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Abstract 

 Historically, both natural and human-induced fires have played a key role in 

North American prairies, providing a disturbance regime that grassland systems are 

adapted to. With human activity fragmenting these prairies at an accelerated rate since 

the 1950s, the few prairies that do remain are often fire suppressed, and woody plant 

species with larger seeds may have a competitive advantage under contemporary 

conditions. This study seeks to quantify the mechanisms underpinning biodiversity loss 

from invading woody plants in order to better understand prairie alteration and 

disappearance. To do so, I investigated the effects of seed functional traits, fire history, 

and prairie extent. Among seed traits, I found that while seed coat thickness has 

remained relatively constant over the past 60 years, seed size and shape were impacted 
by fire regime. More specifically, larger and rounder seeds have increased in prevalence 

with recent fire exclusion. In addition, the prevalence of woody species at sites was 

affected by fire regime, but not by prairie size. Overall, this work documents a 

significant increase in woody vegetation in Wisconsin’s prairies over the last 60 years in 

burned and unburned remnants. Such species also appear to have large, round seeds. 

This study also contributes valuable information on best management practices for 

prairies, like the importance of consistent prescribed burning and use of seed size and 

shape to predict which species are likely to increase without such management 

practices. 

 

Introduction 

Historically, natural fires ignited by lightning strikes and management fires 

started by Native Americans maintained North American prairies. Frequent, low-

intensity fires may reduce the prevalence of non-native woody species and ensure the 

survival of the native, fire-adapted grasses (Kotanen, 1997). In fact, certain species can 

require the heat of these fires in order to germinate (Coffey and Kirkman, 2006). 

However, human activity has fragmented Wisconsin’s prairies at an accelerated rate 

since the 1950s as development and sprawl increases, and fire is excluded from 

remaining prairies to minimize the risk to farms and homes (Backer et al., 2004). As a 



3 
 

result, remnant prairie ecosystems have been reduced to a fraction of their original 

extent, but if managed properly can be restored and successfully maintained. This is 

especially true if ecologists and land managers are able to gain a better understanding 

of the differences in community change processes between managed and unmanaged 

prairies (Rowe et al., 2013). Furthermore, in the prairies where fire has been excluded, 

shifts in the types of plant species present can occur. For example, the relative 

proportion of non-native species in Wisconsin prairies has increased by more than 500% 

since 1950, with non-natives now representing more than 60% of the total species 

diversity in some instances (Alstad and Damschen, 2015). Thus, fire is critical to 

maintaining the structure and diversity of grassland systems, as it promotes habitat 

heterogeneity and inhibits woody encroachment (Ratajczak et al., 2012).  

 As prairies dwindle, so too do their specialist plants. Specific life history 

characteristics of plants may be related to shifts in the communities that have occurred. 

Functional seed traits are the physical characteristics of seeds, and can play an 

important role in the dispersal, long-term viability, germination, and ultimate successful 

propagation of the plant. Whereas the traditional prairie flora has species with small 

seeds ready to germinate in open spaces created by frequent fires, larger seeds of 

woody plants with greater nutrient reserves are often better adapted to unburned 

grassland. This is because areas with more accumulated surface material require 

germinating plants to penetrate up through the leaf litter in order to reach the sunlight 

(Westoby et al., 1996). This may give woody plants a competitive advantage and help 

explain why woody species are becoming more common in prairies (Alstad and 
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Damschen, 2015). There has been little research testing whether seed traits are 

associated with transitions in Wisconsin plant communities, so it is unclear if a shift to 

thicker-coated seeds is occurring in Wisconsin prairies  over the last sixty years. Since fire 

exclusion results in leaf litter buildup, this research will test the hypothesis that fire 

exclusion has caused a shift in the functional seed traits of prairie plants toward larger, 

thicker, and rounder seeds. Understanding this shift and how these traits affect one 

another could help slow the decline of prairie habitat.  

Surveys of plant species in selected Wisconsin prairies and prairie remnant sites 

were used to quantify species occupancy. 1950s survey data were taken from the work 

of Curtis (1959) and Whitford (1958) and data from the 2010s were taken by Amy Alstad 

and Laura Ladwig in the Damschen Lab. I and other undergraduates measured seed coat 

thickness for many species in order to generate a community average of all species for 

each site. To understand the processes underpinning community change in prairies, I 

analyzed how time since last fire and the surrounding landscape context affects average 

seed coat thickness, seed mass, and seed shape. I also evaluated intercorrelations 

among these traits. I specifically considered the possible effects that the size of the 

prairie remnant can have on encroachment, and searched for any correlations with seed 

traits based on area. In first looking at prairie patch size and its percent change over the 

two time periods, a few trends were expected. Smaller (or shrinking) prairies were 

predicted to be more susceptible to woody encroachment, as they have a greater edge-

to-area ratio that makes ecological change more likely (Laurance, 2008). This meant that 

prairie remnants with the greatest decreases in area were expected to have an increase 
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in seed mass and a decrease in seed dimensional variance. Generally speaking, the 

seeds of woody plants are larger and rounder than their non-woody counterparts 

(Harper et al., 1970), with the relationship with seed coat thickness not well known for 

plants in this ecosystem prior to this study.  

To determine the extent of prairie for these sites (both past and present), I used 

historical aerial photographs and modern satellite imagery to measure the size and 

extent of prairie habitat using the methods of Alstad and Damschen (2015). In 

comparing the two time periods, I noted where changes to the landscape have been 

made over time, revealing the extent to which development has increased. I predicted 

that small, isolated patches would have greater extinction rates (MacArthur and Wilson, 

1967). Additionally, I predicted that habitat quality would degrade as the area shrinks as 

a result of a higher edge to area ratio (Laurance 2008), as is likely with woody 

encroachment on prairies. This edge to area affect also means that the shape of the 

remnant could play a role (namely my sites that include strips along railroads), but is not 

explicitly studied. 

This study seeks to answer the following questions: 1) Has there been a shift in 

prairies to plants with larger, thicker-coated seeds dispersed by animals as a result of 

fire exclusion and subsequent leaf litter buildup? 2) If so, what effect has the areal size 

of prairie patches had on this shift and on plant community composition? And 3), what 

are the relationships among these seed traits? Answering these questions will provide a 

better understanding of the importance of prescribed burns, as well as provide 

information that may be useful in prioritizing which areas to restore. 
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 I hypothesize that while prescribed burns are a tool in use, they are not 

prevalent or frequent enough to be effective on a larger spatial scale, resulting in a shift 

in the seed traits of prairies’ current dominant plant types. More specifically, I expect 

that whereas the prairies of the 1950s were dominated by grasses and forbs with small 

seeds dispersed by the wind (Curtis, 1959), modern prairie remnants have been 

encroached upon and are now heavily populated with plants with larger, thicker-coated 

seeds dispersed by animals. I also hypothesize that the results will suggest that fire 

exclusion increases the depth of the leaf litter layer. This means that the larger, thicker-

coated seeds – traits I expect to be correlated – are better adapted to this environment, 

with greater nutrient storage allowing for penetration through the litter layer above the 

soil in order to reach the sunlight (Westoby et al., 1996). Finally, I hypothesize that 

prairie extent and fire history will both play major roles in which seed traits are best for 

growth and persistence, with large, burned sites being ideal. 

The focus here on seed coat thickness helps make this study unique in that there 

has been very little research done on its effects on dispersal, success, and subsequent 

community species richness. Interest in this trait stems from the hypothesized 

correlation between seed coat thickness and fire resistance. To further complicate the 

matter, seed coat thickness has implications for seed dispersal (like passing through an 

animal’s digestive tract). Previous research on fire tolerance and seed traits in Wisconsin 

prairies was done by Leach and Givnish in 1996, finding that small-seeded species were 

less competitive in both fragmented and fire-suppressed landscapes. They also found 

that in prairie remnants, plant species with seed masses <0.1 mg had an absolute 
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extinction rate of 60.3%, while those >20 mg had only a 26.3% rate of absolute 

extinction. Leach and Givnish’s paper also discusses an overall decline in plant diversity 

due to fire exclusion on the Konza prairie in Kansas. There has been research done on 

fire tolerance and seed coat thickness in Transylvania, Romania, but this study was done 

in temperate grasslands that are not naturally fire-prone (Ruprecht et al., 2015). 

Therefore, my research that is being performed in a natural fire-prone ecosystem is of 

interest.  Finally, this work seeks to quantify the mechanisms behind the alteration and 

disappearance of the iconic prairies of southern Wisconsin, providing valuable 

information on the effects of prairie area, the importance of prescribed burns, and solid 

evidence on the effects of development on our natural ecosystems. 

Methods 

To test the effects of fire history and patch size on the functional seed traits of 

plants found in the prairies of southern Wisconsin, I analyzed community changes based 

on surveys of plant communities in remnant prairies from multiple time points. The sites 

chosen for this study come from two projects being carried out by graduate students 

Amy Alstad and Laura Ladwig in the Damschen Lab at the University of Wisconsin-

Madison. Both projects are part of a larger study to document and explain long-term 

changes of prairie communities first sampled in the 1950s by University of Wisconsin 

System professors. John T. Curtis (UW-Madison) first sampled sites in southcentral and 

southwestern Wisconsin in 1959, with Alstad resampling in the summers of 2012 and 
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2013, while Philip B. Whitford (UW-Milwaukee) first sampled sites in southeastern 

Wisconsin in 1958, with Ladwig resampling in 2015.  

To address my question regarding the effects of fire history on seed traits, sites 

were chosen to obtain a balance of 11 burned and 11 unburned prairies. Sites were 

located in the southern half of the state in Kenosha, Racine, Waukesha, Rock, Green, 

Dane, Lafayette, and Trempealeau counties (Figure 1). The fire histories for each site 

were collected by Alstad who conducted interviews with landowners, stewards, and 

managers following the methods of Harrington and Leach (1989) and Williams et al. 

(2006), in order to determine the number of years since last fire (Alstad et al. 2016). I 

assigned the burned or unburned classification based on whether or not the prairie 

remnant had been burned at all in that 60-year period between the initial surveys and 

the present. Although fire was likely uncommon in at least some prairie sites prior to the 

1950s, this study tests whether changes in seed traits have occurred over a period 

where the fire regime is known. Therefore, I treated the initial surveys as a proxy 

baseline for the beginning of fire exclusion. 

To quantify remnant prairie patch sizes at both time periods – 1950s and present 

– orthoimagery was collected. Historical black and white aerial photographs were 

gathered for all 22 sites from flyovers in either 1950 or 1956, depending on what was 

available in the archives of the Robinson Map Library at the University of Wisconsin-

Madison. These images were scanned and then georectified in ArcGIS following the 

methods of Alstad and Damschen (2015). I digitized the images by referencing modern 

county-level satellite orthophotographs from the U.S. Department of Agriculture’s 
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National Agriculture Imagery Program. These images were captured between 2010-2013 

and were already georeferenced. Fifteen ground control points were used for each 25 

km2 aerial photo to ensure accurate georectification, matching road intersections due to 

their visibility and persistence on the landscape. Prairie remnant habitat within each 

landscape was then identified, using the criteria described below.  

In order to analyze the role of patch size on prairie composition, only the prairies 

themselves were mapped. Polygons were drawn around the prairies within a 1 

kilometer radius of the site centroid in order to analyze equal areas of the landscape at 

all sites (Alstad and Damschen, 2015). This 1 km buffer was chosen for a couple of 

reasons: other grassland fragmentation studies have elected to use this scale (Lindborg 

and Eriksson 2004, Cousins et al. 2007, Marini et al. 2012), and the vast majority of 

plants do not disperse over distances greater than 1 km (Kinlan and Gaines, 2003), 

making it an appropriate distance when quantifying species invasion. Grassland was 

easily distinguishable from forested and urban areas, but it was more difficult to 

differentiate it from certain types of agriculture, and even harder still to discriminate 

between marsh, pasture, and prairie. The uniformity in shape and color of crop rows 

was a distinguishing aspect of agriculture, but in the case of pasture versus prairie the 

continuous grasses left no pattern identifier. What did separate the two were the 

uneven shades exhibited by the diverse wild flora of the prairies, as opposed to the 

deliberately planted, homogenous-toned grasses of pasture (Figure 2). Another set of 

clues were the presence of grazing trails transecting the patch in question, signaling the 

presence of cattle, as well as general proximity to a farmstead (Alstad and Damschen, 
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2015). Tone, texture, and proximity were key components in identifying prairie 

specifically – especially since these were black and white images – but still not an exact 

science. The modern orthophotographs also made for challenging distinctions between 

marsh, pasture, and prairie, but the aforementioned clues along with the added 

dimensions of color and increased resolution made the process easier (Figure 3). With 

all of the prairies delineated, prairie area at each site was calculated. 

The four researchers performed plant surveys at each site in order to understand 

the composition of the prairies; and in the case of the contemporary surveys, explore 

change in that composition over time. Three of the four researchers measured the 

abundance of plants as well (how many of each were present as opposed to if it simply 

was present or not), but the final one only recorded presence/absence of plants. 

Therefore, all of the data were analyzed at the presence/absence level so they were 

comparable. Presence/absence data were collected by methodically traversing each of 

the sites in their entirety in order to generate a comprehensive list of species present. 

To create a more complete list, this process was repeated at the beginning, middle, and 

end of the growing season.  

For seed collection in the remnant prairies, only mature individuals from healthy 

plants were harvested. Seeds were always collected from at least five individual plants 

at two or more sites, with a minimum total of fifteen for each species in order to 

account for intraspecific variation. Seed dispersal structures (e.g., wings) were preserved 

intact for the time being, and fleshy fruits were refrigerated upon collection to preserve 

integrity. After collection, the seeds were brought back to the lab for measurement.  
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For the purposes of this study, the species were then divided into two groups to 

designate woodiness. The USDA groups plant species into growth habit classifications, 

including: forb/herb, graminoid (grasses), lichenous, nonvascular, shrub, subshrub, tree, 

and vine (NRCS, 2016). This study places shrubs and trees into a larger category called 

‘woody’, with all other USDA growth habits falling into ‘non-woody’.   

To test mechanisms underpinning plant community changes, I analyzed three 

seed traits – one of which was the product of data synthesis (explained later), and all of 

which were the result of averaging the measurements of at least fifteen seeds for each 

species. These seed traits were mass in milligrams, seed coat thickness in millimeters, 

and dimensional variance (a seed shape metric using the difference between the length, 

width, and depth of the seed). 

This study focused on the seed itself and not the entire reproductive dispersule 

(seed plus dispersal structure) because seed traits and not dispersal traits affect how 

seeds enter the soil and ultimately germinate. In some species the seed and the 

dispersule are the same, but in others the dispersule means the seed plus surrounding 

structures like wings or fruit. Thus my measurement of mass is of the seed alone when it 

has a separate dispersal structure, and of the entire dispersule when it is just the seed 

(hereafter “seed” in all cases). The seed mass for each species was measured by placing 

all of the seeds collected (at least fifteen) on a microbalance, recording the mass, and 

dividing it by the number of seeds to generate an average seed mass for that species. 
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Dimensional variance represents the differences in the three dimensional 

measurements of a seed to create an index of its shape (how long or round it is). The 

dimensional variance of a seed influences its ability to sink into the soil and eventually 

germinate – one of the reasons shape is being considered in this study (Thompson et al. 

1993, Ruprecht et al. 2015). The dimensions were recorded by measuring the length, 

width, and depth of at least fifteen seeds of each species, then producing an average for 

that species. For example, a species that averages seeds of 1 mm long, 1 mm wide, and 

1 mm deep has identical dimensions and is thus perfectly spherical, with a dimensional 

variance of 0. Dimensional variance was calculated using the formula within Microsoft 

Excel:    . As for some actual examples from my research, the species with 

the lowest dimensional variance from this study was Prairie Dropseed (Sporobolus 

heterolepis) at .0002, which indeed appears almost perfectly spherical. On the opposite 

end of the spectrum, Canada wildrye (Elymus canadensis) had the greatest dimensional 

variance at 0.31, representing its long, narrow seeds.  

 Seed coat thickness was measured by slicing a seed lengthwise (as opposed to a 

cross-section) in order to capture the variation in thickness around a seed, with one of 

the freshly cut halves measured under a digital microscope (Figures 4 and 5). Six evenly-

spaced measurements were taken in order to account for the aforementioned variation 

and generate an average seed coat thickness for that specific seed. As with the previous 

traits, this process was continued for fifteen seeds and an average was calculated.  

 Community averages for each of the three seed traits were calculated for each 

site by averaging the species averages of the species present at each site. These 
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community averages were not weighted by abundance of each plant species, but given 

equal weight based solely on if they were present at each site since abundance data 

were not available for all sites. I used community averages for each seed trait at each 

site to analyze the trends in seed traits in relation to time, burn history, and prairie area.  

I began analysis by exploring bivariate relationships using boxplots to better 

understand these distributions and to visualize the results. For both this and subsequent 

analysis, the variables being studied were transformed to achieve as normal a 

distribution as possible. During these analyses, one of the burned sites was dropped for 

some analyses due to it being such an extreme outlier in regards to both seed mass 

increase and prairie area increase. Having been far and away the largest of my study 

remnants in the 1950s with over 1,000,000 m2 (1 km2) more area than the next largest 

patch, it did not seem to fit the same land management profile as the other sites. This 

site straddles both the Scuppernong Prairie and Kettle Moraine Low Prairie – designated 

State Natural Areas in 1952 and 1971, respectively (WDNR, 2016). Today the prairie 

extent at the site is even larger, making up over 76% of the area within the designated 1 

km buffer.  

Results  

 I found a 254% increase in the number of woody species present in prairie 

remnants from the 1950s to the 2010s. Overall, 464 unique species were documented 

between the 22 sites and two time periods. 243 species were found across all sites in 

the 1950s, of which only 4.5% were woody. 281 species were found in the 2010s burned 
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sites, of which 8.2% were woody. 252 species were found in 2010 unburned sites, with 

woody species making up 9.1% of the total (Figures 6 and 7).  

Changes in community seed traits 

When grouping the data by fire regime, a few trends emerge. The 1950s data 

have low seed mass and very little range compared to the 2010s data. The 2010s burned 

sites have a mean seed mass twice as large as the 1950s (approx. 8 mg versus 4 mg, see 

Figure 8) and more elongated seeds, while the unburned sites have a mean seed mass 

that is even larger still (approx. 10 mg), and a range that is greater than the 1950s sites, 

but less than the burned sites. To further illustrate the gradient that emerges from 

1950s to burned to unburned, the medians and the first and third quartiles of each 

group all ascend in a linear fashion (Figure 8). With seed coat thickness, somewhat 

similar but less stark groupings appear (Figure 9). The same gradient is present in 

regards to the first and third quartiles, but is much less steep. Additionally, the 

unburned median is actually lower than the burned median, and the variation among 

the 2010s sites is very similar. The 1950s variation remains smaller than either of the 

2010s, but is considerably larger than it was for seed mass (Figure 9). In finally 

comparing those same three subgroups in terms of seed dimensional variance, no real 

gradient emerges, as all three have very similar quartiles (p = 0.135). 

Bivariate Analysis - All Sites 

 In comparing the entire collection of sites (both burned and unburned), I looked 

at the correlation between the percent change in prairie size with each of the percent 



15 
 

changes in seed traits from my two time periods. As mentioned earlier, the variables 

being studied were transformed to achieve as normal a distribution as possible. In the 

cases where the variable was measuring change, a negative number was possible in the 

event of a decrease, and did occur at several points in my data. This did not allow for 

normalization of those variables, as the result would have been undefined or not a real 

number. The methods of normalization are outlined in Table 1 below: 

 

Variable Normalization Methods 

1950s Seed Coat Thickness Square Root 

2010s Seed Coat Thickness Untransformed 

Raw Seed Coat Thickness Change Untransformed 

Percent Seed Coat Thickness Change Untransformed 

1950s Seed Mass Squared 

2010s Seed Mass Log 

Raw Seed Mass Change Untransformed 

Percent Seed Mass Change Untransformed 

1950s Dimensional Variance Log 

2010s Dimensional Variance Squared 

Raw Dimensional Variance Change Untransformed 

Percent Dimensional Variance Change Untransformed 

1950s Prairie Area Log 

2010s Prairie Area Log 

Raw Prairie Area Change Untransformed 

Percent Prairie Area Change Untransformed 

 

Table 1 
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Percent prairie area change and percent seed mass change were not correlated (r2= 

0.36, p = 0.11), nor were percent prairie area change and percent seed coat thickness 

change (r2 = 0.069, p = 0.77), or percent prairie area change and percent dimensional 

variance change (r2 = -0.042, p = 0.86).  

 In comparing traits within time periods, a few interesting relationships emerge. 

For example, in the 1950s seed mass and seed coat thickness were correlated (r2 = 0.58, 

p = 0.0061), while the seed mass and seed coat thickness variables of the 2010s were 

not (r2 = 0.29, p = 0.20). There were no significant relationships between seed coat 

thickness and dimensional variance at either time period. Dimensional variance and 

seed mass, on the other hand, were correlated at both time periods: 1950s (r2 = -0.43, p 

= 0.049), and 2010s (r2 = -0.74, p < 0.001). Generally speaking, this means that as seeds 

get larger, they also get rounder. Additionally, larger seeds meant thicker seed coats – 

but only for the 1950s data. 

Burned Prairies 

In distinguishing between burned and unburned prairies, the original data were 

normalized in their new subgroups, again choosing from the same transformations as 

before. For burned prairies specifically there was no correlation between the percent 

prairie area change and the three seed traits in question. Initially, Raw prairie area 

change was highly correlated with both raw seed mass change (r2 = 0.90, p < 0.001) and 

percent seed mass change (r2 = 0.94, p < 0.001). However, after examining the 

distributions, it was determined that this was the result of the State Natural Area outlier 



17 
 

with an abnormally large prairie extent. Without this site, raw prairie area change 

quickly reduced to considerably weaker positive relationships with both raw seed mass 

change (r2 = 0.25, p = 0.49) and percent seed mass change (r2 = 0.044, p = 0.90).   

Among the time periods though, 2010s prairie area was highly correlated with 

2010s seed mass (r2 = 0.90, p < 0.001), as well as with 2010s dimensional variance (r2 = -

0.75, p = 0.012). Among seed traits, 2010s dimensional variance was also highly 

correlated with 2010s seed mass (r2 = -0.91, p < 0.001). Finally, 2010s seed coat 

thickness was correlated with dimensional variance (r2 = -0.58, p = 0.078), but not with 

seed mass (r2 = 0.48, p = 0.16).  

Unburned Prairies 

In the case of unburned prairies, there were no statistically significant 

correlations between either percent prairie area change or raw prairie area change with 

any of the seed trait change variables. However, among the seed traits themselves in 

the unburned prairies, there was correlation between both raw dimensional variance 

change and raw seed mass change (r2 = -0.77, p = 0.0058), as well as percent 

dimensional variance change and percent seed mass change (r2 = -0.67, p = 0.025). 

Within the 2010s data, only dimensional variance and mass were correlated – the same 

negative relationship they had when comparing their percent change (r2 = -0.67, p = 

0.025).  
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Multi-Factor Analysis 

 In comparing seed traits as a function of both fire and prairie area, the three 

seed traits were all compared within their time groupings: 1950s, 2010s, raw change, 

and percent change. However, none of the results had a p-value less than 0.05 and 

hence no statistically significant relationships were detected. Table 2 below specifically 

looks at percentage change in seed traits as a function of fire, percentage change in 

prairie area, and then as a function of both. 

 

 

 

 

Discussion 

 An increase in the proportion of woody species present in these prairie sites was 

expected (Leach and Givnish, 1996), and was indeed the basis for trying to understand 

their propagation by studying seed traits, but I still found the degree of increase 

staggering. Additionally, that 254% increase is only among woody species – a vast 

majority of which are non-native to prairies – with other non-natives also playing the 

role of invader. This is an issue for the persistence of prairie habitat, as woody 

encroachment consistently results in a sharp decline in species diversity and significant 

Estimate Std. Error P-value Estimate Std. Error P-value Estimate Std. Error P-value

Intercept 308.1014 72.3520 0.0005 16.4522 8.3396 0.0641 -6.3065 6.9209 0.3740

Fire -139.5151 102.5996 0.1907 -18.7415 11.8261 0.1304 -0.1404 9.8142 0.9890

Area 0.7603 0.4487 0.1074 0.0151 0.0517 0.7733 -0.0076 0.0429 0.8610

r2 = 0.2098 r2 = 0.1266 r2 = 0.001751p = 0.1202 p = 0.2958 p = 0.9844

Seed Mass Seed Coat Thickness Seed Dimensional Variance

Percent Seed Trait Change

Table 2 
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changes in community composition in North American grasslands (Ratajczak et al., 

2012).  Furthermore, once the woody plants are established, few pre-existing grassland 

plants are well-adapted to this woodier environment – a negative side-effect of woody 

encroachment that plagues grassland biomes (Ratajczak et al., 2012). This positive 

feedback loop states that without fire, a prairie remnant with significant invasion from 

trees and shrubs will likely never return to traditional tallgrass habitat.   

Bivariate Analysis - All Sites 

 The fact that seed coat thickness has changed only slightly over the past 60 years 

and different fire regimes suggests that it does not play a large role in mediating the 

propagation of plants in Wisconsin prairies – whether that be woody or not. Seed coat 

thickness can be expected to increase at least somewhat proportionally to seed mass, 

but arguments can be made for thick seed coats for both grass seeds (in order to be fire 

tolerant) and for woody species (to survive the digestive tract of a disperser animal). 

Seed persistence in fire-prone habitats is most commonly associated with the 

anatomical adaptations of hard, thick and water-impermeable seed coats (Ruprecht et 

al., 2015), while thicker seed coats are also the most important trait in successful 

germination after passing through an herbivore’s gut (D'hondt and Hoffman, 2011). 

Another interesting dimension is that seed coat thickness has been shown to differ in 

seeds from the same plant throughout the year, with thicker coats produced in the 

summer months in order to survive desiccation (Traveset, 1998).  
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My analysis showed no significant relationship between prairie area change and 

seed mass change, while prairie area change and dimensional variance change had a 

very weak negative relationship and insignificant correlation. These were the opposite 

of what I expected in terms of directional relationships, and to a lesser degree and level 

of correlation than was anticipated. As for the relatively unexplored trait, seed coat 

thickness, it too had a weak positive relationship with prairie area and insignificant 

correlation – and to a much lesser degree than seed mass – weakening the idea that the 

two are simply proportional. A potential issue with using this metric, however, is that in 

using percentages all of the changes in traits and areas become relative, glossing over 

the raw changes that occurred. Ultimately though, after reviewing the raw changes for 

both prairie area and all three seed traits, the weak correlations and same directional 

relationships remain.  

Burned Prairies 

Turning to the burned and unburned subgroups, the prairie area and seed traits 

were again compared in terms of percent change. Burned prairies had a highly 

significant positive relationship between prairie area and seed mass, as well as a 

significant negative relationship between prairie area and dimensional variance in the 

2010s data. These were the opposite results of what was expected, but can possibly be 

attributed to the use of presence/absence data as opposed to abundance. A larger 

prairie is more likely to have a wider array of plants – both woody and non-woody – so a 

few different large, round woody seeds could misrepresent the overall composition and 

subsequent seed traits of a prairie site. As is, the data indicate that at the present time 
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the larger the prairie, the more likely larger and rounder seeds are to succeed. This 

suggests that smaller prairies are the ones best suited for grasses, but this is not 

necessarily the full picture. Although this study did not use abundance data, it would be 

interesting to compare the outcomes from both it and my presence/absence data in 

order to better understand the spatial effects of prairie area on its composition.  

Among the traits themselves, seed dimensional variance and seed coat thickness 

had a significant negative relationship in the 2010s burned sites, which is notable due to 

the fact that this was not the case in the 1950s or 2010s unburned sites. This further 

suggests mass being positively correlated with seed coat thickness and negatively with 

dimensional variance. It is curious that this was the only scenario where a significant 

relationship between seed dimensional variance and coat thickness was found though, 

with sample size being a possible cause.  

Unburned Prairies 

 Again, with no statistically significant correlations between either percent prairie 

area change and raw prairie area change with any of the seed trait change variables, I 

can conclude that prairie area alone was not a driver of species composition change in 

regards to the aforementioned seed traits for the sites in this study. This is surprising 

because it is believed that reductions in patch size would lead to increased woody 

invasion and local extinction amongst native prairie grasses (Kraszewski and Waller, 

2008).  
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 In looking at the relationships among seed traits themselves within unburned 

prairies, however, there was a strong negative correlation with both percent and raw 

change between seed mass and dimensional variance. In addition, the 2010s sites also 

had a significant negative relationship, further reinforcing the evidence that seed mass 

and dimensional variance have an inverse relationship.  

Data Collection 

 The historical prairie extent reaches across the southwestern half of the state, 

with my 22 sites at two time periods doing a reasonable job of capturing that spread in 

an effort to be regionally representative. It is worth noting, however, that a majority of 

my sites are in the southern portion of the range (Figure 1). The inclusion of the 

northwestern-most site in Trempealeau County along the Mississippi River is this study’s 

best attempt to capture some of those further reaching areas, but there is still a further 

extension northwest, as well as the northeastern lobe that lack representation. As the 

far corners of the prairie extent though, these areas are more likely to have only small 

prairie patches that are few and far between, making sampling more difficult and 

helping to explain my clusters in the southern portion a bit better. It is also possible that 

the original professors were inclined to sample closer to home, which seems especially 

true of Whitford in that his sites are all in Kenosha, Racine, and Waukesha Counties.  

 As was discussed in the Methods, outlining the extent of individual prairie 

patches proved difficult in some cases – especially so in the 1950s aerial images (Figures 

2 and 10). It remains possible that unusually heterogeneous pasture was included as 



23 
 

prairie as an error of commission, while actual prairie that was found close to a 

farmstead was excluded as an error of omission. While the vast majority of our 

classifications would likely be the same, Alstad stated that given the same set of 

photographs, it would be highly unlikely that our outputs of prairie extent would be 

exactly the same (personal communication, March 1, 2016). This would obviously 

change our results for prairie area, but the difference would likely be negligible and our 

classifications consistent in any minimal errors. Finally, classifying surrounding land 

use/cover types to quantify their effect on prairie composition would have added a very 

interesting dimension to this study, but were left out for the sake of time. 

 It is worth noting that several of my sites and surrounding prairie extent were 

found along railroad corridors, or rights-of-way (ROW) (Figures 10 and 11). These long, 

narrow strips can extend for miles on either end of the track, and are not necessarily a 

typical form of fragmentation. At first glance, one might think that their odd shape and 

high edge to area ratio would be detrimental to their persistence, but this is only 

partially true. While the shape does negatively impact the quality of the habitat, 

railroads can be credited for these patches remaining at all. One reason is that many 

ROWs were established in the mid to late 1800s in former prairielands isolated from 

agriculture and industry. These ROWs then had to be maintained and kept clear of 

woody material, a sort of de facto prairie preservation. For a time, the ‘road masters’ in 

charge of land management employed controlled burns to control brush, as they found 

it to be most effective, but this was discontinued to rising labor costs. However, this did 

not prevent wildfires from igniting from train sparks – a phenomenon so common that it 



24 
 

could burn an area once every two years (Harrington and Leach, 1988). So while it is 

true that railroads can be blamed for transecting prairies in the first place, as 

surrounding land developed they can be attributed with at least keeping some remnants 

on the landscape.    

 The use of presence/absence plant species data rather than abundance 

information could have played a role in the findings of this study, but was necessary in 

order to increase my sample size and acquire a good distribution of burned and 

unburned sites. This is due to historical data often only being available in 

presence/absence format. The potential downside to this, though, is that a hypothetical 

prairie could be made up of 90% grasses and 10% woody species by abundance, but if it 

were made up of five species of grasses and five woody species, then presence/absence 

data would classify it as 50% woody. Presence/absence data could also confound the 

spatial analyses, because it potentially misrepresents the degree of invasion – as was 

touched on earlier. Although this is not to say that presence/absence data is useless; in 

fact, presence/absence data has been found to sometimes represent a plant community 

as well as species abundances do, and in some cases even better (Wilson, 2012).  

Wilson’s study tested this by taking a set of quadrat plant survey samples and looking at 

subsets of those samples by both presence/absence and abundance methods, with 

presence/absence ultimately proving more representative. His findings are especially 

reasonable when considering the biodiversity of grasses in prairies and how the 

multitude of graminoid species almost certainly outnumbers the woody variety.  
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 In quantifying fire history, the data had to be simplified to a binary 

(burned/unburned) – much like with the plant survey data. With fire history for each 

site gathered via land owner/manager interviews, in some cases there was certainty as 

to the number of burns that had been performed, while others only knew that a few 

had been performed over my sixty some year period. With this in mind, as well as the 

fact that I sought to obtain a balanced mix of burned and unburned prairies, I decided 

on keeping my distinction simple. This method was still very much worthwhile; 

however, the number of burns being performed has a compelling effect on which plants 

are best suited to that ecosystem, and in the case of prairies with woody encroachment, 

a significant influence on the level of species richness (Bowles and Jones, 2013). In 

studying 34 fire-managed prairies in nearby northeastern Illinois, Bowles and Jones  

(2013) found a significant positive relationship between fire frequency and change in 

species richness, meaning more fires resulted in increased biodiversity. With generally 

few trees in these grasslands to study for fire-scarred tree rings, it can be difficult to 

quantify the historical fire regime; however, the records that are available indicate that 

these types of prairies were burned annually or biennially (Kilburn, 2012). While the 

NRCS recommends each managed prairie be considered individually in determining a 

fire regime, the range of frequencies is similar to that of the historical recurrence (NRCS, 

2009). Additionally, Bowles and Jones (2013) found that woodiness increases with 

decreased fire frequency in a linear fashion, but that a complete absence of fire shows 

an even greater increase in woodiness. Their findings show the value in first looking only 
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at the presence or absence of fire as a mediator of prairie plant composition, as was 

done in this study. 

 Overall, while looking at species abundances and fire frequencies could add 

insightful nuance (especially so in the case of fire), instead looking at presence/absence 

for both plant species and fire regime helps to paint a better overall picture of the 

effects of both functional seed traits and burning in general. Further work could be done 

in regards to abundances and frequencies, but it would likely be best utilized in building 

off of the insight from this initial study. 

Land Management Implications and Conclusion 

 The findings of this study seem to validate those of previous studies in 

suggesting that the buildup of leaf litter affects which seeds are able to germinate, 

ultimately mediating a shift to woodier communities in unburned sites. This means that 

landowners and managers interested in prairie maintenance should be vigilant in their 

overseeing of small-seeded grasses – or more importantly, monitoring for woody 

species in order to prevent their propagation.   

 In revisiting dispersal methods, the rule of thumb is that seeds above 100 mg 

tend to be dispersed by animals, while seeds below 0.1 mg tend to be unassisted 

(Leishman et al., 2000). Those falling in between 0.1-100mg can be feasibly dispersed by 

all methods (Westoby et al., 1996). This means that any seeds greater than 100 mg in 

mass could reasonably be assumed to be part of the woody encroachment process, and 

targeted for removal.  
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 While edge to area ratio and connectivity could also play a role, my findings 

suggest that the size of the prairie remnant was not a major factor in the increase in 

woodiness. Rather, of the variables studied, the level of woody encroachment 

ultimately comes down to the patch’s fire history. This means that landowners and 

managers seeking a natural management tool should seriously consider prescribed 

burns, and the Department of Natural Resources (who would like to see the ecological 

benefits of increased prairie habitat [WDNR, 2015]) should do their part in supplying 

training and certification opportunities for those interested in being able to perform 

burns on their own. Proper training would likely reduce the stigma around prescribed 

burns, normalizing it as a management tool, lessening the chances of large unintended 

wildfires, and restoring prairie habitat in Wisconsin for both animals to reside in and 

people to enjoy. 
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Figure List 

Figure 1 – A map depicting the 22 sites used for this study (both burned and unburned)  

overlaying the historical extent of prairie in the state of Wisconsin (Curtis, 1959). 

Figure 2 – A 1950s aerial photograph from the Robinson Map Library at the University of  

Wisconsin-Madison, depicting one of our prairie sites near the town of Primrose 

in southwestern Dane County, with a 1 km buffer around the surveyed prairie 

patch and the extent of prairie habitat outlined as tan polygons. 

Figure 3 – 2013 satellite imagery of the same prairie site as in Figure 2, with a 1 km  

buffer and the extent of modern prairie habitat outlined in brown. 

Figure 4 – Half of a Carya ovata (shagbark hickory) seed, cut to measure its seed coat  

thickness at six transects (DL0 to DL5). This is one of the large, round, woody 

plant seeds. 

Figure 5 – Half of a Helianthus grosseserratus (sawtooth sunflower) seed, cut to  

measure its seed coat thickness at six transects (DL0 to DL5). This is  one of the 

small, long, non-woody plant seeds. 

Figure 6 – A stacked histogram depicting the number of species found at each site type,  

broken down into woody and non-woody categories to illustrate woody 

encroachment. 

Figure 7 – A stacked histogram depicting the percent of species found at each site type,  

broken down into woody and non-woody categories to illustrate woody 

encroachment. 
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Figure 8 – Boxplots separating the three type of prairie sites – 1950s, 2010s burned, and 

2010s unburned, and displaying their groupings of seed mass. 

Figure 9 – Boxplots separating the three type of prairie sites – 1950s, 2010s burned and  

unburned, and displaying their groupings of seed coat thickness. 

Figure 10 – A 1950s aerial photo that depicts two nearby sites in the village of Bristol in  

Kenosha County, highlighting the prevalence of prairie remnants around railroad 

corridors. 

Figure 11 – 2013 satellite imagery of the same prairie sites as Figure 10, with the  

railroad (and much of the subsequent prairie remnant) removed. 
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