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ABSTRACT

Since 19L2, the mainstream reservolrs of the Tennessee River have
served as the pation's most important scurce of fresh-water mussel ghell.
Mussels are harvested in the Tennessee River by the crowifcot broil method.
Becouse of its natural abundance and good quality shell, the plegtoe mussel
Pleurcobema cordantum i¢ the most important species to the commerclal fishory

During 1956 and 1957, a study was undertaken to determine the level
of abundance, rate of exploltation by fishing, age composition and potentin
for natural replacement of the pigtoe mussel on specific beds in the
Tennessee River. The distribution of mussels on bottom areas was not rando
but concentrated on specific beds. Population estimates were made by the
tag and recovery method and by actual count in bottom semples usling SCURA
gear, Measured drags were made with a crowfoot brail over beds whers the
aumbers of mussels were estimated o determine the correlation between cate
per unit of effort and population density. Catch records provided a relin-
vle estimate of the number of mussels harvested by the commercinl flshory
from beds in Wheeler Reservolr during 1956 and 1957. Cotch per unit  of
effort varied in direct proportion to the size of the available population
during a given season of the year; however, the catch rate differed on a
seasonal basis, being highest in April and declining as the season pro-
gressed. The brail method of fishing was selective for certain slze groups
of pigtoes and for certaln species of mussels. Total catch, catch per univ
of effort, and fishing effort decreased on Wheeler Reservoir between 1956
and 1957. This decrease was attributed to the high rate of exploitation in
1956 which reduced the population available to the fishery in 19%7. Thae
age structure of the populatlions studied showed that old age stocks {over
15 years of age) suppiled the major support to the commercial fishery.

The rate of exploltation on beds in Wheeler Reservelr during & two-ycar
period (1956—1957) accounted for almost 23 percent of the available popu-
lation.

: Recruitment to the population during this same period amounted to
less than 1.0 percent. Poor survival of young mussels appears to be the
chief problem in replacement of the populations. The pigtoe mussel repro-
duced successfully in 1956 and 1957. The spawnlng season extended from
May 15 to October 4 4n 1957. Results of a search for s sultable host flsh,
which is presumed necessary to complete the life-cycle of the pigitoe, woere
inconclusive. Survival of juvenile mussels was not found to be related to
the intensity of commercisl fishing as low survival occurred on bods sub-
jected to fishing for many years, as well as on new beds which were recontl
discovered. The life-history of the pigtoe mussel 1s complex and unfavor-
able envirommental changes have occurred since the river was lmpounded whic
may account for low survivael of juvenile mussels, Extensive deposits of gli
covered most of the bottom areas studied.

The results of this study do not indicate that restrictions on the
commercial harvesting of mussels in the study area would offer any promige
of success in restoring depleted mussel populations to previcus levels of
abundance,
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STATUS OF FRESH-WATER MUSSEL STOCKS IN THE TENNESSEE RIVER
by

George D. Seruggs, Jr.
Fishery Manasgement Biologist
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IWFRODUCTICN
The National Assoclation of Button Manufacturers, confronted with

a decrease in the available supply of fresh-water mussel shells, requested
sh oand W" dlﬂpe Se*vwca to 1nvestﬂwate the co”di*lon

Because of cheaper manufacturing costs, plastic material has
3 0 a larss extent in fthe manufacture of bubtons.
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economic level of the shell industry will depend on the continued availa-
bility of an adequate supply of preferred mussels. There is a good export
market for shells, which are shipped to Japan where they are processed
into tiny beads and used In the artificial culture of pearls, in addition
to their use in the button indusiry.

The ohjectives of the study reported here were to determine the
level of abundance, exploitation rate by fishing, age composition, and
natural replacement potential of mussel stocks In the Tennessee River.

Tne program began in 1956 and was concerned primarily with stocks in a
Oemile streteh of the river impounded by Wheeler Dem in Alsbama., Speclal
emphasis was given te studies of the pigtoe, Pleurcbema cordastum, because
of its natursl abundance and economlc value. This report discusses the _
observations and findings resulting frem studies conducted during 1956 and
1957.

MUSSEL SHEELL INDUSTRY

Historical slgnificance.--The mussel sheil industry began in the
United States about 1091 when J. F. Boapple established a pearl button
plant at Muscatine, Iowa, An abundant supply of good shells available
from the Mississippi River encouraged the growth of the new industry. As
the market expanded, an extensive search was made to find new beds in cther
streams throughout the nation.

During the pericd from 1897 to 1937, the U. S, Bureau of Fisheries
engaged in various studies of the 1ife history, habits, distribution, and
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methods of propagating certain species of mussels. Coker (l9lh), Coker,
Shira, Clark, and Howard (1921), and Howard (1922), have described the
esrly industry and the results from these studies.

Since 1942 the Tennessce River has become the naticon's most lmpor-
tant source of fresh-water shell. This stream was intensively developed
by the Ternesszee Valley Authority between 1936 and 1944 Ffor nydrocelectric
power, Tlood control, and navigation. The development progrem included
the conotruction of seven dams which impounded S8C miles of stream. Two
other dams completed earlier (1913 and 192%) impounded 5% miles of stream.
Development of the mussel Iishery began on the lower section of the river,
eradually extending upstream as new productive beds were found. During
1656 and 1957, the bulk of the catch was taken at four locations: Kentucky
Reservoir (mile 190 to 196), Wheeler Reservoir (mile 308 to 316}, Gunters-
ville Reservoir (mile 379 to 389), and Chickamauga Reservoir (mile k98 to
519). (Ses figure 1.)

The importance of fishing areas depends on the abundance and
quality of the shells produced., Shells of good guality hove thick valves
of pearly white and lustrous nacre, free from spots or stains and of a
Tirm but not brittle texture. The pigtoe mussel, Pleurcbema cordatum,
and the nipgerhead mussel, Fusconais ebena, meet these requirements.

Method of harvest.--Mussels are harvested commerclally in the
Tenncssee River by crowfoot brail, This device was first used in 1897
on the Mississippl River and has become the usual method of harvest on
many larpe streams, Coker, Shira, Clark, and Howard (1921} described
this device in detail, along with other types of shell-fishing equipment.
The brall assembly used on areas where most of the present studies were
carried out has been modified to some extent and warrants a brief deserip-
tion.

The brall consiste of a wooden bar 18 to 21 feet long to which
‘hains are attached at b-inch interwvals; each chain is approximately 18
inches long and bears a cluster of several multipronged hooks linked to
its free end. The prongs of the hocks are straight instead of curved,
and each prong has a small knob on the tip. The hocks are made of heavy-
gauge wire, and the number used may vary up. to 720 for brails 21 feet
itong. A rope bridle is attached for towing the brall downstream.

The brailsg are fished from flat-bottomed "Jjohn" boats 20 to 25
Teet long. Most of the larger boats fish two brails at a time, keeplng
a spare for replacement when one of the other brails is lifted to remove
the catch. Power is provided by an underwater sail, made of canvas, called
a "mule.” The rate of speed can be adjusted to some extent by changlng
the pitch of the sail in the current (figure 2).

When one of the trailing hooks of the brall passes between the
s1ightly gaping valves of a feeding mussel, reflex action causes the
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Figure 2.--Sketch of mussel harvesting equipment used on the Tennessco
River. Boat, "mule” and crowfoot brail are shown in proper

position to begin a drag over the mussel beds.




valves to close,  The moussel remaling on the hook unttl foreibly removed,
decoune of the numerous  hooks used, almost complete coverage is achieved
when the brail is dragged over the bottom, Cateh success is dependent
upon the characteristic hablt of mussels to embed with their posterior
end oriented upstream with valves open to feed. However, only o portion
of o population at a given time may feed and be orlented in a vulnerable
pesition when a brail traverses their bed. TIn spite of these limitations,
the crowfoot brail 1s an effective method of harvesting from areas cone
taining an abundant population of mussels.

METHODS AND MATERTALS

Mcst of the studies described in this report were carried cut on
Wheeler Reservolr between mile points 308 and 316 (see figure 1), A
Limited smount of material was collected on Chickamauge (mile 498 to 519),
Guntersville (mile 379 to 389), and Kentucky (mile 190 to 196) Reservoirs,
a1l dmpoundments of the Tennessee River., Methods used in the studies are
briefly described:

Commercial catch.--Monthly cateh records were obtained from a
mugssel comp on Wheeler Reservoir. These records represented the total
cateh of all mussels of commercial value harvested from the river between
mile points 308 and 316 during the years of 1956 and 1957. The total
avallable harvest area was estimated by planimetric method using a detailed
Stream map provided by the Tennessee Valley Authority. The fishing area
wis calculated to be 7,480,000 square yards. Mussel cateh was measured
by boxloads; a standord box holds approximately 200 pounds of mussels.

An estimate was made of the number of plgtoe mussels harvested, based on
sample counts of 28 representative boxloads; the average number per box-
load wes then multiplied by total boxloads to caleulnte tLhe tobtal ooten
pigtoes. The tobzl number caught was then divided by the total fish-
ng area {(in square vards) to calculate the total catceh of plgtees per
quare yard for 1956 and 1957.
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Brall samnling.--Quantitative sampling was asccomplished with a
crowinot brail to determine the rate of cateh per drag from a given area,
ALl equipment was rented from and fished by & commercial fisherman. FEach
brail sanple congisted of drageing a measured distance of 100 yards, then
sorting and counting the catch. The area sampled was caleulated in square
yards by multliplying the length of the brail by 100 yards. Catch success
was expressed in terms of the average catch of mussels per sguare yard per
drag. Brall sampling was randomized within fishing areas and by time
periods during two complete harvest seasons (March through August) with
1L2 samples taken in 1956 and 149 samples teken in 1657 from Wheeler
Reservoir.,

Brall samples were also taken in commercial fishing areas on
Chickamauga, CGuntersville, and Kentucky Reservolrs in 1957. Collections
consisted of 11,401 mussels from all locations.

5
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Length measurements were recorded from 11,658 pigtoes taken
from Chickamaugs, Wheeler, Guntersville, and Kentucky Reservolrs during
1956 and 1957. The Length was measured along the anteroposterior axis
of the left shell valve of each specimen.

An estimate was made of the total fishing effort expended on
Wheeler Reservolr in 1956 and 1957, =as indicated by the tobal number
of drags made bY fishermen. +he total number of drags was estimated
py dividing the average cateh of pigtoes per sguale yard per drag into
the total catch of pigtoes per SGuUare yardmﬁﬁrvested From tne available
fishing arcea.

Population,sampling.—wTwo methods were used to estimate the
size of the population and the rate of exploltation of pigtoe mussels
in Wheeler Reservoir (mile 208 to 316). The fipst method consisted in
g mark and recapture study carried on for a tobal of Y months during
the fishing seasons of 1956 and 1957. The second method consisted Lo
taking randomized botitom counts of mussels in square yard piots withdn
the harvest area using SCURA (self—contained underwater breathing apparatmﬁ
diving gesr.

During May, 1996, 1,000 pigtoes were marked DY arilling a small
hole through the wnbo (beak) of one valve; & nickel pin was then inserted
through the hole +o attach a plastic aisk tag. The tagged mugeels were
transplanted at random in the commercial fishing area. Tapped recapturcs
were reporbed on a voluntary basis 1In 16563 filshermen were paid a H0-cent
rewnrd per tag in 1857. An additional 100 mussels were marked for con-
trols and confined in & protected area o estimate mortality caused by
the tagging method. Data from tag recaptures and catch records of the
total munber of wmarked pigtoes caught were used to calculate the aize of
the population gt the end of the 1957 harvest season using the Petersen
Tormuia.

gouURs equipment was used to hand-collect 511 mussele found in
96 square yards of bottom area at L8 stations during June and July of
1957. A cluster of 2 square yard subsamples was taken per station, ond
the mean number per SJguare yard was determined by taking the combined
average from both gamples. Egulpment consisted of a Scobt Hydropac with
tanks of compressed gir, a portable iron frame to form a quadrat of
1 sguare yard, a waterproof sealed beam light (6 vyolt)}, & boat, gafely
line, and an anchor. Samplling was done in water varying from 20 to 29
feet in depth, with & current velocity averaging 0.7 miles an hour. The
procedure used at each ecollecting station consisted in first fannlng the
area free of silt, then probing into the soil to uncover all embedded
specimens. The size of the population was estimated by multiplying the
mean number per square yard of the sample by the total pumber of sguale
yards of fishing area (7,480,000) . The population at the end of the
1957 harvest season was estimated by deducting the number harvested after
the population estimate was made.




The mmber of pigtoe mussels availlable to the fishery at the start
of the 195G season was estimated by adding the total number harvested dur-
ing the 2-year period to the estimated escapement population at the end of
the 1957 scason., This estimate is somewhat low since natural mortality
was not included in the esbimate. The author believes that natural mortal
ity was slight, except in the youngest age groups, which comprised a small
rercentage of the total pepulation.

The total population of zll specles and available sizes in Wheeler
Reservoir was also estimated from data gathered using SCURA gear. Length
data were recorded from all pigtoe mussels collected in the SCURA samples
to determine the sigze composition of the population on the Wheeler beds.
Mezasurements were taken to the nearest millimeter.

Relation of abundance and catch.--The relation of ropulation size
to cateh success by crowfool Dreil wvas studied on two 5,000 sgquare yard
test arcas in Wheeler and Chickamauga Reservoirs during August and Beptem-
bor ol 1957, One area was at mile 309 on Whealsy Reservolr, the other
ab mile 518 on Chickamauga Reservoir. The population on the Wheeler beds
had been fished intensively for 12 years, In contrast, +the beds on
Chickamauga were discovered in 1956 and had been fished for only 5 months.

The sizes of the populations on these small areas were estimated
by taking 10 random SCURA samples, covering 20 Bquare yards of bhottom
within each ares., After the density of the respective populations was
determined, 16 brail samples were made in each area to measure the cor-
relation hetween population density and the mean catch per drag.

Length frequency data for all Plgtoes collected by SCUBA sampling
in Whoeoloer and Chickomaugs were compared with length data from brail sam-
plos taken in the some areas to delermine the selectivity of the harvest
method on different size groups.  The sample from Wheeler consisted of 313
massels Loken by SCURA and 530 by brail, while Chickamauga was representad
by 212 collected using SCURA and 262 collected by brail.

Habitat conditions.--The correlation between populaticn density
and the physical character of the bottom was determined by comparing bot-
tem conditions at the 48 sampling stations in Wheeler Reservoir with the
number of mussels found at each station., Distribution of the population
was determined with respect to the avallability of three major bottom
types: rubble—~gravel—»sand, solid marl, and mud-gravel ,

# Age and growth of the pigtoe.--4 total of 236 pigtoes from Wheeler

Reservoir and 242 pigtces from Chickamauga Reservoir, represented by all
avallable sizes in SCUBA and brail samples, were examined and their age de-

termined by a method deseribed by Isely (1914}, Howard (1922), and Chamberlain

(1931). The left valve of each specimen was cleaned with a wire brush, then
measured along the axis, Age was determined, by the number of annuli and
growth by the increment distance between successive annuli.
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The age composition of the plgtoe populations in Wheeler and
Chickamauga Reservoirs was estimated by converting length frequencies
to corresponding age frequencies. The age composition of the pigtoe
stocks was based on the specimens collected in SCUBA samples, 313 from
Wheeler and 212 from Chickamauga.

Reproduction of the plgtoe.--Samples of pigtoes were collectrd
from Wheeler Reservoir, confined, and examined perlodically during the
months of April through September of 1957, to determine sexual develop-
ment in the females and define the duration of their spawning season. A
sample of 100 mussels was collected on each of 1L days during the G-month
period. Sexual development was determined by microscopic inspection of
the marsupla (brood'pouches in gills) of gravid females. Stages of deveis
ment were classified as follows: 1. fertilized eggs; 2. immature glochiiic
{in membrane); 3. free glochidia (out of membraney. The effect of wul.r
temperature on sexual development was Observed during the spawnlng sondaon.
The age at which female plgtoes started and stopped reproducing was nbirc
determined by examining several hundred small and large mussels collocto:
during the spawning season.

Surber {1915) described the glochidia of the plgtoe mussel based
on size dimensions and shape. During the course of the present siudy,
measurements were taken from 100 glochidlia selected at random from mor.is
to check the dimensions described in Surber’s Key.

During the spawning seasons of 1956 and 1957, efforts were muale to
find the patural host-fish which may be necessdry for the pigloe glochidis
to survive. Fish collections were made with hoop nets, gill nets, and
rotenone. A total of 283 fish compesed of 17 gpecies were uscd in 19%0
and 330 fish composed of 16 species in 1957. Gill filaments were Inspocied
by microscope, and all encysted glochidla found were closely exanined to
identify them.

When applicable, standsrd statistical methods and procedures i
described by Snedecor (1956) were used in the analyses of data in this
report.

ANALYSES CF DATA

Commercial catch.-~Catch records from Wheeler Reservolr showoed
that 6,118 boxloads of mussels were harvested in 1956 and 3,108 boxlowds
in 1957 {table 1}, a decline of 49.2 percent. On the basis of box-count
samples, the mean number of pigtoes per boxload was found to be 653
(620 - 688; 95% confidence intervals). The mean number per box multi-
plied by the total boxloads caught each year, resulted in an estimate
of 3,995,054 pigtoes harvested in 1956 and 2,029,524 harvested in 1957.
When converted to & catch per unit of area basis, the harvest anounted
to 0.534 pigtoes per square yard in 1956 and 0.271 in 1957 (teble 2).




TABLE 1.

Record of the Total Catch of All Commercial Species
of Mussels and the Estimated Number of Pigtoes Harvested
in Wheeler Reservolr (Mile 308-316) During 1956 and 1957.

1556 1957
th Cateh Number of # Catch Humbar of *
(Box-loads ) Pigtoes (Box-loads) Pigtoes
~ch 324 211,572
il 1,5%0 1,266,820 1,352 882,856
v 1,347 879,591 302 197,205
L 1,420 927,260 529 345 437
Y 879 573,987 575 310,175
st 532 347,39 126 82,278
RLS 6,118 3,995,054 3,108 2,029,524
wsed on average of 653 per box.
TABLE 2.

Commercial Catch of Pigloe Mussels, Converted to
Hurber Harvested per Square Yard, in Wheeler Reservoir
{Mile 308+316) in 1956 snd 1957.

or Bervest Ares (Squere Yards) Catch per Square Yard
545 7,480,000 0.534
57 7,480,000 0.271
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In genersl, the catch by month declined as the season advanced
during both years., With the exception of the low cateh in March of 1957,
the cateh started at a high level in April of both years and declined to
a low level during August.

Brail sampling.--Twenty-three species of mussels were represented
in brail samples made in the commercial fishing areas on Chickamaups,
Guntereville, Wheeler, and Kentucky Reservoirs during 1957 (table 3). Of
these, 15 species are of commercial value to the industry. Although the
pigtoe is the most abundant species in the catch from the lLower part of
the river, abundance of this species increased at upstream locations.

The more intensive sampling program on Wheeler Reservolr provided
comparison of the cateh per square yard per drag between the harvest
sons of 1956 and 1957. A total of 15 specles occurred in the 1956
amples and 165 species in the 1957 samples (table 4). The catch per drap,
for nll speclies combined, declined 29 percent from 1956 to 1957. The sen-
sonal catceh per drag was highest in April and, in general, declined as the
geason progressed.

Although the pigtoe accounted for over 80 percent of the commorcial
catch in Wheeler Reservoir in both 1656 and 1957, brail samples showed thay
the mean cateh per drag in 1957 (O.E6M per sguare yard) decreased by 33.k%
percent below the level for 1956 (0.391 per square yard).

Statistical analysis showed that the difference represented by the
decrease during the second year was highly significent (table 5),

The rnumber of brail drags made over the harvest ares in Wheeler
Reservoir during 1956 and 1957 was estimated to determine the degree of
fishing effort. Based on the total number of pigtoes harvested per square
yard {table 2) and the mean number caught per drag (table 5}, the result
indicates that an average of 13.7 drags was made over the entire fishing
area in 1956 and 10.4 drags in 1957. 'This suggests that fishing effort
declined approximately 2L percent during the latter year.

The dats arrayed in table 6 and illustrated in figure 3, demon-
strate the relationship among total catch per unit area, catch per unit
of effort, and fishing effort. From observation, approximately 25 boats
per day fished the area in April while the catch rate was high, and only
4 or 5 boats operated per day when the catch rate declined during the
latter part of the season.

Length freguency data from 11,658 pigtoe mussels, selected at
random from the commercial catch in & mainsiream reservoirs, provided a
comparison of the size distribution of different populations at loca-
tions between river mile 190 and river mile 519 (table 7)n The mean
lengths varied from 7L.1L mm. in Wheeler, to 83.8 mm. in Chickamauge. The
samples from Guntersville and Kentucky Reservoirs had mean lengths between
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TABLE k4.

Species Composition and Average Catch per Drag
From Brail Sswpling in Wheeler Reservolr (Mile 308-316)
During 1956 snd 1957.

1556 1657
Species fot. ho. Percent No. Per Tot. Wo. Percent HNo. fer

Caught of Cateh Sq. Y&. Caught of Cetch Sg. yd.
Bubterfly 76 1.4 0.00080 67 1.7 0.00070
Bulihead 5 o.1 .00005 5 G.1 L. 00005
Flephant esr 127 2.2 0.00120 80 2.0 0.00008
Frouhell 5 Q.1 0.00005 5 0.1 0.00G05
Teerhos 5 ¢.1 0.00005% 5 0.1 0.00005
Ladyfinger 33 0.6 0.00030 29 0.7 0.00030
Maple leaf 5 0.1 0.00005 17 0.4 0. 00020
Monkeyfece 58 1.1 0.00055 T2 1.9 0.00070
Pigtoe 3713 68.8 0.03910 2622 65.5 0.02640
pimpleback Iy 0.06 0.00003 8 0.2 0,00008
Pistolgrip 3 0.0k 0.00002 h 0.1 0.00004
Thyee~nor 219 k.1 0.00230 203 5.1 0.00210
Three-ridge 332 6.2 0.00350 253 6.3 0.00250
Yashboard 5 0.1 0.00005
Warbyback-pink 413 T-7 0.00M40  B1h 10.3 0.00k10
Wartyback-wlilte 359 7.k 0.00k20 216 5.k 0.00220
Totals 5397 100.0 0.05660 k009 100.0 0.04032
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TAZRLE 5.

Analysis of Braill Sampling in Wheeler Reservoir
te Compare the Catch per Drag for Plgtoe Mussels
Taken During the 19%6 and 1957 Harvest Seasons.

. Area Sampled Number per
Number (quare Number Square Standard Standard
Year Samples Yards) Pigtoes Yard Deviaticn Error
1957+ 149 99, 274 2,622 0,026 0.0145 0.0012

*For months of April, May, June, July, and August,

TABLE 6.

Comparison of the Pigtoe Catch Per Square
Yard, Catch Per Drag, and Number of Drags
Made in Wheeler Reservoir During the 1956
and 1957 Harvest Seasons.

Total

Year Month  Catch Per Catch Per Drag Number of Irags
Square Yard Per Square Yard Per Square Yard

1956 April G.169 0.051 3.3

May 0.118 C.041 2.9

June O.12h4 0.04k4 2.8

July 0.077 0.0h1 1.9

Aupust 0.0kL7 0.027 1.7

1957 March 0.028 0.032 0.9

Aprii 0.118 0.03k4 3.5

May 0.026 0.021 1.2

June 0.0k6 $.028 1.6

July G.0k1 0.023 1.8

August 0.011 0.016 0.7

i3
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these extremes. The samples in 1956 and 1957 indicated that the sizeg
distribution for each reservolr remained approximately the same for hoth
years. The difference in mean lengths between the different lccatlons
was highly significant, indicating that a real difference exists in the
aize composltion of the catch. However, the data from each location,
when plotted, iy o normasl distribution curve (figure L) .

Population sampling.--After the mark and recapture study was
initiated on May 15, 1956, I1n Wheeler Reservolr, 33 tags were recovered
during the remalning 3-month pericd in 1956 and Sb tags during the G-montl
harvest season of 1957 (table 8). The data f{rom tag returns and the cabteh
of unmarked pigtoes by the commercial fishery were subjected to a chi-
square test to determine if the rate of tag recovery was random by time
periods in proportion o the total catch. The test showed that the differ-
ence in the ratic of tagged to untagged pigtoes caught for the various
contns was not significant (X7= 8.17; P= 0.25). Based on the mortality
rate of the 100 tapged speclmens neged a8 controls (25 per cent in a con-
fined area), the totol pumber of tagged survivors available to the Tish-
ey was estimated at 750.

Uslng the Petersen method, the pigtoe population was estimated
at 29,554,000, with upper and lower limits of 37,500,000 and 21, 600,000
" at the §S-percent level (table 9). This estimate represents the escape-
ment population in the 7,480,000 square yards of fishing area a8 of
Auguet 31, 1957, after subtracting the commercial catch for the previous
9-month period.

The pighoe population size by the area-density method, hased on the o0

random SCUBA samples in Wheeler Reservolr, was estimated to be 20,566,000
with an upper limit of 28,199,000 and a lower 1imit of 12,9k0,000 at the
95-percent level {table 10} .

Since SCURA sampling provided a direct method of measuring abun-
dance, the population estimate by this method was accepted as belng mora
representative of the true population than that arrived at by the Petersen
method. In addition, bottom sampling provided the only means of studying
the total population, composed of all specles and available sizes.

The best estimate of the slze of the total population of all
species and sizes on the Wheeler beds in August 1957 was 38,970,000
(table 11). The population wasg composed. of 18 specles, 11 of which are
of commercial value. The pigtce accounted for 52.7 percent of the total
population. The rest of the population was mostly of slx other specles:
pink wartyback (8.8 percent), white wartyback (7.8 percent), three-horn
(7.4 percent), three-rldge (6.6 percent), elephantear {5.8 percent), and
butterfly (4.4 percent).

The population was not distributed at random on the bottom aren
wat was concentrated on specific beds, Mussels were found at only 39 of
the L8 stations sampled; density at populated stations varied from 1 to
o1 mussels per sguare yard. The plgtoe occurred at 37 statlons; density
varied from 1 to 16 per square yard.

16

T



"LS6T T

BuTanp JeATY 098ssUUL] SUY U0 SJITOAISSST UBaI1SUTSH JNOJ WOIT
a

Futgs T Treaa £g usye) SENW 20123Td JC UOTINQTIs T Aouenbasy wuarBusT ayy Io uos faedwo)-~*4 aImITL
VONVNY ADIHD AADNLINGM dATTHASHI1INND HIT133HM
LGBl QL6 LG6 956l L5561 9661 FA™ Y g6l
0
5 Ol
—— 108
- - 4 0¢€
4 0¥ -
T 2
e PO e N Om 9
g
I
109 ¢
o g
NVIN 7104
L] 11 AZd ]
NTLS o8
L] | . 106
=+ 00!
e FONVY-L- 7O
— = 0zl

17

b

ot o

G e S



TABLE 8.

Eecord of Tag Recaptures and Commereial
Catch of Plglos mussels in Wheeler Regervolr
(Mile 308-316) by Tine Periods.

Year ¥onth Cateh gwag Recaptures
1956 Junge 927,000 12 i:
July 57k, 000 16
Auguash 37,000 5
1957 ¥arch 211,000 L
Aoril 883,600 ped
Hoy 197,000 3
June 345,000 9
July 310,000 13
August 82,000 3

FOTALS 3,876,000

3

TABLE 9.

Estimate of the Population of Pigtoe Mussels in Wheeler
Reservoir (Mile 308-316) by Mark-and-Recovery Method.
Recaptures by Crowfoot Brall from June 1, 1956 to August
31, 1957. (Estimate as of August 31, 1957 with Poisson
Distribution Assumed for the Recaptures) .

Nugrber Estimated®  Number of Number SoTorsen estimate Of popuinti -*
tagged gurvival recaptures caught Lower limit Mean  Upper Lin:t
1,000 750 87 3,876,000 21,600,000 29,554,000 37,500,

sMortality estimated at 25 percent.
#%Confidence limits - 95 percent.
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TARLE 10.

Estimate of the Fopulation of Plgtoe Mussels in Wheeley
Repervoir (Mile 308-316) by Random Counts in Square Yard
Bottom Semples Taken With SCUBA Gear. (Estimnte as of

Adugost 31, 195T}.

rel area Area sampled  Moan per Standard Population estimntes

cusre yds.) (square yda.} square yd. error Lower Limig Mean  Upper limlt
7,480,000 96 2.7% ©.51  12,9%0,000 20,566,000 28,199,000

Confidence limlte - 95 percent.
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PABLE 11.

Fetimate of the Total Population of Mussels in
Wheeler Reservoir (Mile 308-316) ae of August 31,
19%7. Estimates Pased on Botiom Sewmpling With
SOUBA Gear. Populabion Estimated for 7,460,000
Square Yards of Bottom Ares.

e Rumber Per Estimeted Percent of
LPeCien Sounve Yard rorulation zonuiation
0.23 1,720,400 kb
0.0L T, BOD G
Slovharh any G.30 2,2kl O 5.8
.4l Th,E00 0.2
0.03 2l 400 0.5
0.02 149,600 O.%
#({dney shell 0.01 7h , 800 0.2
Ladyfinger 0.02 1kg,600 0.5
#haple leaf 0.02 149,600 0.4
#onkeyface * 0.0k 299, 2(}0- 0.8
.*Pigﬁoé 2.75 20,566,000 52.7
#¥Pimplebeck .05 37,000 1.0
*Pistolgrip 0.0L 74,800 0.2
#hree-horn 6.39 2,917,200 7.4
Three-ridge 0.3% 2,543,200 6.6
Washboard .11 822,800 2.2
Wartyback-pink o.k6 3,hhg, 800 8.8
wjartyback~white 0.41 3,066,800 7.8
TOTALS 5.22 38,966,800 100.0

¥ Commereilal species

o




) A total of 313 pigtoes were measured +o determine the size
composition of the ropulation on the Wheeler beds. Sizes ranged from
15 to 105 millimeters, with a mean of TO.7 mm. Analysis of the length
data appears below.

Number Length range Mean Standard Standard
examined (nma. ) {(mm.) deviation error
313 15-105 70.7 12.9 0.8

The data approach a normal distribution with some negative skewness;
over 60 percent of the samples were larger than the mean length and
less than 40 percent were smaller than the mean,

The frequency of oceurrence of small-sized mussels cn hottoms at
the 48 Sampling stations was extremely-low., Pigtoes less than 30 mm. in
Length occurred at only 3 stations. The number of mussels legs than 30
mn. in size collected from the 96 Square yards of bottom ares Wwas as
follows: 5 pilgtoe, 12 deertoe, 3 white wartyback, 2 heelsplitter, 2
washboard, and 1 three-horn.

on between abundance ang cateh,--The results from SCUBA
000 square vard test are&s in 2 reservoirs showed that
nsities varied from 6.7 mussels ber square yard in Wheeler
quare yard in Chickamauga Reservoir., The population den-
gity for the pirtoe was 2.5 per souare yerd in Wheeler and 10,7 per
sauare vard in Chickamauga,

Brall samples taken in these areas during August ang September

provided a comparison of cateh rates from different populations. 1In

: * Reservoir the mean catches per drag per square yard were ,00L
Ll Bpecles and 0.011 for the pigtoe; in Chickamaugs they were 0.056
for all species and 0.039 for the pigtoe (table 12}, The rates of deple-
Lion per drag for the different populations amounted to 0.36 percent in
Wheeler and 0.34 percent in Chickamsuga for all species combined., For
the pigtoe, nopulations were depleted at the rate of 0.1h percent per drag
in Wheeler and 0.37 percent in the Chickamauga test area. These rates are
valid only for the specified sampling periods (August and September)
because of seasonal variations in the effectiveness of the harvest method,

In the treatment of the data for regression analysis, four vardi.
shles woere used te define the correlation between Population denslty
and cateh success (table 13). The test for correlation resulted in g
Plgnificant positive coefficient (r= 0.98). Using the linear regres-
sion method, a line was fitted to the Plotted points with the formula
Y= -0.001 / 0.0036% (figure 5), The results indicate thet fluctuations
in cateh per drag are directly proporticnal +o changes in the level of
abundance during a given time perilod.




TAPLE 12.

fnelyeisn of SCUBA and Crowloot Breil Samples
GO0 Souars Yard Test Areasz In Wheelsr snd

emler 1957.

servolrs In August and Sept

"oy ol i -
Data for

Fotal Hussels and Plgtces Trested Separsiely.

Wnewler
o e

{niey

SO Brail SOURA Brail
Kuwmber of samples 10 16 10 16
Ares Sampled (Sq. yés.) 20 10,526 20 9,996
Total Mussels 133 2kg 333 562
Fumber of Species L 11 16

E? o
o
g

Mezan Per Sa. Y4.

Standard Devietion 2.0h 0.01L
Stendard Frror ¢.6h 0.003

@ % B & W ks as g RO RACIEHLAE S

wotal Pigboes 50 118

Mean Pé% Sé. Yd. 2.5 0.011
Standard Deviation &;Q Q.005
franderd Error 8.39 G000

|

0,055
el 0.9@?

(231
.
wh
e
e
W

1.62 0.0

TARLE 13.

Yarisbles Used in the Regression Analysis of FPopuletion
Density end Cateh Per Drag for 5,000 Square Yard Test
Arems in Wheeler and Chicksmsugs RBesexvolrs durdng 1957.

Y - Coben Fer
Per Bousr

&

5E G

g soubined} B 0.013
1G.97 45,079

neeles coubined) 6.0 0,017
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Of 18 species in SCUBA samples
in brail samples; 17 gpecles in SCUBA
red in brail samples (taeble 14). The
was highly varlable for the different
prail method of fishing 16 selective,
more frequently than others.

from Wheeler Reservolr, 1l ogcurred
gamples from Chickamaugs, 16 coour
data show the rate of exploltation
species. This indicates that the
tending to cateh certnin specled

The pigtoe appears to be especially valnoer-

ahle since the rate of depletion per drag for this specles was higher

than the average depletion rate
test area.

for all other species combined on each

Length frequency date acquired by SCUBA end brail samples provided

a comparison between the size composition of the population and
two Gifferent sreas {(table 15). as
frequency Aistribution for the aoURA samples in Wheeler Regervolr ranged
from 15 to 104 mm.; the length range for the brall samples was
made up 6 percent of the population and
the cateh. In Chickamauga Recervolr the length range wWis
in poth SCUBA and brail samples. Silze frequencies
than 50 mm. in length comprised 1 percent of the SCUBA =
test the homogenelty between SCURA  and

composition of the cateh for

1oL mm. Sizes less than 50 mm.
1.8 percent of
30 to 119 mm.,

percent of brail samples. ToO

the @

The lony

30 Lo

leos

amples and 0.6

hrail samples at each location, the length data were analyzed by chi-
square:
(Length date grouped at 10 mm. intervals)
Wheelexr Chickamauga
2 .
ScUBA samples - Xo= 15.04 SCUBA samples - X = 3.0k
brail samples - Xo= 7.51 prail samples - X%z 2.12
Sum - X2- 22.55 Sun - X2z 5.0
A . _ 0.7
6 a.£.; P = 0.005 5d.f3 B o= 0.30

The size fregquency differential between SCUBA and brail samples

in Wheeler Reservolr was
between SCURA and brail
gignificant. These tests indicate

highly significant, whareas the difference
samples from Chickamaugs Reservoir was not
that +the brail method of fishing

tends to catch pigteoe museels larger than 50 mm. in length mors sul-

cessfully than it does

the smaller sizes.
the smaller sizes (less than 50 mm.) were available on the Wheeler

Since & greater nuwnber of

o
%.)L.uq’

the size composition of the cateh was not in agreement with that of the

population. In contrast, the size

composition of the cateh in Chicka-

mauga Reservolir was very ¢imilar Lo that of the population because o
the lesser availability of small mussels on beds at this latter location

(figure 6).

Habitat conditions.--Comparison of bottom characteristics at the
48 SCUBA sampling station In Wheeler Reservoir with the number of musseld
taken at each station showed the following relation:

2k
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Bottom Percent of Percent of Number of
type total area gll mussels gpecies

Rubhle--gravel--

sand 75.0 97 .4 18
Mud-gravel. 6.0 1.0 2
Marl 19.0 1.6 W

The importance of the rubble--gravel--sand bottom type is demor-
strated; practically all of the wussels occurred nere, This type of
rottom best meets the requirements for most species, The mud-gravel type
was not exvensive, found only on lateral areas close to shore. The marl
formation, extending across the stream +o form an irregular patbern ab
various locntlons, provides an impenetrable bottom unsultable Tor musesio.
The fow T were Tound here had embedded in isolated soll pockety whers
the marl strata was broken or depressed.

_ The depositicn of silt on mussel peds ranged as high os L L/%
inches in depth on lateral areas close to shore where the curront
siow, SI1t was about 1/2 inch deep on central areas in the strcan chiannel .
511t deposits were especlally deep on hottoms behind large boulders or
sunken logs where the stream flow was impeded. A relatively large nuwnio:
of dead shells, of different specles and sizes, were found under laycrs

of silt 1 inch or deeper at several stations. These shells were cmboddaed
in & normal position with the valves closed; the shells showed little si:
of erosion, indicating that wmortaelity had occurred within recent monthe.

As previously reported, juvenile deertoe mussels, a noncommercial
gpecles, were the most abundant of the small size classes found on the
areas sampled. According to Ellis (1931) the deertoe isg a mud-loving
species capable of surviving on bottoms that most other species cannot
tolerate,

Bottom conditions on the limited area sampled in Chickamaugs
Reservoir were similar to conditions in Wheeler Reservolr except for
the absence of the marl type formation. The depth and extent of silt
layering on the beds was spproximately the same as degeribed for the
Wheeler beds.

i Age and growth of the piptoe.--Age determinations of gamples rom
Wheeler and Chickamauga beds showed that only a Tew specimens less thon
1 year old were available for study from Wheeler and none less than 6 years
old from the study area in Chickamauga Reservoir. The calculated annual
growth rate for the first 5-year period on the Wheeler beds was 7.0 milli«
meters. 'The annual growth increment for the second S5-year period aversge:d
3,7 me. on Wheeler and 2.8 mm. on Chickemsuga (table 16). Growth was
slower and more variable on bhoth reservoirs after the tenth year. Althoush
older specimens were present, age wag indeterminate beyond 25 years, The
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eroded surface of these older shells precluded the use of the anmular ring
moethod Tor age determination. The difference in growth rates petween the
two reservolrs during a past span of 19 years, ages 6 through 25, was Leosted
for significance by chi~square:

Wheeler Chickoamaurs
Total growth increment (19 years) T5.3 mm. 45,3 mm.
Mean annual growth 2.38 mm. 2 bl mm.
Chi-sgquare £.0h 6.03
Sum of pooled chi-squares = 12.07;8.£.219;P:0.08

Apparently, growth conditicns were approximately the same in both rescr-
voirs since the difference in prowth rates was not significant.

The apge compositions of the shocks of pigtoe mussels on beds in
Wwheeler and Chickamasugsa Reservoirs were determined by converting lengih
frequency data from aoUpA samples (table 15) to corresponding age fro-
quencies. Adjustments were made to the data to compensate for variations
in growth for the 4ifferent sizes. To facilitate comparison, age Tro-
quencies were grouped for successive 3-year intervals {table 17, figure 1.

The dominant strength on the Wneeler beds was composed of survive
org which originated during the years of 1937 through 1939.  Almost 490
percent of the population was older than 12 years. Only about I percent
of the present population was younger than 5 years.

The age structure of the population in the Chickamauga study arca
showed that the dominant strength was represented by the year classes of
1934 through 1636, Cver 95 percent were older than 12 years. No speci-
mens less than 6 years old were found on these beds.

Reproduction of the pigtoe.--During 1957, the first females con-
taining fertilized cggs were coliected on April 6; the first females with
{immature glochidia were taken on April 2k, Mature glochidia, ready for
releanse, were first found in semples on May 6. The presence of sexual
development as the season progressed is shown in figure 8. The pattern
of the curve shows three distinct points which correspond to peaks in the
development oFf glochidia., These modes, based on the percentage freguency
for mature glochidia in proportion to the total nurber in each sample,
oceurred on May 15, June 17, and August 20. The periods during which the
percentages of mature glochidia declined,- following the dates of each modal
point, represent spawning periods. Three definite gpawning periods ocour-
red within the following dates: May 15 to June 6, June 17 to July 10,
August 20 to Octobver L.

Females with fertilized eggs were f1rst observed on April 6 when
the water temperature Was 610F.; females with mature glochidia were frat
observed 1 month later when the temperature was TOOF. From this oboervi-
tion, it appears that apbout & month is required, with rislng temperature,
to advance from ovoposition to full development of the glochidia, This
sgrees with findings by Howard (1921) who reported that the fertilization
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TABLE 17.

Aze Composition of Pigtoe Stocks on Beds Sampled
in Wheeler and Chickemsugs Reservoirs ln 1957.
Ages Combined for Three~Year Perilods.

Population Saeples
Ape Yeny Wheelar Chickamauga

Crouns Claseeg Bumber  Peycent Humber Peroend

g - 2 1857-1955 1 0.3 0 0.0

1954-1G52 10 3.3 6.0

2
[ BN

o
19511649 13 bz 3 1.5
4w 11 19481546 1k .5 3 1.5
Tihall 19k5-19k3 35 11.2 n 5.0
15-17 16421950 67 £1.2 23 16.5
1520 1939~1937 107 32.5 33 15.6
PrLedd 1536-1934 b6 k.8 13 3.8
Sl 1533-1931 21 6.8 3L 1k.6
@729 1930-1928 1 1.2 22 10.4

032 19271985 0 0.0 13 6.1
EVE) 155.6 3T wee
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of epps of Pleurobema op. occurred in early spring and the release of
glochidia by the parent female in the summer and early fall, The occur-
rence of three spawning perlods is probably explained by the fact that
many of the gravid femnles exomined had marsupia containing all three
stapss of dgevelopment. Thus, these Pemales probably gpowned intermit-
tently until all fertilized eggs had matured and were emitted.

The youngest gravid Temale evamined was 6 years old and measured
45 mm. in length. Some of the oldest reproductively active females werc
entimated to he 25 years old and were 90 mm. in length. FPilgtoe plochidia
were exsmined while in the preparasitic stage. Surber (l9l5) describad
tha shape a3 gemicircular with & straight hinge-line. He reported the
dimensions ag GL1E0 mm. {length) ny 0.175 (depth), Our findings agreo
with those of Surber excepl dimensions were slightly smaller--the length
was 0,156 mm, and the deptn 0.163 mm.

#ills Trom oBz fish collected from Wheeler Reservolir during the
er months of 1956 were exarined to find evidence of parasitism by
pigtoe plochidia. The results this Tirst year were negative. In 1957,
350 fish of 16 specles were exsmined For glll infections, Of these,
cne encystment was round on each of three species of fish, a Tfresh-water
drumn Aplodinotus grunnlens, channel catfish Ictalurus punchatus, and
bluegill Lepomls moeroonirus. These three encystments could not be iden-
tified conclusively as pigtoe glochidla because of the difficulty of
extracting the organisms sptact from the cysts and taking exact measure-
monts. Tn all, 27 fish, represented by the previously mentioned specles,
were parasitized by other kinds of glochidia. Most of these werc on the
fresh-water drum, which was heavily parasitized by glochidia of the deer-
toe Truncilla donacliformis.

COMPARTISON OF RESULTS

Analyses of catch records and data from brail sampling show &
copsiderable decline In the status of the commercial fishery on Wheelar
Reservolr between 1956 and 1957. The commercial catch of plgtoe mussels
1n 1957 was b9 percent less than that in 1956. Despite an increase in
+he selling price of shells, from an average of $2.50 per boxload in
1556 to $3.50 per beoxload in 1957, fishing etfort declined 2l percent
in 1957, probably vecause of a significard reduction in the cateh per
anit of effort. A drop of 33 percent in catch per unit of effert re-
duced fisherman earnings below & profitable level (table 5) .

A positive lineer regression existed between catch per unit of
effort and the denslty of the population in areas sampled with crowfoot
brsil and SCUBA gear in two reservoirs. The density of pigtoe mussels
on beds in Chickamaugs Reservoir was U times as great as the density on
beds in Wheeler Reservolr and the brail cateh per unit of effort on the
more abundant population was I times as great as that for the sparse
population. This relation remained falrly constant, although catch per
unit of effort on a given area wvaried seasonally.
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While annual fluctuations in catch per unit of effort denote
changes 1n the size of the population, seasconal variation seems to be
caused by changes In the behavier of the mussels which affect their
catchability. Intensive brail dragging cver the beds in the early part
of the season may have a disturbing influence and reduce catch success
during the latter part of the season. AS previously described, the sea-
sonal cateh success {see table 6} for both 1956 and 1957 was highest in
April, declined sharply in May, increased slightly in June, and gradually
declined as the season advanced, The trend in fishing effort followed s
similar pattern, Unfavorable weather prevented fishing during March of
1956 and restricted the amount of fishing done in March of 1957. Weather
wias not a sericus factor, however, during the remaining montheg of either
year.,

Certain species are harvested gt a higher rate in proportion to
thelr relative abundance than are other species in the population. The
pigtoe appears to be especially vulnerable, since the rate of harvest
for this speciles in test areas was higher than the average rate for all
other species combined. The crowfoot brail appears 0 be blased in
catehing certain sizes of pigtoe mussels. The brail tends to cateh slze
groups larger than 50 mm. in length with a higher frequency rate in pro-
portion to relative abundance than it does the smaller slze groups. This
indlentes the smaller and therefore younger stocks, being less vulnerable,
are offered some naturel protection from fishing pressure,

A valid statistical comparison between the two methods used to
estimate the size of the pligtoe population in Wheeler Reservoir is not
poszible because of the different procedures used. A simple comparidson,
however, shows that the estimate by SCURA sampling is about 70 percent
a5 hilgh as that for the tag and recovery method. It was Impossible o
achieve strict accuracy by either method because of the variables invol-
ved, foremost of which was the non-uniform distribution of the mussels
on the beds. The actual count method by SCUBA sampling is presumed to
provide the most reliable estimate.

Using the number estimated by SCUPRA sampling, population of plg-
toe mussels at the end of the 1957 harvest sesson was 20,564,000 in the
productive areca of Wheeler Reservoir. Since cateh records provided an
estimate of 6,024,000 harvested during the previous 2 years, the esti-
mated pumber available at the start of the 1956 harvest season was
26,590,000, 1f natural mortality is disregarded. 'These figures indi-
cate that 23 percent of the population was expleoited during the two
years, When calculated for each year, the harvest rates were 1L percent
in 1956 and 9 percent in 1957.

It is obvious that with the high rate of mortality attributed to
comnercial fishing, an equally high rate of replacement 1s needed for the
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population to maintain the same relative abundance, disregarding nntural
mortality. The silgnificant decline in catch per unit of effort bhotwoen
1656 and 1957 indicated a declining abundance, substantiated by the age
structure of the avallable population in Wheeler Reserveir (see Pipure 9).
Over 90 percent of the population was clder than 12 years and plmost 20
years had elapsed since the dominant year class originated. Recruiltment
to the population between 1956 and 1957 was less than 1 percent as com-
pared to the 23 percent loss by commerciel exploitation. Gince the hods
on Wheeler Reservolr had been axposed o commercial fishing for the pat
12 years, 1t was guspected that harvest operatlons might have a hermful
effect on the survival of young mussels and therefore limit recrultment.
Further studies on Chickemauga Reservolr falled to justliy this hypothesic.
The age shtructure of thig relatively unexploited population showed Lhat
over 9% percent of the population was older than 12 years., These ol de

age stocks were dominated by the year classes of 1934-36, While protectod
from Tishing, there has been no recruitment to the Chickamauga population
dJuring the past 6-yvear parlod as evidenced by the failure to Tind awny
mussels younger than the 1951 year clasS.

Age and growth studies of the pigtoe mussel showed that betweoen
8 and 9 years is required to produce & desirable market size shell of
50 mm. in lengthe. Thieg also 18 approximately the age at which they reach
an optimum catchable size. The slow growth rate does not permit & rapid
restoration of catchable stocks Lo the fishery even 1T reproduction should
be successful at least once within the next few years. Since growth rates
were zimilar in Wheeler and Chickamauge Reservoirs, there is no evideunce
that favors one locatlon over the other so far as growth is concerned.

Fxamination of the condition of glll marsupia in gravid female
plgboes in 1557 indicated glochidia production to be gatisfactory for
the population‘in,Wheeler Reservoir. Release of glochidia by parent
females occurred durlng three distinct periods between May 15 and Octo-
ver 4. However, since the parasitic phase in the iife-cycle of the
plgtoe is unknown at present, the fate of the glochldia produced could
not be determined. Despite the fact that gills from €13 fish of 17
different specles were examined during the summer months of 1956 end
1957, the identity of the host-Tish presumed necessaly for complete
development of the plgtoe glochidia could not be determined. Because
of this complex life-cyecle, the avallabllity and hablts of a host-flsh
could have a great influence on the future status of the pigtoe gtocks., &
To account for the natural abundance and present distribution of the
pigtoe in the Tennessee River, an excellent relation of coexlstence
petween the glochidla and 1ts8 host-fish must have prevalled in past
years. Presumably, the success of this relation has declined bacause
of a change iIn the availability of the host-Tfish or poor survival of
the glochidial stage in the present environment.

That the silt deposits on recently examined bottoms in Wheeler
and Chickamsuge Reservolr may be having a detrimentsal effect on the
mussels present, 1s $ndicated by the finding of large numbers of properly
oriented dead shells, young &s well as old individuals, under heavy depos-
its of silt. Very few live young mussels, with the exceptlon of the
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deertoe, a mud-loving species, were found in SCURBA samples. Silt
deposition has long been regarded as a destructive factor on mussel
veds. Ellis (1936) reported that lethal limits of silt coverage on
experimental beds of mussels varied fram 1/4 inch for the least
resistent species to 1 inch for some of the most registent specles.
Death was attributed to gradusl smothering as the =ilt accunulated
over the mussels.

giltation in the reservoirs of the Tennessee River wag Inten-
sified after impoundment of the stream was completed during the years
1936 to 19kk. On the basis of the age structure of the population of
piptos mussels in Wheeler Reservolr, the dominani year classes of
1536-39 were produced during the years before the reservolr system
was complebed., On Chickamsuga Reservoir, over 90 percent of the plg-
too population was preimpoundment stock. This indicates that success
of population expansion and the change from a stream to a reservols
i As the present age structures show, recruli-

during the elapsed span of years gince habitat conditions changed.

As previously stated, the resulte from these studles apply to
specific areas in the Tennessee River. Because of physical limitations,
it was impossible to carry out a comprehensive study program On all
parts of the river simultanecusly, which would be necessary to determine
annual variations in population structure. Further research ls needed to
understand the complete life-history of the plgtoe mussel. This I1s impor-
tant since the econcmic level of the commercial fighery is primerily
dependent on the abundance of this speciles.

CONCLUSTIONS

The plgtoe mussel Pleurobems cordatum 1s the most sbundant com-
mercisl specles taken by the mussel fishery on all parts of the Tennessce
River. On Wheeler Reservolr, the pigtoe comprised over 80 percent of
the commercial cateh in 1956 and 1957.

The commercial Tishery on Wheeler Reservelr declined between 1956
and 1957 as evidenced by the slgnificant reduction in total catch, cateh
per unit of effort, and fishing effort during the latter year. This do-
eline was attributed to the high rate of explcoitation during 1956, and
presumably earller years, whilch reduced the slze of the population avail-
able for the fishery in 1957.

Catch per unit of effort by the crowfoot brell varies in direct
proportion to the size of the avallable population for a given area.
Catch rates also vary on a seasonal basls for a given area, being highest
in April and declining as the season progresses, The brail method of
fishing is selective for certaln species and sizes of mussels in a popu-
lation., Pigtoe mussels over 50 mm. in length are especilally vulnersble
to fishing by the brail method.
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Overharvesting of stocks of pigtoe mussels in Wheeler Reservolr
in 1956 and 1957 resulted from the high rate of exploitation by commer-
eiasl flshing {23 percent both vears) as compared to the low rate of
natural replacement'(less than 1 percent). Major support to the fishery
is derived from stocks which are over 15 years old; some members appear
to be over 25 years old.

The limiting factors in natural replacement appear to be related
to the complex 1life history of the pilgtoe mussel and changes 1n the envir-
onment after the river was Impounded, Although the pigtoe produced
glochidlia in 1957, their survival 1s uncertain because of apparent fail-
ure to find the proper host-Tish for the parasitic stage of development.
Extensive silt deposits on bottom sreas, sccumulated since the river was
impounded, appear to have created an unfavorable habltat for the survival
ol young mussels. Only Juvenile sizes of the deertoe Truncilla donact for-
wis, a silt-tolerent species, were found in appreclsble numbers on bottom
areas sampled,

The slow growth of the plgtoe is not conducive to a rapld restora~
tion of the resource for commercisl purposes even if & dominant year class
succeeded In expanding the size of the population in the near future.
Approximately 8 to 9 years must elapse before an adequate marketable gize
of 50 mm. in length 1s reached.

Findings described in this report do not indicate the need for
imposing specific regulations on the commercial harvesting of mussels,
which would conserve or increase the resource in Ffuture years. There
is & possibillty that mure knowledge of the life-cycle of the pigtoe
mussel might lead to some means for increasing its sbundance. However,
if 2o poor enviroment 1s the chief limiting factor, there isg slight hope
of restoring depleted populations to 2 former level and the trend may
continue to be that of a vanishing resource.
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