
Overview 
Grasslands are threatened by disturbances such as 
agricultural conversion, sprawl and over grazing.  
The interaction of disturbance with climate change 
is unknown.  We are investigating the interaction be-
tween stress (climate change) and disturbance 
(clipping) on grassland plant communities along a 
natural productivity gradient.   

 
We are testing the relationship between community 
resistance to stress and disturbance and productivity.  
The humpshape curve and the intermediate distur-
bance hypothesis provide frameworks for predicting 
community response.  The interactions of stress and 

disturbance are diagrammed in Fig 1. 
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A fully factorial experiment was started in May 2005 on 1m2 grassland plots near Kam-
loops, BC: 
 Temperature ( increased with OTCs, Control) 
 Water ( increased  with weekly watering, - with rainshades, control) 
 Clipping (clipped to 5cm, not clipped) 
 At 3 points along a natural productivity gradient (represented by High Productivity up
 per grasslands, medium productivity middle grasslands and low productivity lower 
 grasslands. 
 x 6 reps 
 =216 1m2 plots 
 
Treatment effects were monitored in a subset of plots with temperature and soil moisture 
probes. 
 
Plots have been clipped and monitored for cover from 2005 to 2007.  Clippings have been 
separated to species and weighed. 2008 is the final year of the experiment, all plots will be 
clipped by species at ground level and weighed. 

 
Lower grasslands (low productivity) showed no change in species richness 
due to treatments, but watering did increase standing biomass.  We attribute 
this to the traits of the plants occupying these sites – we expect that they are 
slower growing stress tolerant plants.   
 
Middle sites were altered by water a water-clipping interaction and a three 
way interaction of clipping-temperature and water.  These sites are the most 
species rich sites along the productivity gradient and the probably the most 
varied in terms of plant traits, allowing a greater response.   
 
Clipping at high productivity sites increased species richness.  These sites 
are dominated by Rough Fescue, suggesting a competitive release for subor-
dinate species when disturbed. 
 
 
Future Directions—Plant Traits 
The response of a plant community to stress and disturbance is a result of 
the traits of the plants with in it.  We predict that low productivity communi-
ties will be resistant to stress and disturbance because these communities are 
composed of species resistant to these processes and are generally slower 
growing.  While higher productivity communities will be less resistant be-
cause they are composed of faster growing species which typically lack de-
fense mechanisms.  We are measuring the following traits of plants growing 
with in the plots: Plant height, leaf area, stomatal density, leaf hairs, relative 
growth rate, drought tolerance and rooting depth. 

INTERACTING EFFECTS OF DISTURBANCE AND CLIMATE CHANGE  
ON A GRASSLAND PLANT COMMUNITY 

Figure 4: OTC (Open top chamber), in fore-ground which increases tem-
perature.  OTC and rainshade which reduces precipitation behind.   

Table 3: Soil moisture and soil temperature measurements in wa-
ter and temperature treatment plots. In table, - = decreased; C = 
control; + = increased; W = water; and, T = temperature. Values in 

Treatment  
combinations 

Mean soil moisture 
(% volumetric water 
content, m3 water/ 
m3 soil) 

Mean soil tem-
perature (C) 

T+ W-  0.03 (0.00002) 20.0 (0.05) 

TC W-  0.7 (0.0001) 20.1 (0.05) 

T+ WC 1.1 (0.0002) 19.4 (0.05) 

TC WC 2.4 (0.0002) 18.9 (0.05) 

T+ W+  2.7 (0.0003) 19.3 (0.05) 

TC W+  2.7 (0.0003) 18.8 (0.05) 
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Figure 2: Soil moisture and soil temperature measure-
ments in water and temperature treatment plots. On 
axis, - = decreased; C = control; + = increased; W = 
water; and, T = temperature. Error bars are  ± standard 
error. 

Figure 3: Biomass of clipping removed from plots re-
ceiving clipping treatment. On axis, - = decreased; C = 
control; + = increased; W = water; and, T = tempera-
ture. Error bars are  ± standard error. 

Figure 5: Research site near Kamloops, BC which contains 36 experimental 
plots in Sagebrush-Bluebunch wheatgrass grasslands.  
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Table 2: Results of a two-way ANOVA of temperature (TEMP) 
and watering (WATER), with SITE as a co-variate, on the weight 
of biomass collected from plots which were clipped in July of 
2008 at a level of 5cm.  .  Significance codes: *** <0.001, ** < 
0.01, *< 0.05, . <0.1, ns = not significant. 
  Upper 

Grassland 
Middle 

Grassland 
Lower 

Grassland 
SITE ns * ns 
TEMP ns ns ns 
WATER . ns * 
TEMP:WATER . * ns 

  Upper 
Grassland 

Middle 
Grassland 

Lower 
Grassland 

SITE ns *** *** 
CLIP * ns ns 
TEMP ns ns ns 
WATER ns ** ns 
CLIP:TEMP ns ns ns 
CLIP:WATER ns . ns 
TEMP:WATER ns ns ns 
CLIP:TEMP: 
WATER 

ns * ns 

Table 1: Results of a three-way ANOVA of temperature (TEMP), 
water (WATER), and clipping (CLIP) with SITE as a co-variate on 
Species Richness, run separately for each of the three grassland 
types.  Significance codes: *** <0.001, ** < 0.01, *< 0.05, . <0.1, 
ns = not significant. 
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Figure 1:  Hypothesised interac-
tions between stress and distur-
bance on species richness. 

Treatments have had significant effects on both species richness and stand-
ing biomass produced annually in the experimental plots.   
 
Species Richness 
Species richness was unchanged at low productivity sites. While water treatments were sig-
nificant at middle productivity sites and clipping was significant at high productivity sites 
(Figure 2 and Table 1) 
 
Biomass 
The addition of water increased productivity in low and high productivity sites, and inter-
acted with temperature at middle productivity sites (Figure  3 and Table 2). 
 
Effect of Climate Treatments 
Climate manipulations increased mean temperatures 0.5 to 1.2 C above control soil temperatures and water treat-
ments decreased the soil moisture as much as 2.1 %  or increased soil moisture by 0.3 % from control conditions 
(Table 1). The mean daily maximum temperature increase due to the OTCs ranged from 2.3 to 3.6 C with an abso-
lute maximum increase of 9.1 C.  The soil temperature of control plots ranged from 4.1 to 42.   The mean daily 
maximum increase of soil moisture due to watering was about 0.6 % with an absolute maximum increase of 6.9 %.  
The mean daily maximum decrease of soil moisture due to the rainshades was about 1.6 % with an absolute maxi-
mum decrease of 8.1 %  below the control plot.  The soil moisture of control plots ranged from 0 to 17 %.  


