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Lichen and moss as biomonitors of microplastic pollution 
in the Boundary Waters Canoe Area Wilderness
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The Boundary Waters Canoe Area Wilderness (BWCAW) is known for 
its pristine lakes and natural beauty, but like all natural areas 
accessible to humans, this highly visited and beloved wilderness is 
contaminated with microplastics.

Microplastics are small (< 5 mm) pieces of plastic that take the form 
of fibers, films and fragments. Previous research has found 
microplastics in BWCAW lake water, soils, and invertebrates, but 
their source is unknown.

To determine the extent to which recreational canoeists may 
contribute to this pollution, I sampled a common moss and lichen 
from canoe campsites and undisturbed shoreline areas over the 
course of a week-long canoe trip in June 2020.

My study investigated two questions:

1. How much microplastic is present in moss and lichen in the 
BWCAW? 

2. Does moss growing at lakeshore campsites in the BWCAW have 
more microplastics than sites that are unvisited?

INTRODUCTION

SAMPLE COLLECTION
I sampled red-stemmed feathermoss (Pleurozium schreberi) and reindeer 
lichen (Cladinia rangiferina) from 14 canoe campsites and 14 undisturbed 
shoreline areas (controls) located along five lakes in the BWCAW in June 
2020. Moss and lichen was sampled following methods described in 
Fernandez et al. (2015). 

RESULTS

METHODS

DISCUSSION
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Moss and lichen both held microplastics, but moss held more. This 
may be because moss has a more complex 3-dimentional structure 
of overlapping leaves compared to lichens’ fruticose branches, but 
this was not quantified.  

Moss microplastics were more abundant at campsites than at 
control locations. This suggests recreational canoeists have a local 
effect on microplastic abundance, but the ubiquity of microplastics 
in the BWCAW suggests an atmospheric source (see poster by Reed 
Kostelny in this session)

Both mosses and lichens are established biomonitors for 
atmospheric pollution, but they have yet to be widely used in 
monitoring microplastics (Roblin & Aherne 2020, Loppi et al. 2021). 
Data from this study suggests that red-stemmed feathermoss (P. 
schreberi) may be a good candidate species for this purpose.  

Microplastics are ecologically persistent and may bioaccumulate, so 
establishment of baseline concentrations and rates of deposition 
are important for accurately monitoring the scope of this unique 
pollution in furthering efforts to preserve wilderness areas.  

SAMPLE PROCESSING
Moss and lichen samples were finely chopped with scissors and dried for 24 
hours at 60°C. Samples were then digested using the Wet Peroxide Oxidation 
method (Masura et al., 2015). Digested material was filtered onto membrane 
filters and treated with Rose Bengal solution according to Kosuth & 
Wattenberg (2018), covered, and left to dry for 24 hours.

MICROPLASTIC IDENTIFICATION
Plastic fibers were identified under a dissecting 
microscope using the five criteria in Roblin & Aherne
(2020). Fibers comprised 100% of microplastics found 
and were distinguished from natural fibers (e.g., cotton 
and linen) using a hot needle test and Rose Bengal 
staining. Microplastics were counted and a categorized 
as fluorescing or non-fluorescing under UVA light and by 
their color.

Photos at right: Fibers were the most common microplastic found 
and were viewed under UVA (black) light (upper photo) as well as 
white light (lower photo) for counting.

Photos from left to right: Reindeer lichen and red-stemmed feathermoss growing together, 
collected moss in a sample vial, the same moss under a hand lens.

Collecting moss samples from a campsite 
location in the Boundary Waters.

Hoisting a canoe at the start of a 
portage between lakes.

Figure 1. Microplastic fibers from red-stemmed feathermoss 
(Pleurozium schreberi) collected at campsites and unvisited 
shoreline controls in the BWCAW (n= 14 per site type). 
Campsites had approximately twice as many fibers as did 
control sites (t= 2.65, p= 0.02). Error bars represent ± 1 SE.  

Figure 2. Comparing microplastic fibers counted from samples 
of reindeer lichen (Cladinia rangiferina) and red-stemmed 
feathermoss (Pleurozium schreberi) collected in the BWCAW.  
Sample sizes were 8 and 28 for lichen and moss, respectively. 
Lichen had half the number of fibers that moss did (t= -2.56, 
p= 0.015). Error bars represent ± 1 SE. 

CONTINUING RESEARCH

These data are part of on-going study that compares 
microplastic contamination in the BWCAW with areas 
receiving greater human impacts. Preliminary data from  
samples of moss collected UWEC’s Putnam Park showed 
nearly 4X more microplastic fibers than did average counts 
from BWCAW moss samples (71.4 vs. 18.8 fibers/g, 
respectively).  
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