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Swimmer’s itch is caused by the accidental penetration of human skin by various species of avian
schistosomes that naturally cycle in bird and snail hosts. Little is known about the ontogeny of
avian schistosomes in their vertebrate hosts, especially in wild birds. Taking advantage of the abun-
dance of common merganser (Mergus merganser) broods on northern Lower-Peninsula lakes in
Michigan, we obtained fecal samples from 97 common mergansers, focusing on ducklings (n = 75)
of 13 different ages but also including birds that were 1 yr and older. Miracidia hatching from fecal
samples were quantified per gram of feces to determine the timeline and reproductive output of
naturally acquired schistosome infections. All ducklings 18 days or younger were negative.
Beginning at 21 days old, some ducklings were passing a small number of eggs, with the percentage
of ducklings passing eggs increasing with age. The number of eggs passed by ducklings remained
low until approximately 7 wk of age. At 52 days and older, all ducklings were passing eggs and the
number of miracidia produced was frequently many times higher, strongly consistent with pub-
lished mitigation studies that duckling relocation severely reduces snail infections and case reports
of swimmer’s itch. Surprisingly, second-year common mergansers also passed high numbers of
schistosome eggs but may contribute less to successful transmission to snails on the basis of the
published success of mitigation by duckling relocation. All brooding hens sampled were positive
but passed low numbers of eggs. This is the first study of the development patterns of any avian
schistosome in wild young-of-the-year birds, and the patterns are compared with the few known
laboratory studies on worm development.

Avian schistosomes are a diverse, cosmopolitan group and
their cercariae are the primary cause of swimmer’s itch or cercar-
ial dermatitis. The northern third of the Michigan Lower Penin-
sula has a rich history regarding the study of avian schistosomes,
as it was at the University of Michigan Biological Station on
Douglas Lake that the link between avian schistosomes and
swimmer’s itch was first made (Cort, 1928). Numerous studies of
avian schistosomes through the decades since have been based in
northern Michigan and continue almost 100 yr later.

One of the first avian schistosome species observed in northern
Michigan was initially described from cercariae emerging from
Stagnicola emarginata and temporarily named Cercaria stagnico-
lae (Talbot, 1936). This species was frequently noted as the most
common cause of swimmer’s itch in northern Michigan (Cort,
1936, 1950; Cort et al., 1937, 1940) and in Wisconsin, Minnesota,
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and Manitoba (McMullen and Brackett, 1941) in part because of
the abundance and habitat preferences of its snail host (sandy
substrates that humans also find attractive for swimming).
McMullen and Beaver (1945) succeeded in obtaining adult worms
from two experimentally infected canaries and formally described
the species as Trichobilharzia stagnicolae. A natural host for 7.
stagnicolae was not known until Blankespoor and Reimink
(1991) used miracidia from the feces of hatch-year common mer-
gansers (Mergus merganser) from Glen Lake to infect S. emargi-
nata snails and produce cercariae that matched the original
description (Talbot, 1936). Molecular methods have confirmed
that common mergansers are host to both 7. stagnicolae and
Trichobilharzia physellae (Brant and Loker, 2009) and when sur-
veyed, common mergansers are infected with schistosomes at
high rates in northern Michigan (Blankespoor and Reimink,
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1991; Blankespoor et al., 2001) and elsewhere (Loken et al., 1995;
Leighton et al., 2000). Trichobilharzia stagnicolae remains a domi-
nant schistosome (by abundance) in northern Michigan (Keas
and Blankespoor, 1997; Coady et al., 2006; Rudko et al., 2019;
Soper et al., 2023; Blankespoor et al., 2024) and it has a much
higher propensity to penetrate human skin than another recently
described but common schistosome in northern Michigan
(Anderson et al., 2022). The frequency and severity of swimmer’s
itch induced by T. stagnicolae and the economic impacts on some
northern Michigan lakes have led to substantial attempts to miti-
gate the problem (Blankespoor and Reimink, 1991; Rudko et al.,
2022; Blankespoor et al., 2024).

Relatively little is known about the development time of 7. stag-
nicolae in the vertebrate host, especially in wild birds. In experi-
mental canary infections, examination by necropsy took place 47—
48 days after exposure and by that time mature worms were pre-
sent and producing eggs (McMullen and Beaver, 1945). We investi-
gated the time to maturity of 7. stagnicolae in wild populations of
the only known definitive hosts, relying on the abundance of
hatch-year common mergansers at 4 northern Michigan lakes and
that their infections must have been acquired on the lake sometime
between their first day after hatch and the time of sampling. The 4
lakes were Burt Lake (Cheboygan County), Crystal Lake (Benzie
County), Glen Lake (Leelanau County), and Higgins Lake
(Roscommon County). On all 4 lakes, S. emarginata is the domi-
nant snail by abundance and 7. stagnicolae is the dominant schis-
tosome by abundance on the basis of all measures available (Blan-
kespoor and Reimink, 1991; Saxton, 2001; Coady et al., 2006;
Rudko et al., 2019, 2022; Soper et al., 2023; Blankespoor et al.,
2024), though T. physellae and its snail hosts (Physella spp.) are
present in lower abundances. More important, none of these lakes
was participating in any swimmer’s itch control measures in the
summers before the sampling in this study (2022 and 2023), and all
had numerous cases of swimmer’s itch in the years of sampling
(2023 and 2024).

In June—-August of 2023 and 2024 we obtained fecal samples
from 97 individual birds, including 75 ducklings of 13 different
ages, 16 second-year birds (females in their second summer spend
this time prospecting for future nests and do not breed until their
third summer; Pearce et al., 2020), and 6 brooding hens. Fecal
samples were obtained either by trapping broods and holding
them for a short time in pet cages before releasing them (duck-
lings and hens in separate cages) or after directly observing indi-
vidual birds defecate on docks or other structures. Duckling ages
were primarily determined by plumage development to within
+2 days (Erskine, 1971; Pearce et al., 2020). In addition, lake res-
idents could also report the appearance of broods via electronic
submission. The date of the first appearance provided a minimum
age for specific broods and often could be used to corroborate
ages determined by plumage. Sample sizes from each lake were:
ducklings, n = 51 from Crystal, 15 from Burt, and 9 from Hig-
gins; second-years, 10 from Burt, 3 from Crystal, 2 from Glen,
and 1 from Higgins; and hens, 3 from Crystal, 2 from Higgins
and 1 from Burt. Every sample represents a unique individual at
a given time point and all individuals were sampled only once
during the study.

Fecal samples were collected using flexible forceps to transfer
feces (avoiding the uric acid) to a 35-mm petri dish containing
moistened filter paper (to prevent sample drying), labeled, and

Time: 15:00 |

Page: 2  Total Pages: 7

kept on ice or in a refrigerator for a maximum of 36 hr until anal-
ysis. In the laboratory, samples were weighed to the nearest 0.01
g and transferred to a 100-mm glass petri dish. The average sam-
ple mass was 0.29 g for ducklings, 0.48 g for second-year birds,
and 0.69 g for hens (samples greater than 1.0 g were split between
2 dishes). Each sample was then homogenized in the petri dish
using well water or artificial pond water (Collins et al., 2024) and
clean forceps, allowed to settle for 30 sec, and then a portion of
the water was decanted to remove nonsettling material. Addition
and decantation of water occurred an additional 1-3 times until
the sample was relatively clear. Samples were then left exposed to
light for at least 75 min (Guth et al., 1979). Schistosomes are rela-
tively unique in that the eggs are fully embryonated and miracidia
can hatch from eggs within minutes, whereas most other parasite
eggs, even closely related trematodes, require days or weeks of
embryonation and are not likely to hatch and be motile in the
water in such a short time frame (Roberts and Janovy, 1996).

Each sample was examined by a light microscope to determine
the presence of schistosome miracidia. Egg production was quan-
tified by counting the number of miracidia over 4 (1-min) inter-
vals. To prevent double counting, miracidia were removed by
pipette as they were observed. This method results in counting all
or nearly all the miracidia present in most samples and although
samples with heavy infections had some uncounted miracidia
remaining, this was minimal. Fourth-minute interval counts
always resulted in 0 or a lower number of miracidia observed
than in the previous intervals, so all miracidia were counted in all
but the heaviest infections with a substantial amount of fecal
material. The total number of miracidia counted was used to cal-
culate the number of miracidia per gram of feces. Samples that
were negative after 4 intervals were observed for an additional
2 min to ensure that they were negative, with no samples chang-
ing status from negative to positive. For a subset of samples from
ducklings (n = 26, Burt Lake, Crystal Lake, Higgins Lake), a
small number of miracidia (3—30) was preserved for species identi-
fication by species-specific quantitative polymerase chain reaction
(Rudko et al., 2019). As expected, all samples were positive for 7.
stagnicolae, and 5 duckling samples were also positive for 7. phys-
ellae (all 5 from Crystal Lake). Thus, the findings we describe
here largely reflect the biology of T. stagnicolae, but also of T.
physellae. The miracidia of the 2 species are not easily distin-
guished and so could not be counted separately.

Miracidia counts show some expected patterns in ducklings.
First, young ducklings were not passing schistosome eggs, with
all samples (n = 28) negative at 12, 15, 17, and 18 days old
(Fig. 1). Positive samples were first detected at 21 days old (1 of 3
ducklings) and the percentage of positive samples generally
increased with duckling age (Fig. 1), although there was at least 1
duckling negative at 26, 28, 35, 42, and 50 days (n = 32; Fig. 1). It
is likely that ducklings steadily acquire worms as they age but the
occurrence of individuals that test negative may reflect individual
host characteristics, the time that may be required for these dioe-
cious worms to find a mate inside their host, or just the stochastic-
ity expected among samples with lower overall counts of miracidia.
Indeed, Rau et al. (1975) reported high variability among hourly
collections of laboratory-infected ducks.

At older ages (52, 61, and 65 days; n = 15) all duckling samples
were positive and many had high miracidial counts, multiple
times higher than younger ducklings and brooding hens (Fig. 2).
We note that it is not possible with our data to determine a
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Figure 1.
of 13 different ages. Each black circle represents an age group.

definitive date at which elevated egg production can be detected,
but speculate that it could occur earlier, depending on the rate at
which ducklings encounter cercariae in the first few weeks of life.
High miracidial counts were expected in older ducklings as they
had been an ample source of miracidia in elucidating the life cycle
of T. stagnicolae (Blankespoor and Reimink, 1991). This observa-
tion, that common merganser ducklings were important for ele-
vating the population of T. stagnicolae on northern Michigan
lakes, formed the basis of a successful lake-wide reduction of this
schistosome on Glen Lake in the 1980s (Blankespoor and Reim-
ink 1991). In more recent years, we implemented a strategy of
brood relocation at Higgins Lake and Crystal Lake, with >98%
and >90% reductions, respectively, of the 7. stagnicolae popula-
tion in Stagnicola snail hosts and a correspondingly dramatic
reduction in swimmer’s itch cases (Blankespoor et al., 2024).
Such an effect strongly demonstrates the important role of duck-
lings vs. migrating birds that are present in large numbers in the
spring and fall seasons. Surprisingly, another group attempted
the same mitigation method at Glen Lake in the same time frame
and contended that it was not effective (Rudko et al., 2022); how-
ever, differences between these 2 mitigation studies and their
assessment methods are discussed in Blankespoor et al. (2024).
Consideration of the egg production seen in older ducklings in
this study highlights just how many miracidia they can deposit in a
day: at a value of 50 miracidia per gram (mid-range value in our
data), even a low estimate of 1 g of feces released per hour results
in 1,200 miracidia released per duckling per day. In laboratory
infections, Rau et al. (1975) recorded daily miracidia counts of up
to 20,717 per individual for Trichobilharzia szidati in black ducks
(Anas rubripes). Certainly, large percentages of these miracidia do
not succeed because they get eaten, die before encountering a
snail, penetrate the wrong snail species, or fail to fully develop in
the correct snail species (Loker et al., 2022), yet the reproductive
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Proportion of fecal samples positive for Trichobilharzia spp. miracidia from common merganser (Mergus merganser) ducklings (n = 75)

potential for the parasite is very evident. In our data, the earliest
elevated egg production was at 52 days (Fig. 2), but it seems pos-
sible it could occur earlier if the snail infection level is high and
ducklings are encountering cercariae frequently. It should also be
noted that large numbers of miracidia entering the water are a
potential source of environmental DNA (eDNA) because once
the miracidia die, a portion of them is likely to release DNA into
the environment (becoming cell-free eDNA). Continuous deposi-
tion of miracidial eDNA into the water could affect recent meth-
ods that rely on DNA copy numbers to estimate numbers of live
cercariae, especially when the assumption is made that all eDNA
detected is from live cercariae and dead cercariae and miracidia
are disregarded as eDNA sources. Such methods have been used
to assess swimmer’s itch risk (e.g., Rudko et al., 2018, 2019, 2020)
and to assess the effects of swimmer’s itch mitigation (Rudko
et al., 2022).

We were surprised to find that second-year common mergan-
sers sampled often had high miracidial counts (Fig. 2) because
mitigation of swimmer’s itch at Crystal Lake and Higgins Lake
was so effective despite the consistent presence of second-year
common mergansers on these lakes during the summer brooding
season (Blankespoor et al., 2024). Of interest, a close look at the
data in the present study revealed that of the 16 second-year sam-
ples, the 7 highest miracidia counts were collected between June
19 and July 1, whereas the 7 lowest miracidia counts (including
the only 3 that were negative) were in those samples collected
between July 13 and July 24. Perhaps schistosome egg passage in
second-year birds is elevated for a time after migration and then
subsides, lessening their impact, but more data are needed to see
if this pattern holds, ideally by sampling the same birds multiple
times over this period. Additionally, it is possible that the viabil-
ity and infectivity of miracidia may be maximal in those from
ducklings but is diminished in second-year birds because of the
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(11-13 mo) (2 years+)

Number of miracidia per gram in fecal samples from common merganser (Mergus merganser) ducklings (n = 75), second-year individuals

(n = 16), and brooding hens (n = 6). Each gray circle represents 1 individual, with overlaps producing darker grays.

host immune system maturation or exposure to more worms. It
has been reported that in the laboratory, T. szidati egg produc-
tion peaks in Pekin ducks (domestic mallard, Anas platyrhyn-
chous) at 15-22 days postexposure, then declines rapidly to near
zero by 30 days postexposure, and, of interest, so does miracidial
infectivity (Meuleman et al., 1983). A compelling experiment
would be to compare the infectivity of miracidia from wild duck-
lings with that of miracidia from second-year or other adult
birds.

Although our sample size of brooding hens was not large (n =
6), miracidia counts were low and consistent with semiquantita-
tive observations we have conducted in the past (personal obser-
vations). Therefore, despite spending as much time in the water
as their broods, brooding hens may be less important to summer-
time transmission to snails. However, they are a host that has sur-
vived into reproductive adulthood, including multiple migrations,
offering an effective dispersal vehicle to the parasite. Whether egg
production is similar in other adult hosts such as breeding males
and migrating or wintering common mergansers is not known,
and we did not have the opportunity to sample them.

To our knowledge, this is the first study to assess the develop-
ment of avian schistosomes in wild ducklings, so comparisons
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with our data are limited to surveys of wild birds and a small
number of laboratory studies. The high prevalences reported here
in ducklings older than 50 days (100%, n = 15), brooding hens
(100%, n = 6), and second-year birds (81.3%, n = 16) are consis-
tent with the high prevalences found in all of the surveys of com-
mon mergansers mentioned previously (89%, n = 27, Blankes-
poor and Reimink, 1991; 83.9%, n = 87, Loken et al., 1995;
81.7%, n = 120; Leighton et al., 2000; 100%, n = 51, Blankes-
poor et al., 2001). Few other data on schistosome prevalence in
mergansers are found in the literature: in Europe, KolaRova
et al. (2013) found 14 of 19 (73.6%) red-breasted mergansers
(Mergus serrator) infected; Jouet et al. (2010) found 1 of 1 com-
mon merganser infected; Skirnisson and KolaRova (2008) found
5 of 6 red-breasted mergansers infected; and in North America
Brant and Loker (2009) found 3 of 6 common mergansers and 0
of 3 red-breasted mergansers infected.

Laboratory and life-cycle studies of avian schistosomes have
indicated that infections are short-lived and that the period of egg
production is short, on the order of only 2-3 wk, with all worms
disappearing from the intestine and most dying (Bourns et al.,
1973; Rau et al., 1975; Meuleman et al., 1983; Horak et al., 2002),
although a small number of 7. szidati worms were observed in the
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livers of black ducks well after the patent period (Bourns et al.,
1973). The brevity of infections and egg passage combined with the
observation that infection success and worm development are usu-
ally severely reduced in challenge (second or third) infections (Ellis
et al., 1975; Rau et al., 1975) makes it difficult to explain how wild
birds, including adults, are so commonly found to be releasing
eggs, in some cases in large numbers. One feature of the laboratory
studies is that almost all involved single exposures to very large
numbers of cercariae (hundreds up to 15,000), which is unlikely to
represent the rate at which birds encounter cercariae in nature.
However, even after more realistic consecutive daily exposures to
small numbers of cercariae (e.g., 25), infection success and egg pro-
duction of subsequent challenge exposures were severely reduced
(Rau et al., 1975), which suggests that wild birds are likely to
acquire at least some immunologically based resistance to infection
or egg production. Further complicating matters, challenge expo-
sures also appeared to induce brief egg laying and release by the
few worms that remained from the initial infection after the patent
period (Rau et al., 1975). In addition, factors such as stress from
migration and the genetic diversity of schistosomes encountered
could affect susceptibility to infection and avian schistosome egg
output. Hence, the natural dynamics and duration of infection of
avian schistosomes in their vertebrate hosts remain poorly under-
stood. Given the difficulty of conducting laboratory and life-cycle
studies like those mentioned above, as well as restrictions that may
come from animal use considerations, future insights seem most
likely to come through study of wild birds as presented here. Time-
series sampling of individual wild birds or of broods would be of
especially high value.

The authors assert that all applicable national, state, and insti-
tutional guidelines for the care and use of animals in research
were followed. All sampling, trapping, and banding activities by
the authors were conducted with permission from the U.S. Fish
and Wildlife Service (Scientific Collecting permit MB54823B), the
U.S. Geological Survey (Bird Banding Master permit 24094), and
the Michigan Department of Natural Resources (Scientific Collect-
ing permit SC1543). All protocols involving animals were reviewed
and approved by the Calvin University Institutional Animal Care
and Use Committee (BR2023-01 and BR2024-02). Funding was
provided by the Higgins Lake Swimmer’s Itch Organization.
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tion services. There are no other conflicts of interest.

LITERATURE CITED

ANDERSON, N. J., C. L. BLANKESPOOR, AND R. J. DEJoNnG. 2022.
The tails of two avian schistosomes: Paired exposure study
demonstrates Trichobilharzia stagnicolae penetrates human
skin more readily than a novel avian schistosome from Pla-
norbella. Pathogens 11: 651. doi:10.3390/pathogens11060651.

BrankEespoor, C. L., H. D. BLANKESPOOR, AND R. J. DEJONG.
2024. Swimmer’s itch control: Timely waterfowl brood relo-
cation significantly reduces an avian schistosome population
and human cases on recreational lakes. PLOS ONE 19:
¢0288948. doi:10.1371/journal.pone.0288948.

Brankespoor, C. L., R. L. REmMINK, AND H. D. BLANKESPOOR.
2001. Efficacy of praziquantel in treating natural schistosome
infections in common mergansers. Journal of Parasitology 87:
424-426.

Time: 15:00 |

Page: 5  Total Pages: 7

SHORT COMMUNICATION 0

Brankespoor, H. D., aAND R. L. REmMINK. 1991. The control of
swimmer’s itch in Michigan: Past, present, and future. Michi-
gan Academician 24: 7-23.

Bourns, T. K. R., J. C. ELuis, AND M. E. Rau. 1973. Migration
and development of Trichobilharzia ocellata (Trematoda:
Schistosomatidae) in its duck hosts. Canadian Journal of
Zoology 51: 1021-1030.

BranT, S. V., AND E. S. LokERr. 2009. Molecular systematics of the
avian schistosome genus Trichobilharzia (Trematoda: Schis-
tosomatidae) in North America. Journal of Parasitology 95:
941-963.

Coapy, N. R., P. M. MuzzaLL, T. M. BurTton, R. J. SNIDER, J.
SaxToN, M. SERGEANT, AND A. SomMERs. 2006. Ubiquitous
variability in the prevalence of Trichobilharzia stagnicolae
(Schistosomatidae) infecting Stagnicola emarginata in three
northern Michigan lakes. Journal of Parasitology 92: 10-15.

CoLLins, J., P. NEwMARK, D. WiLLIAMS, AND J. B. BENNETT. 2024.
Artificial pond water for the cultivation of Biomphalaria glab-
rata, Bulinus truncatus, and Oncomelania hupensis. Available
at: https://www.afbr-bri.org/schistosomiasis/standard-
operating-procedures/artificial-pond-water/. Accessed 1
November 2024.

Cort, W. W. 1928. Schistosome dermatitis in the United States
(Michigan). Journal of the American Medical Association 90:
1027-1029.

Cort, W. W. 1936. Studies on schistosome dermatitis: IV. Fur-
ther information on distribution in Canada and the United
States. American Journal of Epidemiology 24: 318-333.

Cort, W. W. 1950. Studies on schistosome dermatitis: XI. Status
of knowledge after more than twenty years. American Jour-
nal of Epidemiology 52: 251-307.

Cort, W. W., D. B. MCMULLEN, AND S. BRACKETT. 1937. Ecologi-
cal studies on the cercariae in Stagnicola emarginata angulata
(Sowerby) in the Douglas Lake Region, Michigan. Journal of
Parasitology 23: 504—-532.

Cort, W. W., D. B. McMULLEN, L. OLIVIER, AND S. BRACKETT.
1940. Studies on schistosome dermatitis: VII. Seasonal inci-
dence of Cercaria stagnicolae Talbot, 1936, in relation to the
life cycle of its snail host, Stagnicola emarginata (Soweeby).
American Journal of Epidemiology 32: 33-69.

ELuss, J. C., T. K. R. Bourns, AND M. E. Rau. 1975. Migration,
development, and condition of Trichobilharzia ocellata (Trem-
atoda: Schistosomatidae) in homologous challenge infections.
Canadian Journal of Zoology 53: 1803-1811.

Ersking, A. J. 1971. Growth, and annual cycles in weights, plumages
and reproductive organs of Goosanders in Eastern Canada. Ibis
113: 42-58.

GutH, B. D., H. D. BLankEisPoor, R. L. REmMINK, AND W. C.
JoHNsons. 1979. Prevalence of dermatitis-producing schistosomes
in natural bird populations of lower Michigan. Proceedings of
the Helminthological Society of Washington 46: 48-53.

HorAk, P., L. KoLAroVA, AND C. ADEMA. 2002. Biology of the
schistosome genus Trichobilharzia. Advances in Parasitology
52:155-233.

Jouet, D., K. SkirnissoN, L. KoLAROVA, AND H. FErTE. 2010.
Final hosts and variability of Trichobilharzia regenti under
natural conditions. Parasitology Research 107: 923-930.

KEas, B. E., anp H. D. Brankespoor. 1997. The prevalence of cercariae
from Stagnicola emarginata (Lymnaeidae) over 50 years in northern
Michigan. Journal of Parasitology 83: 536-540.

Path: //mumnasprod/Home$/Keshav.Chandra$/AL-AMSP-PARA250007


https://doi.org/10.3390/pathogens11060651
https://doi.org/10.1371/journal.pone.0288948
https://www.afbr-bri.org/schistosomiasis/standard-operating-procedures/artificial-pond-water/
https://www.afbr-bri.org/schistosomiasis/standard-operating-procedures/artificial-pond-water/

J_ID: J PARASITOL Date: 4-February-25

0 THE JOURNAL OF PARASITOLOGY, VOL. 111, NO. 1, MONTH 2025

KorArovA, L., K. SkirnissoN, H. FErTE, AND D. Jouet. 2013.
Trichobilharzia mergi sp. nov. (Trematoda: Digenea: Schisto-
somatidae), a visceral schistosome of Mergus serrator (L.)
(Aves: Anatidae). Parasitology International 62: 300-308.

LeigaTon, B. J., S. ZErvos, AND J. M. WEBSTER. 2000. Ecological
factors in schistosome transmission, and an environmentally
benign method for controlling snails in a recreational lake
with a record of schistosome dermatitis. Parasitology Interna-
tional 49: 9-17.

LokeN, B. R., C. N. SPENCER, AND W. O. GRANATH. 1995. Preva-
lence and transmission of cercariae causing schistosome der-
matitis in Flathead Lake, Montana. Journal of Parasitology
81: 646-649.

LokEr, E. S., R. J. DEJONG, aAND S. V. BRANT. 2022. Scratching
the itch: Updated perspectives on the schistosomes responsi-
ble for swimmer’s itch around the world. Pathogens 11: 587.
doi:10.3390/pathogens11050587.

McMutLLen, D. B., anp P. C. Beaver. 1945. Studies on schisto-
some dermatitis. IX. The life cycles of three dermatitis-producing
schistosomes from birds and a discussion of the subfamily
Bilharziellinae (Trematoda: Schistosomatidae). American Journal
of Epidemiology 42: 128—154.

McMuLLEN, D. B., AND S. BRACKETT. 1941. The distribution and
control of schistosome dermatitis in Wisconsin and Michigan.
American Journal of Tropical Medicine and Hygiene s1-21:
725-729.

MEeULEMAN, E. A., A. R. HUYER, AND J. H. Moou. 1983. Mainte-
nance of the life cycle of Trichobilharzia ocellata via the duck
Anas platyrhynchos and the pond snail Lymnaea stagnalis.
Netherlands Journal of Zoology 34: 414-417.

PEARCE, J., M. L. MALLORY, AND K. METZz. 2020. Common Mer-
ganser (Mergus merganser), version 1.0. In Birds of the World,
S. M. Billerman (ed). Cornell Lab of Ornithology, Ithaca, New
York. doi:10.2173/bow.commer.01.

Rau, M. E., T. K. R. Bourns, anp J. C. Eruis. 1975. Egg produc-
tion by Trichobilharzia ocellata (Trematoda: Schistosomati-
dae) after initial and challenge infection in ducks. Canadian
Journal of Zoology 53: 642-650.

Time: 15:00 |

Page: 6  Total Pages: 7

RoBERTS, L. S., AND J. JANOVY JR. 1996. Foundations of Parasitol-
ogy, 5th ed. Wm. C. Brown Publishers, Dubuque, lowa, 659 p.

Rupko, S. P., B. A. McPHAIL, R. L. ReEmmiNk, K. FROELICH, A.
TurNBULL, AND P. C. HANINGTON. 2022. Non-resident definitive
host presence is sufficient to sustain avian schistosome popula-
tions. International Journal for Parasitology 52: 305-315.

Rupko, S. P., R. L. REmink, K. FroeLicH, M. A. Gorpy, C. L.
BLANKESPOOR, AND P. C. HANINGTON. 2018. Use of qPCR-based
cercariometry to assess swimmer’s itch in recreational lakes.
EcoHealth 15: 827-839.

Rupko, S. P., R. L. ReEmmink, B. PETER, J. WHITE, AND P. C.
HaniNnGTON. 2020. Democratizing water monitoring: Imple-
mentation of a community-based qPCR monitoring program
for recreational water hazards. PLOS ONE 15: e0229701.
doi:10.1371/journal.pone.0229701.

Rupko, S. P., A. TurnsuLL, R. L. REMINK, K. FROELICH, AND
P. C. HanINGTON. 2019. Species-specific qPCR assays allow for
high-resolution population assessment of four species of avian
schistosome that cause swimmer’s itch in recreational lakes.
International Journal for Parasitology: Parasites and Wildlife
9: 122-129.

Saxton, J. B. 2001. Movement, growth, and density of Stagnicola
emarginata (Lymnaeidae) in Higgins Lake, Michigan in relation
to limnological variables: Implications for control of cercarial
dermatitis. M. S. Thesis. Michigan State University, East Lansing,
Michigan, 92 p.

SkirnissoN, K., AND L. KorLArRoVA. 2008. Diversity of bird schisto-
somes in anseriform birds in Iceland based on egg measurements
and egg morphology. Parasitology Research 103: 43-50.

Sorer, D. M., T. R. RAFFEL, J. P. SckraBULIS, K. L. FROELICH,
B. A. McPHaAIL, M. D. OstrowsklI, R. L. REIMINK, D. RoOMANO,
S. P. Rupko, AND P. C. HANINGTON. 2023. A novel schistosome
species hosted by Planorbella ( Helisoma) trivolvis is the most
widespread swimmer’s itch-causing parasite in Michigan inland
lakes. Parasitology 150: 88-97.

TaLsot, S. B. 1936. Studies on schistosome dermatitis. II. Mor-
phological and life history studies on three dermatitis-producing
schistosome cercariae, C. elvae Miller, 1923, C. stagnicolae n. sp.,
and C. physellae n. sp. American Journal of Hygiene 23: 372-384.

Path: //mumnasprod/Home$/Keshav.Chandra$/AL-AMSP-PARA250007

AQ: 1


https://doi.org/10.3390/pathogens11050587
https://doi.org/10.2173/bow.commer.01
https://doi.org/10.1371/journal.pone.0229701

J_ID: J PARASITOL Date: 4-February-25 Page: 7 Total Pages: 7

AUTHOR QUERIES

AUTHOR PLEASE ANSWER ALL QUERIES

AQau— Please confirm the given-names and surnames are identified properly by the colours.
B=Given-Name, M= Surname
The colours are for proofing purposes only. The colours will not appear online or in print.

AQ1: Please check and provide citation for Ref no.35, the author “Skirnisson, K”.

Time: 15:00 | Path: /mumnasprod/Home$/Keshav.Chandra$/AL-AMSP-PARA250007



