogen content. Quadrats along the NECT
were set up and the number, coverage and frequency of each species were investigated from 14 July to 1
August 1997. Based on the data, the richness and importance of each species were calculated. The distri-
bution and the role of clonal plants in the communities along the NECT were investigated. Regression
analysis was used to discover the relationship between importance of clonal plants and environmental fac-
tors. Our result show that the positions of clonal plants in phylogenetic tree were different significantly.
They occurred in most of the families. Out of 315 plant species occurred in the NECT, 155 were clonal
plant species. They belong to 38 families and 88 genus respectively. The result supports the multi-origi-
nated hypotheses of plant clonality. It was evident that there were more abundant clonal plants in mono-

cots than that of in dicotyledon species, indicating a strong phylogenetic factor in evolution of clonality al-
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though this does not preclude ecological interpretations. 155 clonal plants belong to 15 geographic ele-
ments respectively. Clonal plants were abundant in Dahurica-Mongolia and Pan-Arctic pole component and
scarce in North China, Ancient Mediterranean, Europe-Sibiricum and World component. Clonal plants
commonly were perennial grasses and shrubs, but less were annual and woody species. Plant species with
different clonal growth from were unevenly and non-randomly distributed among 155 clonal plants and
plant families. Rhizomatous clonal plants were abundant. However, tuberous, bulbous and stoloniferous
clonal plants were scarce, and were restricted to Rosaceae and Liliaceae respectively. Clonality was uneven-
ly distributed over the six vegetation types along the NECT. Species relative frequency of clonal plants
(C/P,) and relative importance value of clonal plants (IV) along the environmental gradient in NECT
show a ascending-trend from the east to the west. Clonal plants were abundant in the typical steppe and
the desert steppe. Clonal plants played a more important role in the typical steppe and the desert steppe
than that in other vegetation types. Species relative frequency as well as importance of clonal plants was
negatively correlated to total nitrogenous content in the soil (N) respectively, and positively correlated to
elevation respectively. but not significantly correlated to mean annual temperature or annual precipitation
respectively. The correlations between the number of clonal plants, non-clonal plants and elevation, mean
annual temperature or annual precipitation were not significant.and the same pattern to non-clonal plants.
While the number of clonal plants tended to negatively correlate to N, but the correlation was not signifi-
cantly at p=0. 05, which is contrary to non-clonal plants. These indicates that the occurrence of clonal
plants and non-clonal plants varied markedly different among the plant communities of NECT. Clonal
plants were adaptive under stressed conditions such as in lower soil nitrogen content and drier habitats.,
whereas non-clonal plants were favored under more optimal conditions, which imply that clonality may
have great significance in the evolutionary processes. There was marked difference in the distribution of
clonal growth forms along NECT. Rhizomatous, tillering, bulbous and tuberous types occurred in the
most of communities. They were abundant and play a prominent role in the relatively dry habitats, while
stoloniferous and rhizomatous with tuberous or bulbous types often appeared in the relatively humid habi-
tats.

Key words:clonal plant; clonal growth form; northeast China Transect; environmental gradient; impor-

tance of clonal plants
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and vegetative characteristics along the NECT

Distance to

S Veoetn
Plots the east end  Latitude Longitude Elevation 1\ r Soil Cgcta y /
. (m)  (C) (mm) N(%) tion C P,
of NECT types S
(km) type c/pr, 1V,
1 5 1372070151 131°0741°00 490 4.40 503.1 0.27 MDBS MTMCBF 15 37  0.60 0.29
2 8 43°23'30"16  131°06'48"48 560  4.39 504.7 0.27 MDBS MTMCBE 10 27  0.37 0.22
3 80 43°01'11704  130°19'27"33 317 4.07 547.2 0.27 MGBS  TDBF 722 032 0.13
4 85 13°08'59"36  130°23'12"38 315 3.90 547.9 0.27 MGBS  TDBF 19 34 0.56 0.62
5 210 43°09'10"49  129°05'46"36 510  4.05 569.2 0.11 BE  TDBF 16 28  0.57 0.53
6 400 13°22/06"30  127°55'47°89 592 3.20 648.5 0.43 DMS FL 30 0.47 0.37
7 470 43°47°06"58  127°25'36"03 320 3.93 568.9 0.43 DMS FL 8 17 0.47 0.43
8 570 14°00'52'85  124°59'52'57 248 5.25 470.5 0.43 DMS FL 8 14 0.57 0.46
9 620 L1317°89 123°57'22"44 243 5.61 412.4 0.43 DMS FL 12 26 0.46 0.70
10 720 44°12/25"62  123°56'14"93 243 5.63 411.7 0.43 DMS FL 21 43 0.49 0.52
11 740 43°35'33"20  123°17'20%62 152 6.06 410.6 0.43 DMS FL 717 0.41 0.58
12 785 43°42'57"67  122°29'56°03 199 6.20 338.0 0.43 DMS FL 10 23 0.44 0.32
Cherno-  Mead
13 885 43°33'58"80  121°5945"05 209 6.41 312.3 0.28 o non eadow 312 0.25 0.21
zem steppe
herno- M
14 965 IST5A2 1210953736 253 6.45 303.2 0.2g _rermor Meadow 5 14 0.36 0.20
zem steppe
Cherno-  Mead
15 1015 43°36'43"33  121°08'09"75 278 6.48 303.2 0.28 -~ onon veadow 9 21 0.43 0.43
zem SICPPC
Cherno- M
16 1065 13521697 12070810736 442 6,03 320.1 0.2g Cnermom Meadow ) 065 0,80
zem SthpC
17 1265 43°49'57"70  119°11'40"96 623 4.77 322.2 0.14  CS TS 11 26 0.42 0.38
18 1326 4304°42"14  118°57'41"35 708 4.62 318.7 0.14  CS TS 13 16 0.81 0.97
19 1375 43°14'44"93  118°36'54°65 670  5.08 303.2 0.14  CS TS 32 54 0.59 0.64
20 1435 43°14'43"44  118°36'47"92 664  5.08 303.2 0.14 CS TS 30 47 0.64 0.69
21 1445 13°18'55"73  117°04°45"10 1300 3.16 331.9 0.14  CS TS 19 38 0.5 0.7
22 1460 43°38'31"78  116°49'30"46 1459  2.51 300.3 0.14  CS TS 19 24 0.79 0.91
23 1470 43°38'31"78  116°49'23"43 1448 2.51 300.3 0.14  CS TS 20 33 0.73 0.84
20 1550 13°38/31"78  116°42'02'80 1248 2.02 288.5 0.14  CS TS 11 18 0.61 0.67
25 1570 43°38/'31"78  116°15'43"19 1160 0.78 300.3 0.14  CS TS 13 19 0.68 0.81
2% 1595 43°56'40"38  115°58'21"25 1060  1.63 238.0 0.05  BS DS 12 25 0.48 0.76
27 1615 13°54'32"62  115°26'56"11 1182 1.37 261.5 0.05  BS DS 13 17 0.76 0.81
28 1620 43°53'51"39 115°20'58"97 1199 1.39 206.7 0.05  BS DS 710 0.70 0.44
29 1640 43554°45"02 114°25'23"0 1012 1.21 200.3 0.05 BS DS 26 36 0.72 0.85

% T—Annual temperature( C),P— Annual precipitation(mm) , N—Total nitrogenous content in soil(N) ,MDBS
soil, MGBS-Montane grey brown soil, BE—— brown earth, DMS—— dark meadow soil, CS—— chestnut soil, BS-brown soil, MT-

Montane dark brown

NCBF ——Montane temperate mixed coniferous-broad-leafed forest, TDBF —— temperate deciduoushroad-leafed forest, FL.—— farmland,
SM—— saline-alkali meadow, LM—— lowland meadow, TS—— typical steppe, DS-desert steppe, C—— the number of clonal species,
Pt the number of species, C/Pt the number of clonal species/ the number of species, IVC—importance of clonal species/important
of species,
(N), s N . 0.42, N
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Fig. 1 Proportion of clonal plants and clonal plants with difterent clonal growth forms in individual families in the
Northeast China Transect

x P C R Et

T+B . T S
Note: P the number of plants C percentage of clonal plants R percentage of rhizomatous plants Et per-
centage of earth root plants 7+ B percentage of tuber and bulb plants7 percentage of tillering plant S per-

centage of stoloniferous plants. The phylogeney is based on an integrated system of classification of flowering plants13!
and Chase ez al. (1993)[14),
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Table 2 Ecological geographic characteristics of the species along NECT

Number of species Number of clonal species Number of non-clonal species
Ecological geographic characteris-
tics (CZP) (CZP) (CZP)
Absolute Relative Absolute Relative Absolute Relative
World 10 3.2 4 2.6 6 3.8
Pan-arctic pole 35 11.1 27 17. 4 8 5.0
Ancient arctic 29 9.2 18 19.1 11 6.7
East ancient arctic 25 7.9 13 8.6 12 7.3
- - lack sea-
Kazakstan-Mongolia speie: ’ 6 19 4 2.6 2 1.2
" SDEC;ES Kazakstan-Mongo- 13 41 9 6 : 9 4
Central Europe 12 3.8 7 4.6 5 3
- Dahurica-Mongolia 67 21.3 35 23.2 32 19.5
Mongolia 9 2.9 5 3.3 4 2.4
- Europe-Sibiricum 2 0.6 2 1.3 0 0
East Sibiricum 10 3.2 4 2.6 6 3.7
East Asia 41 13 15 9.9 26 15.9
North east 13 4.1 6 4 7 4.3
North China 15 4.8 1 0.7 14 8.5
Ancient Mediterranean 6 1.9 1 0.7 5 3
Uncertainty 22 7 4 2.6 18 11
Total 315 100 155 100 160 100

C/P, = 0.4025 -+ 0.0001D

(R* = 0.2350,P < 0.01, n=29) D
,C/P, .D NECT o .
. (Forest) . (Farmland) . (Meadow steppe) . (Typical steppe)
(Desert steppe) 48. 496\ AT. 3%6.42. 3% .64. 1%
66.5%C 1),
2.2.3 (Rhizomatous) , (Tuber &.bulb) . (Tillering)
. (Stoloniferous) s
o (Root tuber) s
C 3,
2.2.4 -
s C 2Dy,
1V, = 0.2979 + 0.0003D
(R* = 0.416,p < 0.001, n = 29) (2)
AV, ,D NECT 0 o
10. 2%, 48.3% 41.0%, 73.9%

71.5%C 1),
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P=-0.1941D+561.39 2.3
(R?=0.8064, p<0.001,7=29) 2.3.1
E‘f7><l0'9D3+10—5D2-0.0034D+4v208 B ’ ’
(R'=0.8932,p<0.001,1=29)
C/P, = 0.344 + 0.00024E +
0. 00557 -+ 0.00009P — 0.113N
= 160 C
é_g 12008 E=6x10"*D3+0.008D2-0.973D+524.26 (R* = 0.4277,p < 0.01l.n = 29) (3)
gg jg (13“=0.7.921,P<0.001,n=29) .C/P, ET.P N
f 0 / . . .
o D . C/P, ET.P.N
2 04
28 C e 0.3487 (p << 0.05), 0.0413 (p>0.05),
cz 02 =-0.00025+0.3832 T = [
e Lm0 4268, p<0001.n=29) T 0.0672 (p>>0.05),—0. 2247 (p<<0.05),
H% U0 200 400 600 800 1000 1200 1400 1600 5 3. 5
B PEREH AR (m)
Distance to the east end of NE?T L s ,
FL MS TS DS
¥ A K] Vepetation types
2 NECT v i
.= 0.455 0. 00033E
Fig. 2 Description of environmental factors along the T +
NECT 0.002767 — 0.000452P — 0.197N
F N temperate mixed conif- (R* = 0.413, p<<0.01, n=29) (4
erous-deciduous-broad-leafed forest, FL. AV ET. P N
farmland , MS meadow steppe, TS N N N
typical steppe,DS desert steppe . 1V, ET.P N

0.3141 (p<<0.05), 0.0132 (p=>0.05),—0.2096 (p>0.05),—0.3084 (p<<0.05),

3

Table 3 The number of species with different clonal growth forms in different vegetation types along NECT

Vegetation types

F FL MS TS DS
Clonal growth forms (km)Distance to the east end of NECT
0~210 210~785 885~1065 1265~1570 1595~1640
Rhizomatic 10.00+1.70 8.86+1.47 7.0043. 89 14.56+2.58 9.5+£3.77
Root tuber 1.00£0. 32 0.00+0.00* 0.254+0. 25 0.22+0.15* 0.2540. 25
Tuber&.bulb 1. 00+£0. 63 0.14+0.01" 0.2540.05 1.33+0. 29 2.0040. 41
( ) R+t(h) 0.6040.40 0.86+0. 40 0.7540.75 0.4440. 24 0.0040. 00
Tillering 0.6040. 24" 0.86+0.26" 0.7540.25" 2.5640. 38 2.2540.48
Stoloniferous 0.2040. 20 0.4340. 20 0.2540. 25 0.0040. 00 0. 0040. 00
* (P<C0.05); * :Significant difference (p<C0.05)
3
s s ,
48.4% . 47.3% . 42.3%. 64.1%.
66.5 %. 10. 2%, 48.3%
41.0%, 73.9%, 71.5%. .
9 Y N N b
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Fig. 3 The characteristic value of community along the NECT (A The number of species of clonal plants and a-
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[4.16]

)LIT-MJ

. Mogie

Hutch-



7 1103
il’lgS i) [16]0 L}
b o
o )
b o
b b ’
) . .
[4]
) ) ) ) b
b N Y Y .
N N N b b
9 o ’ A} .
s . Prach &. Pysek s
’ 1.2 ’ 3 ’ s
[3]
’ b b o
[1] ,
,1998. 289.

[2]
[3]

/o
o
[y -

[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]

[15]

[16]

[17]

[18]

[19]

. : . ,1996.38(10) :828~835.
Prach K and Pysek P. Clonal plants-What is their role in succession? Folia Geobot. Phytotax. » Praha. 1994, 29
307~320.
Leos Kimes, Jitka Klimesova, Rob Hendriks ez al. Clonal plant architechure: a comparative analysis of form and
function. In: H. de Kroon and Jan Van Groenendael eds. The ecology and evolution of clonal plants. leiden:

Backbuys Published, The Netherlands, 1997. 1~29.

. , . - (NECTD). ,1997,4:145~152.

s s . (NECT) . ,1999,
19(5):622~629.

, . . : ,1990. 4~59.

. . : ,1994.

. . : . 1995, (2).

s . : ,1990. (2).

PR . : ,1997.15~17.

s . : .1988. (1):32~38.

Cronquist Arthur. An integrated system of classification of {lowering plants. Columbia University Press, 1981.
Chase M. W 41 coauthors. Phylogenetics of seed plants: an analysis of nucleotide sequences from the plastid gene
rbcl. Annals of the Missouri Botanical Garden, 1993,80:528~580.

Grace ] B. The adaptive significance of clonal reproduction in angiosperms. an aquatic perspective. Aquatic
Botany, 1993. 44: 159~180.
Mogie M and Hutchings M J. Phylogeny, ontogeny and clonal growth in vascular plants. In: Van Groenendael J.
M. and de Kroon H. eds. Clonal growth in plants: regulation and function. The Hague: SPB academic Publish-
ing. 1990. 3~22.
Lukasiewicz A. Morphological-developmental types of herbs. Prace Komisii Biologicznej. 1962,27(1): 1~398.
Leakey R R B. Adaptive biology of vegetative regenerating weeds. Advances in Applied Biology, 1981, 6:57~
90.
Jiang Gaoming, Tang Haiping,Yu Mei,Dong Ming,Zhang Xingshi. Response of photosynthesis of different plant

functional types to environmental changes along Northeast China Transect. Trees, 1999, (14):72~82.



