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ABSTRACT
Declines in high density populations of rusty crayfish (Orconectes rusticus), an aquatic invasive species, have been observed in some northern Wisconsin lakes.  In other lakes, rusty crayfish have been known to be present for many years, but have never become abundant.  A disease examination of rusty crayfish from Middle Eau Claire Lake (Bayfield Co.), where a recent population decline occurred, found crayfish hepatopancreas’s (“livers”) were heavily parasitized by trematode metacercariae identified as Microphallus sp.  Thirty-seven additional lakes were then checked for the presence of Microphallus.  Fourteen of the 38 lakes had a significant presence of Microphallus.  The 3 locally common Orconectes species (O. rusticus, O. virilis, O. propinquis) were all found to be susceptible to the parasite, both in the lake crayfish samples and in a caged crayfish exposure test.  Most lakes with low densities of rusty crayfish (79%) were found to have Microphallus present.  Most lakes with high densities of rusty crayfish (92%) were found to have Microphallus absent.  This suggests Microphallus is limiting rusty crayfish abundance, and may have potential as a biocontrol.  Further investigation is needed to explore this possibility. 

INTRODUCTION
Declines in high density populations of rusty crayfish (Orconectes rusticus) in several northern Wisconsin lakes have been observed.  In these lakes high density populations are typically present for 20 years or more.  During this time substantial numbers of crayfish are frequently observed out of cover during daylight hours.  Aquatic plant beds are often largely eliminated except in areas with a soft muck bottom.  
The population declines appear to be catastrophic and persist for several years or more without any rebound.  When the population declines, crayfish are rarely seen out of cover during daylight hours.  Aquatic plant beds expand their coverage.  

In other lakes, rusty crayfish have been found to be present for many years, but have never become abundant.  The reason for their lack of success is unknown.  

In lakes with population declines it is often suggested that the declines result from rusty crayfish exhausting their food supply.  However, it seems unlikely it would take >20 years for this to occur.  Also, a rebound in the crayfish population does not seem to occur even after populations of aquatic plants, and presumably other food organisms, have recovered.
Predation by fish, and trapping have been shown to have the potential to reduce rusty crayfish populations.  However, the population declines caused by these mechanisms are typically not as dramatic or as long lasting as those which appear to have occurred.   

Disease caused population declines seem to be a possibility.  Crayfish plague, a fungal disease, introduced to Europe with the introduction of American crayfish has caused massive declines in crayfish populations in Europe.  A former crayfish disease website, http://us.geocities.com/crayfishdisease/pages/intro.html (currently closed), identified a large number of known crayfish diseases – 11 viruses, 7 bacteria, 5 protozoans, 3 fungi, and several groups of metazoan parasites.
A high density population of rusty crayfish in Middle Eau Claire Lake (Bayfield Co.) that existed for nearly 30 years was reported to be declining in the past few years.  Rusty crayfish had been abundant enough to support commercial trapping for many years.  Trapping was discontinued in 2007 due to inadequate capture rates.  Lakeshore residents reported seeing few crayfish and expanding aquatic plant beds.

In 2008, rusty crayfish from Middle Eau Claire Lake were sent to Dr. John Hawke with the Louisiana Aquatic Diagnostic Lab of the LSU School of Veterinary Medicine.  Dr. Hawke observed that the crayfish hepatopancreas’s (“livers”) were parasitized with trematode metacercariae.  In some specimens about half of the liver mass was composed of these metacercariae.  Small numbers of metacercariae were also attached to the gills.  No other significant disease organisms were found.    

Dr. Hawke sent specimens to Dr. Robin Overstreet of the Gulf Coast Research Lab at the University of Southern Mississippi who identified the metacercariae as Microphallus sp.  The metacercariae are about 0.5-0.6 mm long, oval shaped, and whitish or transluscent (figures 1-2).   
This genus of trematode parasites has a 3-stage life cycle.  A snail is the initial host.  Cercariae released by the snail then infect the hepatopancreas of a crayfish and develop into metacercariae.  A final host, which might be a bird, mammal, or fish (yet to be determined for this species of Microphallus), feeds on the crayfish and becomes infected, with the adult trematode attaching to the host’s intestinal wall.  Eggs released with feces hatch into larvae that infect snails and complete the cycle.  This parasite is not known to commonly cause mortality in crayfish, but the severity of parasitization in these specimens was unusual.
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Figure 1.  Microphallus metacercariae on a rusty crayfish hepatopancreas (10x). The hepatopancreas surface is composed of finger-like projections. (photo by Peter Hofsteen)
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Figure 2.  Microphallus metacercariae on rusty crayfish hepatopancreas (40x). (photo by Peter Hofsteen)
Species identification of the Microphallus metacercariae by Dr. Overstreet was unsuccessful.  
The species differed morphologically from other described Microphallus spp., so it is a species that has not previously been well documented. 
Additional investigation was made in 2009 to learn more about Microphallus, to begin to determine its distribution in northern Wisconsin, and to try to determine if it is a cause of rusty crayfish population declines.
METHODS

Crayfish Collection and Examination

Crayfish were collected from 38 lakes and 6 streams (table 1).  Most lakes sampled were selected because they were believed to have either high density rusty crayfish populations or low density populations.  Samples from some lakes were collected incidentally to DNR fish survey work being done.  

Most crayfish were collected with dip nets in water less than 3 feet deep.  Stones and logs were overturned to locate crayfish.  A target goal of 10 specimens with a body length of at least 2 inches was usually used.  Any species found were collected.  

Some crayfish were collected in DNR fish survey fyke nets incidental to fish surveys.  Fyke net openings were typically set at 4-5 feet water depths.  Mesh size was ¾ inch.  
Crayfish traps were used to collect crayfish from a few lakes.  Traps were usually placed in 4 to 12 feet water depths.

Crayfish were identified to species, sexed, and measured for total body length (rostrum tip to telson tip).  Externally attached eggs were counted from some female crayfish to allow a comparison of rusty crayfish egg production in Middle Eau Claire Lake to other lakes where Microphallus was not present.   
Crayfish livers were extracted and gently spread and flattened (figure 3).  Livers were examined with a stereoscopic microscope at 10x magnification.  A count of visible metacercariae was made on the first side of the liver.  The liver was then carefully flipped over and metacercariae were counted on the second side.  Counts were often approximate, especially when large numbers of metacercariae were present. 
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Figure 3.  Extracted rusty crayfish liver with Microphallus metacercariae visible (2x).  Liver color can be a range of yellows or greens.  Metacercariae are usually not clearly visible without magnification, especially on lighter colored livers.

Caged Crayfish Exposure Test
Caged crayfish were placed in Middle Eau Claire Lake to determine rates of infection and to see if native crayfish species differed in their susceptibility to infection by Microphallus.  Fourteen specimens each of Orconectes rusticus, O. virilis, and O. propinquis were placed in individual cages in Middle Eau Claire Lake on May 8th, 2009.  The crayfish were obtained from uninfected lakes, and so were initially free of Microphallus metacercariae.  
Cages were constructed from p.v.c. coated, ½ inch mesh hardware cloth that was rolled into 4 inch diameter cylinders (figure 4). A 4 inch length of 3 ½ inch (o.d.) p.v.c. tube was placed inside the cylinder to prevent the cage from being crushed.  A second piece of p.v.c. tube (1 ½ inch i.d. x 4 inch length) was also placed in the cage to provide a protective shelter for the crayfish.  The ends of the hardware cloth cylinder were folded over to close the cage, leaving a cage length of about 18 inches.
Cages were wired together into 3 rings of 14 cages each and anchored with a brick (figure 5).  They were placed in 2 – 3 feet of water on a sand bottom.  The three crayfish species were added sequentially to the cages, so that each ring of cages contained about the same number of each crayfish species.  
An enclosure of posts, p.v.c. coated chicken wire, and rope was placed around the cages to prevent damage by boats and fishing lines (figure 6).  The chicken wire was set 1 foot above the lake bottom to allow the cage rings to be slid in and out.  
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Figure 4.  Crayfish cages
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Figure 5.  Ring of Crayfish Cages
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Figure 6.  Crayfish Cage Enclosure
Each crayfish was fed about a spoonful of food weekly.  Food items included frozen corn, frozen peas, winter wheat seed and ferret feed.  Food was directed into each cage by dropping it into a 3 feet x 2 ½ inch diameter clear acrylic tube and letting it settle through the ½ inch cage mesh.  

The cages were removed from the lake on August 28th .  Crayfish were sorted by species, sexed, and measured for total body length.  Livers were examined and the Microphallus metacercariae were counted as described previously.  

Snail Collection and Examination
Snails were collected on 3 dates from Middle Eau Claire Lake in an effort to identify the initial host of Microphallus in the lake.  On the first date, snails were collected by hand and dip net from various substrates in 0 to 3 feet water depths.  On the second date, snails were collected by hand primarily on sunken birch logs raised from 3 to 5 feet water depths.  On the third date, snails were collected in 6 to 9 feet water depths.  Submerged aquatic plants were collected with a plant rake and agitated in a bucket of water to dislodge attached snails.  Plant residue was removed and the water was decanted, leaving the snails settled at the bottom of the bucket.  Snails were shipped to Dr. Overstreet at the USM Gulf Coast Research Lab who induced cercariae release and checked for the presence of Microphallus.
Fish Collection and Examination
Three fish were collected and examined from Middle Eau Claire Lake to check if fish might be the final host of Microphallus.  Two 10 inch rock bass (Ambloplites rupestris) were collected during a fall 2009 electrofishing survey.  One 20 inch smallmouth bass (Micropterus dolomieui) was collected by hook and line in the fall.  The fish intestines were removed, split, and examined at 10x magnification for the presence of adult Microphallus. 

Collection and Examination of Other Crayfish Species Infected by Microphallus 
Specimens of Orconectes propinquis from Lac Courte Oreilles and Orconectes virilis from Whalen Lake were collected and shipped live to Dr. Overstreet at the USM Gulf Coast Research Lab.  The populations in these two lakes were known to be infected by Microphallus.  The specimens were examined to try to determine if a single Microphallus species was infecting all three Orconectes species.  Morphological examination and genetic testing was done.  
FINDINGS

Lake Crayfish Sample Results

Fourteen of the 38 lakes sampled (37%) were found to have Microphallus present at mean counts greater than 0.5 metacercariae per crayfish liver (table 1 and 2)(table 2 in a separate spreadsheet).  Four additional lakes had Microphallus present at mean counts of 0.1 to 0.4 metacercariae per liver.  The remaining 20 lakes had no Microphallus present in the crayfish livers.

In lakes with a significant presence of Microphallus, the percentage of crayfish infected was usually high, ranging from 40% to 100%.  Only 2 of these 14 lakes had a percentage of infected crayfish of < 50%.  Small sample sizes are probably adequate for finding Microphallus in most lakes where it is present.
The 3 locally common Orconectes species (O. rusticus, O. propinquis, O. virilis) were all found to be susceptible to Microphallus infection.  Eleven lakes had infected O. rusticus (>0.5 metacercariae per liver).  Five lakes had infected O. propinquis.  Four lakes had infected O. virilis.

Two other crayfish species were collected.  A single specimen of Cambarus diogenes was collected in Upper St. Croix Lake.  It was not infected with Microphallus.  This species typically spends most of its year in a burrow in wetland areas.  This would limit its potential exposure to Microphallus cercariae.  A single specimen of Procambarus acutus was collected in Twin Bear Lake.  It was saved as a reference specimen and was not examined for Microphallus metacercariae. 

The lake crayfish sample findings suggest that Microphallus is a factor in limiting rusty crayfish populations.  Results for three categories of lakes are notable:

· category 1 - lakes where rusty crayfish have been known to be present, but never abundant.  All 4 of these lakes have Microphallus present.

· category 2 – lakes where rusty crayfish were once abundant, but have declined to low densities.  Seven of these 10 lakes have Microphallus present.

· category 3 – lakes where rusty crayfish are currently abundant.  Eleven of these 12 lakes have Microphallus absent or nearly absent.
Lakes having low densities of rusty crayfish after a long term presence had a strong likelihood of having Microphallus present (79%), while lakes with high densities of rusty crayfish have a strong likelihood of having Microphallus absent (92%).  
Initial selection and placement of lakes into these 3 categories was based primarily on observations by DNR fishery biologists and occasionally by lakeshore residents.  For category 3 lakes (abundant rusty crayfish), trapping data from Dr. David Lodge’s lab at the University of Notre Dame (Lindsey Sargent, personal communication) is available to substantiate the presence of abundant rusty crayfish in 7 of the 12 lakes.  Trapping capture rates ranged from 7 to 44 rusty crayfish per trap per day in those lakes in 2008 and 2009.  For an 8th lake in category 3 (Bearskin Lake) a lake resident crayfish trapper (Roger Soletske) reported trapping about 1/3 gallon of crayfish per trap per day in 2009.  One lake in category 5 (below; Butternut Lake) was trapped in 2009 with a capture rate of only 0.2 crayfish per trap per day.       
The findings for these and other categories of lakes are presented below (Categories 1-5; Means are for Microphallus metacercariae counts per liver.  Numbers of each crayfish species examined are listed.  O.r. = Orconectes rusticus, O.p. = Orconectes propinquis, O.v. = Orconectes virilis).
Category 1. Lakes Where Rusty Crayfish Have Been Known To Be Present, But Never Abundant
In all 4 of these lakes, Microphallus is present.

Lac Courte Oreilles (Sawyer Co.) – Microphallus present (mean = 183); 11 O.p. and 1 O.r. collected

Grindstone (Sawyer Co.) – Microphallus present (mean = 28); 4 O.p. collected

Whitefish (Sawyer Co.) – Microphallus present (mean = 3); 7 O.p., 2 O.r., 1 O.r.x O.p(?) collected 

Sand (Sawyer Co.) -  Microphallus present (mean = 13); 10 O.r. collected

Category 2. Lakes Where Rusty Crayfish Were Once Abundant, But Have Declined To Low Densities
In 7 of these 10 lakes, Microphallus is present.  

Twin Bear / Pike Chain (Bayfield Co.) - Microphallus present (mean = 447); 10 O.r. collected

Middle Eau Claire (Bayfield Co.) – Microphallus present (mean = 423); 63 O.r. collected

Round (Sawyer Co.) – Microphallus present (mean = 53); 6 O.p., 1 O.v., 5 O. r., 17 O.r. x O.p.(?), 1 O.r. x O.v.(?) collected

Connors (Sawyer Co.) – Microphallus present (mean = 33); 10 O.r. collected

Plum* (Vilas Co.) – Microphallus present (mean = 513); 12 O.r. collected

Chain /Island Lake Chain (Rusk/Chippewa Co.) – Microphallus present**(mean = 0); 10 O.r. collected.

Island / Island Lake Chain (Rusk/Chippewa Co.) -  Microphallus probably present***(mean = 0); 6 O.r. collected; crayfish very scarce and difficult to find

Long (Chippewa Co.) - Microphallus absent; 10 O.r. collected.

Squash (Oneida Co.) - Microphallus absent; 7 O.r. collected.

Oneida (Oneida Co.) - Microphallus absent; 10 O.r. collected.

*Rusty crayfish densities in Plum Lake are uncertain.  Shoreline residents strongly feel densities have declined.  Trapping results (one date per year) suggest a possibly declining density from 2006-2008, but still a high density in 2008.  Trapping was not done in 2009.  Collection by dip net in 2009 found crayfish to be relatively scarce.  Optimal substrate habitat appeared to be mostly in deeper water.  

**Livers examined from Chain Lake did not contain Microphallus, but a disease exam by Dr. Hawke at LSU found moderate numbers of Microphallus in the gills.

***Island Lake is connected to Chain Lake, so Microphallus is probably also present there. 

Category 3. Lakes Where Rusty Crayfish Are Currently Abundant
In 11 of these 12 lakes, Microphallus was absent or nearly absent.

Ladysmith Fl. (Rusk Co.) – Microphallus absent; 9 O.r. collected

Presque Isle* (Vilas Co.) – Microphallus absent; 10 O.r. collected

Trout* (Vilas Co.) – Microphallus absent; 10 O.r. collected

Little John* (Vilas Co.) – Microphallus nearly absent (mean = 0.1); 10 O.r. collected

Squirrel* (Oneida Co.) – Microphallus nearly absent (mean = 0.1); 10 O.r. collected

Boulder* (Vilas Co.) – Microphallus absent; 12 O.r. collected

Crescent (Oneida Co.) - Microphallus absent; 10 O.r. collected

George (Oneida Co.) - Microphallus absent; 10 O.r. collected

Pelican (Oneida Co.) - Microphallus nearly absent (mean = 0.1); 10 O.r. collected

Birch* (Oneida Co.) – Microphallus absent; 10 O.r. collected

Bearskin (Oneida Co) – Microphallus nearly absent (mean = 0.4); 10 O.r. collected

Big – CTH K* (Vilas Co.) – Microphallus present (mean = 135); 12 O.r. collected

*Crayfish trapping data from the University of Notre Dame substantiates abundant rusty crayfish populations in these lakes.

Category 4. Lakes Where Native Crayfish Only Were Found
Microphallus was present in 2 and absent in 4 of these lakes.  Sample size was very small in 2 of the lakes where Microphallus was absent.

Blaisdell (Sawyer Co.) – Microphallus present (mean = 71); 6 O.v., 2 O.p. collected

Whalen (Washburn Co.) Microphallus present (mean = 31); 5 O.v. collected 

Dardis (Price Co.) – Microphallus absent; 2 O.v. collected

Diamond (Bayfield Co.) - Micophallus absent; 1 O.v. collected

Dairyland Fl. (Rusk Co.) – Microphallus absent; 9 O.v., 3 O.p. collected (This flowage was completely drawn down in the summer of 2008; O. r.’s are believed to normally be present.)

Turtle Flambeau Flowage (Iron Co.) - Micophallus absent; 16 O.p. collected 
Category 5. Lakes With Rusty Crayfish, But No Indications Of Their Abundance
Microphallus was absent or nearly absent in 6 and present in 2 of these lakes.  Sample size was very small in 2 of the lakes where Microphallus was absent.

Nelson (Sawyer Co.) – Microphallus absent; 5 O.r. collected

North Spirit (Price Co.) – Microphallus absent; 2 O.r. collected

Ruth (Bayfield Co.) -  Microphallus absent; 10 O.r. collected

Red Cedar (Barron Co.) – Microphallus absent; 4 O.r. collected

Upper St. Croix (Douglas Co.) – Microphallus present (mean = 18); 15 O.r. collected

Butternut (Price Co.) – Microphallus present (mean = 43); 18 O.v., 15 O.r., 3 O.p. collected 

Some very limited data (below) suggests that rusty crayfish may be more prone to Microphallus infection than O. virilis or O. propinquis.  Microphallus counts in rusty crayfish were several times higher than in the native crayfish.  Locational differences might account for the results in the Butternut Lake (4-29-09) sample, and the Round Lake sample.  The crayfish from Butternut Lake (6-3-09) were all from the same area, but the sample numbers are small.  Further collection would be needed to explore this possibility. 

Butternut Lake (Price Co.)(4-29-09 fyke net sample) – 18 O.v.,  Microphallus mean = 15; 6 O.r.,  Microphallus mean = 185; O.r. mean = 12 times O.v. mean (capture locations for the 2 species were not obtained)

Butternut Lake (Price Co.)(6-3-09 dip net sample) – 7 O.r.,  Microphallus mean = 14; 3 O.p.,  Microphallus mean = 2; O.r. mean = 7 times O.p. mean

Round Lake (Sawyer Co.)(5-28-09 and 8-12-09 dip net samples, pooled) – 6 O.p.and 1 O.v.,  Microphallus mean = 19; 5 O.r.,  Microphallus mean = 73; O.r. mean = 4 times O.p., O.v. mean

In the 4 lakes with mixed populations of native crayfish and rusty crayfish, native crayfish were more abundant than rusty crayfish in the samples collected (Butternut, Lac Courte Oreilles, Round, Whitefish).  Microphallus was present in all of these lakes.  This also suggests Microphallus may impact rusty crayfish more heavily than native crayfish.
Stream Crayfish SampleResults
Crayfish samples from 6 stream sites were also examined (below and table 2).  Samples from some sites consisted of a single specimen collected incidentally to other work.  Microphallus presumably is not well adapted to flowing streams, since the larvae and cercariae are weak swimmers.  Crayfish from 2 stream sites which were about ¼ mile downstream of lakes (Namekagon River and Whalen Creek) were infected with Microphallus at low rates.  Microphallus was found in Whalen Lake upstream of the creek site.  Lake Hayward is upstream of the Namekagon River site, so that lake is assumed to have Microphallus, but crayfish were not collected there.

Chippewa River (Sawyer Co.) – Microphallus absent; 11 O.p. collected

Meadow Brook (Rusk Co.) – Microphallus absent; 1 O.r. collected

Pine Creek (Taylor Co.) – Microphallus absent; 1 O.r. collected

Yellow River (Burnett Co.) – Microphallus absent; 7 O.r., 1 O.v. collected 

Namekagon River (Sawyer Co.) – Microphallus present (mean = 0.8); 5 O.p. collected

Whalen Creek (Washburn Co.) – Microphallus present (mean = 32); 12 O.v. collected

Middle Eau Claire Lake Crayfish Sample Results and Observations

Rusty crayfish from Middle Eau Claire Lake were found to be heavily parasitized by Microphallus.  Of 63 rusty crayfish examined, 97% contained Microphallus metacercariae, with a mean count of 423 metacercariae per liver (median = 62.5).  Metacercariae counts ranged from 0 to 10,000 per liver.

There was a positive relationship between total body length and metacercariae counts per liver (R2 = 0.35).  Longer crayfish are older and have had a greater exposure time to the parasite.  Conveyance of larger volumes of lake water to the gills in larger crayfish might also partially account for this, since it could draw more cercariae into the body cavity (see caged crayfish results below).     
Male rusty crayfish may be more prone to Microphallus infection than females.  Median and mean metacercariae counts per liver were higher for males than females.  The median count for males was 125, while the median count for females was 43.  The mean count for males was 660, while the mean count for females was 233.  However, the difference in the means was not significant at a 90% confidence level.  Males were also slightly larger than females (male mean length = 62mm, female mean length = 55 mm).
Egg production by rusty crayfish in Middle Eau Claire Lake was compared to that in lakes without Microphallus, to determine if Microphallus might have an effect on egg production.  The comparison is shown in figure 7 below.  Since egg production is related to body length, data is plotted as number of eggs vs. total body length.  Egg production in Middle Eau Claire Lake appears similar to that in other lakes without Microphallus.
Observations of female crayfish on June 17th, when water temperature was 67oF, found that most young crayfish had detached from the females.  A few young were still attached.  Several clusters of detached young were seen as rocks were overturned.  The egg production and apparent successful brooding of young that was observed suggests Microphallus is not inhibiting reproduction. 

Several visits to Middle Eau Claire Lake were made during 2009, including one shortly after ice-out (April 17th).  Significant numbers of dead crayfish were not observed during any visit.  How Microphallus may be limiting rusty crayfish populations remains to be determined.  Casual observations of rusty crayfish from the lake that were kept in an aquarium for several months noted that some larger specimens gradually became lethargic and stopped feeding regularly prior to dying.  Other uninfected crayfish species kept in the same aquarium did not exhibit this behavior. 
Figure 7.
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*Microphallus-free lakes included Ladysmith Flowage, Little John, Presque Isle, Squirrel, and Trout Lakes.
Middle Eau Claire Lake Caged Crayfish Results 

Of the 42 crayfish kept in cages in Middle Eau Claire Lake for 112 days (May 8 – August 28), 86% survived.  Mortality is believed to be due handling and cage stress, with some possible escapes.  
All crayfish became infected by Microphallus.  Metacercariae counts per liver ranged from 35 to 820, with a mean of 233.  Mean infection rates were similar for all 3 species of crayfish.  Behavioral differences that were eliminated under caged conditions, could possibly alter infection rates for different crayfish species under natural conditions, as suggested by field observations. 

There was a positive relationship between total body length and metacercariae counts per liver (R2 = 0.20).  Conveyance of larger volumes of lake water to the gills in larger crayfish might account for this, since it could draw more cercariae into the body cavity.   

Middle Eau Claire Lake Snail Sample Results

Snails were collected to try and determine the initial host of Microphallus.  Snails were found to be sparse in water depths less than 5 feet.  Aquatic plants are also sparse at that depth along much of the lake shoreline.  Substrate was mostly sand, gravel, or cobble and few snails were found, other than Physids at some sites, which are not known Microphallus hosts.  An Amnicolid species was found to be fairly abundant on submersed vegetation in 6 to 9 feet depths.  Most specimens were 3-4 mm in length.  Amnicolids are frequently hosts for Microphallus.  

Snail specimens were processed by Dr. Overstreet at the Gulf Coast Research Lab to induce cercariae release.  No Microphallus cercariae were obtained from any of the snail specimens.

Middle Eau Claire Lake Fish Sample Results

The intestines of two 10 inch rock bass (Ambloplites rupestris) and one 20 inch smallmouth bass (Micropterus dolomieui) were examined for the presence of adult Microphallus, but none were found.  All 3 fish contained crayfish in their digestive tracts.  Fish were examined, because they were easily obtainable and are known to be final hosts of some Microphallus species.  Birds and mammals are the final hosts of most Microphallus species.  Possible birds and mammals known to feed on crayfish with some regularity and likely to be present at Middle Eau Claire Lake include:

Birds

Mammals

Loons

Raccoons


Herons

Otters




Mink
Examination of Microphallus From Other Crayfish Species
Microphallus-infected specimens of Orconectes propinquis (from Lac Courte Oreilles) and Orconectes virilis (from Whalen Lake) were processed by  Dr. Overstreet at the Gulf Coast Research Lab to try to determine if a single Microphallus species was infecting all three Orconectes species.  Morphological examination indicated Microphallus from all three hosts were similar.  However, genetic testing suggests Microphallus from O. propinquis is probably different than Microphallus from O. rusticus in Middle Eau Claire Lake.  Further testing is needed to confirm this.  Genetic testing of Microphallus from O. virilis was unsuccessful. 
Other Crayfish Disease Observations
Checks of most crayfish for Microphallus were restricted to liver exams, since preliminary findings in 2008 showed metacercariae were concentrated there.  Metacercariae do attach to the gills, but it was presumed, to a lesser extent.  Crayfish collected from Chain Lake in 2009 were found to have no metacercariae on their livers, but moderate numbers on their gills.  Gills should be checked for metacercariae in future Microphallus work. 

A variety of other parasites and liver irregularities were observed while examining crayfish.  The comments column in table 2 lists many of these observations.
· Nematodes (?) were seen in crayfish from several locations.  They were white, about 1 inch long, and located in the body cavity posterior of the liver.

· Orange oval cysts about 2 mm long were seen from at least 2 lakes.  Very few were attached to the liver, but more were attached to the outside of the intestine.

· Branchiobdellids, which are oligochaete commensals or parasites on crayfish, were occasionally seen both externally and internally.

· The protozoans, Zooamnium and Cothurnia, were identified by Dr. Hawke at LSU on the gills of crayfish from Chain Lake.

· Several crayfish from Chain Lake had liver lobe tips that were whitened with reddish streaks or nodules on the surface.  The whitened areas were also hardened, possibly calcified.

· A near dead crayfish from Crescent Lake had about 50 brown globules about 0.5-1.0 mm long on the surface of its liver.  Most globules had a sprout-like projection on one side.  Two other specimens from the lake had very small numbers of these globules.
· Crayfish livers from several lakes had patches of darkened areas that appeared grey or greener than the rest of the liver.  Livers from most other lakes appeared uniform in coloration.

· Most crayfish livers from the Turtle Flambeau Flowage had darkened areas.  One liver was about ¼ normal size and dark bluish-green.  Another was less than normal size, very pale and nearly translucent.  Microphallus was not found in the Flowage.  Orconectes propinquis was the only crayfish species found, although rusty crayfish have been present in the inflowing stream for many years. 
DISCUSSION  

The crayfish sampling results seem to indicate that Microphallus has the potential to limit rusty crayfish populations.  A high percentage of lakes with low rusty crayfish densities have Microphallus present, while a high percentage of lakes with high rusty crayfish densities have Microphallus absent.

The rusty crayfish population assessments are based mostly on anecdotal evidence, primarily from fishery biologists.  However, even with some degree of error in these assessments, the relationship seems likely to hold up.
If Microphallus can be effectively managed, it may have potential as a biocontrol for rusty crayfish.  Additional study would be needed to fully assess this possibility.  Potential areas of further study include:
· Crayfish trapping at selected lakes to try to verify the validity of the anecdotal population assessments and to determine populations in lakes without even anecdotal population assessments (category 4 and 5 lakes).
· Multi-year monitoring of rusty crayfish in lakes where Microphallus-caused population declines may currently be underway (Plum Lake, Big Lake (?)).
· Identification of the initial snail host and the final host of Microphallus.  Final host(s) are likely to be widely distributed.  The presence of the appropriate initial snail host may be the primary limitation of Microphallus distribution.
· Determination of habitat needs and other characteristics of the snail host.
· Determination/verification of the number of Microphallus species present.
· Further examination of relative impacts of Microphallus on rusty crayfish vs. native crayfish.  Find lakes with Microphallus present and with mixed populations of rusties and natives.  Compare infection rates.
· Aquarium observations of Microphallus-infected and uninfected rusty crayfish to try to determine how mortality occurs.

· Sampling crayfish from additional lakes to obtain more distribution information.  DNR spring fish surveys with fyke nets could be a crayfish sample source. 
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	LAKES AND STREAMS WITH CRAYFISH SAMPLES TESTED FOR MICROPHALLUS, AND SUMMARIZED RESULTS

	(38 LAKES, 6 STREAMS)
	
	
	
	

	*For species, R = Orconectes rusticus, P = O. propinquis, V = O. virilis 
	
	

	
	
	
	MEAN NO. OF
	

	LAKE 
	COUNTY
	SPECIES* AND NO. COLLECTED
	MICROPHALLUS
	

	
	
	
	
	

	BEARSKIN
	ONEIDA
	10 R
	0.4
	

	BIG (CTH K)
	VILAS
	12 R
	135
	

	BIRCH
	ONEIDA
	10R
	0
	

	BLAISDELL
	SAWYER
	6 V, 2 P
	71
	

	BOULDER
	VILAS
	12 R
	0
	

	BUTTERNUT
	PRICE
	19 V, 13 R, 4 P
	42
	

	CHAIN (ISLAND L. CHAIN)
	RUSK/CHIPPEWA
	10 R
	0
	

	CONNORS
	SAWYER
	10 R
	33
	

	CRESCENT
	ONEIDA
	10 R
	0
	

	DAIRYLAND FLOWAGE
	RUSK
	9 V, 3 P
	0
	

	DARDIS
	PRICE
	2 V
	0
	

	DIAMOND
	BAYFIELD
	1 V
	0
	

	GEORGE
	ONEIDA
	10 R
	0
	

	GRINDSTONE
	SAWYER
	4 P
	28
	

	ISLAND (ISLAND L. CHAIN)
	RUSK
	6 R
	0
	

	LAC COURTE OREILLES
	SAWYER
	11 P, 1 R
	183
	

	LADYSMITH FLOWAGE
	RUSK
	12 R
	0
	

	LITTLE JOHN
	VILAS
	10 R
	0.1
	

	LONG
	CHIPPEWA
	10 R
	0
	

	MIDDLE EAU CLAIRE
	BAYFIELD
	63 R
	423
	

	NELSON
	SAWYER
	5 R
	0
	

	NORTH SPIRIT
	PRICE
	2 R
	0
	

	ONEIDA
	ONEIDA
	10 R
	0
	

	PELICAN
	ONEIDA
	10 R
	0.1
	

	PLUM
	VILAS
	12 R
	512
	

	PRESQUE ISLE
	VILAS
	10 R
	0
	

	RED CEDAR
	BARRON
	4 R
	0
	

	ROUND
	SAWYER
	6 P, 1 V, 5 R, 17 RxP?, 1 RxV?
	53
	

	RUTH
	BAYFIELD
	10 R
	0
	

	SAND 
	SAWYER
	10 R
	13
	

	SQUASH
	ONEIDA
	7 R
	0
	

	SQUIRREL
	ONEIDA
	10 R
	0.1
	

	TROUT
	VILAS
	10 R
	0
	

	TURTLE FLAMBEAU FLOWAGE
	IRON
	16 P
	0
	

	TWIN BEAR (PIKE L. CHAIN)
	BAYFIELD
	10 R
	447
	

	UPPER ST. CROIX
	DOUGLAS
	15 R
	18
	

	WHALEN
	WASHBURN
	5 V
	31
	

	WHITEFISH
	SAWYER
	7 P, 2 R, 1 RxP?
	3
	

	
	
	
	
	

	
	
	
	MEAN NO. OF
	

	STREAM
	COUNTY
	SPECIES* AND NO. COLLECTED
	MICROPHALLUS
	

	
	
	
	
	

	CHIPPEWA RIVER
	SAWYER
	11P
	0
	

	MEADOW BROOK
	RUSK
	1R
	0
	

	NAMEKAGON RIVER
	SAWYER
	5P
	0.8
	

	PINE CREEK
	TAYLOR
	1R
	0
	

	WHALEN CREEK
	WASHBURN
	12V
	32
	

	YELLOW RIVER
	BURNETT
	7R, 1V
	0
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