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The Sentinels and the Saviors
The Plight of North America’s Most Endangered Species





The Sentinels
Freshwater mussels are among the most endangered animals in North America. Like the proverbial canary in a coal mine, they are a 
sentinel species, warning us of the damage we have done to our ecosystem. Freshwater mussels are mollusks that spend most of their 
lives partially burrowed into stream beds and are largely sedentary. They are filter feeders that rely on clean, flowing water free of 
toxic chemicals and sediment to thrive. Freshwater mussels can filter up to 10 to 15 gallons of water per day, removing impurities and 
providing a valuable ‘ecosystem service’ giving them the nickname ‘liver of the river.’ 

These characteristics have also contributed to the decline of freshwater mussels. Damming rivers impedes passage of host fish and slows 
water velocity, causing sediment to settle and bury the mussel beds. Because they filter so much water, they are particularly sensitive to 
hazardous chemicals from industrial discharges and agricultural runoff. Hydrologic changes to our streams from increased runoff and 
direct impacts from channelization and dredging can disturb or wipe out freshwater mussel beds.



Facing page: Western Pearlshell mussels siphon the clear waters of the John Day River’s upper reaches in eastern 
Oregon.





A Three Ridge mussel shell found on the banks of the Gasconade River in Pulaski County, Missouri. The beautiful 
iridescent inner shell of freshwater mussels, called ‘nacre’ or ‘mother of pearl’, is the same substance from which pearls are 
formed. The shell is formed by the a thin membrane known as the mantle and protects soft-bodied animal inside the shell. 
The soft inner body of the mussel provides food for small mammals, birds, and fish. Historically, freshwater mussels were 
part of the diets of some indigenous peoples, although the drastic declines in freshwater mussel populations has precluded 
harvest for generations. Native Americans also used the shells for scraping and digging tools and ornamentation.



The remnants of freshwater mussels shells 
among a large scattering in McCann Cave 
in Pulaski County, which sits high above the 
surface of the Gasconade River, are possibly 
artifacts from Native Americans use of these 
animals for food and tools. According to 
local Pulaski County residents, many Native 
American artifacts have been removed from the 
cave.



The Bonneville Power Administration sells power from 29 
hydroelectric dams operated by the U.S. Army Corps of 
Engineers in the Columbia River Basin. At right: In an effort to 
provide passage for migrating fish, such as salmon and steelhead 
trout, Bonneville Dam on the Columbia River 40 miles east of 
Portland, Oregon, is equipped with a ‘fish ladder’ to facilitate 
passage of these animals as they make their way upstream to 
spawn. 

Facing page: Numerous fish migrate upstream through the 
fish ladder in July 2021. Although scientists are still learning 
about western species of freshwater mussels, migrating species 
of salmonids are known to be among the host fish.







Ground Zero: Muscatine, Iowa
A small city of a little over 20,000 inhabitants, Muscatine is nestled on the banks of the Mississippi River in southeast Iowa. The town 
takes great pride in its history as the Pearl Button Capital of the World, a moniker earned when it produced nearly one-third of the 
world’s buttons. The riverfront is dominated by “Mississippi Harvest,” a bronze statue of a “clammer,” by Erik Blome. The McKee 
Button Company, which had converted entirely to plastic button manufacturing by 1957,  closed shop in 2020 and the same year the 
building was put on the National Register of Historic Places. 

In the heart of downtown is the National Pearl Button Museum. To its great credit, Muscatine does not shy away from telling the story 
of the environmental harm caused by indiscriminate harvesting – with estimates in the hundreds of millions -  of freshwater mussels. 
Like so many industrial and business practices of old, the focus on economic growth coupled with the lack of knowledge of ecosystem 
impacts created the perfect storm for devastation once German immigrant Frederick Boepple began using freshwater mussels to make 
buttons in 1891, leading to the creation of an industry. In December 2021, the museum opened a brand-new exhibit, “What are mussels? 
Why do they matter?” to educate the public about these important creatures.

Harvesting freshwater mussels was a relatively simple business for a freelancer to get into, requiring very little investment. Mussels 
were harvested using hooks dangling from a metal bar, which clammers would drag along the river bottom from boats. The mussels 
would close their shells down on the hooks. Large numbers of animals could easily be harvested in this manner. According to a 2003 
U.S. Fish & Wildlife Service publication, “History of Mussel Harvest on the River,” by the turn of the century a clammer could make 
about ten dollars per week, compared to the average laborer wage of one dollar per day. The profitability of the industry earned it the 
nickname the Mississippi Gold Rush.

Although Muscatine was the epicenter and industry leader in pearl buttons, the button industry sprouted up in other areas where 
freshwater mussels were plentiful. According to the Natural Resource Conservation Service, by 1912 there were nearly 200 button 
factories across the country. The advent of cheaper buttons made from plastic led to the eventual demise of the pearl button industry in 
the mid-twentieth century.



The front window display at the National Pearl Button Museum displays a number of historic artifacts and button-related memorabilia 
related to the pearl button industry that thrived in Muscatine from the late nineteenth to mid-twentieth century.



The history of Muscatine as the pearl button capitol of the world is easily appreciated in a walk about town. Many business names 
incorporate the world “pearl,” and in walking along the banks of the Mississippi River, it is still easy to find waste shells even though the 
industry has been defunct for over 50 years.





Facing page: A freshwater mussel shell housed at 
the National Pearl Button Museum. This specimen is 
approximately the size of a dessert plate. The estimated age 
of the animal at its death is 150 years, based on the shell 
ridges.
Right: A display at the National Pearl Button Museum 
shows how mussels were harvested using “crowfoot” hooks 
dragged along the river bottom.



The original foot-powered lathe machine that German immigrant Frederick Boepple used when he began his pearl button business in 
Muscatine, where he found the ideal thick-shelled freshwater mussels in the Mississippi River. As Boepple’s business grew, he expanded 
and transitioned from human to steam powered machines. Tubular saws cut round button “blanks” from the mussel shells, which were 
later ground, drilled, and polished. A collection of button blanks rests in the bin at bottom left.





A button counting device rests in a bin of freshwater mussel pearl buttons in the National Pearl Button Museum. The tray provided 
a quick and easy method to fill orders, as workers would scoop up the buttons and gently shake the tray until exactly 144 individual 
buttons – a gross - rested in the depressions. The museum has barrels full of buttons and other remnants donated to them as the 
industry went out of business.



Freshwater pearl decorations adorn a child’s vintage dress, perhaps a christening gown, at the National Pearl Button Museum.



North America is home to a rich 
diversity of freshwater mussels, with 
over 300 species. The pearl button 
industry and other assaults have had a 
devastating impact and they have been 
on the decline since the late 1800s. The 
Center for Biological Diversity notes that 
thirty-five species have already been 
declared extinct, and likely, there are 
more. The impacts of a warming planet 
will likely only exacerbate the problems. 
Increasing drought, warming water 
temperatures, and increasing variability 
of flood and drought all spell more 
challenges ahead for these vulnerable 
creatures.

Above: The button industry’s huge harvest of animals and inefficient use of shells resulted massive amounts of waste. The discarded 
shells piled up on riverbanks and were often used as fill material. Walking along the Mississippi River in Muscatine it is still easy to find 
punched shell remnants from this industry that closed its doors over a half century ago. The specimen shown here is a chunk of fill that 
was retrieved from beneath a sidewalk in Cincinnati, Ohio, and is on display at Missouri State University.
Facing page: Sunset over the reservation lands of the Confederated Tribes of the Umatilla Indian Reservation near Pendleton, Oregon, 
is made more dramatic by the haze from pervasive wildfires exacerbated by an historic heatwave in July 2021. In the foreground, 
invasive common teasel, native to Europe and northern Africa, further illustrates the alterations to the landscape that came with 
colonization. Freshwater mussels are one of many Native American  “First Foods” that have been affected by changes in the ecosystem, 
which has in turn harmed Native Americans’ ability to engage in traditional cultural practices.







The Saviors
Despite the numerous challenges, there is hope on the horizon. Awareness of the importance of freshwater mussels is on the rise 
as advocacy efforts of various conservation and environmental protection organizations sound the alarm about the plight of these 
incredible animals.

In the west, the Confederated Tribes of the Umatilla Indian Reservation, in partnership with the Xerces Society for Invertebrate 
Conservation, are hard at work cataloging freshwater mussel populations throughout the Pacific Northwest. Historically, the tribes 
of the CTUIR – the Walla Walla, Cayuse, and Umatilla – moved around throughout the year to hunt, fish, and gather plants based on 
seasonal availability. The act of gathering food is connected to the tribal creation story, whereby animals and plants offered themselves 
to the people for sustenance in return for care and protection. This remains an important aspect of tribal culture and a traditional meal 
has a specific serving order based on the order in which the plants and animals presented themselves to the people. The concept of these 
“First Foods” is deeply embedded in tribal culture and informs all aspects of natural resource management. 

The scientists at Missouri State University and the U.S. Geological Survey, Columbia Environmental Research Center in Columbia, 
Missouri have perfected the propagation of mussels for purposes of toxicological testing at various life stages. This will provide 
important information for regulatory agencies and others seeking to reduce the impacts from water contaminants and provides some 
promise for restoring lost populations. The propagation methods perfected at CERC are proving useful in informing the work of the 
CTUIR. 

As part of the re-licensure of Ameren’s Bagnell Dam in Lake of the Ozarks, some funding was provided to restore native mussel 
populations to the Osage River. Scientists from Missouri State and the U.S. Fish & Wildlife Service are working on this project. Although 
it is too soon to tell if these efforts will prove successful, there are some encouraging early indications. 

This represents a portion of the work being done by scientists across the country to study freshwater mussels in the hopes of eventually 
making a difference.





Above: Alexa Maine performs a quantitative assessment on the John Day River in eastern Oregon using quadrats. This method counts 
the number of animals within a defined one quarter meter area and uses statistical methods to estimate population size in a given reach 
of stream.
Facing page: Alexa Maine and a volunteer snorkel the John Day River in eastern Oregon surveying for mussels. Maine is an employee 
of the Confederated Tribes of the Umatilla Indian Reservation and the lead on their mussel restoration efforts. Surveying is a time 
and labor-intensive process whereby scientists make their way down a section of river finding, counting, and recording the species of 
mussels present. This method is used to document the presence and diversity of freshwater mussel species. The CTUIR is leading efforts 
to study promote conservation of freshwater mussels in the west.  





Facing page: In a process known as “grubbing,” CTUIR contractor Christine O’Brien hunts for freshwater mussels in a small tributary 
to the Tucannon River in eastern Oregon. The tributary is too shallow to snorkel, so O’Brien crawls through the stream on hands and 
knees, searching for mussels by feel. The vegetation surrounding O’Brien is reed canary grass, an invasive plant that is a major threat to 
natural wetlands. The vegetation had already choked out this stretch once and had been cleared.

Left: Christine O’Brien displays 
the handful of freshwater mussels 
she has found in a small stretch of 
a tributary to the Tucannon River 
in eastern Oregon.





Facing page: Alexa Maine counts freshwater mussels in 
the John Day River in eastern Oregon.
Right: Western Pearlshell mussels, Margaritifera falcata, 
siphoning water in the crystal-clear John Day River 
in eastern Oregon. The west has only a few species of 
freshwater mussels, while the Midwest and Southeast 
have dozens.  





Facing page: Alexa Maine inspects the lamprey propagation facility in the Water & Environmental Center at Walla Walla Community 
College in Walla Walla, Washington. Maine is also developing freshwater mussel capabilities in the lab, and has been working with the 
scientists at the Columbia Environmental Research Center.



Facing page: Barnhart provides a tour of the freshwater mussel propagation equipment in the vivarium at Missouri State University. 

Chris Barnhart has been a professor of 
biology at Missouri State University for 
over 30 years. He is a recognized and 
celebrated expert in his field and, having 
served as a mentor to dozens of graduate 
students over the years, has helped 
launch the careers of many young 
scientists.

Barnhart and his colleagues designed 
and built a freshwater mussel 
propagation facility in the laboratory 
space at Missouri State, much of it 
using inexpensive materials that can 
be obtained at the local hardware 
store. In partnership with the Kansas 
City Zoo, a number of Pink Mucket 
mussels were propagated in Barnhart’s 
lab, grown to suitable size at the zoo, 
engraved with identification numbers, 
and implanted in the Osage River. Many 
of his propagation and study methods 
have been replicated and built upon at 
the U.S. Geological Survey Columbia 
Environmental Research Center. 







Facing page: James Kunz sets up beakers in the testing equipment at the U.S. Geological Survey Columbia Environmental Research 
Center. The mussels are placed in the beakers and doses with various contaminants to test the effects. The facility was sited in 
Columbia because it has access to plentiful high-quality water. Scientists are able to approximately different types of aquatic habitats by 
mimicking their chemistry.

Right: Closeup of beakers holding 
freshwater mussels for toxicological 
testing. 



Facing page: An Arkansas Brokenray mussel displays her lure in the propagation lab at CERC. Lures are part of the reproductive 
process of eastern freshwater mussel species. Females siphon up sperm released into the water by males. The fertilized eggs grow into 
larvae and the females display these specialized body parts that mimic prey of host fish. As the host fish nibbles at the lure, the larvae 
are released and attach to the gills and fins of the host fish, where they grow into juveniles before dropping off the fish to begin life 
independently. The process does not harm the host fish.





Top: James Kunz holds an Arkansas Brokenray 
displaying a faux ‘eye.’
Bottom: Kunz displays a group of young Western 
Pearlshell mussels propagated at CERC’s lab.
Facing page: Various ages of freshwater mussels reared 
at the CERC propagation lab. The mussels on the top left 
are just a couple of weeks old and barely visible to the 
naked eye. The mussels on the top right are a few weeks 
older and, if you look closely, you can begin to see the 
soft bodies of some of the juveniles protruding from the 
shell. The mussels on the bottom left are a few months 
old, and on the bottom right are adults. (The first three 
photos were taken with a macro lens and thus appear 
larger than they are in real life).







Facing page: Bryan Simmons shows a freshwater mussel to Joshua Garner during a trip to monitor the Pink Mucket mussel 
restoration project on the Osage River near Tuscumbia, Missouri in October 2021. Simmons is a U.S. Fish & Wildlife Service 
malacologist who is one of the project leads. Garner is a volunteer who helped with the survey. 

Left: Bryan Simmons holds a Pink Mucket 
that was placed in the Osage River 10 years 
earlier when it was approximately quarter 
sized. The mussel shell bears the markings that 
were engraved on all of the animals prior to 
placement for purposes of later identification.





The full day of work involved two methods of 
survey. The first required scooping up a defined 
amount of gravel into a net and dumping it 
on a screen to tally the types and number of 
freshwater mussels present. The second involved 
the scientists collecting all of the mussels they 
could find in a defined area in a three minute 
time period.

Left top: Volunteer Georgeanne Bowman holds 
the sorting screen as Andy Roberts prepares to 
dump the gravel he collected from the bottom of 
the stream.
Left bottom: Roberts measures a mussel and 
counts the growth ridges to estimate its age.
Facing page: Bowman records the types and 
numbers of mussels found in the river gravel 
sample collected by Roberts.



The mussel propagation stage in the Osage River project was highly successful, however, the long-term success of the overall project, 
which aims to restore a reproducing population, remains to be seen. A decade after their initial release, the mussels have grown 
considerably, but it is unclear if they are reproducing. Photographic evidence collecting from the October 2021 monitoring trip provided 
some encouraging data. The photograph on the facing page is one of a large number of female mussels that were displaying their 
lures at the time of the trip. The lure on the mussel in the photograph on the facing page shows a large chunk missing from the lure, 
which is potentially a sign of a fish strike.







Freshwater mussels are a sensitive species with a complex life cycle, which means efforts to bring these animals back to our streams 
involves many variables. Restoring healthy, reproducing populations will take years of painstaking effort.

The scientists’ work to study, conserve, and restore these very important animals to our ecosystem is critically important, but it will 
take all of us advocating for more thoughtful and integrated natural resource management to provide the greatest chance of avoiding 
further extinction of these incredible and under-appreciated animals.




