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Abstract 

Cercarial dermatitis or swimmer's itch has been a problem at Devil's Lake 

(Sauk County, Wisconsin) for decades. We investigated swimmer's itch in 

Devil's Lake during the summer of 1 999. The project focused on identifying the 

species of schistosome cercariae and their snail intermediate hosts causing the 

swimmer's itch problem in the lake. We determined the aquatic habitats 

associated with intermediate host snail species and their densities to elucidate 

ecologically safe management options to reduce the incidence of swimmer's itch 

to the users of Devil's Lake. Swimmer's itch was not a significant problem at 

Devil's Lake this summer. Visitors reported 5 swimmer's itch cases to park 

officials. while 50- 100 cases a summer have been reported in past years. No 

cercariae causing swimmer's itch were found in our s,mples. However, 3 of the 

1 7 snail species found in  he lake were documented in the scientific literature to 

be intermediate hosts of swimmer's itch parasites. All three host species - Physa 

skinneri, G)s.a~dus pardvus and Fossaria obrrrssa (Say) group (exigua strain) - 

were most dense along the entire north and south shorelines of the lake. At least 

one of the three species was found at all 10 sampling sites around the perimeter of 

the lake. We suggest that broad ecological control measures that reduce snail 

densities are needed to control the swimmer's itch problem in the lake. These 

include reducing lake phosphorus concentrations through various management 

options, whch in turn would lead to a reduction in periphyton growth, the major 

food source of snails. Periphyton growth is currently high in the lake. 



Alternatively, sustained fish manipulations that lead to greater predation rates on 

snails also may be effective. Both control measures are directed at decreasing the 

probability of snail infection by thc s hod-lived miracidia released from parasite- 

infected waterfowl, which seasonally frequent the lake in large numbers. Final I F ,  

we recommend that public surveys of the swimmer's itch problem on not only 

Devil's Lahe but lakes throughout Wisconsin be conducted each year to help 

direct future slate-wide research efforts. 

Introduction 

"Swimmer's itch" is a dermatitis caused by a larval l'rematode tluke called a 

cercaria that penetrates into human skin while swimming. It  is rarely dangerous and not 

contagious but it can be uncomfortable. Symptoms include small red welts, itching and 

swelling on localized areas of the body near the point of entry of the cercariae; in severe 

cases pain and fever can occur (Rcan 1968, Kirschenbaum 1979). Most people suffer 

only from an irritating rash that can last for a few hours to several weeks. 

Swimmer's itch has been a significant problem for decades at Devil's Lake, (Sauk 

County. Wisconsin). The lake is located in Wisconsin's most heavily used state park - 

Devj 1's Lake State Park. In past years, hundreds of people reported swimmer's itch 

sympioms after swimming in the lake. As a result, swimmer's itch can deter visitors 

from using the water and enjoying their visit to the park. In addition, swimmer's itch has 

raised concerns about causing negative economic itnpacts on tourism. Hi storjcally , 

Devil's Lake was treated with copper sulfate in the 1 950's and early 1 960's to control the 



probIem (K. Lange, retired park naturalist, pers. corn. 1 999). Tim Miller, park 

superintendent from 1 986- 1999, recounted that swimmer's itch had been a chronic 

nuisance since 1979, when he first started working at the park. He said that swimmer's 

itch usually becomes a problem at the park in mid June to early July. 

In 1992, swimmer's itch at the park became a media issue when the "Devil's Lake 

Itch Group" was formed. This fifteen-member co~nmittee of concerned citizens asked the 

Department of Natural Resources to address the swimmer's itch problem. The attention 

prompted the park to post warning signs at the north and south shore beaches after the 

first few swimmer's itch cases of the season were reported to park officials. Control 

methods such as copper sulfate treatments and the use of PraziquantelTM were 

investigated but found to be impractical for the lake (Lange, pers. corn. 1993). In 1 998, a 

visiting international parasjtologist, Dr. Ivan Kanev, conducted a short-term pilot study to 

determine the species of parasites that cause the problem in the lake (Holtan 1998). Of 

the 5,000 snails that Kanev collected in his two-week study. he found that snails in the 

Physidae and Lytnnaeidae families were infected with 2 different species of the cercariae 

causing swimmer's itch, Cercuria ocellata, and 2 other furcocercariae species. (Kanev 

Stoyanov 1998). Upon further analysis of photos, Dr. Scott Snyder, parasitologist at the 

University of Wisconsin-Oshkosh, determined that the Cercaria ocellafa that Dr. Kanev 

identified were indeed Trichohilhnrzia occll~ta and the 2 species of furcocercariae were 

most likely from the Strigeidae family and not swimmer's itch causing. 

Due to the lack of long-term swimmer's itch control methods and because of the 

mounting complaints about swimmer's itch at Devil's Lake State Park, the Wisconsin 



Department of Natural Resources and the Friends of Devil's Lake State Park funded a 

project to thoroughly investigate swimmer's itch in Devil's Lake during the summer of 

1999. 'Ihe project focused on identifying the species of schjstosome cercariae and their 

snail intermediate hosts causing the swimmer's itch problem in the I&e. A particular 

emphasis was placed on determining the aquatic habitats associated with intermediate 

host snail species and their densities to elucidate ecologically safe marlngernent optior~s to 

reduce the incidence of swimmer's itch to the users of Devil's Lake. 

Background Information on Swimmer's Itch 

The first record of swimmer's itch was in 1928 on Douglas Lake. Michigan (Cort 

1936a). While it was first reported in Wisconsin lakes that same year (Cort 1936b), 

swimmer's itch may have been a problem in Wisconsin since the lake 1 800's (Brackett 

1940). It has been reported from all parts of the world in tropical, ternperate and arctic 

climates, in both freshwater and marine environments (Hoeffler 1977, Kirschenbaurn 

1979, Mulvihll and Burnett 1990). In the United States, cases have been reported from 

27 out of the 50 states with most reports concentrated in the upper Midwest (Loken et al. 

1995). These midwestern states are in close approximation to the Mississippi waterfowl 

flyway, il migration route for many of the avian hosts that can carry the swimmer's itch 

causing trematodes (Hoeffler 1977, Kirschenbaum 1 979. Mulvihill and Bumett 1 990). 

Over the years, the dermatitis has,been called "swinuner' s itch," "duck itch," 

"lake itch," or "sedge itch" in freshwater environments, and "seabathers eruption," "clam 

digger's itch," or "weed itch" in marine environments peatherston et al. 1988). In north 



temperate climates, swimmers itch is most often reported in the first warm period of the 

year from late May to early July when water temperatures rise, causing high levels of 

cercarial shedding (Lindblade 1998, Blankespoor and Reimink 1999). 

Trematodes in the family Schistosomatidae are characterized by a two-host life 

cycle and are primarily parasites of birds and mammals (Schell 1985, Fig. 1 ). The adult 

parasites grow inside the blood vessels and intestines of the definitive host -a particular 

bird or mammal species. The female schistosome lays thousands of eggs in the intestinal 
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flukes 

2 
humans and cause 
swimmer's itch 

Fluke eggs reach 
water through the 
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I'igure I, Life-cycle o f  digenetic Trematodes 

wall and these eggs are excreted into the lake via feces. Each egg hatches into a 

miracidium once the egg reaches the water. Miracidia are free-swimming and have 12-48 

hours to find a snail intermediate host. Once a miracidium finds the proper snail host, it 

penetrates into the snail's soft tissue and undergoes further development through a 



sporocyst stage capable of producing many cercariae via asexual reproduction. After 

about 5 weeks, infected snails begin to shed free-swimming colorless cercariae with 

forked tails and a body length of approximately 0.7mm (Mulvihill and Burnett 1990, 

Spcnccr and Loken 1993). Cercariae can live for 24-36 hours free-swimming while 

trying to find and invade the proper definitive mammalian or avian host species. The 

cercarjrte arc attracted to the host by sensing short-chained fatty acids. skin surface lipids 

and long-chain 1111saturated fatty acids, which promote attachrrle~~t to the host's skin (Shiff 

et al. 19933. Attaclmlenl is also stirnulatcd by at least a 1 " C' temperature difference 

between thc host (or other organisms, such as a hunlm) and by shadow stimuli that 

inducc fonvard swimming movements (Fzilzr and HMS 1 9881. The cercariae secrete 

proteol>-tic enzymes that allow them to penetrate the host's epidermis. When they enter 

thc skin the cercariae lose their tails and form a new stage, the schistosomule. The 

schistosomules migrate via the blond vessels to the lilngs and finally to the hepatic (liver) 

veins where they complete their life cycle by maturing into adult male and female flukes. 

Humans become "dead-end" hosts when schistoson~e cercariae accidentally 

penetrate the skin after which the human immune system causes the cercariae to die. 

Itching results from an allergic reaction to the proteolytic enzymes the cercariae secreted 

upon skin penetration and from the dead cercarial remains under the skin. Each red spot, 

or papule, is the result of one penetrated cercaria. About 30-40% of people who come in 

contact with schistosome cercariae are sensitive to the parasite and experience a reaction 

(Koshere 1999). In addition, cercarial dermatitis is a sensitization pheno~nenon, with 



more intense reactions often occurring with each subsequent exposure (Kirschenbaunl 

1 979, MuIvihill and Bumett 1 990). 

Penetration of the cercariae can occur when the water evaporates on skin, 

resulting in a tingling sensation. One possible way to prevent swimmer's itch is to 

briskly toupel off immediately upon leaving the water. Showering after swimming should 

also help. Some evidence has shown that applying oily substances such as sunscreen can 

reduce cercarial penetration, but these measures and others are not completely effective 

(Koshere 1999). Once swimmer's itch is contracted, treatment options are limited except 

for topical lotions and creams to reduce the itching symptoms. 

Many species of schistosomes cause swimmer's itch. Blankespoor and Reimink 

(1988a,b) reported up to 20 different species in Michigan alone. In addition. each 

trematode species often uses both a specific snail and bird species as its intermediate and 

definitive hosts (1 988a,b,; Blankespoor and Rei~nink 1 999). Thus, efforts to control or 

treat the problem in a lake are difficult. 

In the past, scientists have attempted to control swinmer's itch with less than 

successful Iotlg-tern results. Control efforts focused on intempting the life cycle of the 

schistosome either at the level of the intermediate snail host or the adult schistosomes in 

the definitive host. Cort (1 950) reports the usage of copper sulfate and other inorganic 

copper compounds as molluscicides to kill snail species in swimmer's itch infested lakes. 

Treatments were only conducted in small lakes uttder calm conditions. These methods 

were successful for approximately 1-3 years, requiring lakes to be treated on an annual 

basis. In addition, some treated sites experienced "cercarial drift" where cercariae were 

latet blown into the treated area from other parts of the lake. 



Blankespoor and Reirnink (1 991) concluded that copper sulfate programs have 

limited success for numerous reasons. First, mollusks reproduce and disperse at 

surprising rates. Second, many lakes arc treated without thorough snail monitoring and 

little effort is made to determine if snails that are infected with swimmer's itch 

schistoson~es are found in the treated areas. Third, persons involved in applying copper 

sulfatc to the lake often lack knowledge and experience with the application processes. 

Finally. some evidence suggests that snail populations exposed to copper sulfate over 

long periods can develop some resistance to the chemical (Blankespoor ct al. 1985). 

Recent pesticide laws have since banned the use of molluscicidrs due to the negative 

effects that they have on non-target snails and bther invertebrates, and the build up of 

copper carbonate in lake sediments (Koshere 1999). 

Blankespoor and Reimink (1 99 1 1 discuss an al ternativc method to control 

swimmer's itch by targeting and treating the definitive host before it can pass the parasite 

into a lake. They inject or feed the avian host, in some cases several times a season, with 

the anti-helminthic drug Praziquantel TM that eliminates the adult schistosomes from the 

hosts' blood vessels. This expensive and labor-intensive process requires thai all avian 

hosts be live trapped or pre- baited and then treated with the drug. They found positive 

results with both the common merganser and mallards and reported fewer cases of 

swimmer's itch in a lake (Reimink et a!. 1995). However. the only reason why this 

method succeeded at their site in Michigan is that the birds remained on the lake for the 

entire summer and the spring and fall migrants were general1 y not infected with parasites 

causing swimmer's itch. It should be noted that this method has only been tested on two 

species of avian hosts (common merganser and mallard) and infection rates were 



measured on only one snail species (Sfagfticola emarginata) from the lake. Additionally, 

this solution involves adding a new chemical into an aquatic environment, which can thus 

be considered a contaminant, for which no treatment protocol for use in wild species has 

been developed. In the end, success of this method will be limited to extremely specific 

situations. Koshe re (1 999) concluded that the procedure is considered in~practical on a 

lake wide scale in Wisconsin, especially in large lakes with large migratory tlocks of 

waterfowl (such as in Devil's Lake). 

Although swimmer's itch has been a research topic since the late 1920's when 

scientists first attempted to determine methods to control its frequency and transmission, 

outbreaks of swimmer's itch are currently on the rise. Blankespoor and Reimink (1 99 1) 

and Spencer and Loken (1 993) offer several explarlations for this phenomenon. Growing 

human populations and booming tourism industries exert increasing pressures on inland 

lakes for recreational purposes, exposing more people to schistosonle cercariae. 

increased usage of lakes also means increased human related nutrient inputs, allowing for 

more peripllyton (attached algae) growth and larger snail populations that graze the 

periphyton. Breeding ranges of some bird definitive host species have increased, thus 

more parasites are transferred between sites. Finaily, medical doctors and health officials 

are more familiar with swimmer's itch and its symptoms, resulting in more accurate 

documentation of clinical cases. 



Methods 

This study was conducted from May to August 1999 in Devils Lake, near 

Baraboo, Wisconsin. Devil's Lakc is 149 ha (368 ac) in surface area and has a maximum 

depth of approximately 14.3 m, although its maximum depth can range anywhere 

between 1 3 and 1 5 m (Lathrop et al. 1994). The lake is a seepage lake with one small 

inlet stream and no outlet. As a result, annual variations in precipitation are reflected in 

rather dramatic water-level fluctuations both seasonally and between years. Because the 

east and west shorelines drop off rapidly from the surrounding steep quartzite bluffs, the 

lake's littoral zone (shallow water capable of supporting rooted aquatic plants) is mostly 

confined to the north and south ends ofkthe lake (Fig. 2). Table 1 summarizes general 

water chemistry parameters for Devil's Lake. 

Table 1. Mean annual values for water chemistry parameters of Devil's Lake collected during 
1985-86 (from Lathrop et al. 1989). 

Color 
(Pt-Co) 
7 

Conduct. 
(pmhoslcm) 
76 

pH 

6.8 

Alk. 

(~eq /L)  
449 

Ca 
(WL) 
7 

Tot. P 

(ClglL) 
12 

Chl-a 

W L )  
8.0 



I I l l a n  
Figure 2. Location of sample sites on Devil's Lake 



Sites 1-1 0 were chosen in order to sample the wide array of underwater habitats in 

Devils Lake (Fig. 2, Table 2). Eight sites were concentrated around the North and South 

'Table 2 .  Habitat Descriptions 

beaches due to heavy human use in those areas. Two sites were located along the east 

and west rocky shorelines, midway bctween the two beach areas. Site 11 was chosen as a 

site to monitor only periphyton. Sites sm, si, ss and sb were located in macrophyte beds 

and used only for a short-term experiment to determine cercarial densities in 

miicrophyies. 

SITE 
1 
2 
3 
4 
S 
6 

7 
8 
9 
10 

Snails were sampled monthly at sites 1 - 1 0 from June through .August 1 999. 

SCUBA diving was used in conjunction with a hand-held D-shaped net (30 cm diameter) 

that was pushed along the lake bottom (Featherston et al. I 988) for 5 separate I -m 

HABITAT 
Sand and small aquatic macrophytes 
Sand, small rocks, detritus and small aquatic macrophytes 
Sand, detritus and small aquatic macrophytes 
Tall aquatic macrophytes, large rocks and sand 
Boulders and periphyton 

Boulders, perip11)qon. pebbles, sand and small aquatic 
macrophytes 
Sand and tall aquatic macrophytes 
Sand, pebbles, small rocks and tall aquatic macrophytes 
Sand, periphyton and smal I aquatic macrophytes 
Boulders, periphytun. sand, detritus and small aquatic 
macrophytes 



intervals constituting one sample, which was consistent with other snail research methods 

being conducted by University of Wisconsin-Madison scientists (David Lewis, U W 

Center for Limnology, pers. corn. 1 999). Air temperature, surface water temperature and 

dissolved oxygen (D.O.) were generally taken at each site in the lake. 

Once back in the laboratory. the contents of each site's composite net sample were 

the11 placed in a dissecting tray and snails were removed and placed in a separate 

container containing fresh lake water. The snails were then identified, counted and 

individually placed in plastic cups (either 3.5 x 3.4 crn or 9.0 x 7.0 cm) filled with non- 

chlorinated tap water. In the event of high snail densities from a single site, all snails of 

species documented in the literature to host parasites causing cercarial dermatitis were 

isolated in cups, while only 10-1 5 snails of species that do not host the parasites were 

isolated in cups. The snails were maintained at room temperature overnight. At about 

8:30 A.M. the next day, the snails were exposed to 2 hours of bright fluorescent light 

(Guth et aI. 1979, Kulesa et al. 1982) to induce cercarial shedding. Each cup was then 

examined under a dissecting microscope to determine the presence of released cercariae 

from the snails. The cups were checked daily for cercariae for three days (Laman et al. 

1984). In June, the s~lails were only subjected to bright fluorescent light on the first day 

of observation and water was changed only in cups with dirty water. In July and August, 

the snails were exposed to 2 hours of bright fluorescent light in the morning on all three 

days of observation. In addition. water was changed daily. Only snails actively shedding 

cercariae were considered infected. 

Live cercariae were shined with neutral red solution to examine rnorpho!ogical 

features (Shostak 1 992, Loken et al. 1 995). Cercariae were identified to family according 



to Combes et al. (1 980) and ScheII(1985). Length and width measurements (mm) were 

made of all isolated snails. Length was measured from the spire tip to the base of thc 

aperture and width was measured from between the lateral-most edges of the body whirl 

(D. Lewis, pers. corn. 1999). 

Free-Floating Cercariae Sar-r~plin): 

A simple floating trap modified from a stationary cercarial trap designed by Shiff et 

a]. (1  993) was used to detect free-floating cercariae in the water column. A 36 x 30 x 5 

cm block of foam was connected to one end of a 0.9 crn diameter, 1.2 m long aluminum 

rod using two small hose clamps and two washers. A maximum of 2 1 medium sized 

paper binder clips were positioned on the rod in a helix fjslljon by sliding the rod through 

the two semicircular openings on the clip so that each clip remained in the closed position 

with enough tension to hold one microscope slide. Approximately 10-20 pretreated 

microscope slides were inserted in the clips. Because of the helix rotation design and 

successive clips being about 4 cm apart, microscope slides had good exposure to the 

water. 

The 75 x 25mm microscope slides were treated with a matrix comprising of clear 

nail varnish (AM Cosmetics, Inc., Brooklyn, NY) and linoleic acid (99% pure, Aldrich 

Chemical Co., Milwaukee, WI), a fatty acid that cercariae are attracted to. One drop of 

nail varnish was placed on the end of each slide and 10 111 linoleic acid was added using a 

micropipette. The co~llpounds were mi xed on the slide usi tlg a watercolor brush and 

spread over 4 cm2 of the surface. The slides were allowed to d y  at room temperature for 



at least an hour before they were used. Unused slides were stored in the dark for no more 

than 24 hours (Shiff et al. 1993). The slides were arranged in a helix design to capture as 

many settling cercariae as possible. The first clip was positioned so the opening was 10 

cm below the water surface. If 15 or 20 slides were used in the trap, consecutive clips 

were used and slides were approximately 4 cm apart. If 10 slides were used, every other 

clip was used and slides wcre approximately 8 cm apart. 

A nylon rope was tied on the bottom end of the rod and connected to a brick on 

the lake bottom which held the trap upright and kept the apparatus stationary at each site. 

Traps were deployed at each site weekly from June-August 1999. Traps were imnlersed 

for 2 hours during the period of most intense sunlight ( I 1 A. M.-3 P.M.) when maximum 

cercarial densities were expected at the surface (Brackett 1 930, Appleton and Lethbridge 

1 979, Ouma et al. 1 989). 

Two cercarial traps were deployed for 2 hour time periods in areas of dense 

vegetation on August 13 and 1 9, 1999 to determine if a relationship existed between 

dense vegetation and cercariae densities. On August 13. traps were set at sites sm and si, 

two Eurasian watermilfoil macrophyte beds in the north shore beach area. On August 19, 

traps were set at sites ss and sb, two Eurasian watennilfoil macrophyte beds on the south 

shore of the lake. 

In addition, three cercarial traps were set for 2 hours each at site 6 on August 26, 

1999 to sample free-floating cercariae. Previously hat week, 3 Physelia vinosa snails 

shed cercariae morpholugicallq similar to cercariae that cause cercarial dermatitis. We 

performed this experiment to check the accuracy of the traps in collecting cercariae. 



Periphyton traps were deployed for 2-week periods in up to four sites in the lake 

continuously from June through August 1999. The traps consisted of a small 16 x 9.5 cm 

plastic tray that held eight 75 .u 25 mm microscope slides. The tray was attached to two 

small floats and then tied to a brick on the lake bottom. The tray floated approximately 

20 cm above the brick. Traps were placed i n  0.5- 1.5 m water, where they would receive 

maximum sunlight. Four sites werc used from June I 1-July 23 : sites 5, 6, 10 and 1 1 .  

'Three sites were used from July 23 -September 3 : sites 6, 1 0 and 1 1. Some of the 

deployed traps were either vandalized or stolen in all but the last incubation period. 

The slides were analyzed for Chlorophyll cr according to American Puhlic Health 

Association ( 1989) tncthods for the June 1 1-25 sampling. From June 25-September 3, 

slides were taken to the Wisconsin S W e  Laboratory of liygiene where they were 

analyzed for Chlorophyll a and dr j  wcight using EPA approved methods. 

Results 

Five cases of swimmer's itch were reported in 1999. The first case was reported 

on 71 10199. The final case was reported 8/5/99, In past years, 50-1 00 cases were 

reported ead-i summer. 

Seventeen species of snails were found in Devil's Lake (Table 3 1. None of the 



Table 3 .  Snail species collected with average length and width measurements (f 1 std. dev.) in 
Devil's Lake from June-August 1999. Species in bold lettering are documented in the scientific 
literature to be an intermediate host of parasites causing swimmer's itch. 

Fossaria obrwsa (Say) I 3 I 3 
group* 

SNAIL SPECLES 

Amnicolu limosa 

IGvru~thrs s p w .  (broken 1 I 2 I 2 

TOTAL 
COLLECTED 

1508 

l ~hvsu  skinneri I 178 I 168 

TOTAL 
INCUBATED 
IN LAB 

199 

Helisunra anceps 
Hoyio shrldoni 

AVERAGE AVERAGE 

280 I 124 

- 

Physu spp. (dead) 
Physella vinosa 
Pla~~orhella campanulata 

4 

1 184 snails incubated in the laboratory shed cercariae causing schistosome dermatitis. 

4 

44 
15 
11 

Promenetus umbilicatellus 
Seed 
Viviparus georgianus 
TOTAL 

However, ten of the seventeen snail species were infected with larval trematodes that 

44 
15 
11 

shed non-swimmer's itch cercariae (Table 4). Three of the snail species found in Devil's 

*Believed to be in the exigua strain, based on morphological characteristics 

1 
26 

398 
6046 

Lake are documented in the scientific literature to be an intermediate host for swimmer's 

itch cercariae (Table 5 ) .  Phy~rr skinneri were found at all 10 sites. Gyraulus parvus were 

1 
26 
322 
1184 

found at sites 1,2, 8 ,9  and 1 0 and Fussuritr obrtlssfl group (exigua strain) were found at 

sites 1 and 9. Densities of these three snail species were highest at sites 1-4 and sites 

0.7 
0.6 * 0.3 
14.9*6.1 

1.7 
1.7 + 0.6 
12.5+4.7 



Table 4. Prevalence of larval trematodes in snail species in Devil's Lake. Snails were collected 
June- August 1999. 

8- 1 0 along the south and north ends of the lake, respectively (Fig. 3). Monthly snail 

densities per site and average monthly snail sizes are presented in Appendices 1-4. 

Snail Species 

Amnicolu limosn 

Amnicola walkeri 

Font igens 
nickliniunu 

Gyruulus purvus 

He Eisoma anceps 

Hoyia s helduni 

Physa skinneri 

Physella vinosa 
Plrmorbella 
cr~nrpuaiiku~~ 

Cli~iparrrs 
georpianri,r 

Number 
Infccted 

1 

1 

15 

2 

3 

1 

5 

3 
4 

45 

Definitive Host 

Birds, Mammals, Rodcnts, 
Meadow Mouse, Muskrat, Turtles, 
Fishes (rarely) 
Birds, Mammals. Rodents. 
hleaduw Mouse. Muskrat, Turtles, 
Fishes (rare],) 

'YO 
Infected 

1.0 

6.3 

Trematode 
Infections 

1 Monostorne 

1 Mvnosrorne 

- 
10.0 

4.1 

2.4 

25.0 

3.0 

20.0 
36.0 

14.0 

15 Monostome 
Meadow Mouse. hluskrat, Turtles, 
Fishcs (rarelj) 

1 Gymnocephalous Herbivorous Mammals, Birds 
1 Spirorchiidae 
1 Armatac 

I Gymnocephalous 
1 Strigeidae 
1 Mnnonstome 

2 Spirorclliidae 
1 C'ystocrrcous 

I Gymnocephalous 
1 Strigeidae 
3 Spirorchiidae 
3 Virgulate 

1 Echinostome 
45 Virgulate 

Turtles 
Vertebrates, Amphibians, Reptiles, 
Turtles, Tadpoles, Fishes 

Herbivorous Mammals, Birds 
Birds. Mammals 
Birds, Mammals, Rodents, 
Meadow Mause, Muskrat, 'l'urtles, 
Fishes (rarely) 
Turtles 
Fishes, i2mphihians, Reptiles, 
'l'urtles 
Herbivorous Mammals, Birds 
Birds, Mammals 
Turtles 
Amphibians, Birds, Mammals 
(Bats), Turtles 
Reptiles, Birds, Mammals 
Amphibians, Birds, Mammals 
(Bats), Turtles 



Table 5. Snail species from Devil's Lake documented in the scientific literature to be an 
intermediate host for parasites that cause swimmer's itch. 

Snail Intermediate Host 
Fossaria o brussa (Say) group* 

- -. . . - . . 

8 Gyraulus pawus 
. -. . -. . . - -. . . 

. - - - - . . . 

I 2 3 4 5 6 7 8 9 1 0  

Site 

Gyraulur parvus 

Phy.~a skinneri 

Figure 3. Density (snailslm2) of snails with the potential to be intermediate hosts for parasites 
that cause schistosome dermatitis. Snails were collected monthly at the 10 sapjing sites in 
Devil's Lake during the period from June through August 1999. Sites 1-4 are representative 
samples from the entire south shoreline and sites 7- 10 are representative samples from the entire 
north shoreline. Sites 5 and 6 are representative samples from the east and west shorelines. 

Schistosome Species 
Cercaria elvae 

* Believed to be in the exigua strain, based on morphological characteristics 

Cercaria elongala 

Cercaria gvrauli 

Cercaria gyrauIi 
Cercaria physellae 

Trichobilharzia physellae 

Definitive Host Source 
Cort 1936 

Blackbird 

Blackbird 
Blue winged teal, 
mallards, pigeons 
canaries 
Blue winged teal, 
mallards, pigeons 
canaries 

Brackett 1940b, Cort 1950, 
Laman et al. 1984 
Brackett 1940b, Cort 1950, 
Laman et al. 1 984 
Brackett 1942 
Brackett 1940b, Cort 1950, 

Spakulova et al. 1997 



Out of 91 6 slides observed, only 19 forked tails and 2 forked full bodies were 

found attached to the matrix of linoleic acid and nail varnish (Table 6) .  Only 2 forked 

tails were found in the matrix on the slides from the vegetation experiment at sites sb, si, 

sm, and ss. No forked tails or forked full bodies were found in the matrix on any of the 

slides fro~n the site six experiment on August 26 (Table 6). 

'I'ablc 6 .  Free-floating cercariae body parts collected on cercarial trap slides. Sites 1- 10 were 
sampled weekly from 611 0199-8120199. Sites sm and si were sampled on 81 1 3/99. Sites ss and sb 
were sampled on 81 1 9/99, Sites 6(6),  6(7) and 6(9) were sampled on 8126199 



Periphyton Sampling 

Periphyton varied both spatially and temporally from June to August 1999 (Table 

7a,b). Average chloruphyll a and average dry weight measurements were highcst at sites 

10 and 1 1, which are located in close proximity to both the north and south shore 

swimming m a s  (Table 7a, Fig. 2). Average chlorophyll a varied in the latcr half of the 

summer while average dry weight varied over the entire summer. Appendix 5 

summarizes all periphyton data for the summer. 

Table 7a. Average daily periphyton growth per site of from June-August 1999. Data only 
includes traps that were in the lake for the entire t 4-day sample period. 

Site Average Chlorophyll n Average Dry Weight 
mglm2/day mglm2lday 

5 0.09 50 
6 0.13 99 
10 0.27 1 99 
1 1  0.27 110 

Summer A vcrage 0.19 115 

Table 7b. Average daily periphyton growth per sampling period from June-August 1999. Data 
only includes traps that were in the lake for the entire 14-day sample period. 



Discussion 

Swimmer's itch has a widespread occurrence in Wisconsin as we11 as all over the 

world. There are few, if any, special characteristics of lakes having the problem (Koshere 

1999), although it would seem unlikely that lakes with very low fertility (ultra- 

oligotrophic) would have sufficient nutrients to grow enough periphyton needed to 

support adequate snail populations. Because many of Wisconsin's lakes are at least 

moderately fertile, swimmer' s itch can plague some of Wisconsin's finest recreational 

waters, such as Devil's I,ake, However, the intensity of swimmer's itch outbreaks in a 

specific lake can fluctuatz grcatly from ye,m to year (Brackett 1942, Blankespor and 

Reimink 1 999) 

Swimmer's itch has been a problem at Devil's Lake for morc than 50 years 

(I .ange pers. corn. 1999). Yet in the summer of 1999, we found no swimmer's itch 

cercariae in either our cercarial traps or in our snail incubation studies. Coincidentally, 

park officials on1 y rcported 5 visitor complaints of stvimmer's itch compared to 50- 100 

(Becky Meisenburg. park ranger, pers. corn. 1999) per summer for many earlier years. 

Blankespoor and Reimink (1999) discuss several reasons that can account for this 

occurrence. 

First, the distribution and number of snails that can serve as intermediate hosts 

can influence the occurrence of swimmer's itch. Only 3.8% of the snails we collected 

frotn June-August 1999 were species that the scientific literature indicates could be 

intermediate hosts tbr parasites that cause swimmer's itch. In addition, results from other 



studies (Kulsea et al. 1 982, Larnan et al. 1984, Daniel 1984, Spencer and Loken 1993, 

Koshere 1999) have found that only 1-5% of possible intermediate snail hosts actually are 

infected with the parasites causing swimmer's itch. In our study, that would mean that 

only one Fossaria obrussa (Say) group, three Gyrawlus purvus and nine Physa skinneri 

out of the 6,046 total snails collected would have been infected. With so few infected 

snails, it is easy to see how infected snails would be hard to locate at our 10 different 

sites. 

Second, the distribution and number of definitive bird hosts on a lake can 

determine the severity of swimmer's itch. In addition, Keas and Blankespoor (1 997) 

found that variable aggregations of definitive hosts affect the prevalence of larval 

trematodes at specific locations on a lake. Fifteen species of migratory birds known to 

use Devil's Lake are documented in the scientific literature to be definitive hosts for 

parasites causing swimmer's itch (Table 8). Lange (1996) showed fluctuations in 

numbers, dates and length of stay of 14 of these 15 water birds species in both the spring 

and fall migratory seasons on Devil's Lake from 1966-1995. In 1999, park staff indicated 

migratory bird numbers may have been low that spring. The past history of migrant 

waterfowl fluctuations and the low numbers observed this spring suggest that swimmer's 

itch parasite numbers would be low. However, because infections in snails can survive 

through the winter (Kulsea et al. 1982, Larnan et al. 1984) and no fall 1998 migration 

numbers were noted, it is difficult to claim with certainty that spring migratory waterfowl 

numbers were down as the sole reason for the lack of swimmer's itch in our samples. 

We did not, study other factors that have been suggested as reasons why 

swimmer's itch can fluctuate annually. Wind direction and water currents can move 






































