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Executive Summary

We proposed to the Higgins Lake Foundation that a repeat assessment of parasites and hosts
responsible for causing swimmer’s itch on Higgins Lake would help answer some important
questions, information that would advance the science of these itch-causing parasites and be
beneficial to lake associations in Michigan and beyond. In general, we hoped to discover why
several years of summer resident common merganser removal appeared to be effective on
Higgins Lake, while similar remediation efforts on other lakes in NW Michigan were not.

Freshwater Solutions (FWS), in collaboration with Dr. Patrick Hanington (University of
Alberta), conducted a comprehensive survey of the schistosomes that are causative agents for
swimmer’s itch on Higgins Lake in 2020. Included in the survey were biodiversity assessments
of the invertebrate snail hosts and the parasites. Additionally, the magnitude of swimmer’s itch
risk was assessed through qPCR analysis of swimmer’s itch-causing cercariae in water samples.

Our data suggest that a dramatic decrease in lake-wide snail density from 2016 to 2020, along
with Stagnicola emarginata dominating the snail host community, help explain why merganser
management has been successful on Higgins Lake and not on other lakes we have studied. We
suggest other factors may also have influenced success, such as harassing and killing of
mergansers (as opposed to just trapping and relocating), the distance of Higgins Lake from a
costal waterfowl flyway, and lack of itch-causing parasite diversity.

Thanks to the support of the Higgins Lake Foundation, this study will be useful for other lake
associations across the Midwest when assessing whether merganser removal will be successful
on their lake. We encourage other lake associations to evaluate and consider the snail community
structure and relative abundance of Stagnicola emarginata; prevalence and abundance of other
itch-causing schistosomes; legal ability and desire to harass and kill common mergansers
(besides just trapping and relocating); proximity to spring and fall waterfowl migration routes;
possible unintended consequences of removing top predators from their lake ecosystem; and the
feasibility of long-term success.
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Introduction

FWS made initial contact with the Higgins Lake Foundation in early 2020 to propose a repeat
assessment of parasites and hosts responsible for causing swimmer’s itch on Higgins Lake. The
proposed study hoped to answer some important questions and provide information that would
advance the science of these itch-causing parasites and be beneficial to lake associations in
Michigan and beyond. In general, we sought to discover why several years of summer resident
common merganser removal appeared to be effective on Higgins Lake, while similar remediation
efforts on other lakes in NW Michigan were not effective.

To answer this overarching question, we proposed to answer four specific questions:

1. What is the overall diversity of schistosome parasites as measured by species-specific
qPCR assays?

2. How has the schistosome parasite community changed since 2016?

3. Is the new schistosome species recently discovered (McPhail, et al., 2020) cycling in
Higgins Lake?

4. How do 2020 snail population densities and infection rates compare to 2016 levels
following 5 years of common merganser removal?

These important questions were answered in 2020, providing insight into merganser removal
effectiveness as described in this report. Conclusions from the data provide predictive power for
decision-makers in other lake associations considering waterfowl removal as a tool for whole-
lake swimmer’s itch remediation. Other research we concluded in 2020 on multiple lakes in
Michigan will provide additional insight and is on track to be published in peer-reviewed
publications in the coming months.
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Project Objectives

Objective 1: Collect water samples from the same 10 locations sampled by SICON, LLC
in 2016 and analyze them using our species-specific qPCR assays on three (3) separate
days (June-August).

Methods

Water samples were collected on the mornings of 13 June, 2 July, and 18 August as described by
Froelich et al. (2019). All samples were collected by noon each day, since previous research
demonstrates a dramatic decline in cercariae concentrations from noon to 4 pm (Rudko, et al.,
2018). Briefly, 25 1-L samples of surface water were drawn at each location and passed through
a 20pm plankton tow to concentrate the sample to ~50ml. Concentrated samples were
refrigerated in the field until they were returned to the lab. Each sample was then filtered again
through a 0.4pm filter (Pall FMFNL 1050) and the filter paper preserved in 95% ethanol. All
preserved filters were shipped to the University of Alberta (Edmonton) where the DNA was
extracted using the Qiagen DNeasy Blood and Tissue Kit. Extracted DNA was analyzed for total
schistosome cercariae (i.e. total “worms in the water”) as described in Rudko et al., (2018) and
extracts analyzed on an ABI Fast or QuantStudio 3 qPCR machine. The sites sampled were the
same locations sampled in 2016 (when working as SICON, LLC).

Results

The total number of cercariae in the water (all schistosome species) at each site on each
collection day is reported in Table 1. Only Site 3 (Yacht Club) had cercariae in the sample each
month, and Site 5 (Dragonfly House) was the only other site with cercariae in the water in

August. All sites showed “medium”, “heavy”, or “severe” levels of itch-causing cercariae in
July.

Table 1 — Total Cercariae Counts

2020 Total Cercariae/25L
Site No. Site Name 6/13/20 7/2/20 8/18/20
1 West Boat Launch 0.0 i 0.0
2 Sam-0O-Set Park 0.0 0.0
3 Yacht Club 248 6 ARD
4 Detroit Point 0.0 27.0 0.0
5 Dragonfly House 0.0 e 2
6 South State Park 0.0
7 Almeda Beach 0.0
8 Kelly Beach 0.0
9 Gerrish Twp Park 0.0
10 North State Park 0.0 29.6 0.0
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Diagram 1 — 51 Severity Index

# Cercariae/25L Severity Index
0-10 Light
11-30 Medium
31-100 Heavy
100+ Severe

Discussion

Cercariae numbers provide useful information for site-specific and whole-lake assessment of
swimmer’s itch severity. Since cercariae are the causative agents of swimmer’s itch, assessing
cercariae numbers in the water is currently the best risk assessment tool.

The low number of cercariae in June and August and the relatively high number in July is likely
a result of water temperature and transmission logistics. The water temperature in June most
likely limited cercariae release, since temperatures were near the level (15°C) where we find no
snails ever shed cercariae (Rudko et al., 2020). A drop-off in mid-August was likely due to last
year’s snails dying and the 2020 snail cohort not developing patent infections from local and
migratory birds yet.

While specific site or lake-wide cercariae averages may be useful, averages are not the best
metric for lake-to-lake comparisons. Just a few sites with unusually high numbers can skew
results when reporting averages. Possible reasons for sporadic high numbers include cercariae
accumulation due to wind or unique shoreline hydrology that concentrates the cercariae. Recent
scientific studies document snails under laboratory conditions releasing 10X the average number
of schistosome cercariae/day on certain days, and that may contribute to unusually high numbers
as well (Soldanova et al., 2016).

Instead of lake-wide averages, we report the ratio of percent of sites >30 cercariae per sample to
percent of sites <30 cercariae per sample. This ratio compares “heavy/severe” samples to
“medium/light” samples on the swimmer’s itch severity index and reduces the impact of a few
sites with unusually high numbers. Obviously, a lower ratio value equates to lower cercariae
density in the water, which likely translates to a reduced risk of contracting swimmer’s itch. As
seen in Table 2, Higgins Lake falls near the middle for site severity ratios of any lake FWS
assessed from 2018-2020. It is interesting to note that none of the comparably lower ratio lakes
(Long, Skegemog, White Sand, S. Torch, Bellaire, Pickerel) are involved in merganser control
remediation, while a couple of the higher ratio lakes (Glen, North Lake Leelanau) trapped and
relocated common mergansers for three summers (2017-2019).
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Table 2 — Whole-lake Cercariae Comparison

gqPCR Values - All Lakes Comparison 2018-20

Lake % Sites >30 Cer./25L |% Sites <30 Cer./25L | Ratio >30/<30
Charlevoix 19.23 80.77 {024
Elk 48,39 51.61
Big Glen 37.50 62.50
Little Glen 25.00 75.00 i
SL Leelanau 22.72 77.28 029
NL Leelanau 45.45 54.55
Lime 25.00 75.00 0.33
Long 13.33 86.67 0.15
Skegemog 14.29 85.71 0.17
Walloon 19.44 80.56 0.24
White Sand 12.50 87.50 0.14
N. Torch 22.22 77.78 - 029
S. Torch 0.00 100.00 0.00
Bellaire 16.67 83.33 0.20
Intermediate 25.00 75.00 L 033
Pickerel/Crooked 10.00 90.00
Platte 33.33 66.66 7050
Cedar 70.00 30.00 _

Average 25.56 74.44 0.45
Higgins Lake 33.33 66.66 050

Objective 2: Create an avian schistosome community profile to assess the number of
“worms in the water” and the relative abundance of each species to learn how much
each waterfowl species is contributing to the parasite community.

Methods

The three schistosome species we found to be dominant in Northern Michigan since 2017
(Trichobilharzia stagnicolae, T. physellae and the new species that utilizes Helisoma snails and
Canada Geese as hosts) were assessed using species-specific gPCR assays as described in Rudko
et al., (2019). All samples were run in duplicate and the averaged results reported.

Results

Species-specific data (7. stag., Nov. sp., T. phys.) are reported in a color scheme showing the
relative amounts of each species. Bright read indicates the dominant species for that sample,
while lighter red colors show presence, but to a lesser degree (Table 3). Note, the species-
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specific qQPCR tests target a different gene than does the pan-avian schistosome qPCR test used
in Objective 1. There are at least six other species of avian schistosome that have been identified
in Michigan inland lakes which we have not tested for in this study. Thus, we do not anticipate
that every site for which there is a pan-avian schistosome detection, there will be a corresponding
species-specific detection — there may be other species of avian schistosome at Higgins Lake.
That is likely the case for one positive sample collected in July and two positive samples
collected in August.

Table 3 - Species-specific GE Values

2020 Species-specific Genome Equivalents (GE)
Site No. Site Name | 13-Jun 2-Jul 18-Aug
T.stag. Nov.Sp. T. phys.|T. T.stag. Nov.Sp. T.phys

West Boat Launch

Sam-0-Set Park

Yacht Club 7980
Detroit Point

Dragonfly House

South State Park

Almeda Beach

Kelly Beach

Gerrish Twp Park

North State Park

W e~ Es W e

[ury
o

Discussion

The prevalence of Trichobilharzia stagnicolae, the schistosome species known to cycle through
common mergansers, is very low at all sites and all collection times, on Higgins Lake. This
might be expected, since all common merganser broods have been trapped and relocated from
Higgins Lake since 2015. It does not, however, match what we are finding on other NW
Michigan lakes that have been trapping and relocating summer resident merganser broods since
2017. Other factors must be contributing to this seeming inconsistency.

Higgins Lake is located near the middle of Michigan’s lower peninsula. Other lakes showing
conflicting data are all located very near the Lake Michigan shoreline. It is possible lakes
geographically located near the shores of Lake Michigan (or Lake Huron) have more visits from
spring and fall migratory birds than those located in the middle of the state because they are
within the flyway. This could contribute to maintaining higher T. stagnicolae populations in
snails from lakes along the coast. The flyway map in Diagram 2 illustrates this hypothesis.
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Another reason Higgins Lake may not be sustaining a robust 7. stagnicolae population is that
common mergansers have been shot or euthanized as part of control and/or research, resulting in
a summer resident population size currently near zero. Since our previous research shows
mergansers will return to the same lake each spring, all the birds killed since 2015 have also
likely reduced spring and fall merganser visits. Higgins Lake saw a steady decrease in broods
trapped each year from 2015 to present: 9 broods in 2015, 6 broods in 2016, 4 broods in 2017, 2
broods in 2018, 2 broods again in 2019, and 0 in 2020. This multiple-year decrease was not seen
on other lakes where similar trapping and relocating of mergansers (minus killing the birds) is
taking place. It is important to note the success found in the 1980s and 1990s on Glen Lake
(Blankespoor, H.D. and Reimink, R.L., 1991) included not only trap and relocation of common
mergansers, but also spring harassment using a variety of noise and disturbance techniques, fall
hunting, and lethal take of many hens and even entire broods during the summer months (under a
research permit).

The species-specific data also show the majority of cercariae present were from Trichobilharzia
physellae and the newly discovered Novel Species (yet unnamed). We know 7. physellae cycles
through mallards and Physella sp. snails and the Novel Species cycles through Canada geese and
Helisoma sp. snails (McPhail, et al., 2020). It is not surprising that the large majority of cercariae
found were these two species since no lake-wide efforts are in place (that we know of) to limit
mallard or Canada goose populations.

The difficulty in using case-reporting tools for drawing scientifically rigorous conclusions results
from the inability to control numerous inherent variables, such as reporting fatigue, weather,
number of bathers, accuracy of diagnosis, recruitment of volunteers, etc. Although tracking itch
cases was not part of this study, our data suggest that the risk of contracting swimmer’s itch was
high in July and that any swimmer’s itch cases were likely the result of schistosome species other
than those cycling through common mergansers.
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Objective 3: Collect, count, and analyze all snail species known to harbor avian
schistosomes (including the new host Helisoma trivolvis) at each of the 10 locations
one time, to determine snail densities and infection rates for schistosome species
present.

Methods

For data validation reasons, it is important to note the same people (formerly associated with
SICon, LLC) who collected, counted, and analyzed snails in 2016 repeated the work on Higgins
Lake on 2 July, 2020, at the same locations using the same collecting protocol and equipment
and at very close to the same time (10 July, 2016). In both years, 10 weighted 1m? hoops were
randomly tossed at each sample site and all snails of every species collected within each hoop
using wet suits, snorkeling gear, and specially-designed scoop nets for collecting snails. Since
snail densities were surprisingly low in 2020, divers spent an additional 20-30 total minutes at
each site swimming throughout the area searching for and collecting all snails known to harbor
avian schistosomes. Snails were placed in a 5-gallon bucket with fresh lake water and returned to
the lab. Snail species were separated morphologically, counted, and placed in individual wells of
12-well culture plates filled with conditioned water. After a complete night-time dark cycle,
snails were exposed to bright fluorescent lights the next morning to induce cercaria shedding.
Each snail was individually examined for all trematode cercariae using a light microscope after
>1 hour of light exposure.

Results
Of the 1,589 snails collected that are known to host avian schistosomes, only one was found with
a patent infection. The snail and parasite were identified morphologically as Stagnicola

emarginata and Trichobilharzia stagnicolae, respectively. All trematode infection results are
shown in Table 4.

Table 4 — Snail Infection Rates

2020 Total Snails Examined/# Positive Any Parasite/# Infected Schistosome
Site No. Site Name  Stagnicola Physa Helisoma Gyraulus Pleurocera Campeloma Viviparus

1 West Boat Launch ~ 249/22 0/0 44/5 0/0 ] 0 2
2 Sam-O-Set Park 14/9 0/0 212 0/0 371 0 0
3 Yacht Club 74/29 0/0 19/1 0/0 0 0 2
4 Detroit Point 129/25 1/0 1/0 110 75 0 2
5 Dragonfly House 254/71 1/0 111 1/0 25 0 1
6 South State Park 134/24 8/0 6/0 1/0 2 0 ]
7 Almeda Beach 178/25 23/2 210 0/0 0 1 0
8 Kelly Beach 148/18 3/0 0/0 0/0 0 0 1
9 Gerrish Twp Park 143/31/1 3/0 21 0/0 0 0 0
10 North State Park 137/16 1/0 1/0 0/0 0 0 2

Totals 1460/270/1 38/2 88/10 3/0 102 1 10

Snail densities for all species are shown and compared to 2016 densities in Table 5. 2016
densities are reported first, followed by 2020 densities. 2020 numbers in red indicate a decrease
in number, black indicates no change, and green indicates an increase from 2016 numbers.
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Table 5 — Snail Densities Compared
2016/2020 Snail Densities (m2)

Site No. Site Name Stagnicola Physa Helisoma Pleurocera Campeloma  Viviparus  Gyraulus
1 West Boat Launch  2.0/0.5 0.0/0.0 0.2/0.0 0.0/0.0 0.1/0.0 0.0/0.2 0.0/0.0
2 Sam-0-Set Park 1.8/0.0 0.0/0.0 5.0/0.0 0.0/37.1 0.0/0.0 0.0/0.0 0.0/0.0
3 Yacht Club 2.5/0.1 0.0/0.0 0.1/0.0 0.0/0.0 0.1/0.0 0.0/0.2 0.0/0.0
4 Detroit Point 2.9/0.7 0.1/0.0 0.1/0.0 1.1/7.5 0.0/0.0 0.0/0.2 0.0/0.1
5 Dragonfly House 5.4/1.2 0.0/0.1 1.0/0.0 0.6/2.5 0.0/0.0 0.0/0.1 0.0/0.0
6 South State Park 0.9/0.2 0.0/0.0 0.2/0.0 0.1/0.2 0.0/0.0 0.0/0.0 0.0/0.0
7 Almeda Beach 1.4/0.8 0.0/0.1 0.0/0.0 0.0/0.0 0.0/0.1 0.0/0.0 0.0/0.0
8 Kelly Beach 1.6/0.5 0.2/0.0 0.0/0.0 0.0/0.0 0.0/0.0 0.0/0 1 0.0/0.0
9 Gerrish Twp Park 0.6/0.6 0.0/0.0 0.0/0.0 0.0/0.0 0.0/0.0 0.0/0.0 0.0/0.0
10 North State Park 2.6/0.0 0.0/0.1 0.1/0.1 0.0/0.0 0.0/0.0 0.0/0.2 0.0/0.0

Average 2.17/0.46 0.03/0.03 0.67/0.01 0.18/4.73 0.02/0.01 0.00/0.10 0.00/0.01
Percent Change 788% 0.0% 98.5% 2527.8% 50.0% New 2020 New 2020

Discussion

Finding only one schistosome-infected Stagincola emarginata snail is consistent with our water
sample analyses, as well as with what we know about common merganser management on
Higgins Lake since 2015. It was also not surprising we didn’t find any Helisoma or Physa snails
positive, since snail infection rates are generally very low (<2%) for all schistosome infections
and we only collected 88 and 38, respectively. Had snail densities been greater and thus easier to
collect, we likely would have found infections in both these species.

What was most surprising, and potentially most important for answering the overarching
question about success for Higgins Lake swimmer’s itch reductions, was the unexpected and
significant decrease in snail densities from 2016 to 2020. Stagnicola snails showed a 78.8%
decrease in population size. Without any control measures, we would expect a reduction in the
overall number of infected snails as their population declined. With very few other itch-causing
parasites present, you could also expect a reduction in swimmer’s itch during this time frame,
simply due to fewer cercariae-producing snail hosts present.

Comparing data across years at the same locations and with other similar lake ecosystems can be
valuable. Fortunately, we had the opportunity to collect data on Higgins Lake in 2016 and 2020,
and have had opportunity to conduct similar assessment activities on numerous lakes in
Michigan since 2017. A comparison of the relative numbers of the three main snail host species
on Higgins Lake to what we have found on Glen Lake (where mergansers have been trapped

since 2017) and Walloon Lake (where merganser broods are present but no trapping) is shown in
Table 6.
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Table 6 — Multi-lake/multi-year Snail Density Comparisons

Whole-lake Snails Densities (m2)

Stagnicola Physa Helisoma Stag/Phys + Heli Ratio
Glen Lake 2018 2.77 2.79 1.55 0.64
Glen Lake 2020 2.61 1.17 0.55 1.52
Walloon Lake 2018 1.79 0.32 1.79 0.85
Walloon Lake 2020 2.37 0.62 3.11 0.64
Higgins Lake 2016 2.17 0.03 0.67 3.10
Higgins Lake 2020 0.46 0.03 0.01 11.50

The dramatic reduction in Stagnicola snail density observed on Higgins Lake from 2016 to 2020
was not observed on either Glen Lake or Walloon Lake from 2018-2020. Since we have not seen
a reduction in swimmer’s itch cases or 7. stagnicolae cercariae numbers in water samples these
last couple years from Glen or Walloon, we assume Stagnicola densities have remained stable
for years.

What is most revealing is the relative dominance of Stagnicola snails in Higgins Lake when
compared to Physa and Helisoma, both carriers of the other most common itch-causing parasites
in NW Michigan. The ratio of Stagnicola to Physa + Helisoma, as reported in the far-right
column in Table 6, shows the dominance of Stagnicola snails in Higgins Lake in 2016 and even
more so in 2020. Removing the common merganser definitive hosts, by harassment, lethal take,
and trap and relocate protocols, would have the greatest impact in an ecosystem, such as Higgins
Lake, where Stagnicola is dominant. This is coupled to the fact that S. emarginata populations
have drastically declined over the past 4 years, resulting in a situation where S. emarginata is the
dominant snail species (of those that host swimmer’s itch causing parasites), but is also present at
comparably very low densities.

Conclusions

A. Higgins Lake

Higgins Lake has seen a dramatic reduction in swimmer’s itch-causing parasites over the last 5
years, for which we believe there are several important reasons. Understanding these reasons
helps explain why merganser management on other lakes has not produced similar results. These
insights will help others more effectively evaluate whole-lake control through waterfowl
management and predict success for their lake before investing significant financial resources.
Here are some reasons we believe common merganser management reduced itch-causing
parasites in Higgins Lake and not on others:

1. The S. emarginata snail (host for T. stagnicolae which cycles through mergansers) is
much more dominant among snail species capable of hosting schistosomes than what we
find on other lakes.
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The S. emarginata snail population has decreased dramatically over the last 4 years,
something we have not observed on other lakes. This significant reduction in density
likely underpins a reduction in snail infections and thus 7. stagnicolae abundance in the
water.

Higgins Lake has not only been supporting the trapping and removing of mergansers, but
they have also supported the killing of mergansers for use in various research and control
activities. This has greatly reduced the merganser population.

Fewer spring and fall migratory mergansers contribute to the parasite population on
Higgins Lake due to several years of lethal take (reducing their population), geographical
location (not as close to a coastal flyway), and not close proximity to neighboring lakes
with large summer resident merganser populations.

B. Other Lakes

Other lake associations can learn from this research and use these discoveries to predict the
likelihood of success on their lake by common merganser management. Factors to consider
include:

1.

2
3.
4

=

Density of Stagnicola emarginata snails.

Relative abundance of S. emarginata to other snails capable of hosting schistosomes.
Prevalence and abundance of other itch-causing schistosomes.

Ability and/or desire to harass and kill the common merganser hosts (with proper
permits).

Proximity to migrating common merganser flyways and proximity to other lakes where
summer resident mergansers are present (they actively fly from lake to lake in late
summer/early fall).

Cost versus other control strategies.

Probability of long-term success.

C. Looking Ahead

The Higgins Lake Foundation’s mission statement reads: “Promoting ecologically sound projects
and practices for the protection of Higgins Lake and the surrounding watershed”. In light of this
mission, the HLF may want to continue funding research that assesses the ecological impacts of
removing an entire top-tier predator from a lake. Research in parasitology is just beginning to
assess and recognize the importance of parasites in aquatic ecosystems.
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Appendix Il = Sample Site GPS Coordinates

1. Dragonfly House 44 .435825°, -84.704425°
2. Detroit Point 44.464061°, -84.709368°
3. Yacht Club 44.481477°, -84.724505°
4. Sam-0O-Set Park 44.465765°, -84.734794°
5. West Boat Launch 44.479863°, -84.778168°
6. North State Park 44.510940°, -84.759729°
7. Gerrish Township Park 44.497000°, -84.700639°
8. Kelly Beach 44.465128°, -84.678978°
9. Almeda Beach 44.446090°, -84.668517°
10. South State Park 44.428858°, -84.677094°
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