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ABSTRACT.The primary objective of a new survey of the Cuyahoga River was to assess species richness and population
abundance of various mussel species in the family Unionidae throughout the Middle Cuyahoga River and upper parts
of the Lower Cuyahoga River. Historically, few records existed for this river between Lake Rockwell and the Cuyahoga
Valley National Park, a region in which four dams have been removed in the past 12 years. Timed visual surveys were
conducted during low flow conditions and by using tactile techniques in deeper water. Throughout the survey, only 37
live animals were located across the 18 Middle Cuyahoga River sites inspected, which included only Lampsilis siliquoidea,
Pyganodon grandis and the state-endangered Ligumia nasuta. No live mussels were found between the Gorge and the
Cuyahoga Valley National Park. That 434 shells and valves were collected, and all but two were classified as long dead,
attests that mussels had been more abundant, and that at least nine of the ten species known to be present above Lake
Rockwell had lived in the Middle Cuyahoga River. Remote sensing data and aerial photographs were used to characterize
change in opening up the river, but benefits to water quality and stream flow subsequent to dam removal must be

tempered with the apparent loss of an assemblage of mussels better adapted to lentic conditions.
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INTRODUCTION

Dam removal is gaining popularity both to solve
problems of dangerous structures and to restore river
habitat (Poff and Hart 2002; Hornbach et al. 2014).
However, the vast sediment loads stored behind dams
and the potential for downstream deposition following
removal can create a disturbance outside the typical
range for an ecosystem (Resh et al. 1988; Poff 1992).
Such physical disturbances may be expected to kill or
displace many resident organisms in the short term
(Tulos et al. 2014), although long-term benefits to
reconnect populations are predicted to outweigh
short-term costs (Randklev et al. 2016).

Several dams have been removed from the Cuyahoga
River (Ohio), a place named by President Clinton in
1998 as one of fourteen American Heritage Rivers.
Pollution in this watershed remains part of U.S.
history (Stradling and Stradling 2008) for stimulating
formation of the EPA in 1970, the Clean Water Act in
1972, and subsequently the Great Lakes Water Quality
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(IJC). In 1985 the Water Quality Board of the IJC
designated the Cuyahogaas one of 43 Areas of Concern
that contributes to the degraded condition of the Great
Lakes, with nine of 14 beneficial-use impairments
defined by the IJC designated as a problem in sections
of the Cuyahoga River and its lower tributaries (http://
www.cuyahogaaoc.org/ accessed Aug. 2,2016). Much
of the attention focused on the lower Cuyahoga River
watershed, and as a consequence, the main stem and
itslargest tributaries (Big Creek, Tinkers Creek and the
Little Cuyahoga River) have been regularly surveyed
and assessed by the Ohio EPA since 1984 (OEPA 1999;
2003). The Northeast Ohio Regional Sewer District
(NEORSD) began an integrated monitoring and
assessment program in 1990, and presently evaluates
the lower 16 river miles of the Cuyahoga River on an
annual basis. Most of the beneficial use impairments
have been removed, the Cuyahoga River is open again
for recreation, and fish diversity has steadily improved
(http://www.stowsentry.com/regional/2016/06/13/
twoday-bioblitz-observers-recorded-815-species-
in-cuyahoga-valley-national-park, accessed July 29,
2016). However, the impact of dam removal in the
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Middle Cuyahoga River was never assessed for mussels
or fish, and this region carries importance as potential
habitatof the state-endangered mussel species, Ligumia
nasuta (Eastern Pondmussel), in addition to nine other
mussels from the same family known to occur in the
upper reaches of the Cuyahoga River (Tevesz et al.
2002; Krebs et al. 2012).

As far back as the early 1900’s, Arnold Ortmann
(1919) characterized anthropogenic impacts to
macroinvertebrate communities, predicting that
mussels in the family Unionidae would be the first
lost in damaged freshwater systems and the last to
recover. Biogeographically, freshwater mussels are one
of the few groups of bivalves adapted to flowing water,
as they briefly parasitize fish hosts during their larval
form to hitch a ride upstream (Schwalb et al. 2013).
They subsequently drop from a fish and begin a largely
sedentary existence, some reaching sizes of 25 cm in
length and ages exceeding 50 years (Haag and Rypel
2011). Their shells are an enigma for their size, and
they have provided the region brief economic boons
from freshwater pearls in the late 1800, buttons in
the early 1900, and lastly as seed stock for cultured
pearls (Anthony and Downing 2001). Now they are
too often rare, and mussels are recognized too late as
an important part of the ecosystem (Pires et al. 2007).

We report on the Unionidae of the Cuyahoga River
within Summit County, Ohio, anarea oncesignificantly
impounded by six dams of at least 3 m in height (Fig.
1), but now more open after removal of four of these
dams and converting of their impoundment areas to
a flowing stream. This change has taken just 10 years
(2004-2013) and includes (1) the Gorge Dam, the
largestat 17.4-m-tall and constructed in 1912 (extant,
removal under review), (2) Sheraton Dam at 3 m built
between 1914 and 1918 for the Vaughn Machinery
Company, removed in 2013, (3) Le Fever Powerhouse
Dam at 3.4 m built in 1914 to supply power for the
Walsh Paper Company, removed in 2013, (4) Munroe
Falls Dam at 3.5 m and dating to 1817 (Gottgens
and Evans 2007), removed in 2005, (5) Kent Dam,
a 4.3 m masonry dam built in 1836, was bypassed in
2004 with the historic spillway retained, and (6) Lake
Rockwell Dam, constructed in 1915, extant (provides
water to the city of Akron).

Surveys were conducted in the summer of 2015 to
determine what mussel species remain in the Middle
Cuyahoga River. The work extended downstream to
the Cuyahoga Valley National Park, which is another
area well studied for anthropogenic impacts (OEPA
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Figure 1. The Cuyahoga River watershed in Ohio (A), with blue
indicating the present survey area and green the region flowing
through the Cuyahoga Valley National Park, and (B) showing the
boundaries, tributaries and locations of historicdams in the Middle
CuyahogaRiver (modified from Mannetal.2013):(1) Gorge Dam, (2)
former Sheraton Dam, (3) former Le Fever Dam, (4) former Munroe
Falls Dam, (5) former Kent Dam and (6) Lake Rockwell Dam.

2000, Peck 2012). For continuity, surveysalso extended
upstream to the slack-water below Lake Rockwell
Dam in Portage County, and several sites above the
lake were examined akin to outgroup sites, as this area
was known to contain a more abundant assemblage
of mussels (Tevesz et al. 2002).
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METHODS

A survey of the Cuyahoga River between the
Cuyahoga Valley National Park and the dam forming
Lake Rockwell included 21 sites where mussel presence
(alive and dead) was determined, and three more sites
above Lake Rockwell were surveyed, but only for live
mussels (Table 1). Intensive searches were made by
2-4 individuals, usually for 2-3 person hrs (15 sites)
and 58 hrs total in stream, often walking through long
stretches of the river with a goal of finding reasonable
habitat for mussels (soft stream bottom) and ultimately
mussels. A minimum of 1 person hour (2 h where
any reasonable habitat occurred) was invested at all
sites. While not quantitative, such timed searches
are predicted to increase the chances to find a larger
diversity of living species and the number of shells
recovered.

Munroe
Falls, 200

The old site of Munroe Falls,

. 2015.

Search methodsvaried in response to substrate type,
water clarity, and water depth but the opened flowing
river post-dam removal (Fig. 2), and the timing of
surveys when water levels declined below average in the
low-flow time of year, allowed mainly visual surveys.
However, surveys were sometimes tactile where water
was highly turbid. Visual surveys are especially efficient
for the discovery of shells from which the nacre is
reflective and siphons can be spotted for even well-
embedded mussels. Live animals were identified in the
field, each was photographed, except where a modest
number of Lampsilis siliquoidea (Fatmuckets) occurred
at one site, and returned to the substrate. Shells were
bagged in the field and brought to the lab to confirm
species, and to assemble a voucher collection.

Physical change in the river was assessed preliminarily
from Google Earth images, and then more intensively

Munroe
Falls, 2006

Figure 2. Changes in the Cuyahoga River after removal of the dam at Munroe Falls are visible from Google Earth aerial photographs, first
from 2005 (top left) before the dam was removed, and a year later (top right) after removal. The river has changed completely from a lentic

(lacustrine) to a lotic (riverine) environment (bottom).

VOL. 117
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Table 1

Sitelocationsand effortin person hoursfor mussel surveys between the southernend ofthe Cuyahoga

Valley National Park (sites 1-3 were below the Gorge) and the Upper Cuyahoga River (sites 22-24

above Lake Rockwell). Eighteen sites (4-21) spanned the Middle Cuyahoga River. The number of live

animals and number of shells found during the surveys also are given.

Site Place Name Entry Point Search Time Live Shells
Coordinates (hrs)
(lat., long.)

1 The Valley 41.1413, -81.5622 4 0 0

2 Akron-Peninsula Rd. 41.1360, -81.5479 2.5 1

3 Akron-Peninsula Rd. 41.1360, -81.5479 2.5 0

4 Cuyahoga St. 41.1169, -81.5250 1 0 0

5 State Rd. 41.1234, -81.5123 1.5 0 0

6 Falls Rd. 41.1283, -81.4841 2 0 1

7 Oak Park downstream 41.1483, -81.4678 3 0 25

8 Oak Park upstream 41.1483, -81.4678 2.5 0 41

9 Water-works downstream 41.1447, -81.4593 2 0 51

10 Water-works upstream 41.1447, -81.4593 3 0 56

11 Bike & Hike Trail 41.1478 -81.4495 2 0 28

12 Brust Park 41.1428, -81.4392 2 0 10

13 Brust Park upstream 41.1418, -81.4368 2 0 0

14 Riverside Park 41.1384, -81.4120 12 5 41

15 Middlebury Bridge 41.1378, -81.3910 3.5 -+ 91

16 Bike-Train Bridge 41.1430, -81.3730 2 1 14

17 Fuller Park downstream 41.1498, -81.3671 2.7 5 13

18 Fuller Park upstream 41.1498, -81.3671 3 20 25

19 Foot Bridge 41.1590, -81.3590 1 0 0

20 Knolls Rd. 41.1685, -81.3466 1.5 1 34

21 Ravenna Rd. 41.1799, -81.3360 2.8 1 3

22 St 303 41.2449, -81.2859 2 23 not recorded’
23 St 164 41.2689, -81.2463 2 38 not recorded’
24 camp hi (Abbott Rd) 41.3266, -81.1726 2 127 not recorded’

!'Surveyed primarily to verify presence of live individuals.
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from NAIP images (National Agriculture Imagery
Program, which acquires aerial imagery during the
agricultural growing seasons) that were obtained for
2004 (prior to dam removal) and from the study year,
2015.Inaddition, 22006 Color-infrared (CIR) image,
digital elevation models (DEM) and digital surface
models (DSM) were created to apply segmentation
and classification in a raster image analysis software
suite (eCognition, Trimble, http://www.ecognition.
com/, accessed May, 2016) with a scale parameter of
25 and a spectral difference of 2 for the segmentation.
All the different images were resampled to the same
pixel size of 1 m for use in eCognition. Nine land-use
classes were established for the Cuyahoga River and
its riparian zone, defined as the area within 20 m of
the river.

A 30 m thematic buffer layer (a polygon vector file)
was applied using a geographic information system
(ArcMap, http://desktop.arcgis.com/en/arcmap/,
accessed May, 2016) to generate a second analysis of
land cover surrounding the Cuyahoga River, and one
more visually presentable. The location of the mussels

found in the region were mapped on this second image
set, which more accurately depicted anthropogenic
effects on theland cover classification for the Cuyahoga

River buffer.

RESULTS

Few live mussels were found in the Middle Cuyahoga
River, and none were found in the lower river between
the Cuyahoga Valley National Park and the Gorge
region (sites 1-3, Table 1). Of the 37 individuals
found (Table 2), most were Lampsilis siliquoidea, and
most occurred at one site (#18, Fuller Park, Table 1)
where they were imbedded in mud along an excised
bank. Many more shells were found than live animals,
and they included examples of nine of the ten species
predicted to be in the region (Table 2). Only shells
of Anodontoides ferussacianus were lacking. Somewhat
unusual is that when mussels were observed, the
individual often was not deeply imbedded into substrate
(Fig. 3), and several were not imbedded at all. Instead
they were observed lying on their side, two of which
had washed onto exposed areas.

Table 2
A summary of the live Unionid mussel species found in the Middle Cuyahoga River and in 3 sites
above Lake Rockwell; no mussels were found below the Gorge (Lower Cuyahoga River).

Species Known fromthe Common Names Predominant Alive-Middle Alive - Upper
Upper Cuyahoga River Stream Flow Cuyahoga Cuyahoga
Habitat' (18 sites) (3 sites)
Lampsilis siliquoidea Fatmucket lentic/lotic 28 132
Lasmigona complanata White Heelsplitter lotic 0 0
Lasmigona compressa Creek Heelsplitter lotic 0 0
Lasmigona costata Fluted Shell lotic 0 4
Ligumia nasuta I;iffgfgussel lentic 3 14
Pyganodon grandis Giant Floater lentic 6 38
Strophitus undulatus Creeper lotic 0 0
Toxolasma parvum Lilliput lentic 0 0
Utterbackia imbecillis Paper Pondshell lentic 0 0
Total specimens 37 188

! from Watters et al. (2009)
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A. Lampsilis siliquoidea B. Pyganodon grandis

Figure 3. Two of the live mussels observed in visual searches: A., a L. siliquoidea extending its foot with trail visible behind it, and B., a
Giant Floater with siphons open, feeding in the water column.

A. Digital Elevation Model, red is higher elevation and blue, lower
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Figure 4. A representation of elevation (above) and stream slope (below) along the Middle Cuyahoga River descendlng into the gorge,
which sets the boundary with the Lower Cuyahoga River. Increased slope is indicated by shifts to yellow and then red along the river.
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Current mussel habitat was assessed from digitized
imagery of stream slope as an indicator of flow, shear
stress and land use. Slope increased downstream in
the Middle Cuyahoga (Fig. 4) as the river approached
the gorge region. Classification of land use varied
in a pattern following stream slope, with increased
urbanization concordant with greater slope (perhaps
because damsbuilthere once provided electrical power
to industry and local communities). Thus, comparison
to land cover classifications suggested that every one
of the 37 live mussels were collected in areas classified
as “deciduous forest” (Fig. 5), which were areas with
dense tree cover, and these areas lay above the region
of high slope (Fig. 4b). All other nine potential classes
held no individuals at all.

Invasive mussel species were observed but not
counted. Shells of Corbiculawere abundant throughout
the old dam sites (numbering in the thousands). At
the top of the Middle Cuyahoga River below Lake
Rockwell, Dreissenidae, zebra (Dreissena polymorpha)
and/or quagga (D. rostriformis bugensis) mussels, were
observed on rocks and other debris, and covered the
exposed surface of the one live unionid mussel found
at site 21.

DISCUSSION
Freshwater mussels of the family Unionidae have
fared poorly despite dam removals in the Middle
Cuyahoga River made to improve water quality and
appearance for recreational use. Live animals were
found of just three species, Lampsilis siliquoidea

Land cover classifications

(Fatmucket), Ligumia nasuta (Eastern Pondmussel),
and Pyganodon grandis (Giant Floater), although six
other species were found as shells indicating either
past presence or that existing populations are below
detectable limits for the methods applied here. Dams
can have diverse impacts on mussel assemblages both
upstream and downstream (Stanley et al. 2002; Sethi
et al. 2004). Dams predominantly affect flow and
sedimentation downstream, which can benefit some
species (Randklev etal. 2015), but not others (Vaughn
andTaylor 1999; Hardison and Layzer 2001), and they
also actas a barrier to dispersal and gene flow (Watters
1996, Krebs et al. 2010a). Thus the survey described
here must be placed in the context of examininga river
in flux. Past dams affected mussel assemblages, and
their removal may impose a different set of stresses as
habitat changed (Stanley and Doyle, 2003).

Few results exist on how much time is needed
before mussels recolonize an altered river bed, although
recovery of assemblages can take decades where large
stretches of a stream are affected (Sietman et al. 2001).
In one Cuyahoga River tributary, Tinkers Creek,
Craig and Krebs (2014) found locally that mussels
had returned to a man-made section of river bed after
about 12 years following an intentional movement of
the stream in Twinsburg, OH in 1998 (Krebs et al.
2002). The habitat today surrounding and upstream
of that stretch of river includes thick riparian zones of
wetlands and deciduous trees, and therefore change
was pronounced only for about 350 m. In contrast,
the series of dams in the Middle Cuyahoga River

Mussel species

Deciduous Forest @ Lampsilis siliquoidea
Evergreen Forest Q Ligumianasuta
PEstizs @ Pyganodon grandis
Crop

Open water
Residential
Commercial/industrial
Bare/Mines
Recreational grasses
Herbaceous wetlands
Woody wetlands

i 5-_.‘ _p =

Figure 5. Land use cover and locations of all mussels found living in the Middle Cuyahoga River in the summer of 2015.
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created an almost continuous dam pool, and their
removal would have distributed vast quantities of
sediment downstream and led to significant changes
in the structure of the riverbed (Doyle et al. 2005;
Gottgens and Evans 2007; Tuckerman and Zawiski
2007; Mann et al. 2013).

Of the three mussel species found alive in this
study, P grandis, L. siliquoidea and L. nasuta, all
occur commonly in slow moving water, and only L.
siliquoidea is abundant in both flowing streams and in
slack water (Watters etal. 2009). That P grandisand L.
siliquoidea can also tolerate agricultural inputs (Begley
2014) contributes to their being the two most common
species statewide, while the cause of the limitation of
the L. nasuta only to the Cuyahoga River above the
gorge is unclear. Ligumia nasuta is an Atlantic Coastal
species and perhaps only a historic chance event of
dispersal or human introduction brought the species
to Lake Erie and the Cuyahoga River (Graf 2002;
Scott et al. 2014), although the species is all but lost
from Lake Erie today after the dreissenid invasion
(Zanatta et al. 2015).

The diversity and abundance of shells suggests that
high mortality of mussels followed dam removal,
especially of lentic species in the past dam pools, as
Sethi et al. (2004) observed in a similarly sized river.
Species more often found in lotic habitat were rare,
although failure to find a species only means that
the density is below detectable limits. Freshwater
mussels are well hidden and sometimes difficult to
find without destructive sampling (Wisniewski et
al. 2013). However, given extensive search time in
the water, and that surveys primarily applied visual
assessment of the stream bed along what is not a long
stretch of river, populations of other species cannot
be large. The ratio of 11.7 shells for every live mussel
observed isalso unusually high, and using similar survey
protocols, the only local area where a higher ratio was
found and live mussels were obtained was the urbanized
lower Chagrin River; 6 live Lampsilis cardium (Plain
Pocketbook) and 105 shells were collected (Krebs et
al. 2010b), a ratio of 17.5 to 1. Comparatively, the
2012 survey of the Upper Cuyahoga River (Krebs et
al.2012) produced almost equal numbers of livingand
shell specimens (410 shells and 385 living), the Upper
Chagrin River above Chagrin Falls had a ratio less than
one (179 shells to 231 living, or 0.77 shells/live, Krebs
et al. 2010b), while Begley (2014) collected 961 live
for just 181 shells in the adjacent Upper Mahoning
River watershed, mostly in the more forested Eagle

N.P. HOGYA, R.E. ANDRIKANICH, R.J. TRIMBATH AND R.A. KREBS 13

Creek, a stream just east of the Cuyahoga River and
over the northern divide in Portage County.

Because no mussel surveys had been conducted prior
to removal of any of the Middle Cuyahoga River dams,
we cannot attribute the decline in the lentic species
to the removal of these features. But, only one site,
which was above Kent, could be said to have a viable
population of mussels. Thus, few individuals were
found within regions once covered by dam pools, and
the mussels found occurred where the riparian habitat
now includes a thick layer of deciduous trees. While
the most common land cover around the river was
deciduous forest, commercial/industrial ranked second,
especially in the area of downtown Cuyahoga Falls
and Munroe Falls where three dams were removed.
These areas remain under commercial development
and possess little cover along riparian zones, which
may limit the development of mussel habitat in these
portions of the river.

Nonetheless, removal of dams has returned the river
to a more natural state even though those removals
must have imposed great disturbance (Stanley et
al. 2002; Krieger and Zawiski 2013). Most of the
stream bed below the old dam sites is now flowing
riffles and shallow pools. Typically sediment deposits
on the inside of a bend in the river, especially as the
river begins to straighten on the downstream end
(Newton et al. 2008). While not conducting formal
substrate sampling, such geographic features were not
yet apparent in the river. The many urbanized areas
typically possess impervious surfaces that contribute
both to rapid run-off and periods of high pollution
andsaltloads (Royetal. 2015), suggesting that current
land use remains a factor as well as the past dams.

A final challenge with respect to the Middle
Cuyahoga River is its isolation. Connectivity to the
Upper Cuyahoga, which sported a low diversity but
abundantassemblage (Tevesz etal. 2002), may explain
the species of shells found and asserts the common
history of these two regions of the river. By contrast,
the high slope of the gorge region naturally separates
the Lower Cuyahoga River, which once had a diverse
fauna (Dean 1890; Brose 1994), from the middle
and upper reaches (Ortmann 1924). Therefore, even
after the river stabilizes, repopulation will depend on
survivors in the region. Colonization from up and
downstream of the Middle Cuyahoga is effectively
blocked by the gorge on the downstream side and
by dreissenid-infested Lake Rockwell and its dam
upstream.
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