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A survey of mussels in the Cuyahoga Watershed

Enclosed is a request to collect shells and a small numbers of fresh water mussels in the Cuyahoga National Park.  These collections will facilitate an ongoing federally funded research project on the biodiversity and genetic diversity of mussels in the rivers of northeast Ohio. Last year I did not collect any mussels from the park, although I was listed as a co-investigator on a permit provided to Dr. Michael Tevesz at Cleveland State University (permit #CUVA-00-004, which expires March 15, 2001).  He has asked that I take over the permit request duties this year as my continued work will make me more active than he in surveys during the upcoming years.  Dr. Tevesz along with Drs. Michael Gates and Ralph Gibson will remain as co-PIs to this project.

The ongoing mussel survey ties in to work already underway in the park.  The Cuyahoga River Watershed Project (CRWP) has established 8 monitoring sites for streams within the park and an initial study of mollusks in the park was completed by a masters student at CSU, Daniella Smith.  A genetic study of mussels also has led to another thesis from an Honors Biology Project by Roxana Vlaceanu, who now studies at Case Western Reserve University in genetics.  The present research continues under a small grant for exploratory research (DEB#0002305), Paternally Derived Mitochondrial DNA in Freshwater Mussels: A hypervariable resource for population analysis. Two goals are proposed in this study. First is to develop a new system for exploring genetic diversity within muscles, that of male inherited mitochondria, and to apply this tool for a within system analysis of population structure.  Second is to complete a genetic survey of the mussels present in the Cuyahoga watershed using DNA extracted from male and female inherited mitochondria.  This approach will expand an ongoing population survey to learn more about the systematic position of the species that live in this river system, using molecular techniques.

The work within the CVNP I propose for the new year is very specific.  I plan to complete an intensive survey of freshwater mussels in Tinkers Creek, and begin exploration of Yellow Creek.  Enclosed are results from last year that encompass the upper half of this stream.  Mussels are common where Tinkers Creek runs through Twinsburg Township, but they disappear upstream of the confluence with Pond Brook.  Daniella Smith, in her thesis reported no sitings of mussels in Tinkers Creek where it runs through the national park, and near the confluence with the Cuyahoga, I also have not observed any sign of native mussels.  However, I have received anecdotal reports of mussels within what is now the park boundary, and I will investigate this region along with areas further upstream.  

For this survey work, I hold permission to collect in the state of Ohio, permit #663, which has been extended.  Long term permission is expected.  I have also received permission to collect mussels and shells from the Cleveland Metroparks.

Permission that I request is primarily to collect shells, to handle, photograph and replace live mussels, and if found in abundance, to collect up to 6 live mussels of any species only from the two following areas, Tinkers Creek and Yellow Creek.  These specimens are very important to complete a study that tests for any genetic isolation of populations caused by human influences, for example, the heavy industrial areas around Brecksville that influence Tinkers Creek, and the Akron sewage outflow system that may cut Yellow Creek off from the upper Cuyahoga.  Species that are useful for this analysis are limited to Pyganodon grandis, Lasmigona costata, Lasmigona compressa, Fusconaia flava and Lampsilis radiata.  I would collect no more than two of any species from either stream this year.  If results suggest that additional material is useful, I will submit separate requests for collection.

Collection of mussels is performed solely by hand to limit any disturbance of the habitat.  My preferred technique is visual surveys where water levels are very low, or when water is clear, or by Brailling in water no more than thigh deep.  Shells are collected, returned to the laboratory and catalogued at CSU for research purposes, while live material is brought to the stream bank, photographed, and gently replaced where it was found.  Where live material is required for genetic sampling, the procedure is destructive, because the DNA tests are run using gonadal tissue from the mussels.

 My laboratory is well positioned for this research.  Last year several students sequenced part of one gene from paternally derived mtDNA from about 6 individuals, and when completed this study will provide a first comparison of DNA sequence diversity between female derived mitochondrial lineages (submitted as a paper to the journal, Malacologia) and the mitochondria of the male testes, which is developmentally and evolutionarily distinct.   Dr. Michael Tevesz and I are also preparing papers to the journal, Kirtlandia, on two topics, the use of mussels as  a bioindicator, which will accompany the survey data in Tinkers Creek, and second, a paper that analyzes historical changes in the mussels of the Cuyahoga Watershed over the past 400 years (Table 1).
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Mussel diversity in the Cuyahoga


The distribution, abundance and species composition of mussels in the Cuyahoga River have changed extensively since European colonization.  Seven sets of survey data, which are summarized in Table 1 and 2, highlight the great loss of species in the lower portion of the Cuyahoga River, while the upper, less disturbed part of the river may even have gained diversity in the last 100 years.  

Based on midden data from South Park, a region only a little south of where interstate 480 crosses the Cuyahoga, a diverse mussel community existed that may have been dominated by five species, Actinonaias ligamentina carinata, Amblema plicata, Elliptio dilatata, Ligumia recta, and Ptychobranchus fasciolaris, and shells of eight others were identifiable to species (Table 1).  Two of these species had disappeared by the late 1800’s, when Dean (1890) surveyed the river, Amblema plicata and Ptychobranchus fasciolaris. None of the others survived to the present, which is not surprising for a river infamous for its levels of pollution in the 1960’s through 70’s.  The likely historic abundance of these species probably explains why old shells for four of the five were still found in a recent survey (Smith et al., 2001).

The modern composition of the lower Cuyahoga is very different, and may contain as few as six species.  For one, mussels of any kind are probably rare based on the finding of only four live specimens, and few fresh shells.  However, the river appears to presently support a phylogenetically diverse assemblage of species (Krebs, unpublished) for which live specimens were found of three, Potamilus alatus, Pyganodon grandis, and Quadrula quadrula.  Of these, only Potamilus alatus was identified by Dean (1890), Pyganodon grandis existed only in the upper part of the river (Ortmann, 1924) and Quadrula quadrula had not been seen before, although this species existed in Lake Erie prior to the introduction of Zebra mussels (Ortmann, 1924). 

Other species that may exist in the lower Cuyahoga include Fusconaia flava, Lasmigona compressa, and Leptodea fragilis, for which fresh shells were found (Smith et al., 2000), and, as for Quadrula, the latter of these three species is a new record for the Cuyahoga. Fusconaia was a common species of the last century and it is one of the few small species represented in the midden data, which may likely be biased towards larger species were mussels collected for food. Although F. flava has never become established in the upper Cuyahoga, this species is common today in Tinkers Creek, which may have provided a refuge when the river was polluted. Alternatively, Metcalf-Smith et al. (2000) describe F. flava, Pyganodon grandis, Potamilus alatus, and Quadrula quadrula as possibly the most pollution tolerant of species living in the Grand River (Southwestern Ontario).

In contrast to the lower Cuyahoga, the Unionid biota from the upper part of the river has changed little.  Ortmann (1924) reported finding Anodontoides ferussacianus, Lampsilis siliquoidea, Lasmigona costata, Lasmigona compressa, Ligumia nasuta, Pyganodon grandis (not found by Dean, 1890), Strophitus undulatus, and Utterbackia imbecillis.  All of these species remain in the upper river (Huehner, 1985; Hoggarth, 1990;  Huehner and Gyulai, 1999), and added too them is the now common Lasmigona complanata, which Dean (1890) found in the local canals.  The stability of this community suggests strong isolation from the rest of the river. These eight species suggest good diversity, but the Grand River (Ohio), long considered the cleanest of the rivers in Northeast Ohio, sported 19 species in the early 1900’s (Ortmann, 1924).

This isolation also applies to the mussel communities of Tinkers Creek, a smaller river, which, while not as heavily influenced by industry, slowly winds through agricultural and more suburban communities as it passes through the Twinsburg and Brecksville regions. Five species appear common in Tinkers Creek (Table 2) and fresh shells of three others occur occasionally.  The greatest contrast in the two rivers is the presence of Fusconaia flava and possibly Alasmidonta marginata (3 very fresh shells) in Tinkers Creek.  The biota of this tributary clearly links to the lower Cuyahoga of the late 1800’s and not at all to the ancestral data from the middens.

Table 2. Specimens in Tinkers Creek from Twinsburg Township (Krebs, unpublished)


Tinkers
Creek


shells
alive

Actinonaias ligamentina 
2 old


Alasmidonta marginata
3


Fusconaia flava
16
12

Lampsilis siliquoidea
31
1

Lasmigona compressa
11
11

Lasmigona costata
13
17

Pyganodon grandis
153
77

Strophitus undulatus
5


Toxolasma parvus
2


Total specimens
234
118

The above survey descriptions highlight the experience the PIs possess in surveying for mussels and the progress made to date.  Continued work will complete the production of baseline data for the entire watershed, data that will enable us to perform a long term analysis of changes in the populations of mussels as conservation efforts succeed at cleaning up the river, especially the lower portion for the Cuyahoga.  The addition of a genetic study to map constraints in gene flow will further describe discrete units within the river system that may aid efforts to remove or modify current impediments to gene flow (i.e., weirs that were put in place for flood control).
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Thank you for any consideration that you give to this request for a research and collection permit.   The requested period for permission to collect March 16, 2001 to March 15, 2002.

Co-workers at Cleveland State, all of whom are faculty, remain

Dr. Michael Tevesz

Dr. Michael Gates

Dr. Ralph Gibson


