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Introduction

One threat to wild lands is the introduction of invasive exotic plant species. Exotic species that 
reproduce via seed are of special concern when their seed become dispersed following attachment to 
the soles of hiking boots. To help combat the spread of such seeds, boot brush stations were placed 
at 26 different trail heads throughout southern Illinois to encourage hikers to brush their boots off 
when entering and exiting trails. Even though these stations were constructed, it is not yet known if 
these stations help stop the spread of invasive species. In this study we surveyed exotic species 
occurring around boot brush stations and along trail edges and identified species emerging from soil 
seed bank samples from these sites maintained in a greenhouse.

Methods

26 boot brush stations were visited throughout southern Illinois (Fig. 1). Observations were made on 
the occurrence of 20 invasive species from a preselected list in each location both within a 2m radius 
around each boot brush station and down the trail for the first 92 m. Soil was collected (~500 mL) at 
each boot brush station and 15 m down the trail on the trail’s edge. The soil samples were stored in a 
refrigerator for 2 weeks to mimic winter conditions to encourage the breaking of seed dormancy. In a 
greenhouse2.54 cm3 of each soil sample were spread out over vermiculite in a 17.78 X 13.34 cm pot. 
Emergent seedlings from the soil were identified, recorded, and removed over a 19 week period 
(observations are still ongoing). Separate Nonmetric Multidimensional Scaling (NMDS) ordinations 
were conducted in DECODA for the species that were observed at the boot brush stations and along 
the trails, as well as the species identified from the seed bank study. The relationship between 
environmental variables (latitude, longitude, and trail medium (soil or gravel)) and the ordinations 
were tested using vector fitting. Analysis of Similarity (ANOSIM) was conducted to determine whether 
the communities at the boot brush stations were different or not from the communities along the 
trails.

Results

There was a high frequency of Lonicera japonica, and Rosa multiflora observed along the trails and at 
the boot brush stations (Table 1). Of the plants emerging from the seed bank (Table 2), only one 
species was originally in the list of 20 species used in the field survey, but was one of the top five 
most frequently occurring species; however, there were some exotic species that did come up from 
the seed bank, but were not abundant (such as Microstegium vimineum and Perilla frutescens). 
A 2-dimensional NMDS ordination solution was retained for interpretation of the field observations 
of exotics at the boot brush stations and trails, (Fig. 2). Longitude was the only one of the three 
environmental variables tested that was significantly related to the ordination (p= 0.015). Results of 
ANOSIM (R= 0.0623, p= 0.0623) indicated only a weak and marginal difference among exotic species 
communities from the boot brush stations and trails. For the seed bank study, a 2-dimensional NMDS 
ordination solution was retained for interpretation (Fig. 3), which was not related to any of the three 
environmental variables. The ANOSIM analysis for the seed bank indicated a significant difference 
between the seed bank of boot brush stations and trails (R= 0.1413, p= 0.0001). The relatively low R 
value for this ANOSIM suggests that the variability among sites between boot brush stations and trail 
sites was different rather than a difference in community composition per se.

Discussion

Only 4 of the species that emerged from the soil seed bank belonged to the list of 20 targeted 
invasive species surveyed in the field; however, 14 of the 39 identified species from the seed bank 
were agricultural weeds 
Based upon the NMDS ordination, there are similarities and dissimilarities between the different 
species within the boot brush stations and trails. There does not seem to be a relationship between 
the observed exotics that occur at the boot brush stations and the trails.  Because longitude was the 
only significant variable within the ordination, it appears that the occurrence of these exotics is 
related to location within the Shawnee National Forest. In the seed bank study, exotic samples from 
the boot brush stations were soil is more clustered in the middle of the ordination than samples 
collected from the trails. This suggests that the seed bank of the trails were more variable than the 
seed bank collected from the boot brush stations. The boot brushes may be collecting a limited but 
representative subset of the exotics invading the trails. The results of the soil seed bank study are 
still preliminary however, as the study is still in progress. 
The 26 boot brush stations were erected 2-3 years prior to this study, and upon visiting each station, 
the majority of the them had a high amount of wear on the brushes (brushes were incapable of 
cleaning boots/shoes) while others appeared not to have been used at all. Another factor that is not 
answered by boot brush stations are the pets belonging to hikers (e.g. horses or dogs). One cannot 
clean (or fully clean) their animal every time they were to enter and exit the trail. Based upon our 
findings, boot brush stations may be a useful tool to be used to help stop the spread of exotic 
invasive species in the wild lands in southern Illinois. The variance between the boot brush station 
seed bank data and the seed bank data collected from the trail edges are different from one another 
because collected seeds from the boot brush stations were from the hiker’s brushed boots.
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1 Lonicera japonica Thunb. (Japanese Honeysuckle, 15)

2 Rosa multiflora Thunb. Ex. Murr. (Multiflora Rose, 14)

3 Trifolium repens L. (White Clover, 11)

4 Perilla frutescens (L.) Britton (Beefsteak Plant, 8)

5 Microstegium vimineum (Trin.) A. Camus (Japanese Stiltgrass, 7)

1 Trifolium repens L. (White Clover, 10)

2 Lonicera japonica Thunb. (Japanese Honeysuckle, 6)

3 Rosa multiflora Thunb. Ex. Murr.( (Multifora Rose, 6)

4 Microstegium vimineum (Trin.) A. Camus (Japanese Stiltgrass, 4)

5 Celastrus orbiculatus Thunb. (Oriental Bittersweet, 3)

Table 1: Top five most frequently occuring species (out of 20) along the trail and around the boot brush station, each 
with total count in parentheses).

Figure 1: A map of the 26 boot brush stations located in the eleven southern 
counties of Illinois (marked by a red circle).

Most Frequent Observed Species
Trail

Boot Brush Station

Figure 2: Close up of a boot brush station with an Alliaria petiolata rosette. 
Given the wear of the boot brush itself, this might indicate that its purpose (to 
stop the spread of invasive species along the trail) has been confirmed. 

Most Frequent Identified Species
Trail

Boot Brush Station

1 Plantago major L. (Common Plantain, 74)*

2 Persicaria vulgaris Webb & Moq. (Oriental Lady’s Thumb, 49)*

3 Muhlenbergia sobolifera (Muhl. Ex Willd.) Trin. (Rock Satin Grass, 46)

4 Digitaria sanguinalis (L.) Scop. (Common Crabgrass, 32)*

5 Juncs tenuis Willd. (Path Rush, 17)

1 Setaria glauca (L.) Beauv. (Yellow Foxtail, 175)*

2 Juncs tenuis Willd. (Path Rush, 64)

3 Digitaria sanguinalis (L.) Scop. (Common Crabgrass, 57)*

4 Amararanthus retroflexus L. ( Rough Pigweed, 25)*

5 Muhlenbergia sobolifera (Muhl. Ex Willd.) Trin. (Rock Satin Grass, 22)

Table 2: Top five most frequently ocurringspecies identified emerging from the soil seed bank. The numbers within 
parentheses indicating number of plants identified. Within this list, P. vulgaris was the only species originally on the list 

of 20 exotic invasives surveyed in the field. * indicate exotic species.

Figure 3:  Two-dimensional NMDS ordination of exotic species occurrences at 
boot brush stations and along trails (paired stations and trails joined by lines). The 
red line shows the fit of longitude as a significant vector to the ordination. An 
ANOSIM test indicated no difference in the exotic species composition of boot 
brush stations and trail sites. 

Figure 4: Two-dimensional NMDS ordination of identified species emerging from the soil 
seed bank at boot brush stations and along trails (paired stations and trails joined by lines). An 
ANOSIM test indicated significance in the exotic species composition of boot brush stations 
and trail sites, with boot brush station soils clustered more in the middle and trail soils along 
the edges, indicating that trail soils are more variable. 


