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Hierarchical responses to grazing defoliation in a clonal p
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Abstract The physiological integration of physically connected ramets may modify phenotypic pl

asticity and result in differencesin plastic responses among hierarchical levels of clona plants. In o
rder to demonstrate the hierarchical responsesto natural selectionin clonal plants, we conducte

d astudy to investigate the variancesin the life history traits among grazing treatments and amon

g hierarchical levels of clonal plant Kobresia humilisin an alpine meadow from 1999 to 2001. Ou
r study site was located at the Haibei Alpine Meadow Research Station in Menyuan County, Qin

ghai Province, China. A fenced Tibetan sheep pasture, which was divided into four grazing pressu
res of ungrazed control, light grazing, moderate grazing and heavy grazing, was established in 199
8. Three levels of modular hierarchy are genet level, ramet fragment level and ramet level inaclon
e. At the genet hierarchical level, the number of ramets and |eaves per genet differed among grazin
g treatments for three years (F(3,56)>F0_05, p<0.05) but the dead leaf and rament percentages, g

enet size and reproductive allocation remained constant. Traits differed among grazing treatment

sfor 42.9% of all measured traitsin the level in whole study period. At the ramet fragment and ra
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met levels, over 50% of measured traits differed among grazing treatmentsin first year and then al
| of them differed in last year. Differences in reproductive allocation among grazing treatments at t




he ramet fragment and ramet levels occurred in the second and last years respectively. The numbe
r of traits that showed differences among grazing treatments for genet, ramet fragment and ramet h
ierarchical level inlast year account for 42%, 100% and 100% of all measured traits, respectivel
y. These resultsindicated that there are different variances of measured traits among grazing treat
ments for three levels of the modular hierarchy in the clonal plant K. humilis. The ratio of traits sho
wing differences among grazing treatmentsis greater at the ramet fragment and ramet levels than a
t the genet level, and trait differences among grazing treatments appeared earlier at the ramet frag
ment and ramet levels than at the genet level.

Coefficients of variance of measured traits were highest at the ramet level, intermediate at the ram
et fragment level and lowest at the genet level but showed no differences among grazing treatment
s. Traits showing significant differencesin coefficient of variance among hierarchical levels compris
ed 42%, 71% and 85% of all measured traits in 1999, 2000 and 2001, respectively. These result
sindicate that different grazing intensities did not affect the variances of traits among hierarchiesb
ut lengthening time of grazing disturbances will gradually enlarge trait variances. Our results showe
d that the extent of phenotypic variation in the modular hierarchy of K. humilisis greatest at the ra
met level and lowest at the genet level. The model of hierarchical responses to grazing defoliatio

n may be “ramet level >ramet fragment level>genet level”. In this model, the ramet is a fundamenta
| unit of functional response and natural selection in the K. humilis modular hierarchy and has great
est phenotypic variation in response to disturbance, whereas the genet is arelative stable unit inm
odular hierarchy. Thus we demonstrated the existence of hierarchical selection in this clona plan

t species.
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