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Abstract

Freshwater mussels (Bivalvia: Unionidae) have long been an important aquatic resource for humans, and North America’s
Indigenous nations have harvested them for over 10 000 years. European exploitation began in the latter half of the 19th cen-
tury, initially focussing on the collection of pearls and later shifting to the manufacture of buttons at the onset of the 20th cen-
tury. By 1911, Canadian pearl button factories operated in Windsor, Berlin (now Kitchener), and Trenton, Ontario, and, by
1921, Ontario shell was being exported to factories in the United States. The Canadian harvest did not last long and ended by
the mid-1940s as resources dwindled because of overexploitation, pollution, and industrial shifts to other raw materials for
buttons (e.g., plastics). Annual river-specific harvest ranged from ~ 66 to 110 tonnes with a maximum of 291 tonnes (~1.1—
4.4 million animals) collected at Dunnville on the lower Grand River in 1915. Although detailed collection information is
lacking, species such as Mucket (Actinonaias ligamentina), Threeridge (Amblema plicata), and Round Pigtoe (Pleurobema
sintoxia, now listed federally as Endangered) were targetted, while Purple Wartyback (Cyclonaias tuberculata, also now
Endangered) was discarded (i.e., killed). Commercial harvests typically targetted adults, because they provided the desired
quantity and type of material, resulting in death. Recent studies have shown that this type of directed mortality can have the
greatest impact on the long-term persistence of these populations and, although the specific impacts of the historical harvest

cannot be determined, it is likely that these harvests contributed to the current state of imperilment of this fauna.
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Introduction

Freshwater bivalves are among the most imper-
illed taxa worldwide with 40% of species consid-
ered to be at-risk (Lopes-Lima et al. 2018). Within
this group, the freshwater mussels in the order Unio-
nida have experienced important large-scale declines
and are now considered the most at-risk with more
than two thirds of North America’s ~300 species con-
sidered to be at serious risk of extinction (Williams
et al. 1993; Lopes-Lima ef al. 2018). Bogan (1993)
identified 19 extinctions within the North American
freshwater mussel fauna. Causes of these declines
have been well studied and they can be attributed
to broad-scale habitat destruction from historical
land-use practices and resource extraction, pollu-
tion from industrial sources such as pulp and paper
mills, instream flow modifications from dams and
impoundments, loss of host fishes, invasive species
(e.g., dreissenid mussels), and overexploitation for

buttons and pearls (Bogan 1993; Haag 2019).

Efforts are underway across North America to stop
these declines and to recover populations of many
freshwater mussels. In Canada, 20 species (36%)
have been assessed by the Committee on the Status of
Endangered Wildlife in Canada (COSEWIC) as Extir-
pated to Special Concern. Almost all are now the ben-
eficiary of a federal recovery strategy (for Extirpated,
Endangered, or Threatened species) or a management
plan (for Special Concern species) under the Cana-
dian Species at Risk Act (SARA) with a goal of pro-
tecting and recovering species where possible (SARA
2002). During the first 15 years under SARA4, meaning-
ful progress has been made on many recovery actions
for freshwater mussels particularly in areas relating to
understanding population ecology and habitat needs;
however, less progress has been made on understand-
ing and mitigating threats (Drake ef al. 2021). Because
freshwater mussels can be very long-lived with life-
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spans exceeding 100 years in some cases (Haag and
Rypel 2011), it is important to assess not only cur-
rent threats but also, where possible, historical threats.
Commercial harvest for the production of buttons
and/or the collection of pearls (Figure 1) is one threat
that no longer occurs but whose impact undoubtedly
remains imprinted on the current faunal composition.
Freshwater mussels (Bivalvia: Unionidae) have
long been an important aquatic resource, having been
harvested by North America’s Indigenous nations
for over 10 000 years (Haag 2012). Examination of
middens and other archaeological sites suggests that,
while mussels were used primarily for food, shells
were also used for other purposes including tools
(e.g., spoons, dippers, and scrapers), fishing lures,
and less often for decoration (Haag 2012). The col-
lection, use, and trade of freshwater pearls was a com-
mon practice amongst many Indigenous communities
as well. While we recognize the longstanding tradi-
tional uses of freshwater mussels by North America’s
Indigenous nations, we focus on commercial uses by
European settlers of Turtle Island (North America).

Methods

We examined historical newspapers, permits, and
first-person accounts to assess the potential impacts
of one historical threat, the shell button industry, on
freshwater mussels in southern Ontario. Achieving an
understanding of the scope, scale, and specific com-
position of Ontario’s historical commercial mussel
harvest will assist recovery practitioners in assessing
the potential impact of past exploitation on the mod-
ern assemblage.
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Results and Discussion

Early North American button manufacturers

Southern Ontario’s freshwater mussel shell har-
vest was closely tied to the American button indus-
try, which was centred in Muscatine, lowa, beginning
in the late 19th century. By 1898, there were more
than a dozen factories employing an estimated 1500
people operating in Muscatine, where a single factory
produced more than 4 million buttons for the 1897
holiday season (Haag 2012). Between 1908 and the
1920s, the industry used an annual average of 44 000
to 66 000 tonnes of shell annually, reaching a peak
around 1912 (Neves 1999; Knopp 2012). This indus-
try quickly outcompeted the exploitation of mussels
for pearls, which could be worth more but were rare
(Haag 2012). In the United States (US), Johann Boep-
ple is identified as being largely responsible for the
start of the commercial industry in the 1890s (Thiel
and Fritz 1993); however, there are references to the
utility of mussel shell in button making as early as
1802 (Haag 2012). By 1912, 196 factories across 20
states were active in the industry (Coker 1919). Many
US mussel beds were commercially exhausted as
early as 1899 (Smith 1899), before the Ontario indus-
try was in full operation. This decline of US shell
resources may have spurred interest in the availabil-
ity of Canadian shell to supplement the expanding
industry.

The Ontario harvest begins

The Ontario shell button industry traces its ori-
gins to around 1866, when Pioneer Button Works,
owned by Emil Vogelsang and H.S. Huber, operated

FIGURE 1. a. Freshwater mussel shell collected from southern Ontario showing evidence of drilling to produce shell buttons,
along with a collection of buttons produced from freshwater mussels from the Mississippi River in Muscatine, lowa, USA.
b. Purple Wartyback (Cyclonaias tuberculata) showing freshwater pearls collected from southern Ontario specimens of mul-
tiple species. Photos: Todd J. Morris.
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in Berlin (now Kitchener), Ontario (Kitchener Water-
loo Record 1979). At this time, button manufactur-
ers were familiar with making buttons from a vari-
ety of natural materials such as wood, vegetable ivory
(tagua nuts), and bone, and recent activities in the
US sparked an interest in the use of shell material.
In 1871, Pioneer Button Works became known as the
Shantz Button Manufacturing Company and went on
to operate as Dominion Button Works from 1912 until
its closure in 1964. Under this name, it would become
a major player in the Canadian pearl button industry,
acquiring shell from local suppliers on the Grand and
Thames rivers (Kitchener Waterloo Record 1979).
Other shell button companies were soon created in
Ontario, with the Windsor Pearl Button Company
opening in 1908 (Evening Record 1908), the Elmira
Button Factory in 1909 (Elmira Signet 1909), and
the Canadian Pearl Button Company in 1911 (Tren-
ton Courier 1911a). The opening of commercial har-
vest of mussels in Ontario occurred at roughly the
same time as these factories were beginning to oper-
ate, with Arthur Ullyot beginning to fish for mus-
sels in the lower Grand River from Port Maitland
through Dunnville and into the Feeder Canal around
1910 (Ullyot 1917). Detweiler (1918) discusses the
extent of and methods used in the Grand River harvest
between 1908 and 1910 and the potentially commer-
cially important stocks extending upstream through
Brantford, Paris, and as far as the confluence with the
Speed River. In 1909, a location near the lower dam at
Brantford was considered the best place for mussels,
“as to size, quantity, and variety” (Detweiler 1918:
79). The first report of Ontario mussels being shipped
south of the border to support the US button industry
was in 1913 or 1914, where five or six railway cars of
shell from ~1 km south of York, Ontario, were report-
edly shipped to Buffalo, New York (Detweiler 1918).
These button manufacturers were involved to vary-
ing degrees with the direct exploitation of Ontario
mussels. In an advertisement, the Windsor Pearl But-
ton Company (1917) declared that it was the “largest
manufacturer of fresh water pearl buttons in Canada”.
There are records of the company receiving imported
US shell from the Illinois River (Evening Record
1908), but none indicating the use of shell from On-
tario. In 1929, the company was sold to Alfred Pollock
of Montréal, for $90000 (Burlington Hawk Eye 1929).
Although clearly a major player in the Ontario pearl
button industry, no records could be found indicating
that the operation ever relied on the Ontario harvest.
The Gateman Comb and Button factory started
operating in Elmira, Ontario in August 1909 and J.B.
Gateman hired Mr. Kruger, from Springfield, Massa-
chusetts, to run the pearl button division of this fac-
tory (Elmira Signet 1909). In 1910, Gateman pro-
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posed disposing of his factory in Berlin in favour of
improvements to his Elmira factory (Elmira Signet
1910a). He would partner with Arthur Ullyot later that
year (Elmira Signet 1910b). It is not explicit where
this company’s shell material came from; however, as
Ullyot is known to have been harvesting shell from
the lower Grand River at this time, it is reasonable to
conclude that Grand River shell supported this new
partnership (Ullyot 1917). Ullyot’s next venture, the
Canadian Pearl Button Company in Trenton, opened
in early 1911 (Trenton Courier 1911b). He started
with imported shell from Mississippi, USA, but sus-
pected that local shell procurement would be possi-
ble (Trenton Courier 1911a). In March, an article in
the Trenton Courier (1911c¢) estimated that the opera-
tion, when fully running, would employ ~100 people.
By April 1917, the company was looking for harvest-
ers and placed an ad in the Canadian Fisherman not-
ing the “large profits” available (Canadian Pearl But-
ton Co. 1917).

A significant impediment to the early shell har-
vesters was incomplete knowledge of Ontario’s fresh-
water mussel fauna. Before the early 20th century,
formal surveys had not occurred in most watersheds.
It was not until John D. Detweiler undertook a survey
of various watersheds in Ontario as part of a project
of the Biological Board of Canada in 1916, with the
purpose of determining the “abundance, species, and
commercial value of the mussels” that detailed infor-
mation about Ontario mussel distributions started to
become available (Detweiler 1918: 75).

Detweiler (1918) conducted surveys of the Grand
River (Lake Erie watershed), the River Aux Sables
(now Ausable River, Lake Huron watershed), Point
Edward Bay (St. Clair River watershed), and the Not-
tawasaga River (Lake Huron watershed). He con-
firmed the well-known mussel beds in the lower Grand
River that Ullyot was already fishing and a smaller
but potentially commercially important fauna in the
Ausable River; he believed that Point Edward and
the Nottawasaga River did not offer a commercially
viable resource. In addition to the surveys, he recom-
mended further investigative work in other major riv-
ers of southern Ontario, such as the Thames (Lake St.
Clair watershed), Sydenham (Lake St. Clair water-
shed), Welland (Niagara River watershed), and the
Saugeen (Lake Huron watershed) which have all sub-
sequently proven to have substantial mussel assem-
blages (McNichols-O’Rourke et al. 2012; Wright et
al. 2017). With the exception of the Thames, none
of these rivers would apparently ever be subjected to
commercial mussel harvest. The Grand and Thames
rivers appear to have been the focus of the Ontario
button shell fishery and the following sections detail
what is known about the harvest there.
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The Grand River harvest

Detweiler (1918: 77) asserted that the “Grand
River contain[ed] more mussels of commercial value
than any other Ontario waters”. The shells found in
this area were reported to have compared well to US
shells (Detweiler 1918) and the Grand River (Figure
2) would eventually become the focus of the Ontario
fishery. In 1910, Ullyot discovered a bed of what he
called “Threeridge” in the lower Grand River (Ullyot
1917). (Difficulties in reconciling common names
make precise species attributions difficult, but see
section The species in the harvest.) He then employed
a “great number of fishermen” between 1910 and
at least 1917 and paid the Ontario Government $1
for every imperial ton (1 imperial ton = 1.1 tonne)
fished (Ullyot 1917: 282). By 1916, he had rights to
the fishery in the Dunnville area, which he continued
to hold at least through 1917 (Ullyot 1917). In 1915,
291 tonnes of shell were shipped from a point about a
kilometre north of Port Maitland, with the bed appar-
ently showing “no signs of depletion” (Detweiler
1918: 78). However, when 286 tonnes were shipped
from an area upstream of Dunville the following

THE CANADIAN FIELD-NATURALIST

Vol. 138

year, the area was “not as productive as was antici-
pated” (Detweiler 1918: 78). By the next year, Ullyot
(1917: 282) noted the “inevitable result that the sup-
ply each year is diminishing” as a result of the har-
vest. The question of renewability of mussel shells as
aresource was a concern commonly remarked on dur-
ing the early years of the fishery by those involved
on both sides of the Canada—US border: however, the
harvest continued. By 1921, elementary school chil-
dren from Stromness, a town northeast of Port Mait-
land, earned money (10 cents/hour) separating meat
from shell and as many as seven cartloads of shell at a
time were sent from this endeavour to Kitchener and
further points onward on the Toronto, Hamilton, and
Buffalo Railway (Warnick 2003).

A decade or more later, W.H. Robinson would
begin his operation further upstream in the Grand
River at Caledonia, with the first recovered per-
mit dated 1936 listing a harvest fee of $5 per impe-
rial ton (Figure S1). During the span of his operation,
Robinson recalled the price per imperial ton varying
from $35 to $100, with an average of 30-60 imperial
tons (33—66 tonnes) of shell harvested each summer
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F1GURE 2. Location of the Grand River watershed in southwestern Ontario. A.A. Ullyot’s harvesting operation was focussed
around the Dunnville area, while W.H. Robinson and his team worked further upstream near Caledonia.
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(Figure S2). He noted that Americans could not hold
the licence necessary for mussel fishing in Ontario,
which was how his family became involved in the
industry (Figure S2). Correspondence between Rob-
inson and Carl Jungbluth, president of the American
Pearl Button Company of Washington, lowa (Figure
S3), and between Robinson and Henry Umlandt, pres-
ident of the Automatic Button Company of Musca-
tine, lowa (Figure S4), in May 1944 suggest a bur-
geoning bidding war for his Grand River material.
Each of these US buyers was offering $80 per impe-
rial ton, with Umlandt offering an additional $5 per
imperial ton bonus if Robinson could provide 60
imperial tons (66 tonnes) as requested. In his letter
(Figure S4), Jungbluth expressed his displeasure at
having his bid shared with other firms who “might
be a little hard up for shells and raise the price just a
little in order to get them”. It is unclear who won the
rights to Robinson’s Grand River shell that summer.
The fisheries were active from May or June through
to mid-October, as described by those involved. Rob-
inson described the work as a “summer operation, and
only possible when the weather and water warmed
up” (Figure S2).

Collection methods were labour intensive and
typically involved a “hands-on” approach. Ullyot’s
lower Grand operation used the methods of crow-
footing, scooping, and collection by hand. Crow-
footing (Figure 3) was the most common technique,
using a device consisting of wire hooks attached
to the ends of cords, tied to a piece of pipe, then
dragged behind a boat (Ullyot 1917). In the scoop-
ing method, two flat-bottomed scows were fastened
rigidly together with planks behind a gasoline-pow-
ered launch (Ullyot 1917). A man would stand in each
scow with a scoop net that was affixed with spikes
and then dragged through the riverbed (Ullyot 1917).
Detweiler observed that two men and two boys, using
these two methods, were able to fish and clean (i.e.,
boil and remove the soft tissue) four and a half tonnes
of shell in just three and a half days (Detweiler 1918).
Lloyd Newth who, as a 16-year-old, worked on Rob-
inson’s operation in Caledonia, reported using a hook
and boat method (likely crowfooting) upstream near
Caledonia (Newth pers. comm. 2012). Gathering by
hand was considered quickest, but only possible in
shallow water, which was often not where the beds
were located (Ullyot 1917).

The Thames River harvest

The Thames River was not included in Detwei-
ler’s 1916 survey but was believed to be part of an
area that contained commercial shells (Detweiler
1918). As such, the operation of G. Frank Neely is
the only significant source of information so far avail-
able. Neely harvested mussels from the Thames from
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FIGURE 3. a. Modern-day application of the crowfooting
technique being used to sample freshwater mussels on the
lower Grand River near Brantford. b. Retrieval of the device
(brail) showing multiple freshwater mussels attached to the
crowfeet. ¢. A mature female Black Sandshell (Ligumia
recta) grasping the tine of a crowfoot. Photos: Fisheries and
Oceans Canada.

~1935 to at least 1945 (Figure S5; Stewart 1992). An
article purportedly in the London Free Press (it had
been retyped with an incomplete date) stated that he
held a permit on the Thames from Putnam to Cha-
tham, which comprised most of the lower Thames
River (~200 river km; Figures 4 and S5). An area
below the Munsee—Delaware First Nation Reserve,
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FI1GURE 4. Location of the Thames River watershed in southwestern Ontario. G. Frank Neely held exclusive rights to the mus-

sel fishery on the river from Chatham upstream to Putnam.

~25 km downriver from London, Ontario, was identi-
fied as one of the “best clam beds in North America”
with the area below the dam at Springbank Park, in
London, identified as another particularly productive
stretch (Figure S5). The area below the Munsee—Del-
aware First Nation Reserve was of particular abun-
dance, and Neely reported finding an “inexhaustible
supply of clams in that bed” (Figure S5). The Munsee
location was mainly harvested with farm forks, where
one could harvest as many as 13 mussels “in one fork
full”, while the Springbank site in one instance pro-
duced 8.25 tonnes in two days (Figure S5). No other
comment on the methods used by the Neely operation
has been found. In 1945, The royalty per imperial ton
reported in 1945 was $5 (Figure S5). Stewart (1992)
reports that ~110 tonnes of shell were shipped yearly
to factories including the Dominion Button Manu-
facturers of Kitchener. However, factories in Gutten-
berg and Muscatine, Iowa, reportedly received most
of the shell material from Neely’s operation at this
time (Figure S6).

In 1945, Neely appealed to the city of London,
Ontario, to stop sewage pollution in the Thames

River because it was believed to be diminishing the
quality of his shell material (Figure S5). Individuals
from the Guttenberg factory had arrived to investigate
the cause of “purplish patchy discoloration” in the
Thames River Black Sandshell (Ligumia recta) and to
determine why the Thames River, “a main stay of the
button industry” was turning out inferior shells (Fig-
ure S5). Paper mill runoff was proposed as a source
of pollution but, without a mill in the watershed, the
problem was attributed to pollution from London’s
disposal works (Figure S5). A letter from Mrs. A.Z.
Neely (wife of G. Frank Neely), dated 10 February
1965 stated: “The water is so polluted that it is diffi-
cult to get white shells without discoloration from the
sewage being dumped in the river” (Figure S6). The
shells of Black Sandshell in this area continue to have
a patchy purple colouration (Figure 5).

The species in the harvest

Across the North American industry, the ideal
shell for button processing was “unstained, white or
iridescent nacre of moderate thickness and without
exterior sculpture, which made shells difficult to cut”
(Haag 2012: 304). As a result of these preferences,
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F1GURE 5. Mature male Black Sandshell (Ligumia recta) collected recently from the Thames River watershed showing purple
colouration in the umbo region similar to that described by G. F. Neely in 1945. Photo: Todd J. Morris.

knowledge of species’ distributions was valuable to
harvesters and button producers. Prospecting of this
sort is responsible for some early records and was
the impetus for Detweiler’s 1916 surveys (Detweiler
1918). Medium-sized individuals were the original
targets, because small shells provided few “blanks”
(raw button plugs before finishing) and larger ones
resulted in more waste, but the North American
industry became less selective as beds were depleted
(Haag 2012).

Although detailed catch records are not read-
ily available, a number of people involved in the
Ontario harvest kept records that allow for a gen-
eral look at the species composition. In some cases,
collection records contain scientific names, while
others rely only on common names. In both cases,
there are difficulties in matching historical collection
reports with modern species accounts because taxon-
omy has changed over the last century and common
names are known to be regional specific and, in some
cases, culturally inappropriate/offensive (see Pfei-
ffer et al. 2024 for a discussion). In some cases, US
involvement in the developing Ontario industry likely
resulted in local American names being assigned to
Canadian specimens bearing a similar appearance
(e.g., butterfly or washboard). We have attempted to

reconcile the historically provided common/scientific
names with the modern scientific literature and our
current understanding of species distributions within
Ontario. Where common names have been deemed to
be inappropriate or offensive they have been redacted.
Detweiler (1918) identified nine commercially
important species in the lower Grand River (Table 1),
with Threeridge (Amblema plicata) and Pink Heel-
splitter (Potamilus alatus) the two most likely com-
mercially harvestable species. He did, however, note
that the pink nacre of Pink Heelsplitter reduced its
value to button manufacturers. Of the mussels that
Ullyot reported (Table 2), Threeridge appears to have
been the target species of his operation just as Det-
weiler had predicted (Ullyot 1917). Robinson’s oper-
ation further up the river at Caledonia in the 1930s
and 1940s reportedly encountered six or seven spe-
cies but without the inclusion of scientific names it is
difficult to narrow down the exact species that were
the focus of this operation (Table 3). In the Thames
River, a London Free Press article (Figure S5) iden-
tified eight species that were likely part of Neely’s
harvest although the focus was apparently on Black
Sandshell, Mucket (Actinonaias ligamentina), Plain
Pocketbook (Lampsilis cardium), Round Pigtoe
(Pleurobema sintoxia), and Threeridge (Table 4).



212

THE CANADIAN FIELD-NATURALIST

Vol. 138

TABLE 1. Species present in the Grand River in 1916 and of commercial importance (Detweiler 1918).*

Detweiler’s name

Current name

Pink heelsplitter (Lampsilis alata)

Fat mucket (Lampsilis luteola)

Black sand-shell (Lampsilis recta)
Pocketbook (Lampsilis ventricosa)
Three-horned warty-back (Obliquaria reflexa)
Maple leaf (Quadrula lachrymose)

Blue-point (Quadrula plicata)

Wabash pig-toe (Quadrula rubiginosa)
Three-ridge (Quadrula undulata)

Pink Heelsplitter (Potamilus alatus)
Fatmucket (Lampsilis siliquoidea)

Black Sandshell (Ligumia recta)

Plain Pocketbook (Lampsilis cardium)
Threehorned Wartyback (Obliquaria reflexa)
Mapleleaf (Quadrula quadrula)

Threeridge (Amblema plicata)

Wabash Pigtoe (Fusconaia flava)

Threeridge (Amblema plicata)

*Detweiler’s (1918) names have been matched to contemporary species following the nomenclature of Williams ez al. (2017).

TABLE 2. Species occurring in the Grand River fishery at Dunnville (Ullyot 1917).*

Ullyot’s name

Current name

Butterfly (Pegiola securis)t

[Redacted] (Quadrula ebena)t

Pig-toe (Quadrula undulata)
Three-ridge/washboard (Quadrula heros)t

Likely Deertoe (Truncilla truncata)

Likely Round Pigtoe (Pleurobema sintoxia)
Threeridge (Amblema plicata)

Likely Threeridge (dmblema plicata)

*Ullyot’s (1917) names have been matched to contemporary species following the nomenclature of Williams ez al. (2017).
The common name deemed racially or culturally inappropriate has been redacted.
FSpecies as identified does not occur in Canada, but matched to Grand River species with similar morphology.

TABLE 3. Species occurring at W.H. Robinson’s Grand River fishery at Caledonia (Figure S2).*

Robinson’s name

Current name

Threeridges
Mucket
Pocketbook
Redacted
Sheepnoset
Pigtoes

Threeridge (Amblema plicata)

Mucket (Actinonaias ligamentina)

Plain Pocketbook (Lampsilis cardium)
Creeper (Strophitus undulatus)

Likely Round Pigtoe Pleurobema sintoxia)

Likely Round Pigtoe (Pleurobema sintoxia) or
Wabash Pigtoe (Fusconaia flava)

*Robinson’s (Figure S2) names have been matched to contemporary species following the nomenclature of Williams ef al.
(2017). The common name deemed racially or culturally inappropriate has been redacted.
+Species as identified does not occur in Canada, but matched to Grand River species with similar morphology.

Numbers of mussels harvested

In an effort to convert the catches reported by Ul-
lyot and Neeley in tonnes to a measure of individuals,
we examined a collection of recently surveyed shells
(within the last five years) maintained by Fisheries
and Oceans Canada at the Canada Centre for Inland
Waters in Burlington, Ontario, Canada (Table 5). The
average mass of a single valve of each species was
determined and the number of individuals required to
equal one tonne of shell was calculated using the fol-
lowing equation:

1000000 g/tonne
massvalve (g)

This approach assumes that the shell mass of indi-
vidual species has remained constant over the last 100
years in these rivers, an assumption that we can not
verify given the lack of historical shell material. We
also have no information on the relative proportions
of each harvested species in the reported catches and
believe it is unlikely that the harvesters were collect-
ing single species. However, as discussed above, the
catch likely consisted of a combination of the species

tonne 2

No. individuals
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TABLE 4. Species occurring at Neely’s Thames River fishery (Figure S5).*

Neely’s name

Current name

Black Sand clams
Mucket

Pocket Book

Pig Toes

[Redacted] Headst
[Redacted] Foot
Three Ridge
Warty Backs

Black Sandshell (Ligumia recta)
Mucket (Actinonaiais ligamentina)
Plain Pocketbook (Lampsilis cardium)

Likely Round Pigtoe (Pleurobema sintoxia) or
Wabash Pigtoe Fusconaia flava)

Likely Round Pigtoe (Pleurobema sintoxia)
Creeper (Strophitus undulatus)

Threeridge (Amplema plicata)

Likely Purple Wartyback (Cyclonaias tuberculata)

*Neely’s names have been matched to contemporary species following the nomenclature of Williams et a/. (2017). Common
names deemed racially or culturally inappropriate have been redacted.
+Species as identified does not occur in Canada, but matched to Grand River species with similar morphology.

TABLE 5. Mean shell mass of three species of freshwater mussel collected during the last five years from southern Ontario

rivers.

Species No. of valves  Mean shell mass, g/valve (SE) No. individuals/tonne*
Mucket (Actinonaias ligamentina) 15 105.01 (17.71) 4761 £1023
Threeridge (Amblema plicata) 18 92.18 (14.14) 5423 + 1585
Round Pigtoe (Pleurobema sintoxia) 24 26.59 (2.17) 18791 + 2583

*The number of individual animals required to equal one tonne was determined using the equation:

1000000 g/tonne

No. individuals,,,. = 2
mass, .. (2)

(and perhaps others) represented in Table 5. As such,
we believe our equation represents a reasonable
approach to translate the reported masses into esti-
mates of number of individuals harvested.

Both Ullyot (1917) and Detweiler (1918) have
indicated that the most commercially viable and tar-
getted species in the lower Grand River fishery was
Threeridge, so it is reasonable to use that value from
Table 5 to estimate population scale harvests in the
Grand River. Detweiler (1918) reported approximate
catches of 291 tonnes in 1915 and 286 tonnes in 1916.
If we assume a catch comprising only Threeridge, we
estimate that ~ 2.86 million individual mussels were
removed over that two-year period. In the decades
to follow and a little further upriver, the Robinson
camp set up operation on the west bank of the river
about 150 m downstream of the bridge in Caledonia.
Although they only operated in a short 3-km stretch
of the river, they processed a large number of shells
annually (Newth pers. comm. 2012; Figure 6). Rob-
inson reports harvesting ~33—66 tonnes annually of a
number of species including Mucket, Threeridge, and
what we believe was likely Round Pigtoe. Using the
values in Table 5 we estimate that the Caledonia har-
vest ranged from 142 000 (pure Mucket) to 1125000
(pure Round Pigtoe) animals per year depending on

the species composition and yearly harvest rates. A
mixed harvest, the likely scenario, results in estimates
intermediate to the two presented above.

In the Thames River, the Neely operation appar-
ently also harvested a mixture of species. Given the
broad geographic range of the Neely harvest, ex-
tending from the shallow, clear waters of the upper
Thames down through the deeper, turbid reaches of
the lower river, it is likely that the species assemblage
differed greatly across his permitted range, making
harvest of a single species impossible (Figure S5).
Operating for at least a decade, Neely and his crew
reportedly collected around 110 tonnes per year on
average. A harvest of that scale could result in the
collection of 474000-1 870000 animals per year de-
pending on which species contribute to the harvest.
Over the decade of operation, the harvest would not
have been insignificant at ~5.5-12 million animals.

Implications of historical harvests on today s mussel
populations

While the absence of detailed catch records cou-
pled with the lack of historical time series of mus-
sel sampling and abundance in these rivers makes it
difficult to properly assess the long-term impacts of
these commercial harvest activities, it is likely that
these harvests negatively impacted the populations
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FIGURE 6. Large pile of shells collected by the W.H. Robinson operation near Caledonia, Ontario. Harvested animals have
been boiled to remove the soft tissue and shell material is being prepped for shipment to button factories by rail. Source:
W.H. Robinson (Figure S2).

in ways that are still evident today. Haag (2012)
described harvest methods that targetted mature indi-
viduals of medium to large size while Haag and Rypel
(2011) have shown that many of the species target-
ted in the Ontario harvest demonstrate late maturity
and long life spans (i.e., Threeridge up to 54 years;
Mucket 50 years; Pleurobema spp. 45 years). Spe-
cies with these characteristics are defined as equilib-
rium life history strategy species (Haag 2012) and are
known to be common in stable, unchanging habitats.
Young and Koops (2011: 4) characterized these spe-
cies as “adult survival dominant”, while van der Lee
and Koops (2023) demonstrated that altering adult
survival rates (e.g., targetting adults for harvest) has
the largest proportional impact on population growth
rates and ultimately the long-term viability of these
populations, particularly when these populations are
near carrying capacity.

By the mid-1940s, the North American shell but-
ton industry was in steep decline (Haag 2012). Over-
fishing and pollution had contributed to declines in
mussel stocks and the introduction of plastic buttons
and the zipper had changed the market forever. The
Canadian shell button industry seems to have fol-
lowed suit, with A.Z. Neely in 1965 stating that “no
one has taken clams from that spot since [1945]”,
referring to the location of the Neely operation (Figure
S6). Robinson’s operation on the Grand also appears
to have run its course by this time. Even during the
early years of the fishery, Ullyot (1917: 282) lamented

the “diminishing supply” and wondered whether the
cause was “the quantity we have fished”. While it
is encouraging to see that all of the species identi-
fied as targets of the Grand and Thames River har-
vest can still be found in these systems 60-70 years
later (McNichols-O’Rourke et al. 2012), it would be
unwise to think that the harvest had no impact. The
very nature of a commercial mussel harvest, tar-
getting large mature individuals, particularly those
adapted to stable non-changing habitats, is a recipe
for disaster. Minke-Martin et al. (2015) surveyed five
sites in the lower Grand River at Dunnville in the area
where Ullyot operated a century earlier and, despite
investing 30 hours of searching, found not a single
live Threeridge—the species that was the target of the
early Grand River fishery so many years ago. Modern
day efforts to protect and recover freshwater mussel
populations in these two rivers (e.g., DFO 2019) may
be hindered by the lasting effects of this poorly under-
stood but important historical harvest.
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