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ABSTRACT 
 

Leyogonimus polyoon (Plagiorchiformes: Lecithodendriidae) is a flatworm 

digenean trematode parasite that causes the death of thousands of American coots 

(Fulica americana) in Wisconsin each fall.  As adults, L. polyoon are about one 

millimeter in size and inhabit the intestine of the coot.  Within the intestine, adult L. 

polyoon worms produce eggs which are expelled in feces of the coot.  These eggs 

must then be ingested by the snail intermediate host, Bithynia tentaculata.  Once 

inside the snail, L. polyoon larvae produce sporocysts, which in turn asexually 

produce tailed cercariae.  The cercariae leave the snail and encyst as metacercariae in 

a variety of aquatic insects.  When coots ingest insects infected with metacercariae, 

the life cycle is completed, and adult L. polyoon develop to sexual maturity within 

the coot intestine.  Leyogonimus polyoon appears to have been introduced to North 

America during the introduction of its snail host, Bithynia tentaculata, and it has 

been reported to also cause coot mortality in Europe.  Because knowledge of how the 

pathology is engendered in coots may provide insight into treatment and methods of 

disease control, I used standard histopathological techniques to examine how L. 

polyoon engenders intestinal pathology in infected coots.  Five coots from Shawano 

Lake, WI, were shot in November, 2006 and the intestines from each bird were 

removed and preserved in Gendre's solution.  Intestines were subsequently cut into 2 

cm lengths, dehydrated in alcohol and xylene, infiltrated with paraffin under 

vacuum, and sectioned at thicknesses ranging from 5 - 11µ.  Whole worm voucher 

specimens were recovered from several intestines, and these were stained, mounted, 
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and identified as Leyogonimus polyoon.  Intestinal sections were stained variously 

with Hematoxylin and Eosin, Alcian blue pH 2.5, Mercuric Bromphenol Blue, and 

PAS with a salivary amylase control.  Stained sections were examined for presence 

and location of L. polyoon in the intestine (lumen or mucosa), depth of penetration 

into mucosa, evidence of inflammation, necrotic tissue, vascular leakage, and plasma 

cell infiltration.  Most sections of intestine harbored at least one worm, and in some 

sections over ten L. polyoon were visible in sections.  While some worms were 

observed in the lumen of the intestine, most were associated with mucosal layers, 

and many penetrated deeply into the muscularis mucosae.  Significant damage to 

mucosae, muscularis mucosae, and smooth muscle was evident in many sections, 

with necrotic host tissue commonly found near worms.  In terms of acute immune 

response, infiltrating plasma cells were observed near worms and worm eggs.  

Concomitantly however, there was no evidence of granuloma formation or other 

typical chronic immune reactions.  The observable pathology induced by a single 

worm was generally restricted to the nearby mucosae and penetration of smooth 

muscle.  However, cumulative pathology induced in an infected coot is intensity 

dependent, and infections of several thousand L. polyoon result in lethal disruption 

and destruction of mucosae and muscle tissues.  The ecological conditions at 

Shawano Lake, WI are conducive to transmission of high intensity and lethal 

infections to American coots. 
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INTRODUCTION 

Large-scale waterfowl mortality events in the Midwestern U.S. resulting from 

digenean trematode infections are increasingly common.  Specifically, over the past 

decade thousands of lesser scaup (Aythya affinis), American coots (Fulica 

americana), and other waterfowl have died in Minnesota and Wisconsin from 

helminth infections (Cole and Friend 1999, Cole 2001, Friend et al. 2001, U.S. Fish & 

Wildlife Service Press Releases 2004 & 2005, Cole and Franson 2006, Niskanen 

2007, Sauer et al. 2007, Smith 2007).  While birds face lethal threats from viral, 

bacterial, and fungal insults (reviewed in Friend et al. 2001 and Friend 2006), 

trematodes have been responsible for many of the recently reported deaths (Cole and 

Friend 1999, Cole 2001, Friend et al. 2001, U.S. Fish & Wildlife Service Press 

Releases 2004 & 2005, Cole and Franson 2006, Niskanen 2007, Sauer et al. 2007, 

Smith 2007). 

The trematode Leyogonimus (=Macyella1) polyoon (Plagiorchiiformes: 

Lecithodendriidae) has specifically been implicated in annual deaths of thousands of 

coots (Figures 1-3) on Lake Shawano, WI, and nearby waters (e.g., Wolf River) (Cole 

and Friend 1999, Cole 2001).  Two other trematodes, Cyathocotyle bushiensis 

(Strigeiformes: Cyathocotylidae) and Sphaeridiotrema globulus 

(Echinostomatiformes: Psilostomidae) have also been implicated in recent waterfowl 

deaths in the upper Mississippi River region (U.S. Fish & Wildlife Service Press 

Releases 2004 & 2005, Niskanen 2007, Sauer et al. 2007, Smith 2007).  Relative to L. 

                                                
1 Neiland (1951) erected the new genus Macyella when he described the species Macyella 
postgonoporus from the varied thrush near Stevenson, WA.  Okulewicz and Weslowska 
(2003) (and references therein) consider Macyella to be synonymous with Leyogonimus, and 
the genus Leyogonimus has priority by virtue of its earlier naming. 
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polyoon, both C. bushiensis (Gibson et al. 1972, Hoeve and Scott 1988) and S. 

globulus (Price 1929 & 1934, Trainer and Fischer 1963, Speckman et al. 1972, 

Roscoe and Huffman 1983) have a longer reported history of causing waterfowl 

deaths in North America. 

Paralleling the increased attention given to impacts of free-living invasive 

species is the realization that several of the trematodes implicated in these recent 

waterfowl deaths are themselves introduced species.  Specifically, L. polyoon, C. 

bushiensis, and S. globulus are all native to Europe, and are presumed to have been 

introduced to North America along with their required snail first intermediate host, 

Bithynia tentaculata (Prosobranchia: Bithyniidae)(Khan 1962, Mills et al. 1993, Kipp 

and Benson 2008).  Bithynia tentaculata (Figures 4 & 5) is native to Europe and is 

believed to have been introduced to the Great Lakes in the 1870's through use of 

shipping ballast rocks to which adult snails were attached (Mills et al. 1993).  It now 

occurs throughout several freshwater drainages in the northeastern U.S., the Great 

Lakes and associated drainages and has also been reported from Montana (Kipp and 

Benson 2008) (Figure 6). 

While many invasive species often leave their parasites behind when they are 

introduced into a new habitat (Torchin et al. 2003), those that bring parasites with 

them during their introduction often produce devastating impacts on native 

communities.  Notable examples of this are non-native malarial parasites introduced 

to Hawaiian birds from non-native birds (Van Riper et al. 1986) and non-native 

helminths infecting new fishes when introduced with nonnative fish hosts.  For 

example, the Asian tapeworm, Bothriocephalus acheilognathi, transferred to native 
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North American fishes in the Colorado River (Brouder and Hoffnagle 1997), and 

monogeneans transferred from non-native fishes in Europe (Bauer and Hoffman 

1976).  While not generally viewed as an introduced species, European human 

colonization of  North America also resulted in the introduction of several infectious 

agents which devastated Native American populations (Black 1992, Combes 2001). 

Trematodes such as L. polyoon have complex life cycles, typically requiring 

three hosts (Figure 7).  For example, the life cycle of L. polyoon begins within the 

intestines of the definitive host (coots) where adult L. polyoon worms sexually 

reproduce as simultaneous hermaphrodites.  Adult worms typically exchange sperm 

and produce eggs that are expelled with bird feces.  An egg must then be ingested by 

the first intermediate host snail, Bithynia tentaculata.  Once inside the snail, L. 

polyoon larval stages asexually reproduce, typically castrating the snail, and 

ultimately release tailed free-swimming stages called cercariae.  Cercariae leave the 

snail and seek out a variety of second intermediate host aquatic arthropods (e.g., 

odonates and trichopterans), where they become encysted as metacercariae (Schell 

1985, Cole 2001).  Metacercariae in insects are mature and infectious to coots at 13 

days post encystment (Cole 2001).  The life cycle of L. polyoon is completed when 

coots ingest infected insects with mature metacercariae, and these metacercariae then 

develop into adult worms in the coot intestine.  Adult L. polyoon worms from 

experimentally infected coots continued to release eggs up to 21 days post infection 

(Cole 2001). 

The life cycles of C. bushiensis and S. globulus are similar to L. polyoon in 

that they develop asexually within B. tentaculata.  However, these two species each 
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produce cercariae that may remain inside B. tentaculata which subsequently encyst as 

metacercariae inside the snail.  Thus, both C. bushiensis and S. globulus can use B. 

tentaculata as first and second intermediate hosts, and these trematodes are 

transmitted to scaup and coots when these birds eat infected second intermediate host 

snails (Schell 1985). 

 Previous workers have made general observations of pathological effects in 

birds infected with L. polyoon (Cole and Friend 1999, Cole 2001, Cole and Franson 

2006), C. bushiensis (Gibson et al. 1972, Cole and Friend 1999), and S. globulus 

(Price 1934, Trainer and Fischer 1963, Cole and Friend 1999).  Coots infected with L. 

polyoon may host large numbers of individual worms (up to 40,000 in some cases), 

develop general gastroenteritis and manifest gross intestinal lesions with thickened 

fibrous necrotic tissue that can block the lumen of the intestine (Cole and Friend 1999, 

Cole 2001, Cole and Franson 2006).  However, no specific microscopic 

histopathological analysis of infected tissues has been published to date.  For this 

project, I sought to characterize L. polyoon infection in coots on a tissue and cellular 

level, with the intent to examine the specific pathological effects produced by L. 

polyoon in American coots. 
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METHODS 

Five coots from Shawano Lake, WI were shot in November of 2006 and 

immediately returned to the laboratory at UWSP.  The intestines were removed and 

examined externally for gross pathological lesions or gastroenteritis.  Criteria for 

evaluation of gross external intestinal pathology included presence of swelling of 

areas of the intestine (i.e., general enteritis), distention of the intestine and thinning of 

the intestinal wall, and redness indicative of inflammation and potential cellular 

infiltration.  Intestines were then carefully separated from supporting mesenteries, and 

preserved whole in Gendre's solution (Galigher and Kozloff 1964, Presnell and 

Schreibman 1997).  Preserved intestines were cut into approximately 40 two to three 

cm length portions (Figures 8, 9, & 10), and dehydrated through a series of alcohol 

solutions.  Intestinal portions were then treated with xylene and infiltrated with 

paraffin under vacuum.  The resultant tissue blocks (Figures 11 & 12) were then 

sectioned on an American Optical Model 820 microtome (Figure 13) to produce tissue 

sections of 5 -11 µm thickness.  These sections were then placed on microscope slides 

and stained variously with Hematoxylin and Eosin (H&E) (Sigma-Aldrich GHS3128), 

Alcian blue at pH 2.5, Mercuric Bromphenol blue, and PAS with a salivary amylase 

control (Presnell and Schreibman 1997).  Several additional tissue sections (stained 

only with H&E) were produced by Dr. Frank Sciarrone and Dr. Sabine Hale at St. 

Michael's Hospital in Stevens Point, WI.  All stained sections were examined under 

total magnifications of 40X, 100X, 400X and 1000X on an Olympus BX41 compound 

microscope.  Digital images were recorded using an Olympus DP-71 mounted on the 

BX41 microscope. 
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Histological structures of the coot intestines were identified by comparison of 

coot samples with published vertebrate histology examples (Hodges 1974).  The basic 

structures identifiable in a section of vertebrate intestine are reviewed in general terms 

here.  Moving from the lumen (i.e., the innermost open region of the intestine) toward 

the outer wall of the intestine, there are three general histological regions: the mucosa, 

the submucosa, and the muscularis externa (Hodges 1974).  The mucosa region 

includes the villi, including epithelial cells covering the villi, and associated crypts of 

Lieberkuhn.  Directly underneath the mucosa layer is the muscularis mucosa which in 

turn lays directly on top of the submucosal layer.  The muscularis externa consists of a 

layer of smooth muscle above a layer of longitudinal muscle. 

Histopathology in a given microscopic section was evaluated by noting the 

condition of intestinal tissues and the position of any worms, specifically focusing on 

relative depth of worm penetration of intestinal tissues and any evidence of damaged 

or necrotic tissue in the proximity of observed worms.  Pathology was defined to 

include any observation of deterioration or shortening of the villi, deterioration of the 

mucosae and submucosae, as well as penetration of the muscularis mucosae and 

muscularis externa.  If tissue in an intestinal section was observed to be necrotic next 

to a worm, or if villi were missing and a worm occupied the area where villi were 

expected, the evident pathology was attributed to worm infection.  Smooth muscle 

tissue damage was identified using H&E and preparations and examining muscle 

fibers for any observable disruption of the parallel fibers.  Plasma cells were identified 

in cellular infiltration by the large size of their darkly staining nuclei relative to other 
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blood cells.  Interpretations of tissue identification and inferred pathology were 

additionally confirmed in consultation with Dr. Scrairrone and Dr. Hale.   

Two coots were processed where microscopic sections were made from all of 

the approximately 40 two to three cm intestinal portions.  For these two individuals a 

rough estimate of the worm intensity in an entire two to three cm intestinal portion 

was made using the following algorithm:   

Approximate  # worms per portion of intestine =  

   (# of worms visible in a microscopic section) X (total portion length in mm)/2 mm.  

This method conservatively assumes worm intensities in a given intestinal portion did 

not vary significantly across the entire two cm portion, and that the greatest width a 

given worm might occupy a microscopic section was two mm.  Total worm intensities 

in these two coots were then approximated by adding estimates from each of the 

approximately 40 intestinal portions that comprised the entire small intestine.  

Whole worm voucher specimens (Figures 14 & 15) were recovered from 

several intestinal sections, stained in acetocarmine, and mounted in Canada Balsam 

(Galigher and Kozloff 1964, Schell 1985).  These were subsequently examined and 

compared with published descriptions and identified as Leyogonimus polyoon 

(Neiland 1951, Schell 1985, Cole and Friend 1999, Cole 2001, Okulewicz and 

Wesolowski 2003). 



 8 

 

Figure 1.  Dead coots at Shawano Lake, WI.  October, 2007.  T. C. Huspeni
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Figure 2.  Dead coots at Shawano Lake, WI.  October, 2007.  T. C. Huspeni 

 

Figure 3.  Dead coot at Shawano Lake, WI.  October, 2007.  T. C. Huspeni 
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Figure 4.  Bithynia tentaculata at Shawano Lake, WI.  Oct., 2007.  T. C. Huspeni 
    Snail is approximately 5mm from spire to aperture. 
 

 

Figure 5.  Bithynia tentaculata at Shawano Lake, WI.  Oct., 2007.  T. C. Huspeni 
Snail is approximately 5mm from spire to aperture. 
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 Figure 7.  Generalized digenean trematode life cycle  
    (Source: From Cole & Friend 1999) 
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Figure 8.  Section of preserved coot intestine.  T. C. Huspeni  
 
 

 

Figure 9.  Close-up of section of preserved coot intestine.  T. C. Huspeni 
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Figure 10.  Close-up of section of preserved coot intestine.  T. C. Huspeni 

 

Figure 11.  Section of coot intestine in paraffin.  T. C. Huspeni  
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Figure 12.  Close-up of section of coot intestine in paraffin..  T. C. Huspeni 
Note worms in lumen and intestinal tissue. 

 

Figure 13.  Section of coot intestine in paraffin on microtome.  T. C. Huspeni  
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Figure 14.  Adult Leyogonimus polyoon from American coot. 
Shawano Lake, WI. Nov. 2006. 

 

Figure 15.  Adult Leyogonimus polyoon from American coot. 
Shawano Lake, WI. Nov. 2006.
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RESULTS 
 

In the coots examined for this study, whole intestine prior to preservation 

revealed no gross lesions or general enteritis along the length of the intestine.  

Additionally, no redness, distention, or notable thinning of the intestinal wall was 

observed.  Leyogonimus polyoon was the only worm found in the intestines of the 

examined coots.  Preserved cecae were examined and neither C. bushiensis, nor any 

other digenean species were found in the cecae.  Each coot intestine was 

approximately 100 cm in total length and yielded from 35 to 40 two to three cm 

intestinal sections.  In the two coots for which microscopic sections were made of 

each intestinal section, Leyogonimus polyoon was present in approximately 95% of 

the examined sections, and was only absent in the most anterior and posterior sections 

of the intestinal tract.  The greatest density of L. polyoon occurred in the middle 1/3 of 

the intestinal tract.  Stained sections frequently contained multiple worms, with many 

worms visible in a single stained section (Figures 16- 21).  All Leyogonimus polyoon 

observed in microscopic sections were sexually mature, and embryonating eggs were 

visible in virtually all worm sections (Figures 19- 21). 

While a total count of L. polyoon in each infected coot was impossible to 

obtain given the nature of infiltrating and sectioning entire portions of the intestine, an 

estimate based on number of worms observed in stained sections integrated over the 

total number of intestinal sections yielded a conservative estimate of at least 2000 to 

4000 worms per examined infected coot. 

While individual L. polyoon were observed in the lumen of intestine (Figures 

16- 21), worms frequently penetrated deeply into the intestinal mucosa and villi 
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(Figures 22- 35), and commonly penetrated deeply into the muscularis mucosae 

(Figures 36- 45).  The mucosal and submucosal tissue immediately adjacent to worms 

was characterized by atrophied villi and necrotic tissue (Figures 22- 35).  In many 

instances, eggs released by worms were identifiable in mucosal and submucosal 

layers, as well as being present in necrotic regions in close proximity to the worms 

(Figures 36, 40, 42, 43, 44, 52 & 53). 

All stains employed revealed similar pathology in terms of worm penetration 

depth and evidence of tissue damage (see all Figures).  However, H&E was generally 

the most useful for  elucidating instances of plasma cell infiltration throughout serosa 

layers and into the lumen (Figures 54-58).  However, in these sections, there also was 

no evidence of granuloma formation around eggs or worms. 
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Figure 16.   Coot intestine revealing multiple L. polyoon in tissue and lumen. 

See arrows depicting some worms.  (H&E, 40X total)  
 

 
Figure 17.  Coot intestine revealing multiple L. polyoon in tissue and lumen. 

See arrows depicting some worms.  (H&E, 40X total)  
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Figure 18.  Coot intestine revealing multiple L. polyoon in tissue and lumen. 

See arrows depicting some worms.  (H&E, 40X total)   
 

 
Figure 19.  Multiple L. polyoon in tissue and lumen (see upper arrow). 

Note villi & intact mucosa at lower left region (lower arrow).  (H&E, 100X total)   
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Figure 20.  Coot intestine revealing multiple L. polyoon in mucosa and lumen. 

See arrows depicting some worms.  (PAS, 40X total)   
 

 
Figure 21.  Coot intestine revealing multiple L. polyoon in mucosa and lumen. 

See arrows depicting some worms.  (Alcian Blue, 40X total) 
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Figure 22.  Leyogonimus polyoon induced damage to villi and mucosa. 

See arrows depicting disrupted tissue.  (H&E, 100X total)   
 

 
Figure 23.  Leyogonimus polyoon induced damage to villi and mucosa. 

See arrow depicting disrupted tissue.  (PAS, 100X total) 
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Figure 24.  Leyogonimus polyoon induced damage to mucosa.  (See arrows). 

(H&E, 100X total).   
 

 
Figure 25.  Leyogonimus polyoon induced damage to mucosa (see arrow). 

Note normal mucosa above and below the arrow.  (H&E, 100X total).   
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Figure 26.  Leyogonimus polyoon induced damage to villi and mucosa. 

See arrows.  (H&E, 100X total).   
 

 
Figure 27.  Leyogonimus polyoon induced damage to villi and mucosa. 

See arrows.  (Mercuric Bromphenol Blue, 100X total). 
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Figure 28.  Leyogonimus polyoon induced damage to villi and mucosa. 

See arrows.  (H&E, 100X total). 
 

 
Figure 29.  Leyogonimus polyoon induced damage to villi and mucosa. 

See arrows.  (H&E, 100X total).
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Figure 30.  Leyogonimus polyoon induced damage to villi and mucosa. 
Note intact mucosa to the upper left of the arrow.  (H&E, 100X total).   

 

 
Figure 31.  Leyogonimus polyoon induced damage to villi and mucosa. 

See arrows.  (H&E, 40X total).   
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Figure 32.  Leyogonimus polyoon induced damage to villi and mucosa. 

See region to right of arrow.  (H&E, 100X total).   
 

 
Figure 33.  Leyogonimus polyoon induced damage to villi and mucosa. 

See arrows.  (H&E, 40X total).   
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Figure 34.  Leyogonimus polyoon induced damage to villi and mucosa. 

See arrow.  (H&E, 100X total).   
 

 
Figure 35.  Leyogonimus polyoon induced damage to villi (upper arrow) and  

penetration of muscularis mucosae (lower arrow).  (H&E, 100X total).  
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Figure 36.  Leyogonimus polyoon (left arrow) having penetrated 

smooth muscle (right arrow).  (H&E, 100X total).   
 

 
Figure 37.  Deep penetration of smooth muscle layer by Leyogonimus polyoon. 

Arrow depicts worm near outer wall of intestine.  (H&E, 400X total).
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Figure 38.  Deep penetration of smooth muscle layer by Leyogonimus polyoon. 

Worm is near outer wall of intestine.  Note embryonating eggs.  (H&E, 400X total).   
 

 
Figure 39.  Damage to smooth muscle layer by Leyogonimus polyoon. 

 Note disruption of smooth muscle fibers.  See arrows.  (H&E, 100X total).  



 31 

 
Figure 40.  Deep penetration of smooth muscle layer by Leyogonimus polyoon. 

Note eggs and necrotic tissue (see arrows).  (H&E, 100X total).   
 

 
Figure 41.  Penetration of smooth muscle layer by Leyogonimus polyoon. 

Note damaged villi & disruption of smooth muscle.  See arrows.  (H&E, 100X total).
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 Figure 42.  Deep penetration of muscularis mucosae and smooth 

muscle layer by Leyogonimus polyoon.  (H&E, 100X total).  
 

 
Figure 43.  Penetration of muscularis mucosae by Leyogonimus polyoon. 

Note eggs in surrounding tissue.  See arrows.  (H&E, 100X total).
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Figure 44.  Deep penetration of smooth muscle layer by Leyogonimus polyoon. 

Note eggs in tissue above in addition to muscle damage (arrows).  (H&E, 100X total).   
 

 
Figure 45.  Penetration of smooth muscle by multiple Leyogonimus polyoon. 

(H&E, 400X total).
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Figure 46.  Numerous L. polyoon eggs and body spines (see arrow). 

(H&E, 400X total).   
 

 
Figure 47  Leyogonimus polyoon eggs (internal) and body spines at margin of worm. 

(H&E, 400X total). 
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Figure 48.  Leyogonimus polyoon body spines visible at margin of worm. 

(H&E, 400X total). 
 

 
Figure 49.  Leyogonimus polyoon eggs and body spines. 

Note plasma cell infiltrate around spines at right (see arrow).  (H&E, 400X total).   
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Figure 50.  Leyogonimus polyoon body spines visible at margin of worm. 

(H&E, 400X total).   
 

 
Figure 51.  Leyogonimus polyoon body spines (see scale bar). 

(H&E, 1000X total).  
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Figure 52.  Leyogonimus polyoon eggs in intestinal tissue. 

(H&E, 400X total).   
 

 
Figure 53.  Leyogonimus polyoon eggs in intestinal tissue. 

(H&E, 400X total). 
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Figure 54.  Plasma cell infiltration induced by L. polyoon. 

Note cluster of darkly staining plasma cells at left (see arrow).  (H&E, 400X total). 
 

 
Figure 55.  Plasma cell infiltration induced by L. polyoon. 

Note clusters of darkly staining plasma cells (see arrows).  (H&E, 400X total).   
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Figure 56.  Plasma cell infiltration induced by L. polyoon. 

Note darkly staining plasma cells at right of worm (see arrow).  (H&E, 400X total).   
   
 

 
Figure 57.  Plasma cell infiltration induced by L. polyoon.  Note darkly staining 

plasma cells at left (see arrows at upper margin of infiltrate).  (H&E, 400X total).   
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Figure 58.  Plasma cell infiltration induced by L. polyoon. 
Note numerous darkly staining plasma cells around eggs.  (H&E, 400X total).   
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DISCUSSION 
 

In the coots examined for this study, I found no gross externally visible 

lesions, redness, thinning of the intestinal wall, or significant inflammation along the 

length of the intestine, as had been observed by Cole in her studies (Cole and Friend 

1999, Cole 2001, Cole and Franson 2006).  Furthermore, there was no evidence of 

significant caseous or fibrotic material in the preparation of histological sections.  

While the estimated total number of L. polyoon infecting these coots was sizable (e.g., 

a minimum of 2000 to 4000 worms), and observed tissue disruption due to L. polyoon 

worms was pervasive and significant, histological evidence of damage was also 

relatively localized and largely restricted to regions immediately adjacent to observed 

worms.  In fact, at least some regions of microscopic sections were devoid of worms, 

and in these regions the mucosa, submucosa, and muscularis externa layers appeared 

to be intact (e.g., see Figures 19, 23, 25, & 30). 

Mucosae and submucosae in the immediate vicinity of worms were 

significantly disrupted (see Figures 16 - 45), and worms frequently penetrated the 

muscularis mucosae and smooth muscle layer comprising the muscularis externa with 

visible disruption of smooth muscle fibers.  This deep tissue penetration was likely 

facilitated by the spines covering the body of L. polyoon.  The observed necrotic and 

disrupted mucosa and muscle tissues may be the result of direct mechanical damage 

by moving and feeding worms, loss of mucous protection, proteolytic enzymes 

released from the worms and/or eggs, autolytic immune responses to the worms, or 

potentially an unknown combination of each of these processes (see Mucha and 

Huffman 1991, Gagnon et al. 1993, Gutierrez 2000, Roberts and Janovy 2005).  At a 
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minimum, the observed extensive destruction of the mucosa and villi can result in the 

disruption of the digestive processes, possibly leading to death by vascular leakage, or 

simply weakening the infected bird by anemia or dehydration, and by making it more 

susceptible to other disease agents (Hodges 1974, Carey 1996, Friend 2006). 

 The pathology of Leyogonimus polyoon infection in coots appears to be 

intensity-dependent (sensu Lafferty and Kuris 2002).  That is, the more worms in a 

given host, the worse the cumulative pathology.  This is true in many other trematode 

diseases, such as schistosomiasis in humans as observed by Cheever (1968) in his 

classic study.  Both L. polyoon and S. globulus engender similar focal pathological 

sequelae, and when they are present in sufficient intensities, they generally result in 

host death.  However, relative to S. globulus,  L. polyoon likely requires many more 

worms to produce the same cumulative lethal pathological effect (Gibson et al. 1972, 

Gagnon et al. 1993, Cole and Friend 1999, Cole and Franson 2006).  Thus the pattern 

for L. polyoon stands in contrast to that generally observed for C. bushiensis, and to a 

lesser extent S. globulus, where lethal pathology may be induced by a relatively few 

(e.g., in some cases less than 100) pathogenic worms (Trainer and Fischer 1963, 

Gibson et al. 1972, Roscoe and Huffman 1982 & 1983, Huffman and Roscoe 1989, 

Gagnon et al. 1993, Cole and Friend 1999).   

It is important to note that the coots analyzed in this study, despite the 

estimated high worm intensities, were still healthy enough to take off, fly, and then be 

shot.  It seems likely that deaths in coots from L. polyoon are caused by overwhelming 

damage induced by thousands of worms, and the histopathological sequelae in the 

intestines progresses temporally in a similar fashion to that demonstrated for 
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experimental infections of Sphaeridiotrema globulus (Huffman and Roscoe 1989, 

Mucha and Huffman 1991, Gagnon et al. 1993).  Experimental infection of mallards 

(Anas platyrhynchos) with S. globulus demonstrated that at 4 days post infection, or 

the early lesion stage, necrosis is more focal in nature, and a localized heterophil 

infiltration is evident around the worms (Mucha and Huffman 1991).  It is likely that 

the results of this study show “early lesion” pathology that progresses to the more 

dramatic results that become more evident in gross inspection of more distressed or 

terminal birds (Cole and Friend 1999, Cole 2001). 

 Interestingly, while L. polyoon is a common cause of some of the reported die-

offs of coots in North America (see previous citations), it does not appear to be 

associated with such significant mortality in moorhens (Gallinula chloropus) in 

Europe (Cole and Friend 1999, Cole 2001).  At least two non-exclusive hypotheses 

may explain this phenomenon.  First, it is possible that European birds have a greater 

resistance or tolerance to infection with L. polyoon, having been exposed to it for a 

longer period of time.  Second, increased deaths in North American waterfowl may 

simply be a consequence of higher average intensities of adult worms per coot relative 

to average intensities in European moorhens.  This would be consistent with the 

observed phenomenon that introduced species often attain higher densities and 

perform better in areas that they have been introduced relative to native populations 

(Torchin et al. 2003). 

Regarding the increased intensity hypothesis, there are several reasons why 

adult worm intensities may be higher in coots relative to moorhens.  Specifically, 

higher worm intensities in American coots relative to European moorhens may result 
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from either increased B. tentaculata densities and/or an increased prevalence of L. 

polyoon in North American B. tentaculata.  Either of these two factors would result in 

increased metacercarial intensities in North American arthropod second intermediate 

hosts (see Figure 7).  Finally, there may simply be a greater density and abundance of 

infected second intermediate host prey in North American habitats. 

While the apportioning possible effects of each of the above hypothetical 

factors is necessarily speculative and beyond the scope of this project, a few logical 

inferences can be made.  First, in cases like Shawano Lake, WI where much of the 

annual mortality in coots is attributed to L. polyoon, we can conservatively conclude 

that ecological conditions of B. tentaculata density, presence of appropriate arthropod 

second intermediate hosts, and residency time of coots during fall migration all 

contribute to produce high intensity lethal infections in birds.  Conversely, lesser 

scaup, coots, and other waterfowl dying from C. bushiensis and S. globulus in the 

upper Mississippi areas (U.S. Fish & Wildlife Service Press Releases 2004 & 2005, 

Cole and Franson 2006, Niskanen 2007, Sauer et al. 2007, Smith 2007) are exposed 

by eating infected snails, the likelihood of which is largely dependent upon to B. 

tentaculata densities.  The final inference is most ominous: despite its relatively slow 

spread since introduction to North America in the 1870's (Mills et al. 1993), it is 

likely that increased spread of B. tentaculata (see Kipp and Benson 2008) and its 

trematodes will lead to greater opportunities for confluence of the above described 

ecological conditions with resultant increased die-offs, providing another disturbing 

example of introduced species and their effects on native fauna. 
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