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Abstract

Duckweed are tiny aquatic plants that are part of the Lemnaceae family including five
genera: Lemna, Landoltia, Spirodela, Wolffia, and Wolfiella. Previous research has shown
duckweed to have strong properties of phytoremediation of heavy metals and other pollutants
(Ekperusi et al., 2019). Here we examine Loring Pond, an urban pond in Minneapolis,
Minnesota, that is partially covered by duckweed, and the levels of biodiversity found in the
surface skimming by-catch of this wetland. We also discuss the potential of utilizing composted
duckweed in agriculture. Shallow marsh sites monitored across Minnesota, by the Minnesota
Department of Natural Resources, have recorded H-index ranges of 2.7 — 3.6 (MN DNR Wetland
Hydrology Monitoring Report 2023, p. 21). After identifying and quantifying the specimens
observed during surveys conducted, and utilizing the Shannon-Wiener index, we show that
diversity in the surface skimming by-catch of Loring Pond is low with determination in June,
July, and August to be H = 0.388, 0.126, and 0.212, respectively, Overall, watermeal (Wolffia
spp.) dominated surveys and indicated an inverse relationship with both biodiversity and certain
heavy metal levels. Elemental analysis of composted duckweed revealed a few heavy metals fell
below detectable limit, including Beryllium (Be), Cadmium (Cd), Vanadium (V), and Rubidium

(RDb). Lead (Pb) was found to exceed allowable limits in organic fertilizers (27 mg/kg) 4 times



out of 7 samples and reaching just over 51 mg/kg at the highest level. Our results confirmed that
wetlands covered by duckweed may have limited biodiversity, although surveys in this study
revealed 15 genera total. Four other plant genera and eight animal phyla were observed, which
suggests a variety of organisms and elements would be removed during commercial skimming of
Loring Pond. Further testing is needed to confirm the ability of duckweed to inhibit diversity in
the pond itself, along with the viability of utilizing composted duckweed in agriculture due to the

persistence of Pb.

Introduction

Biodiversity is considered to be vital to the structure of an ecosystem and can be
measured from the numbers of species that make up a biological community in a given area; this
can indicate whether or not an environment is healthy and stable (Jewel et al., 2018). Wetlands
provide habitats to thousands of species. The ecological function of a freshwater system relies on
the nutrient content and chemical composition of the water itself (Ronkainen, 2021).
Photosynthesis is the primary source of dissolved oxygen in many aquatic ecosystems, and
depletion of dissolved oxygen causes anoxic conditions. Under non-eutrophic conditions,
photosynthetically active radiation (PAR) can provide phytoplankton and other macrophytes
with energy for photosynthesis. PAR is reduced when mats of aquatic plants are present, thus

reducing total photosynthesis (Ronkainen, 2021), and possibly biodiversity.

Duckweed, comprised of five genera of aquatic plants from the family Lemnaceae, are
free floating plants that commonly inhabit and often invade freshwater ponds and lakes by
forming a thick blanket across the wetland. Reproduction occurs quickly for this family,

typically asexually, by dividing to form separate individual plants. One study concluded that a



single frond could produce as many as 10 generations of daughter plants over a period as little as
10 days before dying and another found that the plant doubles its mass in less than 2 days under
ideal conditions (Ekperusi et al., 2019). This rapid reproduction forms mats across wetlands that
can instigate eutrophic conditions by blocking sunlight at the surface level. Duckweed mats
restrict photosynthesis in the water column, resulting in low total photosynthesis and ecosystems

that are low in oxygen and high in phosphorus (Ronkainen, 2021).

While their abundance and ability to invade certain wetlands have been made clear,
duckweed are also known for their properties of phytoremediation. Phytoremediation is the
application of plants for the rectification of a polluted environment. Aquatic macrophytes have
been widely used for wastewater treatments and the remediation of aquatic environments over
the past 30 years (Ekperusi, et al., 2019). Duckweed has shown strong potentials for the
phytoremediation of many pollutants, including but not limited to heavy metals such as lead (Pb)
and copper (Cu), agrochemicals, and pharmaceuticals, with the common duckweed
(Lemna minor) being seen as one of the most effective (Ekperusi, et al., 2019). Other potential
uses of duckweed include biofuel and food for livestock and possibly humans, due to its high

level of protein and amino acids (Ekperusi et al., 2019).

Pollution is one of the most critical existential problems affecting modern society. The
potential of duckweed as a phytoremediator could provide relief to certain environments. While
thick mats of free-floating plants create stressful aquatic environments, the removal of duckweed
mats using herbicides or mechanical skimming, are often temporary, possibly detrimental to the
environment, and are monetarily costly. The potential to remove and utilize duckweed as

compost would resolve the issue of material and monetary waste. The aim in this study is to



examine the pervasive duckweed, how it affects biodiversity in a wetland, and assess its potential

use as composted material.

Methods
Sample Collection

Samples in this study were collected at Loring Pond, a shallow pond with an average
depth of no more than 1.5 m. The same site at Loring Pond was used, in the northwest corner of
the pond (approximate GPS coordinates: 44.970698, -93.286185). The site was sampled three
times in the summer months of 2023; once on June 15", July 27", and August 31%. Sample
collection was done by skimming the surface of the pond near the shoreline using a 5* wide
floating skimming net with 0.25 inch mesh, pulled by a rope. Roughly half of each sample was
composted outside while the remaining half was stored and refrigerated until surveys were

completed.

Diversity Analysis

To accurately count number of Lemna and Wolffia, surveys were split into two groups
based on size: > 5 mm and < 5 mm. For each survey, species of duckweed and other organisms
were identified and quantified in samples taken from Loring Pond using a dissecting microscope.
Organisms that were too large or created an obstructed view were placed back within the
corresponding bag to be counted in the > 5 mm surveys. For this group, one survey was
completed for each sample date where 400 mL of each sample was investigated for any organism

over 5 mm. Each organism found was sorted then identified, and a total count was created.



For organisms < 5 mm, a 5 mm? grid system was utilized, and five surveys were done for
each sample date. Each survey consisted of one spatula scoop of material weighing between 1.0
— 1.3g that was placed on the 5 mm? grid. A probe was used to slowly spread and thin the
material to create one layer and avoid damaging any potential specimen. Five randomly selected
grids were surveyed where organisms were identified and counted. Groups were created for
unidentifiable and non-living specimen, including living non-woody (L/NW), non-living non-
woody (NL/NW), and non-living woody (NL/W). The preceding information was used to

calculate diversity via Shannon-Wiener Index and provide data for graphical analysis.

Elemental Analysis

To examine the nutrient content of duckweed, concentrations of 27 elements was
obtained via elemental analysis of composted duckweed samples. This was performed by the
University of Minnesota Research Analytical Lab, where the compost is digested using the EPA
3051 method and larger particle sizes (> 9.5mm) are sieved out before grinding the smaller
particles for analysis. The Dumas method is used to estimate plant total Nitrogen. Information
acquired by the compost digestion and previous nutrient level reports were utilized in
comparisons made between Loring Pond and other urban wetlands, including those that are not

pervaded by duckweed and watermeal.

Results
Diversity Analysis

Few species were found in both survey groups, with Wolffia spp. dominating the < Smm

group (see Table 1) and molluscs in the genus Planorbella dominating the > Smm group (see



Table 2). Three aquatic plant genera were observed in the <5 mm group: Wolffia, Lemna, and

Spirodela, with total observations of 4387, 155, and 19 respectively. Overall observations of the

three sample dates for Spirodela averaged 1.27, while Lemna and Wolffia averaged 10.33 and

292.47 respectively (Table 1). One insect family, Chironomidae, was noted only in the August

surveys. Among the three surveys in the > 5 mm search, four plant genera were found along with

the following phyla: two Arthropoda, four Mollusca, and one Annelida. Only Planorbella and

Physella from phyla Mollusca appeared in all three samples (Table 2).

Table 1. Observed Species < Smm

Total # of Average # of
Species/Genus (common name) Sample Date Observations Across Observations per
All Samples Survey in
June, July, August
Wolffia spp. (Watermeal) 6/15,7/27, 8/31 4387 355, 218.6, 303.8
Lemna minor (Lesser duckweed) 6/15, 7/27, 8/31 155 84, 17, 5.6
Spirodela polyrhiza (Greater duckweed) 6/15,7/27, 8/31 19 02, 22, 14
Chironomidae (Midge, larvae) 8/31 3 0, 0, 0.6
L/NW 6/15,7/27, 8/31 16 02, 1.8, 2
NL/NW 6/15,7/27, 8/31 32 04, 2.6, 34
NL/W 8/31 2 0, 0, 04




Table 2. Observed Genus and total number of observations

Genus (common name) Sample Date Total # of Observations
Planorbella (Ramshorn) 6/15,7/27, 8/31 34
Physella (Bladder snail) 6/15,7/27, 8/31 13
Discus (Disk snail) 7/27 1
Spharium (Fingernail clam) 7/27, 8/31 4
Coleomegilla (Aquatic lady beetle) 7/27 1
Belostoma (Giant water bug) 8/31 2
Glossiphoniidae (Snail leech) 8/31 1
Myriophyllum (Milfoil) 6/15, 8/31 3
Elodea (Waterweed) 6/15 1
Potamogeton (Curly-leaf pondweed) 6/15 1
Ceratophyllum (Hornwort) 8/31 1




Average observations of individual Wolffia plants decreased by roughly 136.4 from June
to July and increased by 85.2 in August (see Figure 1 and 2). Conversely, average observations
of both individual Lemna and Spirodela plants increased in July then decreased in August (see
Figure 1 and 3). Average observations varied more for Lemna compared to Spirodela, with
average observations of Lemna increasing just over 100% from June to July and decreasing over
100% from July to August. Size of individual Lemna and Spirodela plants were seen to be
different during June and August surveys, though the difference was found to be statistically

insignificant with a p-val of 0.23.
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Fig 1. Average number of observations per survey for the < 5mm group.
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Fig 2. Average observations of Wolffia over time. Fig 3. Average observations of Lemna and Spirodela over time.



Overall, diversity was found to be low in surveys < 5 mm from Loring Pond samples.
Diversity was determined to be highest in July at 0.388 (s.d. = 0.03) compared to June at 0.126

(s.d. =0.09) and August at 0.212 (s.d. = 0.05) (Figure 4).
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Fig 4. Survey (< 5 mm) diversity levels from Loring Pond.

Elemental Analysis

Elemental analysis of duckweed compost shows metals Be, V, and Rb levels fell below
detectable limit in all samples. Cd can be seen to fall below the detectable limit all but twice,
reaching no more than 0.4 mg/kg. Pb and Cu levels appear to be highest in July samples,
reaching approximately 27 mg/kg and 51 m/kg respectively (see Table 3). Phosphorous levels
continually decrease from June to August with highest levels reaching 8439.6 mg/kg and lowest
levels reaching 4364.7 mg/kg. Total Nitrogen is found to increase from June to July and

decreases from July to August (see Table 4).
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Table 4. Total Nitrogen of Composted Duckweed

Lab Sample Sample Total Nitrogen

Number ID (% N)

1 Jun 15f 1.823

1 dup Jun 15 f dup 1.815

2 Jun 15d 1.897

3 Jul 27 f 2.574

4 Jul 27d 2214

5 Aug 31f 1.872

6 Aug 31d 2.238

Discussion

Investigation of the samples revealed low levels of specimen variety and overall
domination of Wolffia spp. The Shannon-Weiner index suggests that the diversity level of
surface skimming in Loring Pond to be low, with the average index across the sample dates
being H = 0.242. Our results can be compared to the 2018-2022 Wetland Hydrology Monitoring
Report by the Minnesota DNR, where a variety of wetlands, including five shallow marshes,
were monitored across the state. Taxonomic diversity was also calculated via Shannon-Weiner
index, with calculated indices ranging from H = 2.7 — 3.6 (MN DNR Wetland Hydrology
Monitoring Report 2023, p. 21). It is important to note that data collection is slightly different
between our report and the DNR report, where diversity calculated by the DNR included
organisms in and around the wetland and our diversity report is focused on the removal of

duckweed during the surface skimming process.

Our observations of duckweed covered wetlands showing low levels of biodiversity are
comparable to a study conducted in Scotland that found Lemna minor domination to decrease
biodiversity. The woodland pond examined showed signs of impoverished macroinvertebrate

biodiversity and species found were those who can thrive in O-depleted wetlands (Krivtsov et al.,



2023). Another study conducted in Minneapolis found Cleveland Pond, a Lemna-infested urban
pond, showed signs of alleviated eutrophic conditions and improved water quality following
Lemna removal. Total Phosphorus concentration decreased slightly, and dissolved oxygen
increased by 1019% from pre-removal period (Ronkainen, 2021). A study that focused on Chara
globularis, a common, eutrophication-tolerant macroalga, found L. minor domination to inhibit
growth of C. globularis and potentially lead to a gradual decline of its overall population (Van

Onsem et al ., 2021).

Diversity can be seen to increase as the number of Wolffia observations decrease. Along
with this pattern, total N, Cu, and Pb all increase inversely to number of Wolffia observations.
This suggests that Wolffia inhibits biodiversity while also potentially absorbing these certain
pollutants, where with less Wolffia available for uptake, levels of N, Cu, and Pb may increase.
Utilization of composted duckweed seems viable with many heavy metals, including Be, V, Rb,
and Cd falling below the detectible limit for the majority of the samples, if not in all. Pb was the
only heavy metal to exceed limits for organic fertilizer of 27 mg/kg. This happened in 4 of the 7
results, with Pb reaching just over 51 mg/kg, though this amount never exceeding the limit
allowed in soil (see table 5). The variability of the elemental analysis results show that further

testing is needed to confirm the heavy metal content of composted duckweed from Loring Pond.

Some studies have found duckweed to be viable as fertilizer. One study that incorporated
dry duckweed into agricultural fields found the application to be a sustainable source of N and P
during their research (Kreider et al., 2019). Similarly, one research study found that duckweed
mixed with fertilizer may be comparable to commercial fertilizer (F. Pulido, 2016). Duckweed

amended treatments resulted in similar yield and biomass in sorghum and tomatoes compared to



those grown with commercial fertilizer and were found to provide positive C and P soil residue

(F. Pulido, 2016).

Table 5. Maximum concentrations (mg/kg) of heavy metals allowed in organic fertilizers, soil and plants
in Brazil, the EU and the USA (de Souza et al., 2018).

Cu Zn Ni cd Cr Pb
Organic Brazil"” no limit © no limit 70 3 200 150
fertilizer EU? 33-60 109-347 4-44 0.2-0.7 5-56 5-18
USA® 2-172 15-556 SL 0.1-0.8 1.1-55 1.1-27
Soil Brazil " 49 46.5 21.5 <0.4 75 19.5
Eu® 50-140 150-300 20-75 1-3 100-150 50-300
USA® 60-125 400-700 100 3-8 75-400 100-400
Plant Brazil'” 30 50 5 0.5 0.1 0.5
gy no limit no limit no limit 0.2 no limit 0.3
USA® 5-20 10-50 1-10 0.05-0.5 2 0.5-10

(' MAPA (2006), COPAM (2011), Anvisa (1965, 1998); ‘' European Commission (2006); ) Alloway (1995); ) Kabata-Pendias (2010);
) No threshold established by the normative regulation.

In future studies, samples taken for biodiversity assessment should be preserved and
surveyed more immediately to avoid potential deterioration of specimen. More samples should
be taken more frequently, and more surveys should be completed to better assess the changes in
diversity. Because chironomids were only noted in the August surveys, it could be that
deterioration occurred in earlier samples. Although our results indicate low levels of diversity in
surface skimming by-catch, numerous specimens were noted across all surveys, amounting to 15
genera total. Some larger specimens were removed during sampling, including some unidentified
fish, crustaceans, and large leeches. In commercial, large-scale skimming of duckweed, our
results suggest that removal would not be limited to duckweed and would include a variety of

potential elements, including nutrients and other organisms.
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