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Results	Introduc5on	
Organisms tend to coexist in one of  two ways; either by having similar (clustered) functional 
traits that meet the requirements of  a habitat or by having non-similar (overdispersed) traits 
that reduce competition via resource partitioning. The competitive exclusion principle states 
that two species that compete for the same limiting resource (light, nutrients, water) in the 
same way cannot coexist indefinitely because one species will gain an advantage thus 
leading to death of  the other species. 


The stress dominance hypothesis predicts stressful conditions will cause trait clustering 
because coexisting species must possess conservative traits that allow species to succeed in 
poor conditions (Weiher and Keddy 1995, Swenson and Enquist 2007).  Favorable 
conditions will lead to overdispersion because there are sufficient resources for one species 
to dominate and exclude others.  These ideas drove the summer 2017 sedge study to 
investigate how sedge trait similarity and difference varies across habitats. 


Sedge plants are members of  the Cyperaceae family. Cyperacae consist of  grass-like species 
with unjointed triangular stems and solid pith. 

Methods	
Field sites were chosen based on habitat type including: wet, mesic (medium) and dry forests, 
as well as open-canopy prairies and marshes.  Sites were located in the Dunnville Wildlife 
Management Area (Dunn County), Putnam and Lowes Creek Parks (Eau Claire County), 
Schmidt Maple Forest (Clark County), and the Tiffany Wildlife Management Area (Buffalo 
County). 

Sample points were chosen based on the presence of  two coexisting flowering sedges that 
were either touching or were rooted within 5 cm of  each other (n =32).�

For each plant, we measured four functional plant traits that are associated with the two 
main global trends in plant variation.  Two traits are associated with plant size: height (to the 
highest mature leaf, cm) and leaf  area (surface area of  the entire leaf  including the petiole, 
cm2).  Two traits are associated with leaf  economics (slow vs. fast growth): specific leaf  area 
(SLA, leaf  area per gram dry mass, m2 kg-1) and leaf  dry matter content (LDMC, dry mass 
÷ fresh mass).  Height, leaf  area, and SLA were loge transformed because they have a 
lognormal distribution.
 
We used a Monte Carlo simulation in R to determine if  the coexisting sedges were more 
similar or more different than what would be expected if  the trait values were assigned 
randomly.  We determined the mean difference in trait values across the 32 samples.  Traits 
were shuffled 1000 times and the overall mean and standard deviation of  the random mean 
difference were calculated.  The standardized effect size (SES) was calculated as (observed 
mean difference – overall random mean difference)/(standard deviation of  the random 
mean difference).  SES < -2 indicates significant trait similarity and ecological filtering, while 
SES > 2 indicates significant trait differences and competitive exclusion (Gotelli and 
McCabe 2002).  

Testing for habitat (moisture and canopy) differences in SES required a Monte Carlo 
simulation due to unbalanced sampling.  The observed F statistics from two-way ANOVA in 
R were compared to F statistics generated after randomly shuffling the SES values 1000 
times across the moisture and tree canopy levels.  P-values were calculated as (1 + the 
number of  times the random F was greater than or equal to the observed F)/(1 + the 
number of  randomizations).

Figure 2: There were no significant effects of  moisture or tree canopy cover on trait similarity in coexsting sedges.
(The bold center lines show the median, boxes and whiskers show the quartiles.) 

Discussion		
The results do not provide any strong evidence to suggest that there is an effect on habitat type on the degree of  trait similarity or difference in sedges. 
While we can’t be sure, the lack of  pattern suggests a relatively uniform and consistent habitat filtering in sedges. Alternatively, we  do not have 
enough observations to detect differences. 

Others have found support for the stress-dominance hypothesis.  In California chaparral, plant traits tended to be more clustered in drier sites 
(Cornwell and Ackerly 2003). Similarly, in abandoned vineyards in Southern France, plant traits tend to be more clustered in poor, shallow soils 
(Bernard-Verdier et al. 2012). 

The lack of  clear habitat effects may be caused by small sample grain size.  The studies cited above examined all the plants in at least one square 
meter area while our study looked at two individuals at a very small sample scale (and at a very small phylogenetic scale: within a single genus). 

Because our non-significant results are ambiguous, the study will continue in 2018. 

Acknowledgements		
This project was funded by a Blugold commitment differential tuition grant to David Lonzarich and Evan Weiher.
We thank Tali Lee for access to lab equipment. 

References			
Bernard-Verdier et al. 2012.  Community assembly along a soil depth gradient: contrasting patters of  plant trait convergence and divergence in a 
Mediterranean rangeland. Journal of  Ecology 100: 1422-1433.

Cornwell, W.K. and Ackerly, D.D. 2003. Community assembly and shifts in plant trait distribution across an environmental gradient in coastal 
California. Ecological Monographs 79: 109-126. 

Gotelli, N.J. and D.J. McCabe. 2002. Species co‐occurrence: a meta‐analysis of  J.M. Diamond’s assembly rules model. Ecology 83: 2091–2096.

Swenson, N. and B.J. Enquist. 2007. Ecological and evolutionary determinants of  a key plant functional trait: wood density and it community-wide 
variation across latitude and elevation. American Journal of  Botany 94: 451-459. 

Weiher, E. and Keddy, P.A. 1995. Assembly rules, null models and trait dispersion: new questions from old patterns. Oikos 74: 159-164.

Figure 1: Students collecting data in Tiffany Wildlife Management Area.

Height	 F	 p-value	
Moisture	 2.525	 0.0779	
Canopy	 0.238	 0.6464	
Moisture*Canopy	 0.024	 0.9670	

Leaf	Size	 F	 p-value	
Moisture	 0.480	 06324.	
Canopy	 0.027	 0.8591	
Moisture*Canopy	 0.550	 0.5674	

SLA	 F	 p-value	
Moisture	 0.005	 0.9980	
Canopy	 0.223	 0.6773	
Moisture*Canopy	 0.441	 0.6004	

LDMC	 F	 p-value	
Moisture	 2.934	 0.0739	
Canopy	 0.543	 0.4545	
Moisture*Canopy	 2.234	 0.1109	
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