
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.

Whole sedge samples were gathered and pressed for identification (in progress). 
 
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).  
P-values were calculated as (1 + the number of  times the overall random mean difference was 
as or more extreme than the observed mean differences)/(1 + the number of  
randomizations).
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Methods

Organisms tend to coexist in one of  two ways: either by having similar functional traits that 
meet the requirements of  a habitat or by having non-similar traits that reduce competition 
via resource partitioning. 

A classic study lead by Jeannine Cavender-Bares (Cavender-Bares et al. 2004) showed that 
coexisting oak trees in Florida tend to be more functionally similar and more phylogenetically 
diverse compared to a random model. This means that certain functional traits associated 
with habitat filtering evolved convergently multiple times for these oaks. 

It is not known if  other plants have undergone similar evolutionary and ecological selection. 
This drove the 2017 summer research cohort to determine if  Wisconsin sedges have a similar 
evolutionary history as Florida oaks. We aim to apply Cavender-Bares’ method of  measuring 
functional similarity to our study of  coexisting sedges. Sedges (genus Carex) are a 
hyperdiverse genus (~160 species in Wisconsin) that live in every habitat throughout the state, 
making them a strong candidate for measuring and comparing functional traits across a large 
environmental range.
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		 Observed	
Average	Trait	
Difference	

Average	
Randomized	Trait	
Difference	±	sd	

Standardized	
Effect	Size	

p-value	
Observed<Random	

Loge(Height)	 0.390	 0.589	±	0.053	 -3.766	 <0.001	
Loge(Leaf	Size)	 1.296	 1.514	±	0.676	 -0.108	 	0.830	
LDMC		 0.071	 0.100		±	0.006	 -4.782	 <0.001	
Loge(SLA)	 0.234	 0.443	±	0.044	 -4.720	 <0.001	

Table 1. For coexisting sedges, three traits (height, leaf  dry matter content, and specific leaf  area) had significantly lower trait 
differences than expected under random drift-based assembly.  
 

This strongly suggests there is signifcant ecological selection for specific sedge phenotypes.  In other words, there is 
environmental filtering of  sedges based on their functional traits.  This also means that sedges exhibit lower than expected 
functional biodiversity at the local scale.

We have identified most of  sedges and the next step is to work with a collaborator (Andrew Hipp, Morton Arboretum, 
Chicago, IL) to verify their identification and determine their phylogenetic relatedness.  Their relatedness should inform 
trait evolution:	
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if  coexisting sedges are distantly related
(i.e., phylogenetic overdispersed),
then the adaptions evolved convergently
across lineages

if  coexisting sedges are closely related
(i.e., phylogenetic clustering),
then the adaptions have been conserved
within lineages


