
Investigation into the Etiology of Black Crappie Sarcoma 33

Investigation into the Etiology of Black Crappie 
Sarcoma

Kayla Boyd1

Applied Science, Senior

Faculty Advisor: James Burritt

Abstract
Black crappie sarcoma (BCS) is a disease affecting freshwater lake systems in 

western Wisconsin. It manifests in the form of tumors on black crappies, Pomoxis 
nigromaculatus, and has been associated with other characteristics such as lesions 
on the flank, pectoral, anal, and caudal fins. The cause of the sarcoma and its 
effect on infected fish is not completely understood. Previous studies using next-
generation sequencing to detect an infectious agent from tissue cultures have not 
been productive. The transmission route of the disease is unclear, and the lack of 
published information is causing a rise in concern for lake residents as BCS appears 
to be spreading. An analysis of the lake depth to surface area ratio suggests that size 
may have an effect and watershed may be a key mechanism for distributing BCS to 
new lakes. Using 2-D PAGE gels, we identified an altered protein profile in the tumor 
tissue when compared with healthy tissue and observed abnormal cells egressing 
from BCS lesions. These findings offer evidence of molecular and cellular changes in 
infected black crappies and provide a reference for additional studies of the disease.

1.0 Introduction

1.1 Overview

Fish can be an indicator for the overall health of lake systems (Weyl et 
al., 2010). Although some illnesses affecting the swim bladder cause fish to float, 
casualties from disease generally go unnoticed in aquatic ecosystems. Diseases in 
aquatic species rarely undergo investigation unless they involve a high death count, 
or it appears in fish hatcheries. Occasionally, game fish diseases such as walleye 
dermal sarcoma cause a decrease in a lake’s fishing industry and provides an impetus 
for investigation (Rovnak & Quackenbush, 2010). 

It is important to note that disease not only negatively impacts the species in 
question, but it also affects local economies. Tourism is a large source of revenue for 
businesses near bodies of water (Hall & Härkönen, 2006). Bringing business to bait 
shops, grocery stores, motels, and gas stations, black crappies are a valuable resource 
because their meat is prized. When outbreaks of bacterial, fungal, or parasitic disease 
occur, fishing tourism declines in those areas, and the local economies are harmed in 
the process (R. Boyd, personal interview, 2018).

1 Kayla was a member of the Honors College.
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According to the Wisconsin Department of Natural Resources (WDNR), BCS 
was first reported in 1980 in Staples Lake, Polk County. Almost thirty years later, 
BCS is now consistently seen in over 35 lakes in St. Croix, Polk, Pierce, and Barron 
counties in Wisconsin (A. Cole, personal interview, April 9, 2018). The dates of the 
first recorded occurrence on each lake indicate that BCS may be using streams and 
tributaries to spread from lake to lake, and the dramatic rate of apparent infection has 
concerned lake officials and residents. 

Efforts have been taken to identify the cause of this disease. A histopathology 
report performed by the U.S. Fish and Wildlife Services showed evidence of a 
round-cell cancer penetrating deep into the tissue and named the disease black 
crappie sarcoma, but they were unable to identify the etiology (Fish Vet Group 
2015, case no: 006/15). A research group at the University of Florida College of 
Veterinary Medicine headed by Dr. Tom Waltzek used next generation sequencing in 
an attempt to identify the sequence of a virus found within the tissue, but it was not 
successful (T. Waltzek, personal interview, October 9, 2018; R. McCann, personal 
interview, October 18, 2018). Because the cause remains unidentified, the WDNR 
has recommended that fish impacted by BCS not be eaten (Legge, 2016). If caught 
they should be discarded, however they still count towards the total limit that can be 
caught by a fisherman (A. Cole, personal interview, April 9, 2018). Because of this, 
many people return the infected fish to their native lake but keep the unaffected fish. 
This could result in increased concentration among the black crappie population. 

There are some details about black crappie and BCS that makes the disease a 
complicated problem. Black crappies are widely distributed throughout the United 
States and are closely related to other members of the sunfish family, but BCS has 
been observed only in Wisconsin black crappies. While there have been different 
attempts to identify the cause of BCS, they were all inconclusive. It is thought that 
BCS could be caused by a relatively common fish pathogen, but it is manifesting 
differently in certain locations. Therefore, the reason specific bodies of water are 
susceptible while others remain untouched requires further inquiry. 

1.2 Black Crappie Sarcoma

BCS manifests with several symptoms that vary in severity. The disease is 
named for raised tissue that is sometimes found under lesions that hemorrhage blood. 
Fish pathologists from the U.S. Fish and Wildlife Service, La Crosse Fish Health 
Centre, found that this tumor exhibits characteristics of a sarcoma, starting near the 
epidermis and forming deep muscle tissue infiltration of a round-celled cancer (Fish 
Vet Group 2015, case no: 006/15). The most characteristic symptom of the disease 
are lesions at specific areas around the fish’s body and fins. These areas include 
the mid-body, lateral line, the skin around the gills, around the mouth, around the 
caudal fin, and the membrane between fin rays on all fins (fig. 1). Blood flows from 
the wound at varying rates depending on the severity of the lesion. Extended time 
outside of the water leads to coagulation of blood on the epidermis. It has been noted 
by fishermen that blood clots can be seen around the swim bladder or in the muscle 
tissue pointing to possible internal hemorrhaging. The US Fish and Wildlife La 
Crosse Fish Health Centre histopathology report indicated no injuries to the internal 
organs. Fish that exhibit the standard laceration patterns do not always visibly show 
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a tumor. It is not known if the tumor is the primary manifestation of the disease or 
a secondary infection. It is possible that the lacerations are the only indicator of the 
disease and that they lead to secondary infection which causes tumors. 

Fishermen have reported seeing the lesions and tumors on fish about 10 to 15 
inches IN length, but it is rarely seen in fish smaller than 9 inches. In lakes where it is 
only beginning to appear, the infected fish seem to show deeper lesions than in lakes 
that have had the infection for years. In long established lakes, the infection rate 
stays around 15 to 20 percent regardless of the season (A. Cole, personal interview, 
2018). Fishermen have stated that some infected fish do not appear diseased when 
hooked during the summer or winter months, fighting as hard as healthy fish. They 
are not aware of the fish’s lesions until they have been laying on the ice or in holding 
buckets. It is currently not known whether BCS is fatal. 

1.3 Other Fish Diseases

Fish disease is often difficult to diagnose using visual clues alone. While some 
diseases may show symptoms on the epidermis, others will affect organs such as 
the kidney, spleen, and swim bladder. More aggressive pathogens will attack the 
brain and nervous systems of their hosts causing strange behavior, while others can 
cause hemorrhaging throughout the body (Iowa State University, 2007). Several 
fish diseases cause hemorrhaging, but they do not fit the typical list of symptoms 
associated with BCS.

1.3a Viruses

BCS is commonly compared to Viral Hemorrhagic Septicemia (VHS), a 
disease caused by the rhabdovirus Viral Hemorrhagic Septicemia Virus (VHSV). 
This virus is often associated with salmonids and is known to infect over 50 species 
of freshwater and marine fish including black crappies. Depending on the species, 
some fish develop subclinical infections while others have severe symptoms and 

Figure 1: P. nigromaculatus displaying BCS lesions. The circles indicate areas that commonly show 
lesions, although it’s rare to see more than three lesions on one fish, caught from Upper Turtle Lake. 
Image of fish provided by the Wisconsin Department of Natural Resources.
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high mortality (Iowa State University, 2007). Massive die-offs have occurred in 
several freshwater species in Lake Superior and Lake Michigan. Symptoms include 
hemorrhaging of internal organs, skin, and muscle along with listless swimming, 
or hanging just beneath the water surface. Skin hemorrhaging appears in sporadic 
patterns from different points on the body (Iowa State University, 2007). Comparing 
BCS to VHSV, BCS infected fish have a localized, patterned lesion display and do 
not show tropism for the brain. The way BCS and VHS manifest suggests that the 
two diseases are not caused by the same virus.

Retroviruses have been known to cause neoplasms in other vertebrates, 
including thirteen proliferative diseases in fish (Coffee et al., 2013). Examples include 
walleye dermal sarcoma and muskellunge and northern pike lymphosarcoma. These 
viruses are spread by contact during spawning season (Rovnak & Quackenbush, 
2010). This should be investigated further as BCS could be the manifestation of a 
virus and spread the same way. 

1.3b Bacteria

Of all bacterial infections, the disease most like BCS is bacterial hemorrhagic 
septicemia (BHS), also referred to as general septicemia disease or motile Aeromonas 
septicemia. Considered one of the most common disease-causing motile bacteria 
throughout the world’s freshwater systems, many members of the genus Aeromonas 
are part of the normal intestinal microflora in healthy fish. These rod-shaped bacteria 
are opportunistic and will infect the host if it is in stressful conditions including high 
water temperatures, low dissolved oxygen levels, accumulations of waste products, 
and overcrowding. The primary pathogen for BHS is A. hydrophilia. The most 
common time to see outbreaks of BHS is during the summer months when the water 
temperature increases and, as a result, dissolved oxygen decreases (Lasee, et. all, pg. 
32-33). It is most often seen in warm water ponds and fish hatcheries. External signs 
of BHS are exophthalmia, reddening and ulceration of the skin, as well as a distended 
abdomen containing ascitic fluid. It should also be noted that the base of the fins 
and fin membranes may be inflamed. Petechial hemorrhaging, which is caused when 
capillaries bleed into the skin, in the intestine and inflammation of the vent is also 
seen. Internally, the liver may become discolored and the kidneys are often swollen 
(Hanson, et all. 2014).

The US Fish and Wildlife Services Fish Health Centre in La Crosse, WI 
looked for specific pathogenic bacteria in the tumor-like tissue using biochemical 
tests and special agars. According to the 2013 histopathology report, all tests to 
identify the etiology were negative (Fish Vet Group 2015, case no: 006/15). A 
necropsy performed at UW-Stout on black crappie specimens harvested in March 
2019 from Lake Wapogasset revealed that there was no apparent organ damage as 
described above. With this evidence, along with BCS seen during the winter, a time 
of low water temperatures and high dissolved oxygen, BHS was labeled as an unlikely 
candidate for the cause of BCS.

1.4 Lake Quality Analysis

The current study examined lakes in Polk County for a statistical correlation 
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relating presence of BCS to both surface area and depth of the lakes. This analysis 
was explored to determine whether physical characteristics of the lake contribute to 
conditions necessary for manifestation of BCS, and therefore, a clue to its etiology. 
When the affected lakes are compared to other lakes in Polk County, all lakes larger 
than 1000 acres contain BCS (fig. 2). Presence of BCS is significantly more likely to 
occur in lakes with greater surface area (P=0.016) and depth (P=0.019). It is possible 
that larger lakes in the county undergo seasonal transitions such as temperature 
changes and thermocline shifts that foster manifestation of BCS. Also, this study 
does not exclude the possibility that heavy recreational use on larger lakes leads to a 
greater likelihood of BCS being reported by those actively fishing. It’s possible that 
the disease may show transmission patterns similar to those seen for invasive aquatic 
species. If so, boats could carry infected black crappie blood or bilge water from 
affected lakes into unaffected lakes.

The WDNR Lakes Database includes some important notes about algae 
problems and mercury contamination. Some counties, however, were not thoroughly 
described. Consequently, there is no definite evidence that the lake conditions could 
be causing infections. Out of the described lakes, five out of the total 31 lakes were 
contaminated with mercury and four had an unknown pollutant. 

Unhealthy lake conditions can lead to native fish becoming stressed. Elevated 
water temperatures, low dissolved oxygen, chemical contamination, and other 
environmental factors can increase fish stress and make them prone to infections. 
Many lakes are surrounded by farmland or lake residents which could be contributing 
to high levels of nitrogen and phosphorous into water systems (River, L. C., Creek, 
P., & Rivers, R. C). The mixing of deep, high-nutrient water and warmer surface 
water causes toxic cyanobacterial blooms. These blooms can lead to higher water 
temperatures and their toxins could affect the natural community’s health (Minnesota 
Pollution Control Agency, 2019).

1.5 Lake Systems

Figure 2: The surface area and maximum depth of all lakes in Polk county, WI. Shown are all lakes 
with a surface area over 10 acres. Affected lakes are noted by empty circles and unaffected lakes are 
labeled with filled circles. Data were obtained from WDNR Lakes Database (2019).
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A critical characteristic of disease-causing agents is transmissibility. If BCS 
was isolated to a few lakes, it includes the possibility of synergy with chemical 
contaminants or even localized genetic features in black crappie populations. 
However, many lakes in western Wisconsin are connected in some way by rivers 
or streams and there is a chance that the lakes showing BCS were connected by 
streamflow. If so, this may point to watershed as a main route of transmission and 
may suggest an infectious agent is involved. 

The WDNR data delivery system, called the Surface Water Data Viewer 
(SWDV), was used to map all the surface water in the affected counties and show 
minor rivers and streams that most maps leave out. With this tool, connections 
between lakes were drawn to elucidate actual connectedness in local lake systems. 
Using this tool along with report data, there may be a possible infection route between 
lakes. The described lake systems, while they are not interconnected, are within 
close proximity of each other. BCS may appear in new lake systems by birds carrying 
infected black crappie carcasses to new lake systems, spreading the infection to 
rarely trafficked lakes. BCS may also spread from one lake system to another via boat 
traffic, a common transmission route for diseases and invasive species. In these maps, 
intermittent streams are labeled with dotted lines while solid lines mark continuous 
rivers and streams. Intermittent streams normally cease flowing for weeks or months 
each year. The lake system numbering method provides unique identifiers (Fig. 3). 

Figure 3: Lake system diagrams that visualize the direction of water flow through the BCS-infected 
lakes in Polk, Barron, St. Croix, Pierce, and Dunn counties. The river order system was used to 
determine water current direction. Data was inferred using the DNR Surface Water visualizer (2019).
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2.0 Methods

2.0a Experimental Animals

Two black crappies exhibiting signs of BCS were collected from Lake 
Wapogasset, Polk County, WI on 23 April 2019. Specimen 1 was four years old 
(aged by scale), female, and had a standard length of 24.25 cm. This fish had a lesion 
4 cm diameter with severe necrosis located in the center of the flank. Specimen 2 
had a 2 cm lesion in the same area with hemorrhaging on the anal fin. This fish was 
approximately four years old (aged by scale) and had a standard length of 27.25 cm. 

Two additional black crappie specimens exhibiting signs of BCS were obtained 
from Beaver Dam Lake, Barron County, WI on April 28, 2019. Specimen 3 was 
female, 3.5 years old (aged by scale) and had a standard length of 29 cm. Specimen 4 
was female, 2.5 years old (aged by scale) and had a standard length of 27 cm.

Fish were euthanized by tricaine methanesulfonate overdose at 250 mg/L.

2.1 Protein Extraction from Abnormal Tissue

2.1.1 Collection of tissue 

Specimen 1 was selected for protein extraction. After euthanization, fish were 
disinfected by immersion in a 200 ppm hypochlorite solution at 4°C for five minutes 
and thoroughly rinsed in chlorinated tap water to remove excess disinfectant. 
Abnormal tumor-like tissue was collected from below necrotic tissue of the fish using 
a forceps and scalpel sterilized by dipping in ethanol and allowing time to air-dry 
completely. Normal tissue was collected from the opposite side of the body. Both 
tissues were treated with the same protocol.

2.1.2 Tween 20 extraction

One ml of lysis buffer (1% Tween 20, 1% Tris-HCl) was added directly 
to tubes containing tissue. The samples were vortexed for five minutes. The tube 
was moved to a small incubator at 50°C and was rocked overnight. Samples 
were vortexed again for 10 minutes and remaining particulates were pelleted by 
centrifugation at 13,000 rpm for 20 minutes. The supernatant was collected and 
transferred to a sterile 1.5 ml Eppendorf tube. This protocol was adapted by Ericsson 
C., Nistér M. (2011).

2.1.3 PAGE gel analysis

To gather proteins for analysis, 50 µl of each tissue sample and 50 µl of 2X 
SDS sample buffer (containing 2.5 % SDS) was boiled for 5 minutes. The resulting 
denatured proteins were run on a BIO RAD Mini- PROTEAN Tris-Tricine (16.5%) 
Precast Gel with a standard of BIO-RAD Precision Plus Protein Standards Unstained. 
Gels were stained in Coomassie Brilliant Blue R-250 overnight and destained over 48 
hours with 40% methanol and 10% glacial acetic acid solution. The gel was imaged 
with white light using a BIO-RAD VersaDoc 4000MP imaging system.
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2.2 Creating primary culture using P. nigromaculatus

2.2.1 Growth medium

Minimum essential medium Eagle (Eagle MEM M4655, Millipore Sigma) was 
supplemented with 10% fetal bovine serum (Sigma-Aldrich). As a precaution against 
fungal or bacterial infection, Antibiotic Antimycotic Solution (Cell Applications, 
Inc., 010-100) was added.

2.2.2 Collection of tissue

Specimens 1, 2, 3, and 4 were euthanized via over-anesthetization with 250 
mg/mL tricaine methane sulfonate (ethyl 3-aminobenzoate methanesulfonate) 
(Sigma-Aldrich (E10521)). Fish remained in medicated water for 20 minutes after 
cessation of movement to ensure death by hypoxia. They were then immersed in a 
500ppm hypochlorite solution at 4°C for five minutes. Specimens were then rinsed 
thoroughly in chlorinated tap water to remove excess disinfectant.

Fish were pinned to a dissecting tray rubber mat using two surgery needles 
through the orbit and the muscular base of the tail with the tumor facing up. Ethanol 
(70%) was sponged onto the surface of the fish. Necrotic tissue, scales, and epidermis 
were removed. Scalpels were sterilized using ethanol (70%) and used to remove 
pieces of tumor tissue. The tumor tissue was transferred to a sterile petri dish. Muscle 
without evidence of necrosis from the opposite side of the specimen was removed 
and transferred to a sterile petri dish. Both tissue samples were processed identically. 
This protocol was adapted from Wolf, K. and Quimby, M.C. (1976).

2.2.3 Mincing muscle tissue

Tissue was minced using two sterile scalpels until pieces were approximately 2 
mm in size. 

2.2.4 Planting of Minced Tissue

A pipette tip was used to gather minced tissue fragments and they were 
transferred to a 6 well cell culture plate (Corning 3206 Costar, catalogue no. 07-200-
80). Three ml of growth medium was added to cover the tissue pieces. The plate was 
moved to a 20°C incubator and was incubated for cell growth and attachment. 

2.2.5 Cell Monitoring

Cytospin™ slides were made of normal tissue supernatant and abnormal tissue 
supernatant each day for five days after tissues were excised. Slides were stained 
using Diff Quik™ (Dade Bering, Newark, DE, USA) and analyzed using microscopy. 
Data about cell size and density was taken 24 hours after extraction using a Millipore 
Guava easyCyte™ flow cytometer.



Investigation into the Etiology of Black Crappie Sarcoma 41

3.0 Results and Discussion
SDS PAGE gels were used to show differences in protein expression 

comparing the abnormal tumor and healthy muscle in BCS-infected fish. The protein 
sizes were shown in kilodaltons (kDa) and were found by measuring the distance 
each band in the standard moved and correlating that with the size of each protein 
band. Using these measurements, a standard curve was created that related distance 
traveled to the size of the denatured protein.

When comparing the normal and diseased tissue, there were notable 
discrepancies in protein bands. An unidentified protein at 15 kDa in the normal 
tissue was strongly reduced or absent in the abnormal tissue (fig.4). The change in 
protein expression between the normal and abnormal tissues could be associated with 
abnormalities in the diseased tissue, such as the different textures or loss of normal 
cell anchoring mechanisms.

The normal muscle appeared flaky and white with minimal blood. As it 
was being minced, the medium used to assist in mincing remained clear. After re-
sterilizing the equipment, the tumor-like tissue was collected from under the lesions 
of affected fish. The necrotic tissue was scraped away, the area was descaled, and 
the skin was cut to expose as much muscle tissue as possible without contacting the 
epithelial layer. Although the skin was treated to reduce bacterial contamination, 
there were instances where cultures of fin or epidermal tissue began incubating 
bacteria shortly after being put in culture. This may signify a need to change 
disinfecting protocols. The tumor-like tissue was unusually soft with a rubbery 
consistency and was cream-colored. When cut, the abnormal tissue turned the 
mincing medium cloudy, suggesting the cells had lost normal anchoring mechanisms. 
The minced tissue was collected and placed into a sterile six-well culture plate 
where it was immediately viewed under an inverted microscope at 200X. The cloudy 
medium had an abundance of small cells that were not found in the healthy tissue 
from the same fish.

kDa

15

10

Abnormal Normal

Figure 4: PAGE Tris-Tricine gel (Bio-Rad) stained with Coomassie Brilliant Blue R-250 from 
specimen 1. Standards used were Precision Plus Protein Unstained Standards (Bio-Rad). Normal lanes 
(right) contain proteins from muscle tissue harvested on side opposite of lesion. Abnormal lanes (left) are 
proteins extracted from tumor-like tissue. The arrow identifies a 15 kDa protein found in normal tissue 
but reduced in the diseased tissue.
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When analyzed on the flow cytometer, the difference between cells from 
the healthy tissue and the abnormal cells was apparent (fig. 5). The red blood cells 
were represented as a significant population that was uniform in size and shape. 
Flow cytometry of the abnormal tissue showed a population of red blood cells at the 
same size and granularity as the healthy tissue. However, the BCS tissue included 
a large population of abnormal cells (see the red circle in fig. 5B). The population 
of particulates that lie within the red circle in fig. 5B accounts for 36.5% of all 
particulates in the abnormal tissue whereas the value is only 6.5% in the normal 
tissue. Microscopy of cytospin slides from these tissues visually confirm the presence 
of abnormal cells in the diseased tissue (fig. 6). The red blood cells are small and 
had a uniform nucleus (Clauss, et al. 2008). The abnormal cells were approximately 
the same size as the red blood cells, but unlike the red blood cells, they all had an 
enlarged, irregular nucleus.

Figure 5: Flow cytometry of cells in normal tissue and tumor-like tissue supernatant after 24-hour 
incubation. A total of 5,000 cells were analyzed for each run. Side scatter indicates cell granularity 
and forward scatter relates to cell size. Each point on the figure describes a single cells size and 
complexity. Flow cytometry data of supernatant from (A) normal tissue and (B) BCS tissue 
supernatant. The circle identifies the population of abnormal cells present in BCS tissue.

Figure 6: Cells collected from the lesion of a BCS-affected fish (1000X). The triangle indicates fish 
erythrocytes typical of those found in normal and diseased tissue. The arrow identifies an abnormal cell 
representative of those found only in the diseased fish tissue.
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The abnormal cells exhibited many physiological traits of cancer cells. In 
figure 6, the cells show a disorganized arrangement, large and variably shaped nuclei 
and enlarged nucleoli (LaMorte, 2016). Visually, these abnormal cells appear to 
exhibit the qualities of a round cell sarcoma as described by the US Fish and Wildlife 
Service (Fish Vet Group 2015, case no: 006/15). We were unable to demonstrate 
hallmark traits of malignancy in-vitro due to the requirements of fish tissue cells, 
but this would be an area for further exploration (Hanahan & Weinberg, 2000). The 
origin of these abnormal cells has not been determined and identifying these could 
create a more accurate name for the disease, as BCS is used mostly as a placeholder 
name among public discussions.

4.0 Conclusion
The current study in black crappie populations in western Wisconsin was 

carried out to advance our understanding of BCS, a disease with both ecological 
and societal impact. The results provided herein advance our understanding of this 
condition using topographical, cellular, and molecular analyses of affected fish. 

This study provides new evidence to support the view that BCS may be 
transmitting along streamflow patterns with possible additional distribution from 
natural and anthropogenic transport of fish or their tissues. Movement of an 
infectious agent would be consistent with this disease transmission profile, possibly 
owing to an oncogenic bacterium or transforming virus that has resisted discovery at 
this time. However, our data do not preclude possible environmental pollutants or 
genetic predisposition to disease in a subset of the fish population. 

Our cellular analysis of diseased tissue advances existing knowledge of 
this disorder by supporting the notion that lesions of impacted fish contain 
abundant cancerous cells that can be extracted for analyses including cell culture, 
flow cytometry, and microscopy. The ability to harvest living cancer cells from 
the tissue presents a spectrum of novel approaches toward future exploration. 
Molecular analyses of diseased tissue suggest cancerous cells demonstrate altered 
protein expression, possibly including downregulation of profilin, a 15-kDa protein 
required for cell anchoring and tissue integrity. We speculated that the 15 kDa 
protein mentioned in figure 4 could be profilin, a 15 kDa protein that regulates the 
cytoskeleton and binds to actin (Muraro & Alonzi, 2012). Found within all eukaryotic 
cells, profilin is considered a molecular adhesive required to ensure the integrity and 
maintenance of muscle sarcomeres and is expressed in the white muscle of other fish 
(Zhang, et al., 2010). If profilin is indeed reduced in the abnormal tissue, it could 
explain why these small cells are easily liberated from the area and why they do 
not have the ability to contract like normal white muscle. There was no molecular 
approach used to identify that this protein is profilin, and the observation was based 
solely on molecular weight.

In sum, results of this study offer new insights into an emerging fish disease 
with significant impacts to a local economy dependent upon tourism and recreation.
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