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AN ABSTRACT OF A THESIS

THE FRESHWATER MUSSELS OF THE STONES RIVER ABUVE
J. PERCY PRIEST RESERVOIR, TENNESSEE

John E. Schmidt
Master of Science in Biology

This study investigated the status of the freshwater mussel
(naiad) populations of the Stones River. A possible change iIn species
number was anticipated following the impoundment of the lower portion.
(22 percent) of the viver and the declining water quality in the basin.
Thirty-nine, ten, and eight stations were established on the three main
tributaries of the stones River to sample naiads and water guality,
benthic macroinvertebrates, and fish, respeciively. ©Stations were
sampled from April 1980 to March 1981.

The number of naiad species in the Stones River has declined from
a reported 45 in 1968 to 30 found in this study. There was an increase
in the number of naiad species with distance from each point source of
pollution in the Fast and West Forks. Diversity and evenness values
computed for benthic macroinvertebrates were higher upstream and far
downstream, than immediately downstream, of each point source. Warm
water temperatures, low flows, high BOD effluents, increased nutrients,
and gravel dredging are suspected to have caused the decline of the
naiad fauna of the Stones River.
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Chapter 1
INTRODUCTION

The Stones River was reputed te have one of the richest popula-
tions of freshwater mussels (naiads) in the Cumberland River Basin prior
to the impoundment of the lower section in 1968. Much of the remaining
portions of the upper Stones River basin, the East, West, and Middle
Forks 1is reported to still support populations of naiads. However, the
general feeling among malacologists is that the existing naiad fauna of
the system is not as rvich as the impounded sections used to be.

This study was initriated to determine the current status cf the
naiad population in the upper Stones River. A preliminary survey of the
naiad population during April 1980 by this researcher revealed that it
in fact was not as rich as it used to be (Stansbery 1980; Sharber 1980}.
Therefore, compariscns were made with the findings of previous investiga-
tions and possible reasons for the change in the naiad population were
investigated.

There have been many studies on the naiads of various streams in
the Cumberland River Basin (Wilson and Clark 1914; Neel and Allen 1964;
Stansbery 1969, 1970a; Blankenship and Crockett 1%72; Parmalee et al.
1980), but very few have been done on the naiads of the Stones River
(Tucker 1972; Wilson and Clark 1914). Several biologists have collected
in the Stones River in cooperation with Dr. Stansbery of Ohio State

University who conducted a preimpoundment study from 1965 to 1968.



Although he has not published a report of their research, he did provide

a species list for comparison with the findings of this study.



Chapter 2
LITERATURE REVIEW

Parchment (1961) did a limmological study of the Stones River
including bottom fauna, plankton, and chemical-physical conditions of
the river. He concluded that "the Mocllusca were the most common
organisms based on numbers per square foot" (p. 127} in the Stomes River.

Several investigators have collected naiads in the Stones River.
Wilson and Clark (1914) conducted an investigation of the Cumberland
River and its tributaries. During their study they examined the East
Fork at Walterhill and the West Fork at Murfreesboro. They found the
river at Walterhill to be shallow and turbid with numerous riffles.

Below the ford at Walterhill they found large numbers of a previously

undescribed species Truncilla(=Epioblasma) walkeri. They also found

many "remarkably large” Lasmigona costata. At Murfreesboro they found

many Ancdonta grandis and L. costata "of large size on the bank, recently

killed by pearlers” (p. 32). Wilson and Clark (1914} described the
naiad fauna of the Stones River as being remarkable because it had
several species not found in the Cumberland River. They found the genus
Anodonta mnowhere else in the Cumberland River Basin. They also remarked
on a peculiar interchange of species between the Stones River and the

Cumberliand River. Lampsilis ovata and Amblema plicata of the Cumberland

River were replaced by Lampsilis ventricosa and Megalonaias nervesa in

the Stones River.



Stansbery (1980) collected 45 species of naiads in the Stones
River and its forks before its impoundment in 1968. Stansbery (1970a)

reported that the "last known population of Epiocblasma lenoir is now

covered by the (J. Percy)} Priest Reservoir on the Stones River in

Tennessee" (p. 19). Stansbery also reported Epioblasma walkeri to be

restricted to the lower Stones River. Stansbery (1966) reported finding

Cumberlandia monodonta in the Stoneg River in 1965.

Tucker (1972), while an undergraduate at Middle Tennessee State
University, did a composition and distributioﬁ survéy of thé naiad fauna
of the upper Stones River in which he identified 18 genera and 24 species,
A more reasonable species list should have only 21 species since four of
the species listed were found out of their respective ranges and were
probably misidentified and three species were misnamed.

Hargis (1969) conducted an inventory of the lakes, ponds, reser-
voirs, and streams of Rutherford County. He found the West Fork and
Middle Fork to have a sluggish average velocity and subject to farm
pollution. The East Fork was found to be subject to moderate flooding,
sporadic pollution, and have a sluggish average flow. He found all
three streams to lie in a fertilely-rich watershed.

Pelren (1971) conducted the same survey for Cannon County. He
found the East Fork to normally be slightly turbid in color and listed
gravel dredging and waste disposal as two of the stream uged.

Other investigators have studied the macroinvertebrates of the
Stones River. Chandler (1978) used basket samplers to sample the benthic
macroinvertebrates of the West Fork. He found Chironomidae present at
all stations as well as composing 50 percent of all specimens collected.
Maloney and Chandler (1976} did a survey of the leeches of the upper

Stones River basin in which thev found eight species.



Chantrasorn (1975) did a survey of the stonefly nymphs of
Rutherford and Cannon Counties. He recorded 18 species, tem of which
were new records in Tennessee., Smith (1973) surveyed the Gerridae
(Hemiptera) of the Stomes River and other streams in the Tennessee Inner
Central Basin.

Several water quality studies have been conducted on the Stones
River and J. Percy Priest Reservoir, Galloway (1919) found much of the
water in the basin that falls as rain to run into sink holes. Burchett
and Moore (1971) surveyed the water resources in the upper Stones River
basin. They found the basin's predominately limestone bedrock formations
to store little water; most of the water entering streams in the basin
came out of solution cavities. The Tennessee Division of Water Quality
Control (TDWQC) (1977) and Burdick and Drewry (1973) both assessed the
water quality of the Stones River. In both studies, the State's water
quality standard for dissolved oxygen was violated below the
Murfreesboro sewage treatment plant on the West Fork and below the
Woodbury sewage treatment plant on the East Fork. Both groups cited

several Ffish kills on each tributary downstream of each treatment plant.






Chapter 3

AREA DESCRIPTION

In 1968, the U. S. Army Corps of Fongineers closed the gates of
J. Percy Priest Dam on the Stones River to create J. Percy Priest
Reservoir, The remaining free-flowing povtions of the Stones Kiver are
a short stretch (6.8 miles) downstream of the dam and three main forks
upstream of the reservoir--the East, West, and Middle Forks which form
the upper Stones River basin. The upper Stones River basin lies in the
northcentral portion of the Nashville Basin physiographic regien with the
Fastern Highland Rim forwing its easternmost boundary. Short Mountain
(2092 ft. m.s.1l.) in eastern Cannon County is the highest elevation in
the basin. The lowest point in the upper basin Is approximately the
level of the reservoir ranging from 480 feet w.s.l. to 504 feet m.s.l.
{U. 8. Army Corps of Engineers 1978).

The East Fork drops off the Highland Rim flowing westward across
Cannon County, meandering 53.3 miles northwestward across Rutherford
County and entering J. Percy Priest Reservoir near Smyrna. The Middle
Fork flows 14 miles northwestward across southern Rutherford County
joining the West Fork near Barfield. The West Fork flows 30 miles north-
ward across southern Rutherford County past Murfreesboro and enters
J. Percy Priest Reservoir near Smyrna.

The tributaries of the Stones River are characterized by "many
alternating riffles and long pools" (Parchment 1961, p. 11). Hargis
(1969) estimated the East, West, and Middle Forks to be 85 percent,

6



70 percent, and B0 percent pools, respectively. There is good cover
along the majority of each tributary and the aguatic macrophyte, Justicia
americana, is very abundant.

The climate of the Middle Tennessee region is characteristically
mild. The temperature rarely drops below -4°C, climbs above 32°C, and
usually averages 16°C (Parchment 1961). During July 1980 the temperature
was well above 32° (90°F) almost every day. Rainfall in the basin
averages 124 cm (46,70 inches) (United States Army Corps of Engineers
1978).

The geology of the Stones River basin is dominated by a 500-foot
thick hed of Ordovician limestone. Streams in the basin flow in well-
defined channels in the limestone bedrock. The region is characterized
by solution cavities which range in size "from a fraction of an inch to
several inches high, from several tens of feet to several hundred feet
wide, and from a fraction of a mile to several miles long" (Moore et al.
1969, p. 1). Soils in the region average 1.2 m (4 ft.) thick, ranging
from 10.6m{35 ft.)} in portions of Cannon County to bare vock in parts of
Rutherford County.

Approximately 20 percent of the watershed is in timber, 50 percent

in pasture, and 30 percent isg in cultivation (Hargis 1969).



Chapter 4
MATERTALS AND METHODS

Naiads, benthic macroinvertebrates, fish, and water guality were
sampled at various stations on the East, West, and Middle Forks of the
Stones River from April 1980 to March 1981 (Figure 1 znd Appendix).

Data for the upﬁer Stomes River basin was also gathered from other sources
to aid in defining present and previous land use and water quality
conditions in the basin,

This chapter is divided into five major sections. The first four
deal with the collection and laboratoery procedures and data analysis used
for naiads, benthic macroinvertebrates, fish, and water quality collected.
The fifth section desecribes the data obtained from other agencies and how

it was obtained.
Naiads

This section deals with station selection, collection and
identification, and datas analysis procedures utilized to assess the

naiad populations of the Stones River.

Station Selection

Thirty—~eight stations were established on the three forks to
collect naiads. Station selection was based on ease of access, known
oceurrence of naiads (or habitat), and/or the proximity to a point

source of pollution,
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Figure 1. Stations Sampled in the Upper Stones River Basin
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Collection and Identification

Each of the 39 stations was visitéd at least once with most
stations having more visits during the 12-month study (Table 1}. Statione
used and collecting methods employed were very similar to those of
Stansbery (1980) in his preimpoundment study. In conjunction with a
visit to a station for other purpeses (benthic macroinvertebrates, fish,
water quality, etc.), the presence of naiads was also noted.

Each site was initially sampled for naiads by walking the banks
and wading the shallow areas looking for freshly dead or subfossil shells
(Table 2). Shells located in these areas were collected, placed in heavy
plastic bags, and labeled for each station. Shells found in these areas
were usually washed up in high water or brought up by muskrats and
raccoons. The shell piles (middens) made by these mammals are common and
often turn up species Fhaﬁ are usuvally found in deep water. Live naiads
were located with the aid of an wnderwater viewing scope. Once located,
they were vemoved from the substrate by hand in shallow water (less than
I m) or with a modified garden rake. The rake was modified with a wire
mesh basket to retain naiads while allowing sand and gravel to pass
through.

The majority of live specimens were identified in the field and
returned as close as possible to where theyv were found. Representative
and unidentifiable specimens were preserved in the field with 10 percent
formalin or 70 percent ethanol, tagged, and brought back to the lab for
identification. Occasionally naiads were placed on ice in a cooler,
brought back to the lab, cleaned, and then identified. All unidentified
specimens collected alive were cleasned and their soft parts removed to

aid in didentification. Species were identified to the species level



Table 1.

Number of Collection Trips Made to Each Station for Nalads,
Benthic Macroinvertebrates, Fish, and Water Quality from April 1980
to March 1981
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Table 2. Naiad Specimen Classification {(Adapted From Buchanan [1980})

Condition

Condition

Living

Freshly Dead

Subfossil

Fossil

Obvious biological funections

No soft parte but shell with some luster;
periostracun relatively intact

Shell without luster; periostracum peeling off

Shell chalky, often brittle; little or no
periostracum

12



13
using keys and descriptions in Burch (1975), Bogan and Parmalee (1979},
Murray and Leonard (1962), and Parmalee (1967). All collected specimens
were verified by either Dr. Paul W. Parmalee, Divector, McClung Museum,
The University of Tennessee, Knoxville, TN, or Dr. Davié H. Stansbery,

Director, Museum of Zoology, The Ohic State University, Columbus, CH.

Data Analysis

All naiad species collected were recorded and Listed by station.
Comparisons were made with Stansbery's (1980) unpublished data. Each
species was discussed in terms of its abundance, distribution, and whether

it was threatened or endangered.

Benthic Macroinvertebrates

This section will detail the procedures for station selection,
collection and identification, and data analysis for benthic

macroinvertebrates.

Station Selection

Ten stations of the 39 stations were sampled for benthic macro-
invertebrates during a five-week period in the late spring (May 28, 1980,
to July 1, 1980) and during a five-week period in the late fall
(November 1, 1980, to December 7, 1980) (Table 1). The.purpose for
sampling benthic macroinvertebrates was to determine if the known point
sources of pollution in the upper Stomes River basin were haviﬁg
deleterious effects on the streams. One sample was collected upstream,
another immediately downstream, and.at three other intervals downstream
of the Woodbury sewage treatment plant (STP) on the East Fork Stones

River. Samples were collected at three upstream stations, one immediately
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downstream and one far downstream of the Murfreesborc STP on the West

and the Middle Fork (ome station) Stones River.

Collection and Identification

Sampling was accomplished with a Surber square-foot bottom sampler.
At each station, three samples were taken in either an upsitream or lateral
direction {(Weber 1973) in riffle areas. Care was taken at each station to
choose aveas that were similar in type of viffle, flow regime, and
collectability. Every effori was made to use the same level of effort
for each sample taken. Actual sampling began with the sampler resting
firmly on the substrate. Then large rocks within the frame were gently
scrubbed with a soft vegetable brush in front of the net so dislodged
invertebrates would drift into the net., The remaining substrate was then
dislodged to a depth of approximately 10-15 ecm until little or no tur-
bidity was visible (Surber 1962}).

All samples were preserved in the field with 70 percent ethanol
and returned to the lab where they were sorted from extraneous matter
with the aid of a 3¥ scanning lens. Specimens were identified to the
lowest practical taxonomic level (usually genus) using keys by Usinger
(1956), Pennak (1933}, Wiggins (1977}, Parrish (1968), Williams (1976),
Brown (1972), Hobbs {1976), Schuster and Btnier (1978}, and Sinclair
(1964).

Due to the drought experienced in the region during the summer
and fall of 1980, the fall samples were not used. It was felt that these

samples were affected by the drought and would not be representative.
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Data Analvsis

Diversity, evenness, and number of taxa were determined for each

station sampled.

Diversity. Diversity indices are a tool for measuring environ-
mental quality and the effect of stress on macroinvertebrate community
structure, Most undisturbed enviromments support relatively large
numbers of species with no species in overwhelming abundance (Weber
1973). The higher the diversity, the healthier the community. Kovalik
(1981) recommended the Shannon-Weaver index because it is relatively
insensitive to sample size, and it is recommended by the U, §,
Environmental Protection Agency for the purpese of uniformity (Weber 1973).

Diversity was calculated by the following Shannon-Weaver
diversity index formula:

n

H' (diversity) = 7 Py 1og2 1
i=1

whera py = the proportion of the ith species in the sample,

Evenmess. Evenness is also used as a measure of environmmental
quality. Hvenness is defined as how evenly the proportions of the
communtity are distributed. Evenness ranges from 0.0 to 1.0 with high
values indicative of healthy systems and low values indicative of

stressed systems. A modified version of Pielou's (1975) evenness formula

was used.
Evenness(E} = H' + H' max
whare ' H' oy = log,yS = 3.32198
and S = Number of taza in the community.
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Number of taxa. The number of taxa was determined for each

station after all identifications were completed,

Fish

The importance of fish in the life cycle of naiads is well
documented (Coker et al. 1921; Stein 1968; Yokley 1972; Mathiak 1978).
Fich serve as a host organism for the glochidia or larval stage of naiads.
Many naiad species have specific host fish and will not develop on other
fish species. Therefore, the availability of the correct host fish species
is critical to the maintenance of each naiad species, community, or popu-
iation. This section will deal with collection and identification and

with data analysis for fish species in the Stones River tributaries.

Collection and Identification

To assess whether specific fish hosts were present in the upper
Stones River basin, fish were collected at eight of the stations (Table 1
by seining and electroshocking. Collecting was done in riffie and pool
areas over substrate favorable to naiads. The net used was a 3.0-by 1.2-
meter seine with 3 mm mesh. Electroshocking was accomplished with a
portable Honda generator rigged with two AC electrodes.

Most of the game fish collected were identified in the field and
released. Other fish collected were preserved in the field with 10
percent formalin solution and brought to the lab for identification.

Fish were identified to the species level with the help of keys by Eddy
(1969), Pflieger (1975), and Etnier (1981). Dr. David A. Etnier,
Department of Zoology, The University of Tennessee, Enoxville, TN,

verified all collected specimens.
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The presence of game and rough fish species not collected
during the study was verified in dinterviews with fishermen during visits

to sampling stations.

Data Analysis

& list of fish species was tabulated for each stream in order to

determine if the host fish were present,

Water Quality

This section will deal with the colleetion, lab, and data
anzlysis procedures emploved for water quality assessment duriag this

study.

Coliection and Laboratory Procedures

Thirty-four of the stations were sampled for water quality during
the study period (Table 1). The majority of this sampling was done in
conjunction with naiad or benthic macroinvertebrate sampling at these
stations,

Parameters measured in the field were temperature, dissolved
oxygen (D.0.), pH, and conductivity. Temperature and D.0. were both
measured with a Yellow Springs Iastrument (YSI) Model 34 Oxygen meter.

An Analytical Measurements, Inc., Model 107 pH meter was used to measure
pH. Conductivity was measured using a YSI Model 33 S~C-T meter.

Parameters measured in the lab were alkalinity and hardness.

Samples were collected in the field in 1 quart (0.9461 1) Cubitainors.

They were then placed on ice in a cooler and transported to the 1ab
where they were later analyzed. Alkalinity was determined by titrating

with 0.02N sulfuric acid to a pH of 4.5. Hardness was determined by
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titrating standard EDTA with Eriochrome Black T indicator to a blue

endpoint.

Data Analysis

Water quality data was tabulated by day of collection in an seffort

to observe water quality trends during the study period.

bBata From Other Sources

Data from other sources consists of stream use classification,
gravel dredging activities, fishkill activities, agricultural chemical
use, farm crop statistics, and water quality and flow data over the last
20 years., This data was obtained from published sources and by personal

conversations and correspondence.






Chapter >
RESULTS AND DISCUSSION

This chapter is divided into four sectioms. The first section
will discuss collection results and data analysis for benthic macvo-
invertebrates. The second section will report the results of fish
collections and discuss naiad/fish host relationships. The third
section will report the results of the water quality collections and
discuss information gathered from other sources. The fourth section will

discuss the collection results and data analysis for naiads.

Benthic Macroinvertebrates

This section will give the results on the quantitative benthic
macroinvertebrate collections and then discuss the results of the data

analysis made on each sample.

Coliection Resultis

Benthic macroinvertebrates were collected from a total of ten
stations—-five on the East Fork, four on the West Fork, and one on the

Middle Fork. Results of the spring samples appear in the Appendix.

Data Analysis

Figures 2 and 3 illustrate the diversity, evenness, and number
of taxa for the ten stations sampled for benthic macroinvertebrates.

According to Wihim (1970, benthic macroinvertebrate commmities
from clean water generally have diversity values ranging between 3.0

19
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and 4.0. He also considered diversity values of less than 1.0 to be
characteristic of polluted water. Evemmess values less than 0.4 indicate
a community under stress (Gore 1981). Weber (1973) found streams in the
southeastern United Statés to have evenness values reduced to less than
0.3 even under slight levels of degradatiom.

In the Fast Fork, two stations, E20 and E13, had diversity values
above 3.0. However, these same stations had evenness less than 0.4,
Stress on benthic macroinvertebrate communities was also demonstrated by
iow diversity and evenness values at the three remaining stations on the
Fast Fork. Values were lowest at Stations E19 and E3 but were still
greater than 1.0 (for diversity).

Tn the West and Middle Forks, diversity and evenness values
indicate that every station appeared to be under stress. The lowest
values were at Station W2a, immediately below the Murfreesboro STP.
Stress at stations upstream of Murfreesboro may be a result of poor
water quality due to nonpoint source pollution.

The number of taxa at a station was influenced by the location
of the station in relation to the point source of pollution. Numbers
were highest above and far below each STP. Immediately below each STP
numbers were low but gradually increased with distance downstream.

Weber (1973) found number of taxa in a community to be highly sensitive
to stress in the enviromment.

The results of the benthic macroinvertebrate sampling demonstrated
the impaci the two point sources of pollution were having. Bach param—
eter tested showed a drop in diversity, evemness, and number of taxa
below each point source. Parchment (1961} found the Stones River to be

relatively clean during his study. He wrote of the "variety of organisms”
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and the "rare occurrence of scavenger organisms (Tubificidae,
Chironomidae)” (p. 112). The dominance of Chironomidae at many stations

in this study also indicates that the Stones River is under stress.

Fish

This section is divided into two sectiong. The Ffirst will
report the results of the fish sampling. The second will discuss the

relationship between nalads and their fish hosts,

Collection Results

Eleven samples of fish were collected from selected stations on
the tributaries of the Stones River during the éummer and fall of 1980
and the spring of 1981 (Table 1}. A total of 45 species were present in
the basin (Table 3). There were 39 species collected in the East Fork,

41 species in the West Fork, and 22 species in the Middle Fork.

Naiad-#ish Host Relationships

Many malacologists feel that the presence, absence, ot recovery
of a naiad species is dependent on the presence of its fish host
(Yokley 1976; Eliis 1929; Wilson and Clark 1914; Neel and Allen 1964).
Currently, there are 45 species of naiads whose host fish are known or
.implicated (Fuller 1974). Yokley (1976) felt that host fish concentrating
over favorable substrate, either while feeding or spawning, largely
determined the presence of a mussel bed. 1If fish hosts are not available
for the glochidia, the naiad communities may die out. Starrett (1971)
equated rich fish life with rich naiad populations. Athearn (1967} felt
that the practice of eliminating "trash" fish, several of which are known
host fish, and restocking with game fish may be a factor in eliminating

many mussels,
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Table 3. Fish Species Present in the Three Forks of the Stones River,

April 1980 to March 1981

Dorosoma cepedianum (Lesueur)
Campostoma anomalum (Ratinesque)
Cyprinus carpic Linnaeus

Hybopsis insipnis Hubbs and Crowe
Nocomis effusug Lachmer and Jenkins
Notropis ardens (Cope}

Notropis corputus (Mitchill)
Notropis galacturue {(Cope}

Notropis heterolepis Eigenmann and Eigenmann

Pimephales notatus (Rafinesque)
Carpiodes spp.

Catastomus commersoni (Lacépeéde)
Hypentelium nigricans (Lesueur)
Minytrema melanops (Rafinesque)
Moxostoma dusquensel (Rafinesque)
Moxostoma erythrurum (Rafinesque)
Ictalurus melas (Rafinesque)
Tetalurus punctatus (Rafinesque)
Noturus flavus (Rafinesque)
Pylodictus olivaris {(Rafinesque)
Fundulus catenarus (Storer)
Fundulus notatus (Rafinesque)
Gambusia affinis (Baird and Girard)
Labidesthes sicculus (Cope}

Morone chrysops (Rafinesque)
Amblioplites vupesiris (Rafinesque)
Lepomis cyanelius Rafinesque
Lepomis macrochirus Rafinesque
Lepomis megaiotis (Rafinesque)
Micropterus dolomieui Lacépéde
Micropterus punctulatus (Rafinesque)
Micropterus salmoides Lacépede
Pomoxis annularis Rafinesque
Pomoxis nigromaculatus (Lesueur)
Percina caprodes (Rafinesque)
Ftheostoma atripinne (Jordon)
Frheostoma blennioides Rafinesque
Etheostoma czeruleum (Storer
Etheostoma microlepidum Raney and Zorach
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Table 3. {(Continued)

Species® East Middle West
Etheostoma yufilineatum {Cope) % x
Btheostoma squamiceps Jordon p:e

Etheostoma stigmaeum {Jordon} ® ®
Etheostoma virgatum (Jordon) X

Aplodinotus grunniens Rafinesque b3 X
Cottus carolinae (Gill) X X %

*All species names are in accordance with Bailey (1970).
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Seventeen naiad species not found during this study were found by
Stansbery (1980) in his preimpoundment study {(Table 4). Table 5 lists

the host fish of these species. One naiad species, Pegias fabula, has as

its only known host the mudpuppy {(Necturus maculosus), an amphibian

(Howard 1914). Mudpuppies are kmown to live in the Stones River as are
all of the fish species listed in Table 5.

The presence of these host fish species would imply that the
cause for the decline in the number and abundance of naiad species is
not a lack of host fish. However, numerous fish kills in the upper
Stones River basin over the years may have cut down on the relative
‘gbundance of host fish. Since 1869, four fish kills (Table 6) are known
to have occurred on the East Fork Stomes River. These fish kills were
apparently caused by releases of effluent with high biochemical oxygen
demand (BOD) from the Woodbury STP. Eleven fish kills on the West Fork
Stones River {Table 7) have occurred-—apparently caused by releases from
the old Murfreesboro STP. Most of these fish kills were a result of low
DO caused by high BOD. These fish kills not only reduced fish host
populations in these streams, but the discharged material and resulting

water quality were probably injurious to nalad communities downstream.

Water Quality

Naiads, by virtue of being aquatic and relatively sedentary, are
dependent on the quality of water in which they live. Major factors
affecting the quality of the water in the upper Stomes River basin,
other than the patural water gquality of the stream, include the sewage
treatment plants, land use, and gravel dredging operations. This |

section will discuss the general water quality data collected in the
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Table 4., Naiad Species Found by Stansbery During His 1963-1968 Study

aud the Present Study

Species®

Stansbery

Present
Study

Anodonta imbecillis Gav, 182%)

Anodonta grandis grandis (Say, 1829)
Strophitus undulatus undularus {(Say, 1817)
Alasmidonta viridis {(Rafinesque, 1820)
Pegias fabula (lLea, 1838)

Simpsonalas ambigua (Say, 1825)

Lasmigona complavata (Barpnes, 1823)
Lasmigona costata (Rafinesque, 1820)
Megalonaiss nervosa (Rafinesque, 1820)
Tritogonia verrucesa (Rafinesque, 1820)

Quadrula cylindrica eylindrica (Say, 1817)
Quadrula pustuleosa pustulosa (Lea, 1831)
Amblema plicata plicata (Say, 1817)

Fusconala flava (Rafinesqgue, 1820)

Cvclenaias tuberculata (Rafinesque, 1820)
Pleurcbems oviforme (Conrad, 1834)

Pleurobema sintoxia (Rafinesque, 1820)
Pleurobems cordatum (Rafinesque, 1820)#%%
Pleurobema rubrum (Rafinesque, 1820)%%
Elliptio dilatats {(Rafinesque, 1820)
Peyvchobranchus fasciclaris {(Rafinesque, 1820)
Obliguaria reflexa Rafinesque, 1820)
Actinonaias ligawentina carinata (Barnes, 1823)
Actinonalas pectorosa (Conrad, 1834)

Truncilla truncata (Rafinesque, 1820)
Truncilla donaciformes (Lea, 1837)
Leptodea Fragilis (Rafinesque, 1820)
Potamilus alartus (Say, 1817)

Toxolasma parvus (Barnes, 1823)
Toxolasma 1lividus lividusg (Rafinesque, 1831)
Medionidus conradicus {(Lea, 1834)
Tigumia recta {(Lamarck, 1819)%%*

Villosa iris (Lea, 1829)

Ville raeniata taeniata (Conrad, 1834)
Villosa vanuxemi (Lea, 1838)

Villosa lisnosa {(Conrad, 1834)
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Table 4. {(Continued)

Present
Specias® Stansbery Study
Lampsilis teres form teres (Rafinesque, 1820) X
Lampsisis ventricosa {Barnes, 1823) ® X
Lampsilis ovata (Say, 1817) b3 X
Lampsilis fasciola (Ralinesque, 1820) ® X
Epioblasma brevidens (Lea, 1831)%% *®
Epichiasma lenior (Lea, 1843)%%* pis
Epioblasma walkeri (Wilson and Clark, 1914) %
Totals 45 30

#A11 species mames are in accordance with Stansbery {1580)
(unpublished Ohio State University Museum of Zoology species list for
the Ohic River Drainapge Basin).

**Thaese species were only collected in the inundated portion of
the Stones Riwver (Stansbery 1982).



29

ueTqTydme Uy

"p/6T ISTINL PUB IIBYH UY 19{[ng wolj po3depyy

UMOUYUD
TACIIUQ

TMOUNRUG

(saed) -dds snajsosider

(eTddead 23Tyas) STIRTOUUR STXOWMOJ

(gseq yINOWsTIBT) SIPTOWTES SNIIZAOIDTH
(11739 ]q) snapydoiovu stmodary

(WnIp I8IBMUSaII) SUSTUUNIE sSaJoUTpPOTdY
(unIp I9IEMUSDIJ) suaTuunid solourpoldy
{sseqylol1) Sidlsadni soiTidoTqumy
{(ystjuns Us21¥) SBRT[IUBAY sTWCED]

(s5Bq 237y~) sdosAIyd JUGIOW

umouNun

(I3UTYs UrIVLSCI} SUBPI® STAOIJON
TMOUNTLN

{e1ddeao 237Us) STIBINUUE STXOWOJ
{pESYTINg ¥DBT() SET?W SnInTelD}
{UsSTIIED DPBSYIRTI) STARATIC SNIDTPOTAJ
sy (Addndpnu) sngoInd¥m SNINJIBY
UMourRuf

wAOUNUN

TIDMTEN BUSET4OTdR

ITOUDT PUSEBIQCTAR
SUSpPTARIQ BUSE]|oTdZ

FeI81 WI0] S8dd3 STTIsdWe]

Blo091 BTUNBT]

SNAIBAQ BWEBTOXOL
SeWICJTOBUOP el [Lounil
BIET09UT] EB(018814

B3BUTIRY BULJUswedI] SBIBGOUIIOY
BNIGRI BUSqOInaTd

WOIRPICT BWSGOINSTd

BETXOIULS BWUSGOANATJ

BsoTn3snd BIRIPELRD
ernIpendh eynapend
endTqUE SRTRUOSAWTY
BIOQEI SBIZag
pIUCPOUOW BIPUBTIDJEN]

1uD8Big (PWEN Uowwo]) s310dg 180y YSTH

goroodg PEBIEN

¥S3IBOR YSTJ 279l pur saroedg peieN BUlssIH ¢ S1q®L



30

*IDATY SOUCIS

yiog 18€Y SY3 U0 Q-Ch DTTW IDATI 3B POIEDOT IUR[J 1USWILIL], 98BAIG %wﬂ@mooza

SOTIW C°( 7418 Langpooy 0G #0771 fog Y3ty _ 94/12/9
SITTW 6°¢ 7358 Langpoop 0a #oT gog YSTH 7LIET-CT/ L
ga7IL ¢°Q 7dLS AINqpoop 00 #mo7 ‘gog y3iyg TL/TT/9
SaTIW %0 1418 £ingpoop pq #0717 ‘god uBid 69/ST-%T/0T
TITYM IC JU231X3 90Inog poiodsdsng agnen paioedsng a1e(

SITTPTTIM 99SS2UUSI wol] PIUTIRIGD BIB(Q

(1g67) AouaBy sa0In0say
TSTTTEA UST4 ABATY S2U0LE MAoH 188% g STqEL



31

(a1
2
i

@
=

TABATH SSU01E WRI0H Is9M IYgl uo

>TTW Z9AtLd J8 DP=a38¥207 nummwum Peoiyg U0 JUsfg JUsWlEsdj mmmﬁmw OMOﬁmmmhwwﬁmH

FeTRl ¢y Hmwm DA0UBPDITANY 0Q »#07 *qod udTH RL/ET-LT/OQ
BI8p ON 1di§ ozoqsTeILIny 0a 807 SLICT-0T/6
BIEP OH H@wm AR L L 1 00 891 ‘Qod YBTIH CL/IT-0T/6

seTIU §°7 1418 0I0QsaRITANK oa mo1 ‘gog uSty 7L/8T-L2/8
BIEp OGN 741§ 010qsevI3Inyg 0Q #07 Ll

qa ‘po ‘uz ‘ny ‘IN ‘30 ‘tux
S2TTU §/°¢ 7dI§ 0X0QEVRIFIANG fuy ‘0 A0 ‘god USTH TL/ET-TT/ 1T
soTTw 7°7T 1d1§ 0I0GEBIRFANY 1y foQ 207 fqod YSTH TL/2/0T

BYOITW &1 Mm&m 0I0qsasIFiny 0 07T ‘Qo" YSTIH Ti/T/6

SUTX03 poriToadsug

seTTW [°¢ TS QIOgSDBAI AT O MoT ‘Qod 4YSTH OL/81/8
E3®P ON Hme oucﬁmmmwmwmﬂ 0Q Mo ‘god udtH 0./2/8
E3Bp ON H@Hm ciogsavagziny O MoT (0¥ YSTH OL/LT/L

TTTY 30 Ju23xy s2anog pajoadsng asne) paloadsng Exklyf

SITIPTTM 99SSPUUS] WOIJ POUTEIq) BIEQ

*{1861) 4£ousBy sooanosoy
*STTTY UST4 I°ATY Sou01g wiog 1seM  °/ 9148]



32

three Stounes River tributaries. It will also discuss the major factors
affecting the water quality of the streams and hew each affects the

naiad populationm.

General Water Quality

The general water quality of the Stones River is determined by
the chemical and flow charscteristics of each tributary. Commonly, the
river water in the basin is rvelatively high in alkalinity and hardoess,
and pH is basic., Burchett and Moore {1871}, in citing U. S. CGeological
Survey data for the basin, found median values for alkalipity, hardness,
and pB to be 240, 217, and 8, respectively. The median values for
alkalinity, hardness, and pE found during this study were 140, 156, and
7.7, respectively.

A1l of trhe median values stated above for the water quality of
the basin ave well within the range necessary for molluscan survival.
Twice during the study, however, pH values din the acidic range were
recorded., On Movember 1, 1980, the pH at E15 was 6.8. At the time of
sampling, gravel dredging was cccurring upstream and the stream was
muddy in appearance. On December 7, 1980, a pH of 5.9 was recorded at
Station E13, and the conductivity was high (800 pmhos) for an undeter-
mined reason. Upstream at Station El4, pH and conductivity were normal.
Mattegon {1955) found naiads to stop siphoning, close their valves, and
lose weight when exposed to water ranging in pH from 4.4 to 6.1.

On July 22, 1980, D.0. levels dropped as low as 2.9 mg/l at one
station (M6) and was below 4.0 mg/l on two other cccasions at other
stations. GCrantham (1969) did not find naiads where D.0. levels dropped
as low as 3 mg/l. Imlay (1%71) found that a dissolived éxygen above

2.5 mg/1l during summer conditions was necessary for survival of naiads.
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However, Imlay (1971) found Amblema plicata to survive with no measurable

B.0. for several weeks in the lab. Fuller (31974) belileves this can be
attributed to this species’ ability to close its valves tightly and
become dormant during periods of stress. Gold (1980) reported that zero
flow conditions in the three main tributaries of the Stones River usually
occurred during the summer and fall months. Shelton et al., (1978}
described the West Fork as a low flow strzam in late summer with zero
flow occasienally above Murfreesboro. Many stations on the West Fork
dried up during the drought in late summer of 1980. Several stations on

each fork had no flow at times during the late summer and fall.

Sewage Treatment Plants

The effect the Woodbury and Murfreesboro STPs have had on their
two receiving streams has been substantial. Water quality standards in
each stream have been violated by discharges from these plants.

The sewage treatment plant at Woodbury has been responsible for
several fish kills in recent years (T.W.R.A. 1981). Part of the problem
was the 0ld Tennessee Cheese Company in Woodbury. Organic wéste spiils
from this company often overloaded or bypassed the S51P, and the result
was high BOD effluent entering the East Fork (TDWQC 1977).

The City of Murﬁreesboro opened a pnew STP in 1978 that has
tertiary treatment capability. Prior to this time, rhe old Broad Street
plant was organicaily and hvdraulically overloaded and did not provide
adequate treatment. Additionally, toxic materials from industrial
discharges would occasionally disrupt treatment systems (TDWQC 1977).
Toxic substances and metals made thelr way into the Murfreesboro 5TP

through the municipal sewers. Once they enter the plant, these wastes
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have a twofold effect. First, toxic chemicals reduce the STP's ability
to reduce BOD and ammonia nitrogen concentrations in the effluent.
Secomd, the toxic substances plus insufficiently treatred wastes pass
into the stream where they reduce biological activity and "depress the
oxygen profile over a much lenger time period than it would if metals

were not present” (Burdick and Drewry 1973) (p. 42).

Land Use

Approximately 53 percent of the agricultural land in the upper
Stones River basin (94 percent of the total basin) is used for cropland
or pasture; the remainder (47 percent) is listed as forest and other uses
(TDWQC 1977). Much of the cropland is in the floodplain and lower
slopes of the basin.

Increased fertilizer and pesticide use in the basin has caused
water quality to decline over the past 20 years. In a study done by
Burdick and Drewry {1973), eutrophication was felt ro be a significant
problem in the basin. In additionm, the rvegion is naturally productive,
and nutrient levels in the runcff water can be significant (Shelton et al.
1978).

Fertilizer use has increased by 50 percent and 47 percent in
Cannon and Rutherford Counties, respectively, in the past thirty years
(Ashburn 1981). Pesticide use in the upper Stones River basin has
increased considerably in the past ten years. Tables 8 and 9 depict the
rates of application and percent acreage treated in the basin.

Part of the reason for the Increase in pesticide and fertvilizer
use has been the increase in the amount of acreage put into row-crops.

Despite a reduction of corn acreage by 12,450 acres since 1960, the
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amount of land utilized for row—crops in the region has increased by
19.250 acres due te a 31,700-acre jump in soybean acvreage during this
period (Ashburn 1981},

The increasing use of fertilizers and pesticides in the basin
can have many indirect effects om naiads. These agricultural chemicals
enter the stream by direct runoff, alochthonous input, and uaderground
solution cavities, Approximately 33 percent of the rainfall in the
basin runs off into the stresms and 12 percent travels through the
groundwater (54 percent is evaporated or transpived} (Burchett and
Moore 1971). Fertilizers raisge the nutrient level of the stream and thus
increase the RBOD in the water. Starrett (1971) felt that dissolved
oxygen concentrations as low as 0.1-0.9 mg/1 due to high BOD in the

upper Illinois River caused the decline of the naiad populations there.

Gravel Dredging

Krumholz (1970) felt that mechanical dredging was just as des-
tructive to naiad populations as pollution. Ten or more years may pass
before naiads become reestablished once removed from an area {(Yokley
1976). This is barring any further gravel dredging or other negative
impacts to the area. Several unauthorized gravel dredging operations
have occurred in the East Fork in the last few years--nine of these are
documented in Table 10. Martinez (1981) estimated that at least three
times this amount goes unreported.

Only one of the ten naiad species (Toxolasma parvus) not collected

during this study does not require gravel and sand substrate and viffle
habhitat, The destruction of this habitat type by gravel dredging may be

a reason for the absence of some of these species.



Table 10,

Unauthorized Gravel Dredging Operations in the East Fork
Stones River

- River Mile Year Data Source
16.5-16.8 1980 Personal Observation
20.0 1879 Corps of Engineers
24,5 1980 Corps of Engineers
32.1-32.2 1977 Tennessee Wildlife Resources Agency
34.5-34,7 1980 Personal Observation
36.0 1980 Corps of Engineers
37.0-38.0 1880 Corps of Engineers
45.9-46.1 1980 Personal Observation
48.3~48.7 1980 Personal Observation

38
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.Gravel dredging can also dirvectly affect naiads by killing the
animals and destroying habitat. Indirectly, it uproots the survivors
from the substrate. Imlay (1972) conducted several experiments in
which he tested naiads’ adaptability to artificial displacement. He
found that "artificial displacement at any atvpical season was too
extreme fovr these animals to adapt to” (p. 78}. By an "atyplcal season®
he is veferving to the late summer and esrly fall when flows are generally
low. This is also the best time to remove gravel. The high flows of
spring can naturally displace naiads. Thus, even if naiads can survive
the initial gravel removal operatiorn, they may not recover.

S5ilt loads in a stream as a vesult of gravel dredging can be very
deleterious to a naiad population downstream. Silt or suspended sediments
in the stream can smother mussel beds causing stress and sometimes death.

Stansbery (1970b) showed that growth in Ambiema plicata was retarded by

siltation., Ellis (1931) reperted that silt destroys mussel beds by
directly smothering the asnimals, by smothering voung mussels even when
adults lived, and by blanketing sewage and other organic material which
in turn lowers the D.0O. im the water. Ellis (1936) reported that suspended
silt caused naiads to reduce the amount of water siphoned by 50 percent
or more. The effect of reduced siphoning would cause slow starvation and
possible suffocation. Cordone and Pemnoyer (1960) found silt from a
gravel washing plant severely reduced benthic organisms for a distance of
i0 miles (16 km)} downstream in Cold Creek and the Truckee River,
California. Hirsch et al. (1978) determined that tolerance to suspended
sediments generally decreased with increasing water temperature or
decreasing dissolved oxygen. This is important since most gravel

dredging cccurs during the summer months when flow in the upper Stones
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River basin is low, water temperature is high, and dissclved oxygen is

low.

Naiads

This section will be divided inte two parts. The first part will
report the results of naiad collections and discuss each species as to
its abundance, distribution, and its protection status. The second part
will discuss the findings of the naiad collections and compare these

results with that of Stansbery (1980).

General Collection Results

Thirty species of naiads (Table 4) were collected in the Stones
River between April 1980 and March 1981. There were 29 species collected
from the East Fork (Table 11), 17 from the West Fork (Table 12), and five
from the Middle ¥ork (Table 13). All species collected in the West Fork,

with the exception of Alasmidonta viridis, were alsc present in the East

Fork, and all species collected in the Middle Fork were found ir the East

and West Forks. A. viridis and Villoga vanuxemi wevre new records for the

Stones River.

Tndividual Collection Resultis

Anodonta imbecillis was found at two stations, M4 and E2, during

the study. The majority of the specimens were collected at Station Md
while a few were collected at Station E2. This species is rare in the
Stones River, but it is not considered threatened or endangered by
federal or. state standards.

Anodonta g. grandis was one of the most abundant species collected

where it occurred. It was most common in the West and Middle Forks where
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it was found at four stations. Several healthy populations (W5, M4) were
found and it is not considered a jeapordized species.

Stophitus u. undulatus was found at two stations (E?, W1) on the

Fast and West ¥orks. Only a few specimens were collected at each
station. This species is rare in the Stones River but is not elsewhere

within its range.

The small naiad Alasmidonta viridis is a new distribution record
for the Stones River. One small specimen was found at Station W7. This
specles 1s not thought to be jeapordized.

Lasmigona complanata was found in low numbers at four stations

during the study. Several large specimens (+20 cm) were collected at
Stations W2 and W3, The few specimens collected at Stations W3 and W5
were not as large. This species is not considered jeapordized.

l.asmigona costata was one of the more common naiads in the Stones

River. It was collected at seven stations in the East Fork and five
stations in the West Fork. At most of these stations it ranged second
or third in abundance.

Megalonaias nervosa was the largest species collected during the

study. Several specimens collected at Stations E2 and E3 measured
greater than 25 cm in length. M. nervosa was found only in the East

Fork, but it is not considered a threatened or endangered species,

Tritogonia verrucesa was also limited to the East Fork. Many

specimens were collected at Stations F2 and E6. One large specimen (+15 cm)
was collected at Station E3.

Quadrula c. cylindrica was rarely found during the study. One

specimen was found at Station E2 and one at Station E6. Stansbery (1971)

considered Q. c¢. cylindrica an endangered species.
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Amblema p. plicata was common at the five stations in the East

Fork where it was collected. Only a few specimens were collected at
Stations WZa and W4 in the West Fork.

FTusconaia flava was found at three stations in the East Fork.

Very few specimens were collected at Stations E2 and EB, but many were
collected at E9. It is not a threatened or endangered species.

Cyclonaias ruberculata was collected at three stations in the

Stones River. It was very abundant at Stations E2 and E3 and reasonably
s0 at Station W1,

Pleurobema oviforme was rarely collected during the study. Less

than five specimens each were collected at Stations EZ and Wl. Bogan
and Parmalee (1979} felt that P. oviforme should be considered for
endangered species status.

Elliptio dilatata was very abundant in the East Fork. It was

collected at six stations din the East Fork and one in the West Fork.
One very large specimen (18 cm long) was collected at Statlon E3. This
species is not considered jeapordized.

Ptychobranchus fasciolaris was found cccasionally at two statioms

in the East Fork, E2 and E3. A1l of the specimens seen were large, This
species is congidered by Bogan and Parmalee (1979) deserving of special
concern status.

One specimen of Obliquaria reflexa was collected at Station E3

in the East Fork. This species was rare in the Stones River but is very
abundant elsewhere within its range.

Actinonalas pectorosa was rave in the Stonmes River. ©Less than

five specimens were found at only one station, EZ. Stansbery (1981)

collected one of the largest specimens on record at or near this same
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station during his collectioms. At this time, A. pectorosa is not

considered a jeapcordized species.

Obovaria subrotunda was very abundant at one station in the Bast

York, E2. It was considered by Bogan and Parmalee (1979) deserving of
threatened species status.

Only a few specimens of Truncilla tyuncata weve found during this

study. They were collected at Stations EZ and W8. At Station W8, a small

constructed at the station. This species is not considered jeapordized,

Leptodea fragilis was found only at Station E2 in the East Fork.

Only two specimens were collected during the study. Although rare in the
Stopes River, L. fragilis is not considered a threatened or endangered
speciles.

Potamilis alatus was rare at the two stations, EZ and WI, where

it was found. Several large (+20 cm in lengih) specimens were found at
Station E2, P. alatus is not considered a jeapordized species.

Toxolasma 1. lividis was found in all three streams. It was not

abundant at any station, but due to its small size and fragility, it may
have been overlooked cccasionally.

Medionidus conradicus was found at five stations (E2, E9, El6,

W5, and M5) and in all three streams. Less than five specimens were found
at each of these stations. Bogan and Parmalee (1979) suggested that
M. conradicus be considered for threatened species status.

Only a few specimens of Villosa iris were collected during this

study at Statioms E2 and Wi. Although not very abundant in the Stones

River, this species is not considered jeapordized.
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Viilosa t. taeniata was probably the most abundant naiad in the
Stones River and enjoved the widest distribution. It was collected at
18 of the 21 stations where naiads were found and in all three streams.
Stansbery (1982) described the Stones River as one of the best streams
within the species’ range to find it.

Villosa vanuxemi was a new record for the Stopnes River. A total

of six specimens were collected from four statioms (E8, E9, W1, and W5).
Although rare in the Stones River, V. vanuxemi is not considered a
jeapordized species.

Villosa lienosa was found in low numbers at two stations (E2, W1)

but is not congidered jeapordized.

Lampsilis ventricosa was found at six statioms in the East Fork.

This species was not very abundant, but most specimens collected were
large (+10 cm long).

Lampsilis ovata was less abundant than L. ventricosa but was

present af seven statioms in the East Fork. Neilther of these are
considered jeapordized.

Lampsilis fasciola was usually abundant at each station where it

was present. It was found at seven stations in the East Fork. At Station
E8 there was a large population of L. fasciola just downstream of the

mill dam.

Data Aunalvysis

Generally, the number of naiad species will increase in a stream
as stream order increases, Barman {1974) attributed this to the stream
becoming more chemically and physically stable and therefore more habit-

able to mollusks. The number of species can also increase in a stream
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recovering from upstream pollution as the effects of pollution become
more diluted with distance from the discharge. The East Fork is & good
example of increasing specles rvichness with increasing distance dovn-—
stream (Table 11). There were two species at the most upstream statlon
(Ei6) and 27 species at the most downstream station {£20) where naiads
were collected, The stations beiween these twe showed s relatively
steady increase with distance downstream. In the West Fork (Table 12},
the trend was not as evident. There was an increase in the number of
naiad species downstream of Murfreesboro, but only after the river had
flowed past Nices Mill dam at Station Wi. Water flowing over the dam is
reoxygenated and thus may become a more favorable habitat for naiads.
While upstream stations had approximately three species per station,
there were 11 gspecies found below the dam.

Stansbery t1986) collected 45 naiad species in the Stones River
basin between 1965 and 1968 {Table 4). The majority of his collecting
was done prior to the impouném&nt of the Stones River by the J. Percy
Priest Dam in 1968. He found the Stones River to be rich in naiad fauna
below Walterhill Dam on the East Fork and downstream of the Route 99
bridge on the West Fork. These two stations were also two of the richest
stations sampled during this study {Tables 11 and 12}.

Of the 45 species reported by Stansbery (1980}, 17 were not
collected during this study (Table 4). Seven of these 17 species were not
expected to be found since they were previocusly found only in the flooded
portion of the Stones River (Stansbery 1982). Even with the addition §f
the two new distribution records found in this study, there has been a
22 percent reduction in the number of naiad species in the upper Gtomnes
River and a 33 percent reduction in the entire Stones River system since

1968,



Chapter 6
SUMMARY AND CONCLUSTONS

A zurvey of the nalads of the Stenes River above J. Percy Pyiest
Reservolir was made from April 1980 to Meveh 1981, Thirty species of
naiads were collected including two new distribution vecords for the
river. Collections made before the Stones River was ilmpounded listed as
many as 453 naiad species,

A general trend of increasing number of naiad species with
distance from the headwaters was noted in the Fast Fork. This is usually
the case when a stream increases in stream order or recovers from a
source of pollution. This trend was not as evident in the West and
Middle Forks. 1In the West Fork, there was a drop in the number of naiad
species immediately downstream of the Murfreesboro STP. A sharp increase
in specles number from three to eleven was noted at a station far down-—
stream. No trends could be seen in the Middle Fork.

Several possible causes for the 33 percent decline in the numberx
of naiad species were investigated. There were point sources of pollu-
tion, nonpolnt {agricultural) pellution, nalad-fish relationships, and
gravel dredging.

Point sources of pollution, the Woodbury and Murfreeshoro S5TPs,
were investigated for possible impacts with water quality and benthic
macroinvertebrate sampling. Water guality results did not reveal any

direct impacts from the two STPs. General water quality within the

49
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basin meets all requiremenis for molluscan survival. Occasionaily, the
dissolved oxvpen concentration did fall to very low levels. BReunthic
macroinvertebrate results revealed that the communities under the least
stress were upstream and far downstream of each STP. Those communities
immediately downstream of each 5TFP were under the greatest stress.

Agricultural chemicals use have increased dramatically in an
already fertile basin. Record tomnages of fercilizer were applied in
19791980, Pesticide use and row-crop acreage has also increased.

Forty-five fish specles were collected or their presence verified
during the study. Fish hosts for ten of the 17 missing naiads were
present in the basin. The fish hosts for the remaining seven are unknown
at this time.

Gravel dredging in the basin destroyed four stations during the
study. Gravel dredging has been noted in nine locations in the East Fork
alone.

A combination of increased BOD and toxic substances from sewage
treatment plants and agriculture, gravel dredging, and the abnormal high
water temperatures and low flows of the summer of 1980 may have led to

the declime of the nailad populations of the Stones River.



BIBLIOGRAPHY

51






52

Ashburn, E. 1981, Personal Communication. Agricultural Extension
Service, The University of Ternnessee, Kpnoxvilie, Tennessee,

Athearn, H. D. 1967. Changes and reductions in cur freshwater molluscan
populations. Ann. Rep. 1967 Amer. Melacolog. U. 44-45,

Bailey, R. N. {(Chairman) et al. 1970¢. A list of comwmon and scientific
nemes of fishes from the United States and Cansda. Amer. Fish. Soc.
Spec. Publ., No. 6. 149 p.

Baker, F, C. 1928, The freshwater mollusca of Wisconsin, Part 11,
Pelecypoda. Bull. Wisc. CGecl. Natur. Hist. Surv, Ho, 70. 1-495,

Blankenship, 8. and D. R. Crockett. 197Z. Changes in the freshwater
mussel fauna of the Rockcastle River at Livingston, Xentucky. Trans,
Ky. Acad. Sci., 33:37-39.

Bogan, A. E. and P. W. Parmalee. 1979. Tennessee's rare mollusks {draft
copy). Tennessee Wildlife Resources Agency and Tennessee Department
of Conservation (Unpublished). 360 p.

Brown, H. P. 1972. Aguatic dryopid beetles (Coleoptera) of the United
States, Identification manual 6. Water Poliu. Contr. Res. Series,
18050 ELDO4/72, U. 5. Environmental Protection Agency. 82 p.

Burch, J. B. 1975. Treshwater unionacean clams (Mollusca: Pelecypoda)
of NWorth America. Malacological Publications, Hamburg, Michigan.
206 p.

Burchett, €. R. and G. K. Moore, 1971. Water rescources in the upper
Stones River basin, central Tennessee. Water Resources Series No. 8,
Tennessee Department of Conservafion. 62 p.

Burdick, J. €. and W. A. Drewry, Project Directors. 1973. A planning
study of West Fork Stomes River. Department of Civil Engineering,
The University of Tennessee, Knoxville, Tennessee. 192 p.

Chandler, C, M. 1978, A preliminary checklist of benthic macroinverte-
brate fawilies from basket sampling during the early summer in the
West Fork Stome's River, Tenmessee. J. Tenn. Acad. Sci. 53:25-28.

Chantrascrn, W. 1975. Survey of the stonesfly nymphs (Plecoptera) of
Rutherford and Canoon Counties, Temnnessee. Unpublished M. 5. Thesis,
Middle Tennessee State University. 97 p.

Coker, R, E., A, F. Shira, H. W. Clark, and A. D. Howard. 1921. Natursl
history and propagation of freshwater mussels. Bur. Fish. Document
No. 893, 104 p. -

Cordone, A, J. and 5. Pennoyer. 1960. VNotes on gilt pollution in the
Truckee River drainage. California Depariment of Fish and Game,
Inland Fisheries Administration Report No., 60-14. 25 p.






53

Eddy, 5. 1969. The freshwater iishes. Second Edition. W. C. Brown
Company, Dubugue, lowa. 294 p,

Ellis, M. M. 1929. The artificial propagation of ireshwater mussels.
Trans. Amer. Fish. Soc. 59:217-223.

.+ 1931. GSome factors affecting the replacement of fhe
commercianal fresh-watey mussels., U. 5. Bur. Fish. Cilye. No. 7110,

Etnier, 0. A, 1981, Unpublished kevs to the Percidae, Cyprinidee, and
Catastomidae of Tennessse. Dept. of Zoology, The University of
Tennessee. 66 p.

Fuller, 8. L. H. 1974, Clame and Mussels {(Mollusca: Bivalvia) In:
C. W. Hart and &, L. H. Fuller {editorsi. 1574. Pollution ecclogy
of freshwater invertebrates. Academic Press, New York., 215-273.

Galloway, J, J. 1919, Geology and natural resources of Rutherford
County, Temmessee. Tenn. Div. Geol. Bull. No. 22. 81 p.

Gold, R. 1I,, 1980, YLow flow measurements of Tennessee streams. Water
Resources Series No. l4. Tepnessee Depavtment of Comservation. 362 p.

Gore, J. A, 1981. Personal Communication. Tennessee Cooperative
Fisheries Research Unit, Temnessee Technological University,
Cookeville, Tenmessee,

Grantham, B. J. 196%9. The freshwater pelecypod fauna of Mississippi.
Doctoral dissertation, University of Southern Mississippi. 243 p.

HBargis, H. T.. 196%. Inventory cof lakes, ponds, reservoirs, and streams,
Rutherford County, Tennessee, Tennessee Game and Fish Commission,
Nashville, Tennessee. 15 p.

Harman, W. N. 1974. The effects of reservoir construction and
canalization on the wollusks of the upper Deleware watershed. Bull.
Amer. Malacolog. U. 12~14.

Hirsch, N. D., L. H. DiSalvo, and R. Peddicord. 1978. Effects of
dredging and disposal on aquatic organisms. Uredged Material
Regesrch Program, U. 5. Army ¥Engineer Waterways Experiment Station,
Vicksburg, Miseissippi, Technical Report D5-78-5. 41 p.

Hobbs, H. H., Jr. 1976. Crayvfishes (Astacidae} of North and Middle
smerica (second printing). Warer Pollu. Contr. Res. Series 18050
ELDO5/72, U. S. Envirommental Protection Agency. 174 1.

Howard, A. D. 1914. Experiments in propagation of freshwater mussels
of the (uadrula group. Buy. Fish. Deocumeni No. 801, 52 p,

Imlay, M. J. 1971. Bicassay tests with nalads. In Jorgemsen and Sharp
{edirors). 1971, Proceedings of a symposium of rare and endangered
moliusks (Naiadse) of the U. 8. U. 3. Department of Interior, Bureau
of Sport Fish and Wildlife, ¥Fish and Wildlife Service. 38-41.



. 1972, Creater adaptability of [reshwater mussels to natural
rather than artificial displacement. Nautilus. B86:76-79,

Kovalik, W. P. 198]1. Assessment and prediction of impacts of effluents
on communities of benthic stream macroinvertebrates. Im: J. M.
Bates and C. I. Weber (editors}. 1981. Ecological assessments of
effluent impacts on communities of indigenous aquatic organisms,
ASTM STP 730. American Society for Testing and Materials. 255-263.

Krumholz, L. A., R, L. Bingham, and E. R. Meyer. 1970. A survey of the
commercially valuzble mussels of the Wabash and White Rivers of
indiana. FProc. Indiana Acad. Sci. 79:205-226.

Maloney, $. D. and C. M. Chandler. 1976. Leeches (Hirudinae) in the
upper Stones River drainage of Middle Tenmessee., Amer. Midl. Natur.
95:47-48.

Mathiak, H. A. 1978. I collect clams. Wisconsin MNatural Resources.
2{4% :6~7 and 9~10,

Matteson, M., R. 1935, Studies on the natural history of the Unionidae.
Amer, Midl. Natur. 40:690-~723.

Martinez, G. J. 198l. Personal Communication. U. 8. Army Corps of
Engineers, Nashvilie, Tennessee,

Moore, G. K., €. R. Burchett, and R, H. Bingham. 196%. Limestone
hydrology in the upper Stones River basin, Central Tennessee.
Tennessee Department of Conservation and U. §. Geological Survey,
Nashville, Tennessee. 58 p.

Murtay, H. D, and A. B. Leonard. 1962. Handbook of unionid mussels in
Kansas. Univ. Kansas. Mus. Natur. Hist. Publ., Lawrence, Kansas.
Number 28:1-184,

Neel, J. K. and W. R. Allen. 1864. The mussel fauna of the upper
Cumberland basin before its impoundment. Malacologia 1:427-459.

Parchment, J, G, 1961. A limmological study of Stones River, Tennessee.
Doctoral dissertation, Vanderbilt University. 139 p.

Parmalee, P. W. 1967. The fresh-water mussels of Illinois. Illinois
State Mus. Popular Sci. Series B:1~108.

s W. E. Klippel, and A. E. Bogan. 1980. Notes on the pre-
historic and present status of the naiad fauna of the Middle Cumberland
River, Bmith County, Tennessee. Nautilus 94:93-105.

Parrish, F. K., Ed. 1968. Kevs to water quality indicative organisms
{Sontheastern United States), U. $. Department of Interior, Federal
Water Pollution Control Administration. 192 p.



55

Palren, D. 1971, Inventory of lakes, ponds, veservolirs, and streams,
Cannon County, Tennessee. Tennessee Game and Fish Commission,
Nashville, Tennessee. 17 p.

Pennak, R. W. 19533, TFreshwater invertebrates of the {nited States.
Ronald Press, New York, 769 p.

Piflieger, W. L. 1975. The {ishes of Missouri. Missouri Department of
conservation, Jefferson City, Missouri. 346 p.

Pielou, E. . 1975, FEecologiecal Diversity. Wiley Interscience, Wew York.
165 p.

Schuster, G. A. and D. A. Fenier. 1978. A manual for the identification
Symphitopsyche Ulmer in Eastern and Central North America {Trichoptersa:
Hydropsychidae) EPA-600/4-7800. U. S. Envirommental Protection Agency.
131 p.

Sharber, J. ¥., Jr. 1980. Personal Communication. Y. 5. Army Corps
of Engineers, Rashville, Tennessee.

Shelton, $. P., J. C. Burdick, and W. A, Drewry. 1978. Water quality
modeling in a low flow stream. J. Water Pollu. Contr. Fed. 50{10):
21-39,

Sinclaix, K. M. 1964. Water quality requirements of the family Elmidae
{(Coleoptera) with keys to the larvae and adults of the eastern
genera. Tennessee Stream Pollution Control Board. 38 p.

Smith, L. D. 1973. Survey of the Gerridae (Hemiptera) in the Tennessee
inner central basin. Unpublished M. 8. Thesis. Middle Tennessee
State Undiversity. 71 p.

Stansbery, D. H. 1966, Observations on the habitat distribution of the
naiad Cumberlindis wmonodonta (Say, 1829), Ann. Rep. 1966 Amer.
Malacolog., U, 29-30.

. 1965, Change in the naiad fauna of the Cumberland Falls in
eastern Kentucky. Aan. Rep. 1969 Amer. Malacolog. U. 16-17.

o w 1970a. EFastern freshwater mollusks. (I} The Mississippi and
St. Lawrence river systems. In: A, H. Clark (editors). 1970, Rare
and endangered mollusks of Worth America. Malacologia 13:9-12.

. 1970b. A study of the growth rate and longevity of the naiad
Amblema plicata (Say, 1817) in Lake Frie (Bivlavia: Unionidae).
Ann. Rep. 1970 Amer. Malacolog. U. 78-79.

- 1971. Rare and endangered mollusks in the eastern United
States. In: Jorgensen and Sharp (editors). 1971. Proceedings of
a symposium on. rarve and endangered mollusks (naiads) of the

U. 5. Department of Interior, Bureau of Sport Fish and Wildiife,
Fish and Wildlife Service. 5-18.




. 1880. PFersonal Communication. Museum of Zoology, The Ohio
State University, Columbus, Chio.
_.1981. YPersonal Communication. Museum of Zoology, The Ohio
State University, Columbus, Ohioc.
. .1982. Personal Communication. Museum of Zoology, The Ohio
State University, Columbus, Ohilo.

Starvett, W. ¢, 1671. 4 survey of the mussels (Unionacea) of the
Pllinois Biver: a poliuted stream. I11. Natur. Hist. Surv. Bull.
30:265-403.

Stein, C. B, 1968, studies in the life history of the naiad Amblema

Ll

plicata (8ay, 1817). Ann. Rep. 1968 Amer. Malacolog. U. 46-47.

Surber, E. W. 1962. Procedures in taking stream bottom samples with a
stream sguatre Ffoot bottom sampler. 16th Ann. Conf. Socutheast. Assoc.
Game and Fish Comm. 23:587-301.

Tennessee Division of Water Quality Control (Tennessee Dept. of Public
Health)., 1977. Water quality management plan for the lower
Cumberland River basin; 303F plan. {10 parts).

Tennessee Wildlife Resources Agency. 1981. Unpublished data for the
Fast, West, and Middle Forks of the Stomes River. Nashvilie, Tennessee.

Tecker, J. M., 1972, A composition and distribution study of the
Pelecypod fauna of the Stones River in Tennessee, J. Tenn. Acad. Sci.
47:69.

U. 8. Army Corps of Engineers, Nashville District. 1978, Water quality
conditions in J. Percy Priest Reservoir. (12 parts).

Usinger, R, L., Ed. 1956. Aquatic insects of California. Univ. Cal.
Precs. Berkley and Los Angeles. 570 p.

Weber, €. L. 1973, Biological field and Ilaboratory methods for
measuring the quality of surface waters and effluents. EPA 670/
4-73-001., U, S, Envirommental Protection Agency. Cincimnati, Chio.
{13 parts).

Wiggins, G. B. 1977. Larvae of the Noxth American caddisfly genera
(Trichoptera). University of Toronto Press, Toronto, Canada. 401 p.

Wilhm, J. L. 1970. Range of diversity imdex in benthic macroinvertebrate
populations. J. Water. Pollu, Contr. Fed. 42(3):R221-R224.

Williams, W, D. 1976. Freshwater isopods (Asellidae) of North America
{second printing). Water Pollu. Contr, Res. Series 18050 ELDO5/72.
. 8. Environmental Protection Agency. 45 p.



57

Wilson, €. B. and H. W. Clark. 1914. The mussels of the Cumberland
River and its tributaries. Bur. Fish. Document No. 781, 63 p.

Yokley, P., Jr. 1972. Life history of Pleurobema cordatum (Rafinesque,
1820) (Bivalvia: Unionacea). Malacologia 11:351~364,

1976, The effects of gravel dredging on mussel production.
Bull. Amer. Malacoleg. U. 20-22,







APPENDIX

58






59

WEIIISUAOD

21J3T3 poof ‘siajus yeox) °1ddIi) Mgy 1,98 NOS 7G6,5€ §1CT-v"ST 014
0TI poof 9731373 moiTeys

uayl ‘s28ps suoisewrl ‘Tood deaq MZT 91,98 NB £6,.5%¢ A ¥ &
BTI1T2 weyl jood mOTTRYS

‘AoTs ITTIW S,uUA03g JC WEdiISUACp 3snp MyS 97,98 NZT #5.5¢ 6 12-L°1¢ B
wesiasdn w ool SIPIUS ¥IILD

LaTpeag ‘®i3ira JueTpRad uydtuy ‘3lIoyg MOT LT.98 NZT GG.5¢€ g°81~L"81 L3
pooE MmOTI fs3¥201

peisacv-ssom Luen ‘7ood moTyRys ‘3u0T M7 61,98 NI §S.SE 8°9T-G"9T 9%
*ds FYOTISAL 30

gpeq AuBw ‘ETO0d pUB SITIHTA JO SITIAG M8 6T.98 NZ  S6.5¢ G eT-E6tT cHd
HWE(]

TITyreiey £q dn peyoeq ‘Tood dewp ‘moOIg MES 17,98 NEZ GG EE AR AN 7E
poof ATTeisuesd

moTy “sTood pue SBTJITL JO SOTARS MTY TT98 HOE 949.4¢ GT0T~L76 cd
ievg Teapid 981w pum

pusq desp € Lq PRACTTOF “@TJFTi prold MEZ €798 NZ# [9,6G€ 6 L~L"L 7d
doop

wy-7 AlerBUIXOxdde [Tood ‘mols ‘dosq ME G798 NOY 8S.SE A ET AL T3

uotadTassag 931S opnlTducTy IpnyTle] STIW JI9ATYH UoITIBIG
ursey 19AaTy seuoig xaddp eyl ur perdmeg sUOTIRIS JO ASTT R S4B



60

¥O0IPSq J0ISIWIT uo Taexd BULIZTYS M6y T .98 NEY 6% ,6€ L 8h-G g8y At
meaxlsdn .

273311 Teaexd yars 1ood moyfeys "Euo] NET ¥ 498 NS% 6Y,58 0°97~6°6% 07Aa
saopTneg swos ‘aimazsqns

3718 pue TearaB ‘Tood molTeEYS ‘BU0] M9S ¥ .98 N0Z 6%,.5¢€ T Ch=6 4% 61H
9IBIISQNE ADOIPD]

2uUCISBWT] ‘BTIFTA Pue [ood mCTIRYS MES G .98 NET 6%,5€ VA S A 8TH
DTIFTL MOTTRYS

usyl ‘sEpTiq g 91n0y ispun Jood dasg MOS L .98 NYT 6% ,S¢ G iv=6"0% LTd

£19pInoq pur TsaBIS “STIITI 1SBY MLT 8 .99 NZ% 8% .68 8°65~-L"6F 91"
T331a moTTeYs Suof

‘we (TTA @TTTA4LPE®Y 3O WEIIJSUAOD ST MOE 01,99 NTY 6% ,GE 1°9¢~6"6¢ qTE
M0T3qG STIJFTI TaaBiB

2 14llsa Tood doep v *98praq/pioy juswa) MOZ TT.9% NHT 06 ,6¢€ L 9E=CH¢ HTH
Speg posn

Agew ‘8TyITa Wooipsg pue [2aBXS sMOTIRYS MIT 271,98 NZE TS .56 2 2€-1"2¢ €14

e@T3JT1/pI0] [9aB18 MOTTRYUS MET £T,98 N6  Z6,6€ v 0E-€0¢ rAR
SMOTTOT

Toed deep ‘spuelsT pue sieq [9aBI8 Auey MLE £T1,98 NOE 7€ ,6¢ T'8Z-8°LT 1"

uoT3dTI088( 9318 epniTduoy SPNITILY BTTIH IsATY uoTIe1g
(pemuriuc)) %1 ITqBL



61

BurmorTey Tood moyTRYS

B U3Ta4 STL4TI ISPINCG PUR [3ABID M6C %7.,98 N%S €%, GE 6°6Z~L"62 M
2IRIISLNS T2ARIT pUB pUBS ‘juRpunde

BTorisn s700d pue SITIFTI MOT[BUS M6E GT,98 N9 8%.C¢ 8°7¢-9°2¢ 1)
B3BIISONES puURS puw

Toari8 ‘BIVTISN[ YBnoayl sa[IITL Ised M8  §Z7,98 N6T 6%,5¢ 1°12-8°07 oM
STJFTI I9pPINOq

pue Teardl ® Lq peroliel Tocd mOTTRYS MZE ¥T,98 NEE 0S,6¢ ¢ gT~¢ 8T oM
BIRIGSANS NO0Ipaq

pue yeaEad syood puw esTIJT1 JO S9TI=S MST 67,98 NZ% 7S.5¢ ZUHT-0°%T M
jugpunge °ds
ETor3en. ‘O7IITI I9pTInog pur Toawal

mo1ieu B Ag pamoTicy Tood moTieyg MOE §Z7.98 NIS £5,4% §TT-%°TT qzM
WESISUMOP STIITA

#0T7T7RYS “3ucT ' yipm ‘Tood molfeys M6E ST .98 NYT %6, GE 0'TT-8°0T BZM
9TIiFx noTlEYS

“BuoT ‘wep TTIW 5,90IN #0T2q Tood desg MEY L1298 NLT 95 ,6€ £°9-0"9 M

STFITI 37qQ0D pug }ooapaq (W 1) MAOIIBN MOE 85,68 N#% 05,5¢ %°€¢ g7d

PTIITE ©1qqod pue [eariad ‘asey ‘molTEYS M6E 6G,58 NY  06,6¢ 0 15-6°0¢ FATAC

uoradiaossq 3373 spnlrduo] SPnITIE] BTTH I9ATY UOTIBIS
(ponUTIUC])  "HT FIGEL



62

338IISANS
Wooipwq ‘ssTies Tood pur STIITH M¥S 6T.,98 NGY Th,.5E 6 1I-8'TT 9
Tood mOTTBRYS B Aq
pemol o3 2TIITA pP8Y BTITIASOL pABR 57dqo] Myy 61.98 NOG €% .58 9°01-%" 01 OH
$9RIT YITM SPUBTST
TTews Ausw ‘sTood puUB SBTIFTI MOTTRYUS MLS 07,98 HOS w¥,5€ c°g -c°g YR
JUEDUNGE BIDIASNT T31BILS
-gqns Tearif ‘getass Tood pur STIJTY Mo 17,98 NOE oY, G L7 -5°9 tH
grocd aoyIRUS
W3Ts $97IJTL BIDTISH[ PUR Ho0dpad Mhe 2C,98 NT 9%,5¢ 9°¢ =t°§ A%
uelieq puws pug ATIS U3Ta TO0d MT%7 £2,98 RO 8%,6¢ [l H
23B11SqNS
¥o0IDag B A8AD $9TI9s Tood pue oTIITY MLY 17,98 NIT T%.S¢ C 7E-t°2¢ &M
1UBpUNQR BIOLISN[
‘Tood pawocliog ITTS PuUR [8ABIB mOTTBYS M9 2,98 NZE €%,6¢ ®%76C-876T 8M
uopidraosag 21718 spni18uoy 9pn1IleT] 9TIH ISATY TOTIR1g
(penuijuod) %1 STqEL



63

9t g1

1T
8ol 00T

/L £99¢

81

71

P~

97t

[43 91

Ly

8E1¢

9t

5¢

80T

69¢

(4
59

!

11

71

i1 7t

00T 9¢
L6 0%

™~

7T

g1
T9r

81
HZst

11

¥

£E6

61

b

74

69¢€
8T

g¢

o

LTy

L5
6ct
71

BIl1oN97T
TUT1oUBBAEg
BTANDUOIVY
BTxod0odN
SOPUUIAIOD AL
BIUDAUOST
BEIUCUSIG
uozoydy
BT 1exsuaydy
ERCTERLEREN
BIsuaydy
ETuegelte g
STUBE]
sTaseg
BT
EERRE G RE)
‘BNLIBURERD

BO91ZE BIT91BAH
SNTI98Y
ENe0ITT
BOUIPTATH
B19BYCOE LT
PEPTTIIBUET g

G K

BTN

in

OZH 6T

814

R AC)

£d

Nﬁ\mmﬁﬁsz ¢A3rsuag

susTUs3An

woig ieTdwes I90Ing B YITM PeIdsTICs

06T ‘T ATT ©3 4T Sunp wWoij UTSRYg IsATY SOU01S D3 UT SUOTIEIS PI1331sg

z

12319y 194 SS81BIJelISAUTOGIOBRK OTUAUSE JO ISquny Uesy CT STABL



64

89 # 76T 7 / ST30B1ABIRIR I
) BUTASAOIIDN
T4 . 2ep T Tydeomury

¥ y sepriesojde
e1Tydodeliy

5 TITET)
y EEIRLECH)

. 1T BILUOTI304Ta0
77 19 Ly i 67 9 BT dCIPAY
8T aeprTLadorpiy

LS L : oy ENERTS R

T1i1 Ly y 8TL 718 DUDASCOITYCWAS
G¢1 56C71 301 7z 862 A 8T 6481 68L L6 SYUSABACIPAN

701 116 719 Y4 9401 [AS 7 Go1 881 £L2 sydasdoqrunay)
R]T aYoASdODTTOH

S9 8 EErCEEye
L 71 L SAINUICD SNTEPALo)

Y STTETS

L _ SEPTPTES
vI91doucH
q 7 BepIiion
y 359560351

7T _ BUTI5819H

7 SEPTTIBRUa0)

1T v v eT9Ty

7 uoTasY

o~
o5
o

T

=i

-3

M [471 Qen BZn iM Ocd 611 g2Td £Td £a susTuesig

NE\Mm@ﬂsz fA3Tsus(q

(penuTauBO))  "GT °T9E]



65

LIS $08Y 9828 89€Y iy £87T ZEET L8TY 889¢ 69L€ STBI0L
gt /At 81 £y 62 wnTIaeyds
8T L &t mpmmﬂm
11 T1 _BINDTGIO)
8791 [AA 1T y ¥< 0S £i0%04N8T g
co¢ sniedTATA

L esiyg

/ ! Xodease]

ty sepTucBodoieis)

. XLIay3y

L BTOTPogd

11 BUGIBRY

y 7T g EEELEY

7 L PRPTURGE],

81 5z CTT 9¢T /3! 8T WATTABTS

ze 0% 52 08¢ S9 i A ¥4 L 06T seprprdug
€81 v3¢ S00T 1491 0%81 ozY ¥G6 769 €Ty OvLe SEPTWCLOITY)
7 BTA0030g
§TT LET 8T <z ZLT 971 %01 8¢ y ToFxi=y snusydesq
78E 171 92 LTTT £8 129 leg 61€ 1T STU{PUslg
LS 1T 87 Y ERVEEERYET)

y SEPTOSTIA]

94 TH qzM BZM TH 0zd 6TH 814 €13 x| sSwsTuesig

Nﬁxpm@Eﬁz fLaTsua(g

(penui3uc)} g1 °T9B]






