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o ; ABSTRACT

The smallmouth buffalo, Icticbus bubalus (Rafinesque), population

of Watts Bar Reservoir, Tennessee, was investigated in order to describe

__its age distribution, growth rates, dispersion, and importance as an
accumlator of radionuclides. Measurements and scale samples were taken
from commercially-caught fish and fish caught in the ORNL tagging oper-
ations. Scale impressions were analyzed for age and growth phenomena.

| Dispersion of smallmouth buffalo was investigated by conven.ional tag-
ging methods and by autoradiographic analyses of scales. Stable and
radiochemical composition of scales was examined by spectrographic anal-
ysis, flame spectrophotometry, an% radiorztric surveys.

Watts Bar smallmouth buffalo in the commercial catch ranged from
four to fif?een years of age. The largest number of fish in the catck
ves from yesr class six, the youngest year class wvhich was completely
vuluerable to conmercial fishing gear. Annulus formstion occurred prior
to June. The total survival rate was found to be 49 per cent for year
class six, 35 per cent for year class seven, 26 per cent for year class
eight, and 19 per cent for year class nine. Q

The rate of change in weight as length increased was 100 g/em
for fish exceeding 31 em in total length. Absolute growth was 422 mm
at three yeers, 441 mm at six, 487 mm at seven, 522 mm at eight, and
609 mm at nine. The species characnerisiically exhibited the largest
relative growth during the second year of life. Conditions for growth
evidently had improved f the past six years as was indicated by an

inerease in total length attained at the end of succeeding years. Growth

compensation was evident during the fourth and fifth years of life.

111
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Calcium was the most abundant element in fish scales with at
ieast twenty-three other elements present in varying quantities. Fish
scales and bone were found to contain radionuclides of ruthenium, ces-
dum, zirconium, zinc, and cobalt. Radiometric surveys of scales re- ¢ Jx ol

vealed the Watts Bar Reservoir smallmouth buffalc population.was a

relatively minor accumulator of radionuclides with only 0.08 per cea

tho;;;g.the presence of -artificially produced radionuclides. Approxf—

mately 6 per cent of the Clinch River fish and 77 per cent of the

Hhi;Q Osk Creek fish had accumlations. -

Limited data on dispersion were determined from conventional
tags. Much more dispersion and life history data were determined from
lﬁﬁo;adi?graphic analyses of scales. Tﬁese dispersion data were applied
only t6 individuals because the number was too small for generalizations
Tor the population’as a whole.

All normel sceles contairing radionuclide accumulations were
found to produce identical autoradiographic patterns of concentric ~
circles which wvere associated with growth of the fish in contaminated
areas. This phenomenon was combined with conventional capture-recapture
methods of population estimates in a proposed technique of population
studies. A laboratory experiment showed that scales could be tagged
with cesium-134, but this radionuclide was found to accumulate in much .

_larger concentrations in the soft tissues than in the bony tissues.

Data on population characteristics of the smallmouth buffalo are
biologically significant in that they increase our basic knowledge of
this commercially important species. The dispersion study is especially
important in that an entirely new technique of study was developed and

found to be superior to conventional tagging methods.
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CHAPTER I

INTRODUCTION

. In ecological investigations it is necessary to determine the

—interspecific and intraspecific relationships between organisms, their

effects on the physical environment, and effects of the pPhysical en-
' vironment upon the organisms. The study of organisms in such an eco-

~.logical investigation often follows the form of a population study.

" designed to determine thre characteristics of that populaticn. A popu-

lation is considersd to be a group of organisms of the same species
occupying a particular spece and Possessing characteristics of the
group which are not characteristics of the individuals of the group.
Some of these characteristics are: density, birth rate, death rate,
ege distribution, biotic poteatial, dispersion, and growth form (0dun,
1953).

The primary objective of this study was to determine the age

distribution, growth rates, and dispersion characteristics of a selected

fish population in the Clinch River. Because this investigation was a
part of the continuing Clinch River Study (Morton, 1961), it included
an investigation into the species’ importance as an accumulator of
radionuclides. |

The smallmouth buffalo, Ictiobus bubalus (Rafinesque), was

selected for this investigation of population characteristics for
several reasons. An examination of the fish tagging records of the

Radiation Ecology Scction revealed that the species is abundant in the
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eres throughout the year. The species is commercially important as in-
dicated by the fact that over one million pcunds are harvested annually
from Tennessee Valley Authority impoundments. A preliminary radiometric
survey >f fish species from the Clinch River indicated that the smal)~
mouth buffalo was one of the biotic accumulators of radionuclides re-
leased into the river as waste from the Oak Ridge National lLaboratory .

The study of population characteristics was based on the exami-
nation of scales from the fish. It is a gemeral principle that the
scales register all the stages of growth of fish and that every factor
influencing this growth is expressed on the sculptured, outer surface
(Bertin, 1958). Periods of rapid growth, retarded growth, and even
periods of spawning activity may be interpreted from “he relative po-
sition of marks on the scales of most fish. Lea {1910) established
that there is & constant relationship between the size of the f£ish and
the size of its scales. Examination of the outer surface of the scale
reveals the animal's current age. The knowledge of ege is essential in
th; stiuly of growth. In conventional growth studies the scales regu-
larly are used to compute the length of the fish at the end of previous
groving seasons, as indicated by the spacing of year marks (Ricker,
1958). ;

Emigration, immigration, and migration are movements of indi-
viduals which may affect several of the population characteristics. The
investigation of these movcment$ now is limited to capture-recapture
study m2thods and conventional marking techniques. A major disadvantage

exists in the conventional meth-1s of marking fish. The attachment of
metal or plastic teags to the enimal's body has been shown to influence

its dehavior and inhibit growth (Ricker, 1942).
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P A preliminary autoradiographic examination of scales from several

t species of Clinch River fish revealed that the radionuclides had accumu-

‘ed in patterns of concentric circles. This accumulation was assumed
to be the result of growth of the animal in a contaminated area. If . .
T any'of the nutrient materials used by the animal in forming new body
tissues contain radicisotopes of essential elements, these sotopes will
follow the same pathway as stable isotopes of the elcment and be ‘ncore
'porated into these tissues. "When accumulation of radionuclides ocours « + 0 #_-
in the scales it can be detected by autoradiography. A comparisc= of
scale autoradiograms to the growth of the specimen should reveal when
that individual wes in e contaminated area. - .
In recent years radioisotopes hav: been applied eff-ctively to
the investigation of several phases of aquatic biology. Biological
productivity and rates of biogeochemical cycling have been measured by
radionuclide methods. They have been used in the investigation of fish
diseases end nutrition. They also have been applied in tracing the
movement of water and pollutants in water in hydrologic studies. Some
application of radionuclides has been made to the marking of aquatic
animals, but little success has been achieved. Most of these studies
have been based on the use of radicactivity as a means of locating the
radicactive individuals. One such study was conducted by Kondrat'ev
(1952) in which he tagged commercial fish species by holding them in

wvater containing a weak concentration of radionuclides for several

hours. Then these fish were released and recaptured by commercial

fishing methods. The catch of fish was passed through tanks equipped

with radiometric counting devices and the number of radioactive fish




vas recorded. This met-od had some success in testing the efficiency

of commercial fishing gear.

Pendleton (1956) pointed out the advantages of radionuclides for

-« ®WAarking animals in ecological studies. The radionuclides are not de-

tectable by the senses of the animals and they ere easily applied with
minimal handling to large groups of animals. Some techniques do not
require that the organisms be captured, handled, or even seen by the
‘investigator. The radionuclides are incorporated into the individual's
body, thereby tending to prevent loss of the tag. Seymour (1958) dis-
cussed the tagging of fish with radionuclides, but concluded that
present-day marking methods e&re much more practical. Kis objections to
tagging fish with radionuclides were that tegged fish are difficult to
detect because of the shi~lding effect of vater, the high energy radi-
ation necessary in radioective tags might have a detrimental effect on
the fish, the fish tagged with redionuclides might coi.ctitute a health
hazard if consumed by hunans, and the identification of individuals by
such tags would be extremely complicated. However, Seymour appears %o
have considered using radionucliides Primarily as a mcnné of locating"
fish, as most previous investigators have done. Hooper, Podoliak, end
Snieszko (1961) stated that future use of radionuclides in the marking
of aquatic animals will be only in situations where there is complete

coatrol over the fish harvest or where the tagged- fish can be handled

wvithout deanger to the public.




CHAPTER 1II

REVIEW OF LITERATURE

A. Population Characteristics T et

1. Age distribution

Lotka (1925) concluded that a population tends to develop a sta-
. ble age distribution. Movement of individuels from other populaticns
or changes in environmental conditions may disrupt this balance. How-
ever, the population eventually regains its old stability ur a new one
after the disturbance. Allee; et al. (1949) discussed the relationships
between age distribution and other characieristics of the population.
There is a preponderance of young individuals in the population soon
after spawning because of the high fecundity of fish. However, the
survival rates for young fish usually ere low because of the intense
pressure of predation. Predation continues until the young f;sh reech
& size vhere they no longer are suiteble prey for larger fish. Survival
rate is the factor determining the number of individuals eatering u nev

age group.

2. ‘Dispersion

Populations of stream fish in natursl habitats cannot be assumed
to be isclated units. In the absence of physical darriers movenment of
individuals occurs between adjacent populations. The movement of fishes
may be random (Thompson, 1932), but more likely the movements have cause

in population pressures, environmental changes, or migration behavior.
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rate changes from & continually increasing rate to e decreasing rate

of growth. Relative growth is defined as percentage growth in which
the increase in size in each time interval is expressed as a percentage
of the size attained at the beginniqg of the time interval. Relative
growth is most rapid in younger fish an; constantly declines. Total
lengths vere used in descridbing growth of smallmouth buffalo in this
study because commercial fishermen removed the viscera before bringing

the fish to the collection point. .

B. Fish Scales in Population Studies

1. Methods

Carlander (1956) e\'aluated. the methods currently used in studying
ege and growth. Recapture of tagged fish has been the method used in
population studies by most investigators. Black (1957), Ricker (1958),
Woodbury (1956), end many others have found that the presesnce of =
tag on the fish's body inhibits growth and influences behavior. EHile
(19k1) enalyzed the uses of length-freguency groupings for age deter-
mination and found that considerable inaccuracies existed because
varying growth rates of individuals eliminate peaks of sbundance at
older ages. lMost investigators agree that the interpretation of growth
ring; on scales, vertebrae, otoliths, opercular bones; spines, and fin

rays is the best source of information on tke age and growth of fish

in natural habitats.

2. Scale formation and structure
Van Oosten (1957) summarized information on the formation and

developmont of teleost scales. The scale has its origin in 2 mess of
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" fibroblast cells in the dermal layer of the skin. This cell mass
flattens out to form two distinct layers betwveen which there appears
a fibrous network. Surrounding osteoblast cells initiate the for-
mation of the bouy layer by secreting calcium salts into the osteoid
tiusue._—The fibrillary plete next appears as & thin sheet between the
bony scale and the lower layer of ostecblasts.

Growth of the furmed scale is continued by addition to the
margin of the bony susface layer and the deposition of thin fibrous
layers below it. Since the surface layer grows by deposition of ma-
terials at the edge, it does not increesse in thickness with age and
the eerly surface sculpturing does not Fhange except for wear. This
fact uakgs it possible to determine the age of the fish from its
scales. The thickest pért of the scale is always in the center.
Scales ray be thought of as greatly Clattened cones (Figure 1). The
fibrillary plete is largely or entirely uncalcified end without
vascular canals. The bony layer is composed of an organic fremework
impregnated with incorganic salts, mainly calcium phosphate and calcium

carbonate. The surface sculpuring of scales has been described in

detail by Creaser (1926).

UNCL ASSF£D
ORNL -OWS 63- 2106

BONY LAYER

N

FIBMLLARY PLATES

Fig. 1. Cross-Section Diagran of a Fish Scale.
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C. Accumulation of Radionuclides by Fish

The advent of atomic energy installations has led to the con-
tamination of some aguatic environments with lov-level radiocactive
vastes. The distribution of these radicauclides in any aquatic environ;
ment will vary with the physical, chemical, and biological character-:

.+ 1s%ics of thet environment. Concentrations of radionuclides will vary
betveen species and tissues and will fluctuate eccording to food habits,
. 1life cycles, a2d seasonal changes. A mejor quantity of the rsdionu- -

-* elides within the biota will be bheld by organisms which make up the

Primary trophic levels in the early stages of contamination of aquatic

... habitats where the standing crop of producers exceeds that of the con-

Sumers. RHowever, the radicnuclides will move to other trophic levels

later where they may be concentrated in lerge quantities (Davis and

Foster, 1938).

Krumholz, Goldberg, end Boroughs (1957) surmarized the fectors
vhich contribvte to the accurulation of radionuclides in living organ-
isms. The eccumlation end loss of redionuclides depends on their
Physical half-lives and biolegical ractors contridbuting to their in-
corporation in, retention by, and disappearance from the organisms.
whter'characteristics, such as salinity, per cent composition of the
dissolved solids, pH, oxygen-carbon dioxide ratio, and the presenée.

of complexing agents, also affect the accumulation of radionuclides.

The radionuclides of strontium, cesium, cobalt, and ruthenium
are considered to be the most important waste products released into
the Clinch River from e biocaccumulation point of view. Lack of in-

vestigation prohibits gencralizations on the accumulation of cobalt

- ———— -
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oy fish, but the other radionuclides have been investigated to some

-atent.

Boroughs, Chipman, and Rice (1957) traced an ingested dose of
s 3ium-137 in small tuna, Thunnus spp., and found the radionuclide was
.s3cn up rapidly by the liver, heart, spleen, and kidneys, but was lost
-:pidly by these organs. Muscle, gonads, drain, and integument con-
.mued to accumulate cesium-137 faster than they lost it. Davis and
:aster (1958) suggested that absorption was the primary method of
:esium uptake, but experiments into this specific problem are incon-
usive. Data on cesium-134 upt=ke by sunfish in this study support

.--e idea that radiocesium enters the fish's bod; in considersble amounts

2rough ingestion and accumlates in the soft tissues.

Jones (1960) discovered that bottom-feeding plaice, Pleuronectes
:tesse, accurmulateé nitrosyl ruthenium-106 in th2 liver end spleen
cating organisms embedded in contaminated silt. The skin activity

» shese fish wes low. When menhaden, Brevoortia spp., vere fed

. *henium-106 there was only 0.05 per cent of the ingested dose re-

= !ning in the digestive tract after 128 hours. There was 0.25 per

~t 4n the fish's body or on the skin surface and 0.01 per cent in

“on the gills. It can be concluded that ruthenium-106 enters the
“'s body by ingestion and accumulates in the active tissues, but

iz in small quantities.

The redionuclides of strontium have been studied extensively
~use of their long half-lives and tendency to concentrete in bony
-ues. In one of the earliest studies on the absorption of radio-

‘des by fish, Prosser, ct al. (1945) immersed goldfish, Caracsius

‘tus (Linnaeus), in a soluticn containing strontium-89. Th:y
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determined that the gills, skeleton, and integu =nt of large goldfish
vere ten to twenty i{imes more rtdioact?ve wvith strontium-89 than
miscle tissue. The scales contained about 80 per cent of the total
activity of the integument and the bony element of the gills contained '
;Dt! than the soft portions. Fat tissues were higher than integument.
in strontium-89 accumulation. Muscle and eggs vere the lowest in
strontium activity. Brain, heart, liver, testes, and swim bladder

vere relatively low in strontium activity. Of the total radiocactisity

. of goldfish immersed in radiostrontium, two-thirds of the activity

vas in the integumeni, one-sixth in the skeleton including the fins,

and one-tenth vas in *he gills including “he bony element. Saurov
(1?57) found teleosts ebsorbed strontium-90 from an environmental
zolution with a higher accumulation in scales and bone than in muscle
and internal o;sans. R‘dvell and Foreman (1957) placed rudd, Scardinius

erythrophthalmis (Linnaeus), in fresh water tagged with strontium-90

end after 272 days found a high eccumulation in sceles, & low accumu-
lation in skin, and an intermediate accumulation in bone. Danil'chenko
(1958) concluded that strontium-90 euters the vertiebrate body and
settles in skeletal structures, replacirg calcium. Ophel (1962) ob-
served that shiners, Notropis spp., living in Perch lLake, Ontario,
vhich had contained strontium-90 for approximately five years, hgd'a
vhole bod, concentration factor of 950 times that of the water. The
flesh of perch in the same lake had an avercge concentration factor
of five, while the bone of perch hed an average contentration factor
of 3,000 at the equilibrium which was reached in the fifth year.
Martin and Goldberg (1962) found 95 per cent of the rediostrontium fed

to Pacific mackerel, Scomber japonicus Houttuyn, was excreted in
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of the Temessee River is formed by Watts Bar Dam at TRM 529.9. This

reservoir contains & surface area of 35,600 acres at full pool vith a

shereline of 763 miles (Fig. 2).

1 UNCLASS FiED

ORNL-LR-DWG 79788

EMORY RIVER

& H
s WA
t' 4 i WATTS 84R Dau

TRL 530

TEXNESSEE RWIR r

Fig. 2. Clinch River and Watts Bar Reservoir, Ternessee.

B. Species Description

The smallmouth buffalo, Ictiobus bubslus (Rafinesque) is a menm-

ber of the Sucker Family, Catostomidae. The speci2s is widely dis-
tributed from Lake Erie soutn to Mexico. 7% is common in the Mississippi,

Missouri, Ohio, and Teanessec rivers and their larger tributaries.
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The smallmouth buffalo reaches a size in excess of 30 inches

\

and 25 pounds. Schoffmon (19k4) reported a specimen 30 inches long |

weighing 25 yjounds 8 ounces from Reelfoot Lake, Tennessee. A 33.8 (
inch specimen weighing 23 pounds was taken from White Qek Creek in

May IQGET Specimens of 15 pounds are relatively common in commercial

A

catches on TVA recervoirs, but the average weight is near three pounds.

The smallmouth buffalo are bottom-feeders preferring muddy or
ail?y bottoms. They eat both plant and anima) focds. Aquatic insects,
mollusks, other srmll aquatic animals, and algae are cormon in their
diet. local commercial fishermen occasloially find their stomachs
packed with plunt seeds. Weiss (1950) reported that in scason this
species may pack theif stomachs with cotton from cottonwood trees or
the seeds of other planés and trees.. Since the introduction of carp
vhich utilize the sa:é focds and habitats, the two spacies have been
in direct competition. However, both species are abuadant in Watts
Bar and this competition has not dbeen cbserved to affect either speéies

adversely.

Smalimouth buffalo evidently inhabit the dceper, swifter waters
of the large rivers. No mass rigrations, such as spawning runs, have
been noted locally. They spawn in the early spring in sloughs and
shallow yeedy areas. An eight to ten pound female lays 300,000 to

* 800,000 eggs whi‘h are fertilized and scattered on the bottom and

left without parental care (Weiss, 1950). There is undoubtedly a high

mortelity rat. for the eggs and young fish. In spite of this, the
saal)zoutr buffalo have flourished in the impoundments of the Tennessee

Vallcy ‘uathority system. They build up large populations. Yields of
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§ .. up to 700 pounds pcr usre . have been reported from small lakes in

Missouri.
A CHAPTER IV _
S . AGE DISTRIBUTION OF SMATIMOUTH BUFFALOD
A. Specialized Methods
e R Annulus determinations

The scale method of age determination was proved to be valid for
-« smallmouta buffelo by Schoffman (194k) and by Eschmeyer, Stroud, and
Jones (1944). However, aniulus formation in this species is not dis-
tinst and this fact leads to some difficulties in age determinaticns.
Catting over is ; term epplied to the presence of incomplete circuli
between corplete circuli. These incomplete circuli are the result of
cessation of growth during spawning or adverse environmental ;onditions.
Incomplete circuli may even be formed if the fish is injured. Known age
butralo from Wisconsin were examined and their scales were found to de

similar to the Watts Bar fish. The annuli on the scales of ithe Wisconsin

! fish were not comple*e. This phenomenon can be considered to be a

¢haracteristic of the species.

- . Gross inspection of the buffalo scales gave a good idea of the
different seasonal growth rates and was found to be useful in aging the
fish. There was definite crowding of the eirculi immediately inside the
annuli toward the focus or center of the scale which corresponds very

well to “be reduced growth rate that would be expecied during the winter.
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to the margin. A figure representing the ﬁercentage of the total dis-

tance from the margin to the focus was given to each annulus.

Usually four tagboard strips were made on scales from each fish.
In some instances regenerated scales in the sample limited the readable
scales to less than four. The tagboard strips from one individual were
compared to each other. When the distance ratio to the same annulus cor-
responded closely on all four tagboard strips the average distance
ratio was taken &s the correct one. When obvious deviations existed be-
tveen corresponding distance ratios on any of the four tagboard strips,

the scales were reread to determine the correct location of the annulus.

.

wWhen the tagboard sirip examinations were completed the age of
the individual was compared to the total length. If the length was out
of proportiion éo the fish's spparent age, the scales were reexaxzincéd to
determine if the correct age had been calculated. In most instances
such fish were determined to have had exceptionzl growth, either fast

or slow, and the calculated age was allowed to siand.

A preliminary ege-frequency grouping was made after the comple-
tion of scale readings and annuli determinations. Fish in each age
group vers arranged according to total length. The median total length
for each age group vas determined. Individuals which deviated widely
from the median were reexamined to verify their calculated age. Most
of the deviants were found to be in the correct age group and to have

had an ex.remely fast or slow growth rate which had placed them on the

margin of the size range for their age group.




18

B. Analysis of Smallmouth Buffalo Age

After the final determination of the agé of each individual all
the specimens were grouped into year classes. A year class designation

{ndicates that the fish has lived through e cértain number of winters.
year class 1 had passed through one wvinter, but had no annulus. . Year
class 2 had passed through two vinters and hed one annulus. This methnd
of year class designations continues through year class 15 which had

passed through fifteen winters and had fourteen annuli.
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Fig. 4. Age-Frequency Distribution of Watts Bar Smallmouth Buffalo
for Total Cnllecticn.

H year class. No indications of such a dominant year class were found
in the smallmouth buffalo population in Watts Bar Reserveir.
The length-frequency distribution graph of Clinch River and Vatis
*Bar smallmouth buffalo (Figure 5, page 21) {1lustrates the effect of net
selectivity. Commerical fishing gear allows only the larger individ-
uals of year class L to be captured, although it is probable that more
individuals of this year class arc present than individuals in year

class 5 or 6. Tne greater frequency of the smaller size fish in the
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catches from the Clinch River in 1960 and 1961 resulted from the use

of nets rz2de of smaller mesh. A minipum rosh size of adbout one inch

wn

was used on the Clinch River, whereas the minimum mesh size on Watt
Bar was three inches. |

Assuming that the Walts Bar smallmouth buffalo nuwcers are repre-
sentative frcm year class 6 through 10, the survival rates for the

species in these year clesses were calculated by the formula:

Nt+1

Ny e

where Nt = the number of fish in any year class and Jt+l = the nunber
of fish in the succeeding year class. Four hundred and ninety fish per
thousand in year class 6 enter year class 7, 350 of year class T enter

year class B, 250 of year class 8 enter year class 9, and 190 of year
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TABLE 1

CALCULATED AVERAGE TOTAL LENGTHS (BY MONTH)

— Average Totel Average Calculated Calculated Leagth
Col- Length (mm) Total Length (mm) Increase Since
Age lected N at Capture at last Annulus last Annulus
- Jun 5 451 ek ) 27
Jul 11 453 k26 27
Aug 17 L4l Lo6 35
Sep 7 473 437 36
5 Jun 177 459 i 440 J 19
. Jul 67 470 : 449 21
Aug 58 L61 436 25
I A Sep 90 L69 439 30
£ Jun 180 ¥70 - ' 454 : 16
I : Jul 117 473 457 16
Aug 86 469 k50 19 -
*sep 15 k75 LLg 26
7 Jun 72 482 470 12
Jul 53 488 474 14
Auig 70 47k 456 18
Sep 30 477 456 21
8 Jun 12 536 521 15
Jul 38 498 L86 12
Aug 2l 490 473 17
Sep 8 500 475 25
9 Jun 9 551 540 11
Jul 6 549 537 12
Aug 3 500 481 19
Sep 2 478 459 19
10 Jun 3 650 643 7
Aug 1 526 505 21
11 Jun 1 500 k95 5
Jul 1 136 714 22
Aug 1 545 523 22
13 Jun 1 625 619 6
15 Jun 1 850 842 8
—_—— e e e e e e T
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those cavght in July. Since all the collectioné were taken fron a

region on the main stream of the Tennessee River, it is possible that

smallmouth buffalo populations from different tributaries combine to
form tgg Watts Bar mainstream populaticn. If different growth rates
existed in the various tributary populations, it would be possible that
a segment or the Watts Bar population wvith a faster growth rate could
. move into the fishing area early in the summer and that a segment with
a slower érowth rate could arrive later. This possibility of a seg-
mented population could“;;: ;e tested frog.data in this study‘becausé ' ‘:
all collecticons were made in the same afea.
Recruitment is defined es the addition of new fish to the vul-
nerable population by growth of smaller gize categor:ies. Ricker (1933)
described the modal asge in the frequency distribution of the catch as
lying quite close té the first year in vhich recruitment can be con-
sidered corplete. Year class 6 was the modal sge in the catch of Vatts
Bar smallmouth buffalo. The sunallest sixth year class fish canght ‘was
400 mm in length. Net selectivity allowed most fish less than 400 mm
in length to pass through the 3 inch mesh. Deta in this study indicate
that recruitment is complete at ege six and that fishing pressure is
equal on all fish from year class 6 upward.
Recruitment was determined for year classes four through nine _
by back-caleulation of the total length at previous annuli. Total
length of 40O mm was considered the minimum size for fish caught in
3 inch mesh nets and the percentage of fish exceeding this minimunm
length at each age was determined (Table II). Increasing growth rates

for Watts Rar smallmouth buffalo in their early years have resulted in




! - younger fish being recruited into the fishery each year for the past

five years.

TABLE II

PER CENT VULNERABLE AT ZACH AGE

_————ee s

el Year Class
Age b 5 6 7 8 9
1 0 0 0 0 0 0
2 1 0 0 0 0 0
3 84 26 6 2 1 5
b 100 98 72 29 18 15
5 - 100 99 91 ~6 55
6 s - 100 100 100 100

CHAPTER V
GROWTH OF SMALLMOUTH BUFFALO
A. length-weight Relationship

In the tagging operations at Oak Ridge National Laboratory dur-
ing 1960 and 1961, €55 smallmouth buffalo ;ere taken from the Clinch
River. These fish vcre measured to the nearest one-half centimeter
and weighed to the nearest ten grams. In the normal course of oper-

ations all the fish-tagging date are recorded on IBM record cards. The
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length and weight data on the smallmouth buffalo were used in calcu-
lating a regression eguation of weight as a function of length. This
equation expressed the rate of change in fish weight as total length
increased. Calculations were made by IBM 709, computer. The length-

weight relationship of the 655 smallmouth buffals from the Clinch River
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Fig. 6. lLength-Weizht Relationship of Clinch River Smellmouth
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is illustrated by the sca‘ter graph (Figufe 6) with each point repre-
sentirg one individual. The calculated regression line is plotted on
the grapn. ;

Weight of a fish is considered to be a function of length (Hile,
1936). 1If the form and specific gravity of a fish were constant through-
sut its entire life the relationship between length and v;ight could be
expressed as a constant. The length-weight relationship is expressed

usually by the formula:

V:aLn

where W = weight in grams, L = total length in millimeters, a is a con-
stant, and n is an exponent. The calculated regression coefficient (a)
is 0.9976 and the exponent (n) is 3. Tbese data result in the formula

for the rate of change in fish weight:

W = 0.9976 L3

The 95 per cent confidence interval on a is (0.9749 - 1.0204). Stend-

erd error of the regression coefficient is 0.0116. The length-weight
regression line may be used as & nomogram for the conversion of measured
total length to estimated weight for smallmouth buffalo within the length

range covered by the nomogram.

B. Growth Analyses

Growth rate calculations were made on 1,271 smallmouth buffalo
collected over a one week period each in June, July, August, and

September 1952 from Watts Bar Reservoir. Total length of each fish
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TABLE TII: Rt R |

ABSOLUTE GROWTH OF SMALIMOUTH BUFFALO

Calculated Total Length AYEres€ at Successive Annuli
ng -E——-i—am’

Length (mm) 4
Age N at Capture 1 2 3 4 « 5 6 7 . 8 9 10
L 88 451 134 303 422
391-520 82-246 206-L00 368-48%
9 463 119 2717 382 L4
.3 420-543  75-181 152-372 257-Wh5 556-502
6 458 471 110 253 348 h12 453
400-595 71-175 147-34k 232-465 312-534 380-559
7 225 480 10k 233 318 385 432 u65 i
430-59% 71-215 143-372 236-485 299-508 363-55 398-582 . .- -
8 19 502 103 219 306 372 L2 459 87
¥51-600  61-179 146-318 245-450 311-522 356-540 397-576 h2k-594
9 20 535 98 207 290 h12 58 493
465-650 - T1-149 152-268 230-406 296 h57 363-489 4o2-552 428-598 hu6-631
10 L 619 120 231 314 361 439 k91 535 573 609
526-8~. 89-177 205-290 279-378 337-459 384-531 y21-604 452-676 479-733 505-797
1 3 594 91 165 238 328 397 Ll 476 S05 538 ST7
500-736 65-125 140-191 210-280 270-420 330-508 370-559 400-596 h3o—633 460-670 495-71h4

M

62
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. The increase in calculated total length at the end of the first year's

growth amounted to 5, 1, 6, 9, and 15 mm respectively for year class

eight through four.
The relationchips between absolute growth of the various. year

classes-are apparent in Figure 7. The dashed lines connect the length
for year classes nine through four at corresponding ages. The increas-
ing slope of the dashed lines indicates that Watis Bar smallmouth

buffalo have been increasing in total length in each successive year

class. The increese in absolute growth for successive year classes
probablyy wes the result of improved food aveiladility ehroughrremoval
of competing fish by comme:xcial fishing.

Fishing pressure on the smallmouth buffalo has increased in Wattis
Bar Reservoir since 1958 when 15,687 pounds we.e caught through 1961

vhen 59,328 pounds were caught. The increase in fishing pressure would .

UNCLASS S 1D
O L~ P-Jhs "943)

TOTAL LENGTM (mem)
B

-

Fig. 7. Absolute Growih Raies of Watts Bar Smallmouth Buffalo.

 ———— T e T



- ——

3l

result in decreased population density, in turn leading to improved
food availability. However, smallmouth buffalo density data are not
availablc at this time. ;
Absclute growth in weight was calculated from data on year Sy J
classes five through nine. The average calculated total lengths for p
these year classes at annulus ﬁ, 5, 6, 7, and 8 (Teble III, page 29)

vere averaged. These average total lengths were converted to estimated

veights by use of the length-weight regression nomogram (Figure 6. pege

.26). Watts Bar smallmouth buffalo had an aversge weight of 895 g at

the time their fourth annulus wvas formed. The fish gained 275 g dgring

their fifth year of life, 260 g during the sixth, 290 g during the

seventh, and 355 g during the eighth. Insufficient numbers of individ-
uals in the sample from other year classes prohidbited calculatior. of

weight increases in other years.

The average cnnual growth incremeat (Table IV) is largest for
the second year of life in all year classes where adequate nﬁﬁbers
exist in the sample. JTn year classes four through nine the second
year's growth exceeded that of the first year by 35, 39, 33, 25; 13,
and 11 mm respectively. In year classes ten, eleven, and thirteen
the average annual growth increment for the second year of life was
less than the first. The smeller increment for the second year of lite
in these three year classes is questioneble beceuse of small numbers of
individuals in these yeer classes and the fa~t that ennulus determina-
tions of these older fish erec subject to considerable inaccuracies. 1In

year classes four through nine the third year’s growth was less than

that of the second year by 50, 53, 48, Lk, 29, and 26 mu respectively.
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TABLE IV
AVERAGE ANNUAL GROWTH INCREMENT (124)

Year i Year T ——
cm3123h567891o1112131h

b 134 169 119

5 19 158 105 59

6 110 143 95 64

7 104 129 85 67 47 33

8 103 116 87 6o 50 37 28

9 98 109 83 65 57 4 35 29

10 120 111 83 67 58 52 Wk 36 38

1 91 7% 73 90 69 47 32 29 33 39

13 13 93 75 50 57 43 32 37 31 3 3N 25
15 19 170 36 77 68 59 43 k2 43 25 17 17 17 9

el s — Y ———— . — — T ——— e = T L

The decrease in everege annual growth increment continued tlirouzh suce
ceeding yeers after the second year's growth for all year classes exag-
ined. However, there were some fluctuations up and down, probebly as
a result of some favorable growth seasons. A grephic illustration of
the annual growth incrersnts (Figure 8) clearly shows the relationships
between the amount of totel length added each year by year clesses
nine through four. Apparently the habitat conditions for fish during
their first three years of lifc have been improving in Wetts Bar
Reservoir since 1954, the year of spawning for year class nine. Each

year cless has been succescively larzer at the time it formed its first,



33

UNCLASSIFIED
ORNL -LR-DWG 78462

YEAR
CLASS 4

20 b—— s

wmoN o

100

"~

ANNUAL GROWTH INCREMENT (mm)

40

' 2 3 3 ) 6 ? 8
= YEAR

TR S ——— - o W - ¢

Fig. 8. Average Annual Crowth Increments of Watts Bar Smallmouth
Buffalo.

second, end third ennuli. There wes one unexplained exception where
the difference wes only 2 mm. Year class seven had a smaller growth

increment during its third ycar of life then year class eight.
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TOTAL LENGTHS (MM) OF SMALILMOUTH BUFFALO

TABLE V

Grand L ke, Wister Res., Chickamauga Res., Reelfoot lLake,
Watts Bar, Ok lahoma Oklahoma Tennessee Tennessee
Tennessee Thompson, Fall, Eschmeyer, Stroud, Schoffman,
Age 1952 1950 1951 and Jones 19hk 194
1 111.4 154.9-218.4 127.0 9.5 284.5
2 248.7 215.9-256.5 3k2.9 162.6-182.9 388.6
3 34h.7 264.2-304.8 406.9 L3o.h
4 393.0 302.3-340. 4 887.7 . W67.4
5 429.8 357.8-370.8 520.7 543.6
6 " 460.7 571.5 59k . 4
7 - 490.0 647.7
8 522.0
9 782.3
12 835.7

ce
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during the eighteen year time lapse between the two collections. No
other possible explanations were found for the difference.

Relative growth is percentage growth in which the increase in

size in each time interval is expressed as a percentage of the size
attained at the beginning of that time intérvil. Relative growth was
calculated by dividing the ennuel growth increment by the total length
of the fish at the beginning of that year (Table VI).

Relative growth in most species is most rapid in the younger
fish and constantly declines. If fish size at hatching were considered
to be zero the percentage growth at the end of the first year wquld be
infinite. Undoubtedly smallmcuth buffalo at hatching have a measurable
size, but lack of datz on these small fish prohibited determination of
the exact relstive growth for year one. Walker and Frenk (1952) re-
ported fish in yeer class one hed reached a totel length of epproxi-
mately €0 mm within oné or tvo months efter haiching, indiceting a
measurable size at the tim: of hatching. Vatts Bar smallmouth tuffalo
wvere concluded to correspond to the theoreticcl relative growth curve
vith a high rate of relative growth during the first year and a con-
stantly declining rate in succeeding years.

Per cent growth per year was avereged for the first e¢ight years
of life for Watts Bar smallmouth buffalo in yeer classes four through
nine. When these data are compared to per cent growth of smallmouth
buffalo ffom other arcas (Thompson, 1950; Hall, 1951; Eschmeyer, -
Stroud, and Jones, 1944; and Schoffman, 194k4) some striking dissimi-
larities are seen. Relative growth of Watts Bar bulfalo avereged 125
per cent for the second ycar of life and was exceeded only by Wister

Reservoir buffalo which had 170 per cent growth during the same year.




TABLE VI

PER CENT GROWTH PER YEAR .

Year Year

Class 2 3 h 5 & 7 8 g 10 1112 13 1%
" 126.1 39.2 '
5 132.7 37.9 15.h
6 130.0 37.5 18.3 9.9

le

124.0 36.4 21.0 12.2 7.6

-

8 126.0 39.7 21.5 13.h R.7 6.1

9 . 111.2 k.0 22.4 16.0 11.1 7.6 5.8 e [l e . .

10 92.5 35.9 21..3 15.2 11..8 8.9 6.7 6.6
11 81.3 4.2 37.8 210 1.8 7.2 6.0 6.5 7.2
13 2.3 %h 17.7 172 N0 T4 T9 62 6O 5.9 A2

15 1%2.8 47.0 18.1 153.5. 0.3 6.8 6.2 €.0 3.3 2.1 2.1 2.0 1.0
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longer than Wisconsin buffalo. The Wisconsin collection was made up
of large nuzdbers of fish in year classes two through four, whereas, the
Watts Bar collections were larger for year classes five through seven.
large numbers of Wisconsin buffalo were found within a single

age group which suggests a dcminant year class. There alsc was evi- &
dence that the Wisconsin fish had cycles of abundance with good seesons
c;ming every third year. Watts Bar dete gave no indication of dominant
year classes or a cyclic population.

Lee (1912) reported that estimated fish growth in earlier yecrs
of life, as determined from scales of the older fish, often wes less
than the observed growth. This observation, known as Rosa lee's zhenom-
enor, has been dccepted as & true characteristic'ot some fish populs-
tions (Eile, 1936]. A comparison was made of absolute growth in early
years for year c%asses six thrcugh fifteen vhich were assumed to de
equally vulnerable $o the commercial fishing. There was e stezdy de-
crease in the calculated total leagths in early yeers fronm year cless
six through year class nine, but up and down tlggtuations followed
through year class fifteen. These fluctuations tend to preclude the
presence of lee's phenomenon in the Watts Ber smellmouth bduffalo popu-
lation. However, data on year classes ten through fiftgen are ques-
tionable because of small numbers of fish of these ageskin the sample
Data on year classes six through nine only sugges. the presence of -
lee's phenomenon. In order to adequately test for the presence of this
phenomenon samples of the same year class should be taken in several

successive seasons to avoid possible bilas introduced by differing growth
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rates in different years. Collections in this stﬁdy were limited *to

one year.

The term growth compensation has been applied to a phenomenon in
fish species where individuals that had grown rapidly in early life were
approached in size in succeeding years by individuals which had a rela-
tively slow growth rate in their early years. Growth compensation.
apparently is produced by a change in the relative rate of increase
lhnng the larger and smaller fish in any age group. Scott (1949) pointed
out fhat growth compensation is associated with a decrease in the aver-
age yénrly incremerit. Tnspection of the average annual growth increments
ot‘Hltts Bar smallmouth duffalo (Figure 8, page 33) revealed that there
vas a complete reversal in the relative position of thL2 ;nnual growth
increments for year cla:ses four through nine beginning during the
fourth year of life and continuing through the fifth year. This re-
versal indicates that the large fich which had grown repidly during
the}r first three years of life start slowing down in their growth rate
during their fourth year of life and that the small fish with a slow
initial growth rate begin to grov at a relatively faster rate. Growth

compensation does exisi in the Watts Bar smallmouth buffalo population.



CHAPTER VI

STABLE AND RADIOCHEMICAL COMPOSITION OF FISH TISSUES
A. Stable Chemistry

A composite sample was made up of approximately fou; scales from
each individual in the June collection of Watts Bar smallmouth buffalo.
- This sample was oven dried at 104° cC.

An ash sample was sent to the Spectrochemical Labora‘ory of the
Oak Ridge National laboratory Analytical Chemistry Division for spectro-
graphic analysis. The values reported (Table VIII) vere visual est.m=tes
taken from & standard plate and using a common g;aphite matrix. These
values are to be interpreted as approximetions and are within the range
of 1/2 to 2 times the actual concentrations.

One ach savple wes put into solution by alternate addition of
concentrated HCL, 30 per cent 5202, concentrated HNO3, and 0.1N HCI,
with each step being preceded by complete evaporation. The sample fin-
ally was broughi to twenty-five milliliter volume with distilled water.
This sarmple wvas analyzed by flame spectrcphotometry by the Oek Ridge
Naticnal Laboratory Analjtical Chemistry Division. Results of these
stablé chemical analyses are given in Table IX, page 45.

Smallmouth buffalo scales have a mineral residue content of 46.05
per cent by weight. Moisture conteat of the scales was not determined.
Calcium was by far the most abundant element emounting to 0.142 mg/e
fresh weight of the scale. There follovwed in decreasing abundance:

sodivz, potassium, manganese, zirconium, irou, aluminum, lead, silicon,
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TABLE VIII
SPECTROGRAPHIC ANALYSIS FOR STABLE ISOTOPES IN
FISH SCALES

R
Elenent Ash Content (ppm)
Sodium 5000 - 10000
Potassium 500 - 1000
Manganese 200 - 300
Zirconium Less than 20C
Iron 5 - 100
Aluminum 20 - 100
Lead iess than 100 -
S8ilicen 20 - 0
Cobzlt Less than 50
Chromium less than S0
Tin Less than 90
Zinc Less than 30
Molybdenum Less than 50
Nickel Less than 50
Rubidium 10 - 20
Strontium 10 - 20
Titanium Less than 20
Vanadium less than 20
Boron 5 - 10
Copper Trace - 10
Lithium- e %
Silver Traces
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TABLE IX

FLAME SPBC’I’ROPHO"O.ETRY AlIALYSIS FOR STABLE ISOTOFES
IN FISH SCALES

—_ e

Element AT Ash Content (ppm)
. Strontium 266
Calcium 308,000
Potassium ) 1,720
Sodium ' | 2,160 )
Cesium 1

Rubidium ' ' 1

—_—— e e e e e e

cotalt, chro:iu.-:,':iz:, zinc, molybdenun, riskel, stroatium, rubidium,
cesium, titanium, vanadium, boron, copper, liz:iun, and s;lver. A com-
parison of ash content of stroatium (0.255 £z/z) to that of calcium
(308 =g/g) shows a stable strontium-caleiim retio of 0.39% x 2073 4n
fish scales.

Van Oosten (1957) summarized dats ;n fish gzcale analyses and re-
ported that fish scales were composed of 41 to 84 per.cent organic pro-
tein and up to 59 per cent mineral residue in gir dry matter. The
moisture content of menhaden scales was 20.5 p=r cent, organic uﬁtter
content L45.8 per cent, and mineral ash content 32.6 per cent. Chemical

compounds and elements present were mainly Ca (Poh) and CaCQ, with lesser

3
amourts of »‘33(%&)2, CaF,, Na2C03, NeCl, Fe, S, As, Ca0, MgO, P 05, and

co,-
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Results of stable chemical analyses of smallmouth buffalo scales

importance of calcium and the presence of msgnesium, sodium, and irom in

fish scales.

this study.

"Bones and scales of smallmoutl buffalo from the Clinch River were

L3

analyzed by gamma spectrometry using the ORNL Low-level Radiochemical Lib-

(Tables VIII, page 44, and IX, page 45) agree with Van Oosten on the

Van Qosten did not discuss the other elements found in

B. Radiochemistry

oratory. PEone samples were prepared by removing the flesh, cleaning in

tap vater, oven drying at 104° C for twenty-four hours, and pulverizing.

Scale samples were prepared by scrubbing them in tap vater to remove

epidermal tissues and drying at 104’ C for twenty-four hours.

The sam-

ples vere analyzed for gamma emitters; ruthenium-106, cesium-137, and

cobalt-€0 were found to be present (Table X).

TABLE X

RADIOCHEMICAL COMFOSITION OF SMALILMOUTH BUFFALD
BCNES AND SCALES

B e ————

=7
Tissue Rum6 x('::.oﬁ7 l‘ﬂ C°60
Bone 135
Bone 108 108
Scales : 347 198

_m_

t
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Of the four mejor radionuclide contaminants in the Clinch River,
strontium-90, cesium-137, cobalt-60, and ruthenium-106, only strontium-
90 can be considered a bone seeker. Nelson and Griffith (1952) in
@nalyzing white crappie from the Clinch River found an average accumu-
lation of strontium-90 of 120 wic/g in bone. However, strantium-90 -
. concentrations in bone were found to vary from 3.0 pue/g to 297.0 puc/g
in wvhite *rappie bore. It can be assumed that strontium-90 was present

in the bone and s-ales of smallmouth buffalo, but no analyses were made

* for this radionuclide.

.

Scales and bony tissues of fish enalyzed in this study were found
to contain radionuclides of ruthenium, cesium, ard cobalt. Th;se ele-
ments are net bone seekers and it would not be expected tlLat they should
be found in large quan*z*ies in bony tissues. Analyses of other tissues
Prodbably would have revealed higher concentrations of these radionu-
clides, dbut this study was concerned orly with thosge radionuclides ac-
cumulatﬂd in bony tissues except for strontium-90. Few of tae fish
taken in this study contained enough accumulated radionuclides in their

scales and bones for accurate analysis.

C. Radiometric Surveys s

Radiometric Surveys were made of fish tissues to determine the
quantity of activity from accurulat ted redionuclides. Scales vere
prepared by scrubbing them in tap water and drying at 104° C. Bones
vwere scraped clean, scrubbed in tap water, and dried at 104° ¢ for

twenty-four hours. Gross ganma counts were made of the dried samples
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‘using & gamma spectrometcr eduipped with a 3 by 3 inch sodium-iodide
erystal with a 1 by 1 inch well. (Gross beta counts were made of the
same samples using a counter equipped with a Geiger-mller tube. A
comparison of the sensitivity of these two counting methods is made in
Table XTI+
Beta surveys revealed the presence of accumulated radionuélides
- in tissues vhich shoved no gamma activity. The high sensitivity of beta
counting results from the fact that’CoGo, S?9O_Y90, Zr95-Nb95, Ru1°6-
. . ;

106 c.137 n‘"-pr"“‘

» o, , and Ce decay primarily by negative beta particle

emission. Of the radionuclides found in fish scales from the Clinch

65 with 98.5 per cent decay by orbital electron cepture

River, only Zn
and 1.5 per cent decey by positive beta particle emiasion does not de-
cay primarily by negative beta particle emission.

The primary purpose of the radiomstric surveys was to determine
from which fish the scales would be sutoradiographed. MNost of the auto-
ra#iographic exposure of No-screen X-ray film is produced by beta par-
ticles, therefore, gross beta counting was selected as the best method
of screening the scales. Resdiometric surveys were made with a Model Di7
Gas Flow Counter manufactured by Nuclear-Chicego Company. The counter
was equipped with a "Micromil" window and automatic sample changer.
Results of this counting were grouped by capture locatién and month of
cepture. Frequency distribution of the counting results of all the
Clinch River smallmouth buffalo appear in Figure 9. Figures 10 through
13, pages 50 through 51, show the freguency distribution of beta counts

/

of scale samples from the Watts Bar smallmouth buffalo for the months of

June throuzh Sspterber respectively.
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TABLE X1

COMPARISON OF BETA AND GAMMA SURVEYS OF FISH TISSUES

Cross Beta cpm (ross Camme cpm

Species Capture location Sceles Bone Scales Bone
Carpsucker White Oek Creek §5-111 0 63 0 .
» " 4o 184 o - 191
» " 28 a7 105 0
- e ' 39-114% b 2 | 0 C
¥ . 23- 36 66 0 (o]
n Watts Bar 2 - Ly -
White Bass CRM 19.0 0 0 0 0
Gizzard Shad 1 0 0 0 0
Sunfish Hybrid White Oak Lake 6- 13 7 0 0
" s 0 14 o] 0
Flat Bullhead " - 'S} - 0
" " & 32 . 210
" - w = o
Warmouth T 9 10 0 0
Bluegill i L L 0 2l
" " 8 lO o o
» " 0 16 0 0
White Crappie White Oak Creel: 0 6 0 0
" " 0 27 o o
" " o 2 o o
- x 0 6 0 0
¥ » 0 0 0 @
it White Oak lLake 0 8 0 0
Black Crappie White Qak Creek 0 6-10 0 0
Smallmouth Buffalo . k3 200 o 0
" " 95 me o o
" " 75 132 0 0
. Watts Bar (o] - 31 -
Yellow Bullhead White Oak Creek - . 55 - 0
" " = 21 - o
Channel Catfish - - 380 - 0
Golden Redhorse - L b ) 0 0
" " e . 6 0 0
d . 2 6 0 0
Goldfish White Qak lake 21- 37 58 - 595
Carp CRM 20.0 b- 5 0 6 0
L " 5 o o o
Iargemouth Bass White Oak Creek 0 0 o} ‘0
MM

B s SN s e

e S S
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Fig. 9. Frequency Distridbution of Grosc Beta Counts of Scales

from 146 Clinch River Smallmouth Buffalc.
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Fig. 10. Frequency Distribution of Gross Beta Counts of Scales

from 509 Walls Ber Swalluouth Buffalo Caught in June 1962.
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Fig. 11. Frequency Distribution of Crocs Betz Countc of Sceles
" from 293 Watts Bar Suallncuth Buffalo Caugnt in July 1962.



Fig. 12. Frequency Distribution of Gross Beta Counts of Scales
from 257 Watts Bar Smallmouth Buffalo Caught in August 1962.
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Fig. 13. Frecuency Distribution of Gross Beta Counts of Scales
from 212 Watts Bar Smellmouth Buffelo Caught in Septexmber 1962.

Thirty-two scale samples and three backzround counts were in
each counting group. A preset count of one hundred vasireached for each
sample and dackground. The b;ckgraund varied from day to day by as much
as two counts per minute. Counting data were converted to counts per
minute. The highest background measuremsnt in cach counting group was
used as the dackground for that particular group. when the counts per
minute for eny single scale exceeded tj: highcst background for that

group the sample was sclected for autoradiogrephy. A total of 1,271



.-“"f—’--I-lll-Ii-IiIl-—ﬁu--ll!ll-lI-IiII-Il-!ll-l-u-------------__....._...

52

; smallmouth buffalo scales from Watts Bar were surveyed end 342 of these

{ndividuals were selected for scale autoradiography. All of the 146
Clinch River smallmouth buffalo were scale autoradiographed.
A comparison vus made of the number of individuals in each

nonthly—gample of smallmouth buf}als.from Watts Bar Reservoir which

exceeded the average background for that counting group. 1In tb; June
group from VWatts Bar 49.9 per cent of the fish exceeded the average '
background. The pesrentage increased in the July group to 51.8. 1In
August the percentage again increased to 59.2. Tne _Septerber group was
the highest with €1.4 per cent of the sanples exceading the sverage back-
ground for the grcup. This m2y mean that the radionuclide content of
smallmouth buffalo scales in Watts Bar Reservoir increased durirg the
summer of 1962, but & thorough investigation is nesded to test this i
supposition. Sr2ll=suth buffalo from the Clinch Ziver would be expected
t> have a highcr percentage crceeding the averass: sackground because the
group is much closer to the source of contaminatio:. 0f ell the szall-
mouth buffalo teken from the Clinch River in 1961 and 1962, €0.4 per
cent of the samples exceeded the average background for the group.
Comparisoa ~f the counting results was questioned because of
operational difficulties encountered during counting the samples. The
"Micromil" window of the gas flow counter was damaged and had to be re-

placed with an aluminum foil window (1 mg/cm?). This changed the ef-
ficiency of the counter and caused a noncorrectable variation in back-
ground readings. With the "Micromil" window the average backg}au:d was

12.66 * 3.245 cpm at the 95 per cent level of significance. However,

with the aluminum foil window the average backérou:d vas 13.97 £ 0.965

¢pm at the same level of significance. When tha scale counts are at
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such a low level that few exceed background, the confidence interval
becomes critical and must be very exact for the comparisons to have

meaning.
D. .Sc%}e Auiprddiography

1. Scale cleaning and mounting

- Several different methods were gested for cleaning the ;cales
to remove epidermal tissues. Scales were placed in a solution of pepsin
and HCL at various concentrations to digest the epidermis. This method
proved to be unsatisfactory because there was som2 breakdown of the bony
structures when the solution was highly ecid. Solutions of low acidity
had no apparent advantage over tag wvater in removing the epidermis.. .
Scales werc sorked in tap water for several hours and then scrubbed bty
hand. This method vas effective, but too time consuming.

The most efficient method of cleaning scales was found to be

placing them in tap waeter and 2llowing the epiderm=l tissues to decey
at room tewperature. During this process the scales vere placed on 2
shaker which provided continuous, slcw agitation.\ Usually less than
two weeks were required for the epidermis 4o disintegrate. The scales
then vere rinsed several times in tap water. Then they were placed

between sheets of blotting paper and weighted and allowed to dry at room

temperatures for about two to three weeks. This method was edequate for

~ removing the epidermis and flattening the scales. However, some radio-
activity was lost into the water during soaking. Origin of the radio-
activity was not determined. It is probadble that most came from the

radionuclides vithin the epidermis, rether then from the bony parts of

the scales.
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Dried, flattened scales vere mounted on glass microscope slides
for autoradiographic exposure. The inner or fibrillary plate surface
vas fixed to the glass. Fish scales have the shape of flattencd cones
and have a tendency to bend or buckle away from the slide when the
cement dries. Several different typed’'of cem>nt were tested in fixing
the scales to the slides. The most successful method of mounting zhe
lcalé; involved the use of subbed slides. Dipping the slide into a ;

subbing solution coets the surface of the slide with e substance which

is éore easily adheresd to than clean glass. Slides were subbed in a

eolution of five grams of gelatin, one-half gram of chrome alum
(Cre(sch)3) and 1,000 cc of distilled water. Slides were dried for
twéixty-four hours a:‘tgr subbing be‘t‘cre scales were mounted on them.
Scales wére ﬂeld on the slides by a ﬁmall drop of Eastman 910 cemeant
and pressed fla® for several minutes, then ellowed to air dry at room
tempcrature. This method generally; was successful, tut in severzl in-
stances the scales bdbuckled avay from the slids during drying. The
slides wvere labeled and mounted on 8 by 10 inch sheets of card a2rd for

exposure.

2. Exposure and deve.opment

Scales of sufficient activity were exposed in 10 by 12 inch
cassettes and weighted to prevent the slides from shifting position on
.the film. The outer srulptured surface of the scale was placed toward
the film. At first a layer of Saran Wrap was placed between the scale
and the film to prevent any chemical reactions from moisture diffusing

out of the ‘scale. Saran VWrep effectively prevented any woisture from

rgachin; the surface of the film from the scale. Hovever, sufficient
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drying eliminated the need for the protective layer between the scale

and film.

Several different types of autoradiogrzphic film were tested to
find the fastest and clearest method. NIB-2 aad NTB-3 liquid emulsions
vere-painted directly on the outer surface of mounted scales. Liquid
emulsions were highly unsatisfactory because the scales ben€ and buckled
-awey Srom the slide ufider-<he shrinking inlluence of fhé drying emlsion.

Buckling occurred during development and fixing aiso. This caused some
difficulty im the preparation of permenexnt slides. Distortion caused
by the scel:s buckling rendered the autgradicgrams unreadable.

Stripping film was pleced directly on the sculptured su;face ef
the scales which were mounted on glass slides. Type AR .10 and AR .30,
stripping films were tested. The AR .10 wes unsatisfactory because of
its low sensitivily which required a2 leng:ly eixposure period et the lov
activity exhibited by most fish scales. 3o A
vhich is approximately ten times more sensitiva then AR .10 ﬁroved to
be partially suiisfactery and vas used for preliminary analyses and for
the latoratory .aggirg experiment. Both types of‘stripping f:im caused

consideradble buckling of the scales luring érying end developument end

vere not suitable for permanent records.

No-screen X-ray film was the best msterial for scale autoradio-
graphy. HoweQer, this film is not particulerly sensitive. A tatai 2
exposure of about 2,000,000 counts over background vas needed to pro-
duce a readable pattern or image. Exposure times for the £ish scales
rtnéed from ten days to nine months. Autorazdiograms exposed for a long

period of time wire expscted to show evidence of some exposure from
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. “naturally occurring redionuclides. Robeck, Henderson, and Palange
(1954) reported that the natural radicactivity in fresh water is ex-
tremely law and that the radicactivity in equatic organisms is at or
below 2 x 102 dpm/g. There were no obvious differences in the number

or distridution of exposed photograplilc gralns in the background areas

between scales and the number or distribution of exposed grains in those

arcas of scales vhere there wvere no accumulations of radionuclides.

| Development and fixing methods were the same for all films used.
They were developed for five to ten minutec in Kodax D-19 Developer at
20° C. As soon es the imege started to appear on the film the develop-
nept was stopped by placing'the film in tap wvater at 20° C for about.
thirty sgconds. leaving the film too long in the daveloper resulted in
over-development causiné the background ereas of tke film to become
derkened. Film was cleared and fixed immediately in DuPont X-ray Fixer
and Herdener at 20° { for at leest ten minutes. Film was tken weashed

for at least fifteen minutes in running tap water ead dried in a dust-

free drier with circulating air at rcom temperature. Photograph. ¢ nega-

tives were made of the scale autoradiograms and iihesc negatives were

used in producing prints for permanent records.

Prosser, et al. (1945) autoradiographed sceles of goldfish which

had been immersed in & pond water solution of strontium-89 at 0.6 ue/ml

. for six hours. Exemination of these scales revealed conceatric rings
end greater sctivity in the thick arca at the basec of the scale than
in the thinner areas. It was concluded that the concentric banhs did
not corresbond ts grouth rings, but rather to areas of different thick-

ness.

-
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Micrometer measurements were made of the thickness of smallmouth

buffalo scales in this study. All scales were found to increase in
thickness from the margin to the focus. Many sutoradiographed scales
showed tne grcatest ratioactivity was in the thin marginal areas. In
comparing results of this study. to those of Prosser, et al., it is d
significant to rote that fish in this study had lived in contaminated
‘}eas and actually incorporated radionuclides into structural material
in the scales, vhereas, fish in the othér study were simplyhimnersed in
. the tagged solution for a few hours where it was impossiple for grovwth

to occur. The presence of any radionuclides in the goldfish scales must

have been duc to imperfect cleaning methods prior to autoradiography.

The firs{ step taken when fish scales containing radionuclide |
accurmlations were found to produce eutoradicgraphic patterns of concen-
tric circles was' to determine if all the scales from an individual would
produce the sams pattern. One's:allrzuth buffalc was teken froa Vhite
Qak Creex with scales which counted oveér L40O beta counts over background.
All the scales, more than one thousand, were removed from one side of
this fish and labeled on the inner surface with india ink. These scales

vere cleaned, pressed, mounted in order, and autoradiographed with

No-screen X-ray film.

Subsequert development of the film showed that ell the normal
ecales of the fish had the same pattern of concentric circles (Pigure
14). Some regenerated scalec produced an exposure over the entire re-
generated portica of the scale with the concentiri: circle }uttern being
reshmed at the point where normal growth resumad. Some of the regener-

.- L

eted scalec produced no exposurs at all. It was concluded that scazles
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Fig. 14. Autoradiogrem of Scales from a Single Smallmouth Buffalo

from taite Cak Creszk.
wvhich grew while the fish was in a couteminated aree eccumulated ra&io-
nuclides in the region of scale grovth. Sceles which were regenerated
while the animzl was in a contamirated area contained accumulated radio-
nuclides in the regenerated portion of the scale. However, scales which
vere regenerated wvhile the animal was in a noncontzminated area exhibited
no accumulated radionuclides in the regenerated portion. The#e data
tend to deny the translocation of radionuclides from one portion of the
scale to another.

Autoradiocgraphic examination of fish scales was establishéd as a
velid metgod of determining the distribution of accgmulated radionu-

Siw ®

elides in the bony surface layer of the scale. yhers are several prob-



59

lems yet to be solved in the perfection of this technique. Most impor-
tant is the availability of'a film sensitive encugh for the low activity
in the scale to produce an exposure within two or three weeks. Films
currently in use require up to 2,000,000 counts over vackground irradi-
ation to produce an adequate ingge. On this basis, the mosi active P
scales would produce a readable image on No-screen X-ray film iq three
t; seven days. However, this high degree of activity was unusual and
tne most active scales from the Watts Ear collection exhibited only 21.5
. beta cpnm, which required over two months of exposure time to produce

an acceptable image. Scales counting less than 20 beta cpm produced

no readable images because the time required for exposure was so long
that natural background irradiation and chemical reactions prouuced

fogging of the film and elimi:iated the scale image.

E. Cesiun-13% in Scale Tegsing

In the early autoradiographic ecxaminations of scales érom fish
caught in conieminﬁted ereas the patterns of concentric e¢ircles led t¢
the idea that radionuclides are accumulated in scale structures as growth
occurs. If these rings could be identified with residence in a
contaminated area it would be possible by back calculat101 to trace the
movements of fish in relation to contaminated and noncontaminated areas.
A laboratory experiment was designed to test the feesidilily of tagging

fish scale: with radionuclides and using the accumulations to identify

the fish.

Bluegill, Leponis mecrochirus Rafinesque, and wvarmouth, Chaenobryttus

coronnrius (Fartrem), wers sslocte. 1or ihe tzg3ing atteupt tecause of
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their small size and ease of feeding and maintaiﬁing in aquaria. Fish
vere maintained individually in ten gallorn aguaria vhich vere submerged
in a water bath for temperature control. Aeration was provided to each
aquarium. Periodic weights, measurements, and vhole body gamra counts
of the fish were taken. Three scales.were taken from each fish at the
" gtart of the experiment and periodically during the course of the experi-
ment. Mcunted scales were autoradiographed with Kodak AR .50 siuipping
film. The fish were fed earthworms. Worms wefé washed in tap vater
prior to tagging. They were tagged by placing them in 25 ml of a
solution of cesium-134 for three to eight hours at a concentration of
approximately 1.1 x 106 dpm.

Fish were divided into three groups. Experimer.tal fish from non-
contaminated areas werc fed only tazged food during the experimeunt.
Raciprocal fish from coztaminated arsas were fed only noncontaminz ed
food. Control fish froa nonconteminetod arsas roceived moncontemincted
food.

The tagging experiment was only partially suvccessful. There were
two reasons for lack of success. Growth was evidert in only one of
the fish, therefore, the others did not deposit new scale material.
Cesium-134 is not a bone-seeger end only a small percentage of the ac-
cumulated radionuclide was deposited in the scales of the fish that did
grow.

Analyses of esutorcdicgrems of scales from the warmouth which grew
showed that fich sceles can be marked with an accumuletion of radionu-
clides ;or use in identifying the esnimal (Fizure 15). The margin of
the scale appcars in the left side of the pictures A narrovw line of

exposed photograpiiic grains was evidcnt'extending from the top to the
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Fig. 15. Autoradiogram of the Posterior Margin of a Scele from a
Warmouth Tagged with Cesium-134. =

botton of the picture along the margin of the scale in the area where
growth has taken place. This line of exposed grains indicated the pres-
erce of sacumilated cceinn-13k. Widely scqttercd exposed photographic

grains were observed over the entire surface of the autoradiogram.
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_These were caused by dackground irradiation. There were no radionuclide
accumlations in scales of the experimental fish vhich were fed tagged
food, but did not grow. The lack of accumlation in these scales indi-
cates that radionuclides are accurulated only in those poriions of the
scales which actually are grovn in the contaminated area.

Experimental fish which had been fed only tagged food wert dis-
sected upon completion of the experiment. Tissues were separated and
oven dried fog twenty-four hours at 104° C. Samples were counted’in ey
by 150 mm glass tubes in a garme spectrometer cquipped with a 3 by 3
inch sodium-iodide well detector.  The counter was calibrated with
cesium-137. All samples and backgrounds were counted for five minutes
each in the 0.555 to q.BLh Mev portion of the gemm=z spectrum where
cesium-134 exhidbits characteristi: photopeaks. Resultc of the radio

chemical enalysis of these tissues are shown in Teble XII.
Distridbutica o cesium-l3i in the fish's boldy was compareld to the

work of Boroughs, Chipmen, and Rice (1957) who found thet an ingested

dose of radiocesium in small tuna accurmlated rapidly in the liver,

1

heart, spleen, and kidneys, but was lost rapidly from these organs.‘

Muscle, gonads, and skin continued to accumulatz cesium-137 faster than
they lost it. The largest eccumulations of ceszium-134 in this experi-
ment were in the testes, muscle, and liver and spleen. Generally the
gills, gastrointestincl trect, and eyes were intermediate. Bone, skin
and scales, and finz had the lovest accumiletion of cesium-13k of any

tissue tested. , ’
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TABLE XII

CESIUM-134% ACCUMJLATION IN FISH TISSUES

. Cesium-13% Accumilotior

Tissue 2 (x 102 pc/z ary veight)
Bluegill | y
Gills (including bony element) 3.20 £ 0.05
Muscle - . ’ 8.58 = 0.04
Testes 8.75 £ 0.42
Bone , 1.11 # 0.02
Gastrointestinal tract (cleaned) | 1.84 £ 0.04
Skin and scales 1.21 £ 0.01
Liver ana spleen 4.17 £ 0.08
Warouth

Gille (including tony elerent) 1.5 ¢ 0.02
Muscle . 3.75 £ 0.02
Testes 8.71 % 0.k2
Bone | 0.65 % 0.)3
Gastrointestinal tract (cleaned) 3.21 £ 0.05
Skin and scales 1.24 £ 0.02
Liver and spleen .08 £ 0.08
Fins i 0.70 £ 0.02

Eyes . 2.1% £ 0.05




CHAPTER VII

DISPERSION OF SMALLMOUTH BUFFALD

A. Conveptignal Tegging

There are several meth~ds of marking living fish for rutJre
recognition. Fish may be marked by mutilatiqn, such as fin-clipping,
branding, or tattooing.. The most ‘comz.on marking method is the a‘:.tach-
ment of tags. In the tagging operations of the Radiation Ecology Sec-
tion, Oak Ridge National labvoratory, Atkine type plastic tags were ucad.
These tags vere nurbered arl lgbel;d for returrn through the TVA Fish
and Came Section. The tags vere attached by monolilement polyethylene
line inserted through the ruscles ventral to the posterior portion of
the fish's dorszl fin. These tags were used in the tagging operations‘
of 1950 and 1951.

In 1950, 347 smallzmouth buffalo were tezzel. There wvere ten tag
returns from this group. Five of these returis were from comm:rcial
. fishermen and five were in Padiation Ecology Sec.ion hoop nets. A total
of 309 smallmouth buffalo were tagged in 1961. 1here were three returns
from this group: two in Radiation Ecology Section hoop nets and one from
commerical fishermen. Teble XIII shows data on smallmouth buffalo move-
ments as revealed by examination of tag return records. Teg returns
représent 2.8 per cent of the fish tagged in 1950 and 1 per cent of

those tagged in 1951.

. A comparison was mede of the length and w2ight chonges between

capture and recepturc of rough fish species teggel during 1960 and 1961.




SMALLMOUTH BUFFALO MOVERENT AFTER TAGGING

TABLE XIII
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8his individual moved 17.5 miles down the Clinch River and 18 miles
upstream in the Tennessee River.

Tine Distance
Tagging Tagging lapse Moved Direction .
Date location {Days) (Miles) Moved
7-6.-60 CRM 19.5 129 .' 15.1 Downstream
7-9-60 CRM 20.8 154 16.4 .
7-13-60 CRM 21.8 287 1.0 "
7-15-60 CR¥ 21.8 306 2.4 o
8-10-60 CRM 21.8 365+ 450.0+ .
8-15-60 CR{ 21.8 259 0.7 »
8-26-60 CRM 18.5 298 k.9 !
9-7-£0 CRM 17.5 109 13.1 o
9-14-60 CRM 17.5 275 2.9 Upstream
8-11-60 CRi: 17.5 577 35.5 Downstrears
4-17-61 Cx 19.4 50 0
5-19 -€1 CRM 20.8 38 0
6-16-61 CRM 20.€ 199 k3.0 Dovnstrean

N

This compé.rison wvas made in an atteupt to deternine if tegzing exerted

a detrimental influerce on the growth of individuels. Ad;quate gata for

this comparicon wvere availeble on eleven fish (Teble XIV). | ‘

. .
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TABLE XIV

LENGTH AND WEIGKT CHANGES BETVEEN TAGGING AND RECAPTURE

7 ain § X Reca.ptur me
Tengtn Weight Length Welgnt Lapce

Species — . (rom) (g) ., (mm) () (Days)
muth Buffelo 520 1850 500 1700 287
E 400 850 385 70 . 36
" 395 980 385 850 259
H L kLo 1260 430 o 1220 275
- 420 1040 b5 1050 50
River Carpsucker 530 1930 530 2000 286
i w5 R wo o W0 2
2 ‘490 1410 470 1300 279
’ * %00 2090 50 1700 159
Carp 395 190 399 800 305
Golden Redhorse €05 2120 585 2000 L3

e ——

Tag returns from the 1960 and 1961 tagzing ~perations revealed
great variations in movements of smallmouth buffalo betveen tagging and
recapture. From a total of thirteen tag returns the fish were determined
“¢to have moved distences ranging from O to over 450 miles during 8 time -
lapse between tagging end recapturc which renged from 38 to 577 days.

The speed of movement renged from 0.01 to 0.22 river miles per day for
the eleven fish which moved. One fish hed moved 2.9 river riles up-

stream. One had roved 17.5 miles down the Clinéh Tiver and 18 miles
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upstream in the Tennecsee River. The remsinder of fish wvhich moved went
downstream. It is possible that capture, hendling, and attachment of
the tag reduced the vigor of the animal giving the fish a greater
tendency to wove downstreaﬁ with the current rather than exerting the
ené;gy necessary to move upétré&m ngaih;t the current. Commercial fish-
ing operations occur in the areas downstresm from the tnsgiﬁg area.
Samplirg upstream might have revecled thgt sone of the individuals moved
upstream after tagging. . i .

The study of plants end enimals is designed primarily to obtain
inforzation about their operation under netural conditions and studics
of physiology or behavior of organiems held under ebnormel ecolcgical
conditions may be misleading (Woodbury, 1955). When a teg is attached
to & fish's body ebnormzl conditions are cr2ated which decidedly affect
the animel's physiology and behavior. Ricker (1942) concluded that
trappirg, hardling, removing the fins, and even the presence of a &3
resulted in little or no mortality; but thet the teg, presumadly by
interfering with feeding, vitiated estimates of populations rade from
recoveries of line-caught fish. Rousefell and Evérhart (1953)'reported
that the chief drawback of the mark-recapture aethod of population esti~
mates lies in the assumptions that the tagged fish do not suffer any
inereased mortzlity and that the recaptured lish are observed and re-
corded. Black (1957) demonstrated that some physiological diffipdlﬁies
vere imposcd on fish in “he process of capturing and marking 1t. DEROChc.
(1953) presented data indicating that monel metal jaw tags on adult lake

trout produced a reduction in growth rate which coatinued with increas-

ing effcct throughout the life of a tagged fish. Ricker (1952) reversed
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his opinion that marking irmposes no increased mortality on fish and
reported a frequent effect of marking is extra mortality among marked
fish, either as a direct result of the merk or tag, or indirectly from
the exertion and handling incidental to merking operations. In either
event recoveries will be too few to be represeniative; hence population
estimates made from them will be too great and rates of éxploitation
will be too small.

Conventional tagging methods normally arc used to.determine £he
loveycnt of fishes between the time of taggirg and recapture. However,
many instances of ebnormal behavior of tagged fish have been reported.
Ricker (1553) reported that tagged sunfish usually swim to the bottom
and burrov into vegetation irmediately after being releaused. This be-
havicr might make them more ept to remain in the same area and te
recaptured then untouched fish. Marking may cause less feedinz or less
roving and reduce the chance of veing caugnt. Tegging of scze fish re-
sulted in increased or wore erratic movement for som2 tiwme.

Results of the ORIL Radiation Ecology Section %“egging operations
of 1950 and 1951 indicate t 1t the presence of tags on smallmouth buffalo
;as a detrimental effcct on the enimal. Only fave smallmouth buffalo
tag returns were accompanied by accurate length and veight measurements.
These fish had experienced length losses of from 5 to 20 mm. Four of
the fish had had weight losses of from 70 to 190 g and the other had .
gained 10 g. The time lapse between taggirz und recapture ranged from
S0 to 306 days. Of a total of eleven rough fish tag returns accqupanied
by accurate length and weight meesurements nine fish lost length end tvo
had uo length chonge between tageing and rocaplure. Seven of thc cleven

fish lost weight end four geined weight during the time lapse. There
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were many observations of open wounds vhere the monofilament line passed
through the dorsal muscles of the tagged fish. Such wounds undoubtedly

would be a drain on the vitality of the animal.

B. Autoradiogram Analyses

— * ey b

. Autoradiograms were made of scale samples from lké €linch River
snlllmouth buffalo. Ten of these samples (7 per cent) contained suf-
ficient radioactivity to produce readsbie autoradiograns. Scale gxmples

. fron 342 Vatts Far smallmouth buffalo were autoradiographed. Only cne
of the samples (0.3 per cent) produced & readsble image. The autoradio-
grams vere compared to inpressions of the same scales in order to
degermine rovements of the fish in and out of contaminated areas. %

Smallmouth buffalo 1 (Figure 16) hetched in the spring of 1955
in a noncontaminated erea. 1t lived uatil the sprirg of 1959, four
complate scasons, in the noncontamincted area. This fish formed its
fourth annulus in the spring of 1959 at a total length of 422 mm. It
entered the contaminated area at the start of its fifth growing season
immediately after formation of its fourth annulus. The fish was cap-
tured at CRM 21.7, 0.9 mile upstream from the mouth of White QOak Creek,
on April 1, 1780. It had remeined in the contaminated area since the
spring of 1959 and had added 18 mu in length during that time. The
fish was LLO mm long end weighed 1,222 g at capture. Scales from this
specimen everazed 13.L betz counts per minute exceeding background at
capture. .

Smallmouth buffalo 2 (Figure 17, page 70) hatched in the spring

of 1955 in & noncontaminated arex. It lived until the spring of 1950,

four complete seasons, in the noncontaminated area. The fourth annulus
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Fig. 16. Autorediogrem of Scales from Lmallmouth Buffalo 1.
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Fig. 17. Aulorsdicgram of Scales from Swmallmouth Buffalo 2.



71

vas formed in the spring of 1960 when the fish had a length of 365 mm.
At this time the anim2l moved into a contaminated area and remained
through its fifth growing sesson. The fifth annulus was formed in the
spring of 1951 when the fish wvas 418 mm long. It remained in the. co.n-
taminated area until capture in White Qek Creek on November 6, 1961. _
It wvas 44O mm long and weighed 1,345 g at cepture and sc;ale'samgles

- n;rert.ged 1LL beta.:pm over background. This specimen had been in a

contaminated area for over one year and had added 75 mm length during

. this time.
Smallmouth buffalo 3 (Figure 18) hatched in the spring of 195 in

a noncontaminated area. It lived five completed years in the noncontami-
nat'ed arez until the spring of 1961. Just prior to annulus formation in

“he early spring it entered a contamineted sres at a lengti of 412 ma.

URCL ASSIFIED
PHOTO ¢1922

Fig. 18. Autorsdiogrem of Scales from Smallmouth Buffelo 3.
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" This fish remained in the contaminated area froh the spring of 1961 un-

til its capture in White Oak Creek on November 13, 1951. It was 420 mnm

long and weighed 1,455 g at capture and its scales averaged 300 beta cpm

per scale over background. .
Smallmouth buifalo b (Figure 19) hatched in the spring of 1956 in
a noncontaminated area. It lived five completed ycars in the noncon-
taminated area until the summer of 1961, at which time it moved into a2
contaminated area at a length of 41k mnm. It- remained in the cont:aminated
area until its capture on January 23, 1962, in White Qak Creek. At cap-
ture this fish was 440 mm long and weighed 1,045 g. Its scales aversged

2 beta cpm per scale over background.

T T TTTI UNCLASSIFIED
| PHOTO 61519

Fig. 19. Antoradiogram of Sceles from Smallmouth Buffalo 4.
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Smallmouth buffalo 5 (Figurc 20) ha*&ched in the spring of 1957 in
a noncontaminated area. It lived three complete years in the noncon-
taminated area until the summer of 1960, at wnuch time it moved into a
contaminated area at a length of 30k mm. This fish remained in the
contaminated area through formation of its fourth annulus, sumrer of
1961, and until its capture on November 13, 1961, in white'Oak Creek.
It was 400 mm long and weighed 975 g at capture. Scals samples averaged
205 beta cpm per scale over background. . '

Smallmouth buffalo 6 (Figure 21) hatched in the spring of 1957 in

a noncontaninated area. In the summer of 1961, after four complete

groving seasons, this fish moved into thc contaminated arca at & length

UNCLASSIFIED
~ PHOTO éi1718
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Fig. 20. Autoradiogram of Scales from Smallmouth Buffalo 5.
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Fig. 21. Autoradiogram of Sceles from Smallmouth Buffalo 6. ;

of 361 mn. It riczined in the con‘aminsted sres until cepture on My 1,
1962, in white Oak Crezk. At cepture it was 410 mm long end weighed

953 g. Scales everaged 8 beta cpm per scale over background.
3 Smallrouth buffalo 7 (Figure 22) hatched in the spring of 1956 in .
a noncontaminated area. It remained in the noncontaminated area for over
three ycars. This fish moved into the contaminated area in the winter
of 1959, during its .fourth growing season, at a length of 359 mm. It
remained in the contaminated arez during formation pf its fourth annufus: |
spring of 1933, end through formation of its fifth annulus, spring of
1961. It was captured cn M2y 10, 19562, in White Oak Creek at a ‘length

of 520 rm ard weight of 1,959 g. Scale samples averaged 82 beta com

per scalc over Lackground.
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UNCLASSIFIED
;,  PHOTO 61924

Fig. 22. Autoradiogram of Scales from Smallmouth Buffalo 7. ~

rallmouth buffalo (Figurs 22) hatched in the spring of 1957 in
& noncontaminated area. It entered a conteminated area immediately
after formation of ite cecond annulus, probably the spring ¢ ° 1959.
This fish was 271 mm long at formation of the second annulus. It re-
- mainced in the contaminated area until some tire during the winter of
1959-1960 when it left the contaminated arca st a length of 304 mm.
The animal was in a noncontaminated arca until its capture on June 29,
1962, Just prior to the formation of its fifth annulus. This fish vas
captured at CRM 10.0 at & length of 450 mn and weight of 1,410 g. Scales
averaged 6 beta cpnm Per scale over background at cepture. :
Smallmouth buffalo 9 (Figure 2L) hatchec in the spring of 1957

in a noucontoudnzted erca. Tuis fish renaincd in the noncontamninated

- -
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Autoradiogrem of Scales from Smallmouth Buffelo 8.
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Autoradicgrrun of Scales from Smallmouth Buifalo 9.
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areé for over tvo years. During the winter of 1959-1950 it entered
a contaminated area at a length of 29% mm. This animel remained in the
_ econtaminated area through the formation of its third annulus and until
the forration of its fourth annulus. It left the conteminated area in
the spring of 1951 at a 1engt§ of 36@ m;. This fish was caught on
Aﬁ;ust 4, 1962, et approximately mile 542 in the Tennessee River. At
capture it was 460 mz long and scales averaged 21.5 beta cpm per scale
over background. - : .

- Smallmouth buffalo 10 (Figure 25) hatched in the sprirg of 1956
in a contaminated area. It remained in the contarunated erea for two
full growing seesons until it left in the summer of 1958. This individ-
val moved into & noncontamineted erea end remained through the sumner of

1059. In the fzll of 1359 it returned to the area of contaminztion and

UNCLASSIFICD
PHLTD 61725

Fig. 25. futoradiozram of Scales froa Smallmouth Buffalo 10.
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remained for over one year, until the sumser of 1951. It again left
the contaminated arees and remained away until itc cepture on December 19,
1961, at the mouth of White Qak Creel:. Apparently this animal had just

returned to the area of contamination at the time of its capture.

Smallmouth buffelo 11 (Figure 25) hatched in a contaminated area

L8]

in the spring of 1957. It remained two full growing seasons uatil the

lum;er of 1959, at vhich $ime it entered a nonconteminated arez. This

fish wes 201 mm long av the time it left the area O¢ contamination. It °

rem;ined in the noncontaminated area for two complete growing seasons -
il the sumer of 1901, at waich time it returned to the conteninated

area at a length of 32¢ mm. It was caught on Decenber 23, 1961, in &

Hhite Oax Creek at a length of 340 mn.

UNTLUASSIFIED
PHOTO 81937

Fig. 25. futoradicgren of Scales fron Suallmouth Buffale 11.
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In defining the contaminated earea only the immediate vicinity of
White Oak Creek can be considered. Of the eleven smzll-outh buffalo
vith readable autorcdiograms eight were ;aptured in White Oak Creek, one
at CRM 21.7, one at CRH 16.0, and one at TRM 542, approximately forty-
séven miles below the mouth owahite.bak Creek. A high coPcentration
of radionuclides is assumed to be necessary in order for an animal to
accumulate sufficient quentities in the scales for autcr:fiocgram ex-
posure end these high concentrations are present éuly in White Oak.Creek.
One bundred and forty-six smallmouth buffalo from the Clinch River were
subjected to scale esutoradiography. Only tern of these fish had scales
containing sufficient activity for autcradiogram exposure indicating
the contaminated area is rather sm2ll. If surface earea is considered
as a measurement of available fish habitat, Vhite Qak Creek (estimated
surface arza ¢f Tive acres) coupriscs less ihan 0.02 per cent of Vat<s
Ber Reserveir (3 O eacres) et full peol. If smallmcush bulfalo were
equally dispersed over the entire erea of Wetts Bar Rese:vcir'approxi-
mately 0.02 per cent of the enimals could be expected to enter White
Oak Creek or reside there if the species were notzwide ranging:' One
individual out of 1,271 ceptured from the VWatts Bar arez (0.08 per cent)
showed autoradiogrephic evidence of recidence in White QOzk Creek. Small
numbers in the sample prevent conclusions as to the percentege of thg

smallmouth buffalo population in Watts Bar which actually enters Vhite

Qak Creek.

Movements of individuals which were determined by autoradiographic
analys=c in this study can be considered accurate. However, gencrale

izations made concerning the smallrouth buffalo populstion as a whole
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are questionable because of the smal) nutber of autoradiographed indi-
viduals involved. Age of the individual seemed to have some influence
on movement. None of the fish apparently left th> area of hatching be-
fore it was two years cld. The area of hatching here is defined as being
either a noncontaminated or a cént;ﬁinateé.erea. The two fish hatched in .
a cqqtayinated area left at the end of t‘heir second Year of life. One
of these (Figure 26, page 78) returned to the contaminated &rea.at the
start of its fifth yrar of life. The other (Figure 25, page 77) re-
turned to the contaminated arec during tne fall of its fourth year of
life. All the fish hatched in noncontaminated areas moved into the con-
taminated area no earlier than two years and no later “han five years
after hatching. This may mean that smallmouth buffalo are relatively
sedentary for two yeers.after hatching, then move upstream into the
tributery areszs, possibly maturing sexuzlly end entering the upstream
ereas to spavi. sge of sexusl maturity is rot knovn for this specics.

Totel length of the individuals at the time of movement ints or
out of & contaminatcd area was examined. There was no apparent corre-
lation between size and movement. Total length at the time of such
movement varied fro= 271 to 422 mm.

In the eleven fish examinad autoradiographically there were
sixteen instances where movement occurred between noncontaminated and
contaminated areas. Twelve of these moves coincided with resumption of
grovth et the time of anmilus formztion. This fect would indicate that
the majority of the mcves occurred during the late winter or ea;ly
spring. There have been no recorded mass movemsnts or migratfons of

this spccies in Watts 2zr, the Clinch River, or anywhe-e else.
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A large number of regenerated scales were observed in the smzall-
moutr duffalo scole samples. Autoradiograms revealed that vwhen scales
were regencrated while the fish was in a contaminated area there was an
even distribution of accumulated radiocnuclides over the entire regener-
ated portion of the scale. Figure 19, page 72) indicates the rapidity
with which scales are regenerated. Autoradiograms of the three normal
scales indicate that this individuesl was in the contanminated area from

annulus fornation in the spring of 1951 until its capture on‘Janua.y 23,

.1952. During this period of time the regenercted scale was formed.

Two regenerated scales shown iﬁ Fisu;; 16, ﬁage 505 vere formed
pripr to the individual's entry into the contaminated area. These
scales had resumed the norm2l growth pattera of circuli formation by-ihe
time the fisk started to accumilate radionuclides, therefore, there wes
ao ac:u:ulati:n'cafy ia thoze parts of the goele wvhich were formed while

the animal was actuelly in the erea of conteminatien.

The clascic concept of scale growth eadvanced by Creaser (1926)
and Van Oostea (1057) is that growth is not equal around the entire
margin of the scale at the same time, but thet detached pertions may be
forming at the same time. These portions usually unite to form a con-
tinuous circulus. The lateral fields of the scale are limited in size
by the proximiiy of the adjacent scales in vertical rows and the anterior
field is limited by the density of the lower laye:. - of de{uis into which
the scale penetrates. The position of cutting-over of the circuli which

usuzlly is in th: posterior region of the laterel sezle fields indicetes
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grovth commences in the anterior field and progrésscs arcund the mn:gin

of the latersl fields, thus giving the ridges.the appcarance of extend-

ing from the anterior field laterally around both sides of the scals in

a rosterior direction.

;;alyses of the autoradiograms rcvealed that growth of secales of
year class four smallmouth buffalo and older begins in the lateral fieids
(Figure 16). Growth next occurs in the posterior ficld (Figeres 19, 21,
and 22) and finally, occurs around the eantire margin of the scale (Figures
17, 18, 20, 23, 24, 25, and 26). These data indicate that smallmouth
buffalo scales commence growth in the lateral fields, followed by growth
in the posterior and anterior fields respectively. This information on
the progress of scale growth is in contrast to the classic concept and
m2y give an incicatior of the reason for incomplete annulus formatior in
the cyclold sczles of some fish species.

Examinaticz of prelinminary autoradiogzruiis of seales from seversl
different species of fish revezled that accumulated radionuclides w;re
evenly distributed throughout the fibrillary plate layer of the scale.

"This distribution wvas evident when scalcs were expcsed with the lower
surface of the scale next to the film. These same scales when exposed
with the bony layer next to the fiim showed the characteristic concen-
tric circle pattern of other scales from the same fish. One scalc in L
Figure 23, shous & spol of exposure in the ccnter. The "hot spot" re-
sulted when the bony surlace layer of the scale was broken alloving the
urderlyirg fibrillary plate's accumulated radionuclides to expose the
film. These d=ta gaggest that the boay layer of the scele acts as 2

shield vhieh preventz beta purticles enitting from the radioniclides
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accurulated in the fibrillary plate from passing through to exposc the
film.

CHAPTER VIII

DISCUSSION .

An analysis of the Watts Bar smallmouth buffalo population can
be made by applving data obtained in this study to a catch curve c;l-

culated from the 1962 Watts Bar Collection (Figure 27). The catch
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Fig. 27. Catch Cuwve of Watis Bar Scallmouth Buffelo for 1362.
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curve is based on the log frequency of the number c¢f individuals in
each year class in the catch plotted against age. The ascending left
1imd of the curve represents the age groups vhich are incompletely
vulnersble. The descending right limd represents those year classes
which v;;é completely vulnerable: éﬁall ndﬁbers of individuals in year
classes ten and oldcr invalidate any assumptions made in that portion
of the curve.

The;rate of commercial fishing .on Watts Bar Reser;oir has
changed considersbly over the past five years. Fishing was negligible
during 1957 because there were no organized commercial Tishing oper-
ations on Watts Bar and sport fishermen rarely take this species. Com-
merical fishing cormenced on Vetts Bar on a limited scale in 1958, when
15,687 pounds (dressel weight) of smallmouth buffalo were removed from

-

the le%e. This ce<ch represented a catch per unit effort of 7.3k

d
po:nis/y;rd of net/year. 1In 1953 the nets usceld weve meade of b and 5
inch mesh which selected for Jarger fish then the 3 inch nets .sed
later. Fishing pressure increased considerably in 1959, when 54,035
" pounds of smallmouth buffalo were taken from the lake. fhis reprezents

an increase of 345 per cent of the 1958 catch. Caich per unit effort
vas 12.01 lbs/yl/year. In 1900, 63,705 pounds of smallmouth buffalo
wvere remosed from Watts Bar. This was 118 per cent of the 1959 catch
and represented a catch per unit effort of 14.15 lbs/yd/yeer. in 196,
59,328 pounds were caught. This wes 93 per cent of the 1960 cateh and
represented a catch per unit effort of 13.18 1vs/yi/year. Dur;ng these
years the fishing rortality was rclatively constant and the swallmauth

buffalo population apparently did not suffor depletion as was indicated

bty the catch per unit effor:t.
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There wis a hcavy influx of commercial fishermen in 1962, when
161,303 pounds of smallmouth buffalo were teken from Watts Bar. This
vas 272 per cent of the 1951 catch. A catch per unit effort could not
be determined for 1952 because of irregular fishing and varying numbers
of' fishermen working the lake. Hové%er; the catch during the first
three months of 1963 has been considerably less then in previous years
end the smzllmouth buffalo population in Watts Bar apparently has been
somevhat depleted by the heavy fishing pressure of 1982. If this

depletion proves to be true it willi becom= more apparent in later

catches and population studies in Watts Bar.

A catch curve with a convex right lir> can be produced by any
one of thres conditions within s population (Ricker, 1958). Continu;a
recruitment at later years czn produce a convex curve However, date

rom this study irdicste that recruitrent is corpleted by eg2 six and
that ther: is no continuztion in later yoars. Tetle IT (page 25) in-
dicetes there is a definite trend tovard younger fisk being rbcruited,

but an adequate exzmination of recruitment trends can be zade ozly by

continued samples over a period of years.

A stealy increase in rate of fishing with age can produce a con-
vex catch curve. The rate of fishing in Watts Bar could not be accu-
rately determined from availeble data, but it can be assumad that the
population is sampled representatively since recruitment tppear; to

occur ebruplly. There ere no indications that fishing pressure increases

with eze for the Watts Bar sralimsuth buffale.

An incrcase in the rate of na‘ursl rortelity vith sge of the

fish can produce a convex ca‘ech curve. Since recruitment appears to be
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abrupt and the older fish are not subjected to increased fishing pres-
sure, it can be assumed that an increase in the rate of natural mor-
tality as the fish bccome older ics responsible for the convexity of the
Watts Bar smallinouth dbuffalo catch curve.

“No matter when year classes t end t-1 are sampled, the ratio of

their abundance is a mcasure of the survival rate which existed duriqg
the fi;st year that the younger year class became vulnerable to fishing.
Therefore, survival rates pertain to pzst years. The slope of the
catch curve in any given part will represent the survival rete at the
time the fish in question were being recruited into the fishery.

. Data from the age distribution of Vatts Bar smallmouth buffalo
(Teble }, page 23) give sowe indicetion that a segnented population may A‘
exist in that reservoir. The higher parcentages of scales exceeding
background counts iu'August and Sespterder might sugsest the wovement

e +3%
O VL%

of en iacreasing nurter of Cliunch River smallmouth duffzlo in
fishing eree. However, additicnal investigation would be necessary to

establish the Clinch River fish as a segment of the Watts Bar popule -
tion. \

Broad generalizations cn the relative importance of the small-
mouth buffalo as an accumuletor of radionuclides would be speculative
if based on the available data. Major radionuclides in White Oszk Creek
are accumulated by the species in quantities which generally have

varied with the degr-e of exposure by residence in Vhite Oa% Creek.

The body dburcens should vary with the coucentration in the envirorm-nt

of both stablc cnd redicisotopes of the particular element, essentiality
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Smallmcouth buffalo undoubtedly teke up radionuclides beth by ingestion
and absorption, depending on the element.

When the population is considered as a whole, the smallmouth
buffalec 1s a relatively minor accumulator of radionuclides.. Only 0.08

per cent of the .Watts Bar smallrouth buffalo definitely showed an

accumulation by scale analyses. Approximately 6 per cent of thg Clinch
R;ver smallmouth buffalo definitely showed an accumulation. Approxi-
mately 77 per cent of the Vhite QOak Creek smallmouth buffals contgined
. large accumilations of radionuclides in thcir scales. These data em-
phasize the iuportance of distance from the source of contamination as
a factor in the accumuletion of radionuclides within a specific popula-
tion. The smali percentage of Clinch River fish showing accumulated
radionuclides probably is due to the lirited size of White Qak Creek,‘
the ¢ ly area where the conceatraticn of redionuclides is great enocugh
for eccuralation” to occur iz measurehle quentities. Thais limitezion of
habitet mesns trat only e sm2ll psrcenizge of the total populaiion czn
remain in the contaminated area for any length of time.

A comparison was made of the total length of smallmouth buffalo
which had resided in contaminated areas to the tctal length range of
Watts Bar smallmouth buffalo. Watts Bar fish in year class five ranged
from 420 mm to 540 mm in totel length. Year class six fish ranged fr.m
40O mm to 570 mm. Evidently, net selectivity prevented the capture of
the smaller year class five fish. There were five (5) fish of year class
five from the cuntaminated area. with total lengths of 3%Q, 400, 410,

L4Oo, ard 430 mm. All thesc fish rould fall w21l within the range for

their year clazg vith the paseidlie excepiign of the fish measurins

*
il S
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340 mm. This smaller fish was one of those which had hatched in the
contaminated area, left the area for two years, and returned to the
contaminated area approximately six months prior to czpture. There
were five (5) year class six fish from the contaminated areas with
total lengths of 420, LLO, 440, LEO, and 520 mm. Al these fish fell
well within the total length range for their year class. These data
tend to suggest that growth of the smallmouth buffalo is not affected
by periodic residence in an area conteminated with radionuclide wastes.’
The fact that fish have definite patterns of radionuclide ac-
cumulation in their scales results in the possibility of 2 new technigue
for studying populations. Identification of resident and transient
individuals in a population has long been a problem. Capture-recapture
metheds of population estimates have no Provi.ion for separating these
population segments ihto their relative nuuzbers. tVhen caplure-recapture
estinsles ere rade there is aluays the possibility that trensient in-
dividuals are caught end tegged. Vhen these are releaced theay resurse
their movements and may leave the area. This loss of tagged individuals
from a study area caa result in bias causing the population to be over-

estimated.

When individuals reside in a contaminated area they have definite

-

patterns of radionuclide accumulation in their scales. All the members

of any particular year class would exhibit the same pattern. These
patterns can be used as identifying marks.

Autoradicgraphic examination of radionuclide accumulatio; pat-
ternz in fish scales can be used in conjunction with capture-récapture

estimates of population estimates. Thie application would follow a

'dcfinite serics of steps: (1) The selection of an area of study would
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be limited to an area where an adeguate concentration of radionuclides
existed for the resident individuals to eccumulate ther in the scales.
(2) The area should be effectively blocked off with nets to prevent
the escaps of tagged individuals during the capture-recapture phase of
the study. (3) a conventional capture-recapture estimate should be
i;;e of the total number of fish within the area. This method is based
on the assumption that the ratio of the nurber of fish captured and
marked during the first collection to fhe total number of fish in the
area is the same as the ratio of marked raceptures to the total catch

during the second collecticn. (4) Scale sexples would be taken fionm

all individuals in both collections. fhe scales would be radiometrically
-

surveyed erd those with sufficient activity would be autoradiographed.

B

Autoradiogzraphs would be analyzed to identify the resideit individuels
in the sz=zple. Then, only the nurders of rssident individuels froa ths
capture-re;agtu;e op2reiion wovls be congilasd ia estimating the size
of the rezii:nt populesion. The pusher of transiexnt individuels witnin
the area at the 1ime of study also could be estimated from the numbers
of nonresident fish. :

Tagging of fish with radionuclides is a definite possibility at
the present time. large numders of fish could be tagged in holding
ponds with little effort and later released into natural habite<s for
Population studies. Systemstic use of scale autoradiography could be
used in identifying these tagged individusls. Scales were observed to
regenerate rapidly and tc accumulate large quantities of radionuclides

during regeneratisn in contaminated arces. PRamovel of a key scale or

small groop of ccales from all individusls %o be tagged, then holdine~

the fich in a pond with & sufficient corccatration of bone-seeking
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radionuclides, would result in & group of fish tagged in a consistent
manner. Tagzed fish could be identified later by removal of the key
scales from all recaptured individuals and either radiometrically sur-
veying or sutoradiographing them.

fn radionuclide tegging, seléction of the radionuclide is of
primary importance. Effective half-life(Teff) of the radionuciide mst be
‘considered. The Teff of an element is the t;me required for the radio-
active element fixe2 in tissue of the animal's body to be diminished

50 per cent as a result of the combined action of radioactive decay

and biological elimination:

(T,)(T,)
Ters = FTE ‘=

vhere 'I‘r = physical rplf-life, and Tb = biolegiczl half-life.
Stronbium-Sd sppecrs to bs an exccllent redionuclide for tegsing nur-
poses because of its affinity for boae end its physical half-life of
27.7 years. However, in the selection of a radionuclide for togzirg
the health hazards =ust be carefully analyzed and the epplication must
be kept under strict control.

Any population study is biologically significant in that it in-
creases our knowledge of the organism and the characteristics of the
population. The age distribution and growth of smallmouth buffalo in
Watts Bar hac been described. This information is basic and may be
used in conjunction with later studies of a similar nature in determi-
ning the history of this commercially important species in Watts Bar

as & -nagement tood for the regulation of thio tishery.
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The dispersal study is especially significant, in that an en-
tirely new technique of study was developed end compared to & conven-
tional tagging study. Even though the numbers of individuals involved
in the study were small, considerably more data were derived from the
autorediogrephié analyses of scales than from the tagging returns be-:

g c,use conventional tagging and recovery can only locate éish at .single
points in tirce while sutoradiogrephic records of scales provide a con-

tinuously recorded history. When large numbers of fish with sufficient

. radionuclide accurulations in their sceles are available for

autoradiography, the natural dispersion of these fish without the

detrimental effects of conventional tags may dbe deternminecd.

SUIL4ARY AND CONCLUSIONS

The smallmouth buffelo, Ictiocbus burzlus (Refinesque), popula-

tion of Watts RBar Reservoir, Tennessee, was investigated in order to
describe its age distribution, growth rates, dispersion, and importance
as an accumulator of redionuclides. Measurements and scale samples
vere taken from commercially-ceught fish and fish caught in the OSNL
tagging operations. Scale imprsssions were analyzed for age and growvih
phenomena. Dispersion of smallmouth buffalo wes investigated by con-

ventional taggzirg methods end ty autorsdiographic analyses of scales.

table and radioclicmicel conposition of seales was deternined by



92

spectrographic analysis, flame spectrophotometry, radiomatric surveys,

|
|
|
|
|
and gemnma spectrometry.

Watts Bar smallmouth buffelo were found to ccrrespond to the
theoreticel distridbution for stable fish popu}ations vhere large num- .
hers are present in the younger year:classes end succeeding year classes
become less numerous as a result of mortality. The largest aumber of
fish in the commerical ceatch was in year class six, the youngest year
class vhich vas completely vulnarable to the comrercial }ishing g;ér.

Fo indications were found that a dominant year class existed in the .
Watts Bar population.

Survival rates were calculated to be L9 per cent for year class
six, 35 per cent for year class seven, 26 per cent for year class eight,
and 19 per ceant for year class nine. Annulus formsiion was concluded to
be prior to June for Wetts Bar smallmouth dbuffalo. There were some
{ndicaticns that tho Wetts Bar populetion is made up of seguente whalch -
have different grow.h rates esscciated with tributery habitat differ-
ences. Recruitment was found to be complete at age six and commercial
fishing pressure was equal on all fish from year class ;ix upward.

The calculated length-weight relationship of Clinch River small-
mouth buffalo revealed that the fish had isometric growth which is
characterized by an unchanging body form and specific grevity. The
fish vere found to increace 100 g in weight for every 1 cm increase
in length for fish in excess of 31 cm totzl length.

Absnlute growth of Watts Rar smallmouth buffalo averaged 422 em

at the erd of the third grovth year, Lkl rm for the fourth, 453 mm for

the fifth, 485 ra for the sixth, LE7 mn for the "scventh, 522 mm for the
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eighth, and 609 ma for the ninth. Absolute growth rates were found to
have increasec with each succecding yeer for year classes nine through
four probebly ac a result of increased food availability accompanying
incrcased fishing pressure. Calculated annual total length increments
indicaeted this species characteristically had the largest increment
during the second year of life. This fact was confirmed by date from
.-oéher study areas =2:d may be the result of a change in fcod habits after
the first year of life. Growth compeﬂsation was evident dﬁting the

fourth and fifth yeers of life.

Smallmouth buffalo scales were found to have 2 mineral residue
content of 46.05 per cent by weight. Czlcium was the most abundant
element amounting to 0.142 mg/g fresh weight with at least tuventy-three
other elements présant in lesser quantitiss. The stroatium-calcium
retio wze foud to be 0.39% x 10°3 in sczles. Smzlimouth bulffzlo scales
vers found {o sontein reliicruclides of rutbenium, cesius, zirconiun
zinc, &nd covzit.

fhe Watts Bar smallmouth buffalo pupulation was concluded to be
of minor irpcrtance e&s an accumlator of radionuclides. Only 0.08 per
cent of the Watts Bar population in radiometric surveys showved accumiles-
tions of artificially produced radionuclides Samples from areas closer
to the source of contamination showed grezler concentrations. Approxi-
mately 6 per cent of the Clinch River smallmouth buffalo had measurable

accurnilations of radiommclides and White Ozl Creck fish had 77 per cent.

7

Autoradiographic exzninetions of smnllmouth buffalo scales re-
vealed that ruedionuclides were accurulated in patterns of concentric

circles. These patterns ver: found 10 Bf corsistent in all the poim=
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in the soft tissues than in the scales and bony tissues leading to the
conclusion that this ralionuclide was not suiteble as a ccale tag.
Selection of a suitable radionuclide for scale tegging and methods of

application were discussed.
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Procedure

Teree statiors (Tahle 1) with diverse characteristics were sa=pled in
Pebr.ary, in April-Hay, and again in August 1573 (Tadle 2). At each
staticn om each date the sammle included both daylight and aightiize
electrofisning by boat and two gill nets sat overnight, (ne gill net
was 11" scuare mesd x 8' x 100', size 139 aylon tiread, the other

3" gruare mesh x &' x 150" size 135 rolon thread, Nets were tied fo
the rinrbcakaadntporpea:’.ie.ﬂnrandan&credanthem

Cue gnmmntmmwmochmrmtm
electrofisning 2ite and the other adoct 200 ymards.

Tlectrefisning was from an 18 foot alumimem Jolmboat maevered by
a 6 h,p. cutboard engine, Tlectric power was furnished by a 230
volt allerrating current gezerator through a siliccne rectifier
which eomverted to pulsating direct current, Output woltaze was
mainteained at 1.5 ars, Curment wvas disper=ed through toe weter

R ——————
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TVA FISH POFULATION MOWITORING - LM7BR DEMONSTRATION PROJECT

from a floating aliximm grid--the poaitive
from & Li-foot fiberglass bocm, legative elsctrodes, one on each
side of the positive, consisted of li-foot fiberglass bocms through
which is mounted a vertical row of whip antennes, 12 inches apart,
mmmmnwus'eﬂm.'uﬁm?

mpuumummwmmumuh to the

rigst.

Flectrofishing wes generally within 10 feet of the dank. When
w.im,nm”mmmamumemm
from the water, Filsh under 4 inches were classified as minnows

or idextified to species. Fetted fish were measured (total lemgth),
welghed, and reaturned to the water. s

Surxary

mmwm75p‘nﬂtcfmwluphdl,623
%, Gl nettinz produced the remainder, Ferage fiah mmbers
dcinated the sa=ples with Th.4 percent. About halfl of tlese were
adult gizzard ghad and half were Leinch long tireadfin, Rougt fish
accounted for!ﬁ.?permtmdmeﬁsh6.9m(m 3).

Compariscen with other sarples i3 not valil gince different habitats
were sampled and sampling methods were not conmsistent. The 1964
mdl%pcpuhﬁmixnutaﬂumdmuehhmm
havitat using Sepercent emulsifiahle rotencos.

mm*mdp,mgh.mfmpmlmmmm
4n Tanhle &, w.umam;.t.mmmm:mmw‘am
taken 4in 1973. Gtatice 3 was the most productive cne, both by
electrcfishing and netilng,

The April-dsy sacmple data was most productive for netted fish, It
alsc produced the greatest mmbder of gane f4sh, TFebruary electro=-
ﬁshingpmcueadtboln’gutmnberofﬁsh,mwm.

Litewat:va Cited

Merten, R. J. 1961, OZIL 3199, Status Report lio. 1 on Cliaech
River Study.

Fish Imvertory Data, watts Dar Reserveir, 1564, TVA, Fi-%: and
¥4141{®e Branch. 13 Pp.




3

Ben D, Jaco
Jamary 11, 1974

T7A PISH PORFULATION MOWITORING - LIGFBR DEMONSTRATION PROJECT

Fish Irventory Data, Watts Bar Reservolr, 1973. TVA, Fish and
¥{ldlife Branch, 13 pp.

Tables 1 - &




TABLE 1

PERCENTAGE OF GAME, ROUGH, AND FORAGE

FISH FROM CLINCH RIVER SAIPLES

Method

Gill nets &

electro-fishing Between miles 15-18

Rotenone

Conpments
Between miles 0-23

In Watts Bar Res.

In Wetts Bar Res.

¢ Of Numbers
Gaze Rouzh Foreze
33.6 Lg.L 1.0
34.9 8.2 56.9
6.9 18.7 4.k
22.2 5.2 TS




TABLE 2

FISE POPULATION MONITORING STATIONS
LMFBR DEMONSTPATION PRCJECT

- -
Station 1 * Right bank.

From CRM 15.7 downstrean to white mark.

Shallow bank.

.
Station 2 left bank.

From CR! 16.5 (approx.) at barbed wire feach
upstrean to east bank of Caney Creek.

Steep bark.

-
gStation 3 Right bank.

to rock ledge with

Fron CRM 17.9 downstrean

painted white square.

Mediux depth bank.

s
left and right banks facing downstreaxm.




TABLE 3
Numbers and Percentages of Fish Sampled et IMFBR Demonstration Project Site

1973 :
Gane : Rough Forage
8 | 25 88
7 19 330
» 10 21 395
s — —
E 25 65 814
y 2.8% 7.2% 90%
2 68 51
16 55 13
£ = 83 n
é 82 205 -;;'
5 2z.¢% 56.7% 20.7%
© . 19 118

=
o
£
(8 8]

» 1 9 85
e
34 322
R .
1.4% 9.L% 83.2%
Results of All Three Samples

Rough, Forase
18.7% . (T




i
i
|
I
:
|

TAPLE b4

STATION 1
February 1-2, 1973 April 30; May 1-9, 1973 August 9-10, 1
Electro- Electro- Electro-
(ill Net Data Fishing (i1l Net Data Fishing Gill Net Data Fishing
No. Wt. (Gms) No. No. Wt, (Oms) No. No. Wt, (Gms) No.
Walleye 1 2,525
| Sauger 6 4, k25 7 4,525
Jthite bass 1 650 2 600 3
Carp 17 10 19,720 2
quillback 3 3,050 3 3,875
River carpsucker 1 1,550 1
Golden redhorse 3 350 1 2 800 1
Black redhorse 1 600
Silver reanorse : { 2,050
Smallmouth buffalo : 1 21 35,550 1
Black buffelo 2 75320
Gizzard shad 5 910 76 5 800 43 1 186 51
Skipjack herring 1 650 ol 14,910 3 1,138 12
Drum 1 150 1 164 1
Channel catfish
Minnows 7 3 60




TARIE 4

STATION 2

Februrry 1-2, 1973 April 30; May 1-9, 1973 _ August 9-10, 1
Electro- Electro=- » Electro-
Gill Net Date Fishing Gill Ket Data Fishing Gill Wet Data Fishing
¥o. wt, (Cme) No. No. Wt., (Gns) No. No. Wt, (Cms) No.
Sauger 4 3,700 10 8,125 1 1,025
White bass o | 375 5 1,675 1
Bluecill 2 3
Carp 2,800 9 5 T,700 2 3,600
Quillback 2 2,450 7 7,725 :
River carpsucker 4 7,850 2 3,300
Golden redhorse - 1 500
Silver redhorse i 1 24200
Smallmouth taffalo 1 1,350 7 k2,925
Plack buffalo : 1 1,850
Gizzard shad 525 T0 1 200 9 83
Mooncye 1 250
Skipjack herring 1 1,125 " 9 5,800 1 Ls8
Drum 1 138
Longnose gar 3
Channel catfish S 1 340
3

Ererald shiner

Minnows



February 1-2, 1973

ABLE

h

STATION 3
April 30: May 1-9, 1973

August 9-10, 1973

rleetro- Flectro- Electro-
il Bet Data Fishirg Cill Het Data Fiching Cill Net Deta Fiskirng
No. Wt (Gns) No. No. Wt, (Cms) Mo, No,  Wt, (Crs) Mo,

walleye 1 3,200 '
Sauger 6 3,515 1 16 No Wt.
White bass 2 750 38 13,130
Largemouth bass 1
Carp 1 3,150 9 2 2,340 A | 193
Quillback L h,620
River carpsucker 1 1,690
Golden redhorse L2s 2 1 300 1
Black redhorsé 5 | T75 i
Silver redhorse 4 o430 1 1,360
Smallmouth buffelo 5 8,625 L3 65,610
Hogsucker 1 350
Gizzard shad 5 &75 95 2 370 7 ‘ : 8l
Skipjack herring - 5 600 28 17,120 b 1,575 2
Minnows 296 2 2
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REFERENCE 2-42

Page 1 of 3 Pages

TENNESSEE WILDLIFE RESOURCES COHHISSiON
PROCLAMATION
ENDANCERED OR THREATENED SPECIES

Pursuant to the authority granted by Tennessee Code Annotated,
Sections 51-905 and 51-907, the Tennessee Wildlife Resources Commission
does hereby declare the following species to be endangered or threatened
species subject to the regulations as herein provided. Said regulations
shall become effective sixty days from this date.

SECTION I. ENDANGERED OR THREATENED SPECIES

MOLLUSCS

ENDANGERED

Birdwing pearly mussel
Dromedary pearly mussel
Yellow-blossom pearly mussel

Creen-blossom pearly mussel
Tuberculed-blossom pearly mussel

Turgid-blossom pearly mussel

Tan riffle shell pearly mussel

Fine-rayed pigroe pearly mussel

Shiny pigtoe pearly mussel

Pink mucket pearly mussel

White warty-back pearly mussel

Orange-footed pimpleback

Rough pigtoe pearly mussel

Cumberland monkeyface pearly
mussel

Appalachian monkeyface pearly
mussel

Pale 1illiiput pearly mussel

Painted snake coiled forest snail

FISH

ENDANGERED

Lake Sturgeon

Ohio River Muskellunge
(in Morgan, Cumberland,
Fentress & Scott Counties)

Barren's Topminnow

Spotfin Chub

Yellowfin Madtom

Snail Darter

Comxradilla caelatc
Dromus dromas
E‘piobZasrmE (=Dysnomia) florentina

flo

rentina
Epioblasma (-Dusnomia) torulosa
guberncculum
Epioblasma (-Dysnomia) turulosa
torulosa
Epioblasma (-Dysnorria) turgidula
Epioblasme (-Dysnomia) walkeri
FPusconaia cuneolus
Pusconaia edgariarna
Lampeilis orbiculata ordiculata
Plethobastis cicatricosus
Plethobasis cooperianus
Pleurobema plenum
Quadrula intermedia

Quadrula sparsa

Tozolasma (-Carwnculina) cylindrella

Anguispira picta

Acipenser fulvescens
Esox masquinongy ohioersts
o

Fuwndulus sp. ‘cf. F. albolineatus)
Hybopstie monacha
Noturus flavipinnis
Percina tanasti

Proc. No. 75-15*

*Section I amended by Proc. No. 77-4

dated Mcy 13, 1977, Proc. No. 78-14

dated Sept. 22, 1078; and, Proc. No. 78-20
dosed Dec. 8, 21978,



Page 2 of 3 Pages
SECTION I. (Continued)

FISE (Continued)

THREATENED

Silverjaw Minnow
Slender Chib

Blue Sucker

Pigmy madtom
Precklebelly Madtom
Slackwate~ Darter
Coldwater Darter
Trispot Darter
Duskytail Darter
Coppercheek Darter
Longhead Darter
Amber Darter
Reticulate Longperch

THEREATENED

Tennessee Cave Salamander

TEREATENED

Northern Pine Snake
Western Pigmy Ratctlesnake

ENCANGERED

Mississippi
Golden Eagle
Bald Eagle

Bachman's Sparrow

THREATENED
Sharp-shinned Hawk
Cooper's Hawk

Marsh Hawk

Bewick's Wren

Grasshopper Sparrow
Black-Crowned Night Heron

Ericymba bucatta
Bybopeis cchnt
Cycleptue eleomgatus
Noturus ep. (cf. N. hilde
N. maitu

theostoma boechungt
E. ditrem

. trisella

. (Catonotus) sp.

. 8p. (ef. E. maculatum)
Percina macrocephala
P. (Imostoma) s&p.
P, ep. (ef. P. caprodee)

AMPHiBIANS

Gyrirophilus palleucus

me lano leucus

miliarius streckeri
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ue cyaneus hudsonius
Thyromanes bewickiti
Ammodramus eavannarum
Nyeticorax nyctioorax

Proc. No.
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Page 3 of 3 Pages

SECTION I. (Continued)

MAMMALS
ENDANGERED
Eastern Cougar ' a, . Peliz concolor cougar
.Indiana Myotis ; Myotis sodalis
GCray Myotis - } Myotis grisescens
THREATENED
River Otter Lutra canadensis

SECTION II. REGULATIONS

Except as provided for in Tennessee Code Annotated, Section 51-906
(d) and (e), it chall be unlawful for any person to take, harass, or
destroy wildlife listed as threatened or endangered or otherwise to viclate
. terms of Section §1-905 (c) or to destroy knowingly the habitat of such
species without due consideration of alternatives for the welfare of the
species listed in (1) of this proclamation, OT (2) the United States list
of Endangered fauna.

Date: June 12, 1575

Proc. No. 75-15*
sSection I amended by Proc. No. 77-4
dated Mzy 13, 1977, Proc. No. 78-14
dated September 22, 19785 and, Proc. No. 78-20
dated Dec. 8, 1978.



e 2.9, Mf. 06  TEFERENC 2-43
2.7, 0.

TT\?’\’ﬁ,::“; i i T

TENNESSEE VALLEY AUTHORITY ,. ARV REHT
Nommis. Tennesses 37828 y ;"

\ 031 /g0 L

October 28, 1980 ENERGYI r-Ab K‘S\.C ATZS, INC
WATER RESOURCES

Dr. Donald Wagner

Energy Impact Associates
P.0. Box 1899
Pittsburgh, PA 15230

Dear Dr. Wagner:

Enclosed is the photocopy of the field data sheet you requested to document
the capture of a blue sucker during Kingston Steam Plant 316a studies.

Any information you need should be on the field sheet. Tf I may be of further
assistance, please contact me at (615) 632-6450.

Sincerely,

oo G

George !. Peck
Biologist, Eastern Area Field Operations
Division of Water Resources

Enclosure
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£PHONE CONFERENCE MEMORAMDUM

INCOMING [X] ouTGOING
-, Fred Heitman
»a.

G. A. Valiulis

L. L. Sinmons

W. A. Beimborn

mey: __ Blue_sucker in Watts Bar Reservoir

"U..—) Associa. a -

€260-134-80 G0 222, Asdotsner 707

pare_October 15, 1980

e c.0.
or me Lake Eufalla Flshery Management Unit
T918/689-5954 T
oF T™wt

REFERENCE 2-44

TIME 1:00 P.M

cosT

§ C-260

CHARGE __

AL OF CONFLRENCE

Fred confirmed that he had collected a blue sucker in Watts Bar Reservoir.
The fish was discarded, but he has photographs of it. I asked about the

location of the catch.

Fred was not sure, but said it was on the Tennessee

River arm downstream of Fort Loudon Dam, not on the Clinch River. He will
check his notes and call back later this week with more precise information.

1 e 0 ® R e TS T SIS ST ST TRRCR ATt P SRS IR ST m—m.‘-‘“—-"— — e e s s e oo oam

Y. Resource Analysis

D. J. \m\(mor £ /// (\4,‘1., EXT. NO__‘J_?
TR Py (uuuon] Ty | T S T

— — . nae |




LEPHONE CUNFERENCE MEMORANDUM €260-136-80

- -

oare 10/15/80_

/

INCOMING C.0. c.0.

or e _Lake Eufal “ishery Management Unit

918/689-

G. A. Valiulis

s Te

L. L. Simmons

W. A. Beimborn

Blue sucker TIME

COSY __

CHARGE _

IAIL OF CONFERENCE
Fred was calling back with more details of his blue sucker collection.

The fish w
This is a
Loudon,

- o
b R ¢ TV
-t O

"

-

rr D

e+ M O
QL ot
D

3 O

-4
M *
-]
- )
X0
Mm 3
- J
-
x> e

A 3 1/4" trammel net was set overni ( hrs). The fish was
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and weighed
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THE FISHES OF ILLINQIS
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148  Fishes of Hlinois

6. Scales small and closcly crowded more than 55 in kateral line; ground color dusky: lips

entircly papillose

---------------------

................................. Catostomus

Scales large, not closely crowded. fever than 50 in lateral line; ground color silvery or

bronzy; lips plicate or both plicate avd papillose

Moaoxostoma

---------- R

7. Body terete; dorsal fin slightly falcate: body with many distinct longitudinal rows of small
brown dots, each dot being a spot at the scale base; kueral-line scales, 43 or more

............ cerasssssascasasssses Minxtrema

Bod slab-sided; dorsal fin convex; body patiern not consisting of longitudinal rows of small
brown dots; lateral-line scales, fewer than43 .......... dasabensassbasainsenes Enmyzon

Cycleptus Rafinesque

This bizarre genus contains only one species, which
is restricted to rivers of the central and southern
United States.

Plue sucker
Cycleptus elongatus (Lesueur)

Catostomus elongatus Lesucur 18176:103 (type-lo-
cality: Ohio River).

Cycleptus elongatus: Nelson 1876:50 (recorded from
Hhnois); Jordan I878:6:4; Forbes 1884:81; Large

1903:12; Forbes & Richardson  1908:65-0606;

O'Dounncll 1935:478; Smith 1965:8.

Diagnosis.— The blue sucker is an clongate and
terete fish unique in the Catostomidae because of
its small head (the e gth contained five or more
times in the standard Tength) and long caudal pe-
duncle (greatly exceeding length of adpressed anal
fin). It has o blue-blak or dark gray dorsum,
darkly pigmented fins, a somewhat paler venter, 50
or more Lucral-hine scales, and a long and ex-

T - —

b....l)ﬁbbrk‘P \
m‘: A

wremely falcare dorsal fin: the lower lobe of its cau-
dal fin is black. So bizarre are the proportions that
neither adult nor younyg can be confused with any
other sucker. The species attains a length of about
BYO mm (35 inches).

Variation.—No studics of geographic variation
have been, published and no subspecies have been
described. The sciemific mame of this fish has been
remarkably stable.

Ecology.—The blue sucker is a Luge-river spe-
cies nrost often found in deep riffles and Gst
chutes over rogky or gravelly botom in March and
April, when the species is probably spawning. 1t is
a strongly migratory fish that occasionally ascemds

., e

B I N mmﬂﬂuiw.*ommm —

R Ak




Distribution of the blue sucker i [inods,

twibutary streams for considerable distances and
then is not recognized by the small-river fishermen
who catch them. Many such discoveries are re-
ported o authorities, but the specimens rarely
reach a museum collection. Alnent nothing is
Lonown about the feeding and reproductive habits
of the species, and no one publication summarizing
the available informatian can be cited.

Distribution. —The blue sucker has been declin-
W abundance for many years; its decinition
haas been attributed 1o the construction of dams on
avigable vivers, the deterioration of water quality,
Uyewive catdaes of adults in spawning runs, and
the gradually de reanimg deptin of river channels
Worongh sancaned silt ¢ hoking. The hlue sincher sl

TS S p———

Swckers 149

occurs in the Mississippi River at Ieast as far north
as Rock Island County but is generally uncommon.
It is probably more common im the less turbid
Wabash and Ohio rivers than available records in-
dicate but, according to long-time commercial fish-
ermen, much less common now than formerly.
How generally it occurs is difficult 1o assess because
of its habit of occasionally ascenling great dis-
tances into medium-sized rivers.

Ictiobus Rafinesque

This genus, restricted to Mexico, Central Amenica,
and the Mississippi River valley of the central
United States, contains five currently recognized
species, three of which accur in Hlinois. Juveniles
are similar to each other and 10 the young of the
quillback and are difficult 10 distinguish.

KEY TO SPECIES

1. Mouth large, terminal, and extremely oblique:
tip of upper lip about on level with lower

margin of eye; lips Gty striate ..ol .

D PRSP PR M exprinellus
Mouth small, somewhat subterminal, and not
extremely oblique: tip of upper lip well below
level of lower margiv of eye: lips thicker and
MNOTE SLFIIC . ovvcocsssccsnsnrssssncoses 2
2. Mouth small, almost horizonal, decidedly in-
ferior; body deep and shab-sided in the adulr,
its greatest depth contained less than three
times in standard length: back in front of
dorsal fin highly arched, thin,and kecled; eye
large, its diameter contained fewer than two
times in spout length: parictal and occipital

~ region not appreciably swollen ... bubalus
Mouth Large, slightly oblique, almost werminal;
Loy thick, not deep and not slabesided in the
adult; back in front of dorsal fin not highly
arched, thin, and kecked; eve small, its diam-
eter contained two or more times in snout
lengih; parictal-occipital region swollen ...

R R .w’
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The Fishes of Missouri

by
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Blue Sucker
Cycleptus clongatus (Lesueur)

Other local names: Missouri sucker. Slender-
headed sucker, Blackhorse, Gourdseed sucker,
Schooner ‘

DESCRIPTION

Nlustration: Page 179, 2a.

Characters: A slender, dark-colored sucker with
a small head and a long, sickle-shaped dorsal fin.
Eyes small and closer to rear margin of gill cover
than to tip of snout. Mouth small, horizontal, and
distinctly overhung by snout. Lips covered by nu-
merous wart-like papillae. Lateral line complete,
containing 55 to 58 scales. Body depth going about
4 to 5 times into standard length. Dorsal fin with
28 to 33 rays.

Life colors: Back and sides blue-black or dark
olive with brassy reflections; belly white. Fins
dusky or black. Breeding males are very dark and
have small tubercles cver most of head, body, and
fins.

Size: According to commercial fishermen, blue
suckers weighing up to 20 pounds were tormerly
common in the Missouri River. Most specimens
taken in recent years were 16 to 24 inches long
and weighed 1% to 3 pounds.

Scientific name: ‘Cycleptus, reported by its au-
thor to mean “small round mouth™; elongatus,
"elongate.”

DISTRIBUTION AND HABITAT
The blue sucker is rare but widespreal in the

Missouri ard Mississippi rivers and the lower sec-
tions of their larger tributaries. It seems to have

SUCKERS

declined in abundance since 1900.

This sucker inhabits the deep, swift channels of
large rivers over a b wtom of sand, gravel, or rock.
It is to'erant of high turbidity if there is sufficient
current to prevent deposition of silt. Construction
of dams, with the attendant decrease in current
velocity that permits siltation, has been unfavora-
ble to the blue sucker.

_ HABITS AND LIFE HISTOPY

The habits of this distinctive sucker are not wel]
known. The streamlined body and sickle-shaped
fins are adaptions for maintaining a position in
swift currents. The blue sucker probably feeds on
insect larvae and other small invertebrates taken
from the bottom. It is a highly mobile fish. For-
merly there were important spring runs and
lesser fall runs of the blue sucker in the upper
Mississippi River.# Adults in breeding condition
have been taken in Current River as early as Feb-

ruary and March, but spawning is said to occur in

May and June at this iatitude ** A larval blue
sucker was collected from the Missouri River,
Boone County, in midJune In Lake Texoma,
Oklahoma, two-year-old fish were about 15 inches
standard length.'"

IMPORTANCE

The Llue sucker is said Lo be the best food fish
of all the suckers and was formerly of some com-
mercial importance along the Missouri and Mis-
sissippi rivers. It is still taken in small numbers by
commercial fishermen, most often by drifting

trammel nets with the current.
| B

Bigmouth Buffalo
Ictiobus cyprinellus (Valenciennes)

Other local names: Gourdhead, Redmouth
buffalo, Common buffalo

DESCRIPTION

- Ilustration: Page 180, 4a

Characters: A dark-colored sucker with a deep,
rather thick body and a long, sickle-shaped dorsal
fin. Eyes small and closer to tip of snout than to
rear margin of gill cover. Lower fins with much
dusky pigment. Subopercle (bone at lower back
margin of gill cover) broadest at middle, its outer
margin gently rounded. Lateral line complete,
containing 32 to 40 scales. Dorsal fin with 23 to 32
rays.

Similar to smallmouth and black buffaioes but
with a large, oblique mouth, and thinner, less
strongly grooved (striate) lips. Front of upper lip
about on a level with lower margin of eye. Length
of upper jaw much greater than diameter of eye.
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> REPOR €260-56-80
TRIP REPORT E ALt
Trip to: __Clinch River, Tenn. ‘ : Date: 5/19-20/80

Subject: __Aquatic Reconnaissance and Data Acquisition

Contract or Negotiation Name and Number: _C-260, Tasks 2, 3 and 4

Persons Present and Company:

D. J. Wagner Vince Fayne, CRBR Program 0“fice

G. A, Yaliulis Donley Hill, TVA

1. 1. Simmons Edward Scott, TVA

D, W. Myers 0 Thomas Swor, TVA

Ken Yates, CRBR Program Office )
Distribut

W. . Beimborn D. W. Myers ~

6. A. Valiulis A. Huggins

L. L. Simmons
SUMARY :

Tuesday, 8/19

0900-1400: DJW, GAV, LLS and Ken Yates met Don Hill and Ed Szott of TVA
at Taunch area on Clinch River. Ran a series of bathymetric profiles
near locations of intake, discharge and barge unloading facility - re-
sults appear generally similar to 1974-75. Obtained ponar grab samples
of bottom, which were described qualitatively in a field book, at Sta-
tions 0.3, 0.5 and 0.7 on fransects 1-5, plus Station 0.1 at unloading
area. Noted several species of macrophyte: growing in limited but dense
stands in shallow water.

1400-1600: DJW and OWM discussed Tasks 2 and 3 with Vince Fayne. Vince
supplied Tenn. Laws and attendant requlations on air and water pollution,
regulations on hazardous wastes and solid wastes. Also a file memo he
wrote 4/8/80, which will be updated by the end of this month. Finally,
he supplied a copy of his working draft of Table 12.0-1. It was made
clear that we would alsc be working on an update of Table 12.0-1, not a
permit compliance plan. .

In discussion, Vince noted the following concerns:
Afr - new federal requirements for State regulations - FR, Aug. 7
Water - new Tenn. water quality criteria; new Army Corps regula-

tions; revised Steam Electric Effluent Guidelines due to
be proposed at any time

24 ' :
Authorized Signature: __D._J. Wagner /.//wc/(/ 6/1,(/,?44\, Date: August 22, 1920
7
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. C260-56-80

¥ Doriald J. Wagner
August 22, 1980
Page 2

Solid/Hazardous Wastes - a sanitary landfill is » otentiality
- check the nature of the :te laguon -
contents may require ev ‘tion accordinc
to hazardous waste rule.

VYince also noted that the water quality criteria are i luded in Sec-
tion 14 as an appendix, but air quality criteria are !

LLS, GAV, DWM returned to Pittsburgh.

Wednesday, 8/20

DIW mei with TVA personnel ot Norris, ot#arned the “ollowi.q ) aformation:

1.

2.

Water quality veports and data +rew Melton Hill Com prepared
by Eric Mulkey ‘

Confirmation ¢ ¢pusually great wmascrophyte grow'k +Lis summer.

Causes uncertz;» but may be die to prolonged diy, kot spell,

with warmer wat<v temperatures w-d less turbidity +han usual -

Leon Bates; Musc|/e Shoals lab (wd 2r Joe Cooney, ,/383-4631).

Annual report will be sent for /273, and for 190 wken available

(early 1981). 142 problem is ceweral in easterr Ten. this year.

Noted that Najis minor and Potzweeeton pucillus are common near site.
e aame

Ed Scott (Fielc erations, 615 4-9800, X 2155  .pplied:
Watts Bar roten ng survey dat 1949 to presen

Report on evide : of sauger sg  ing near propc dis-
charge (RMI15-17 This report pared the sect of the
river from R.M. ,-17 with the a of the lock Is at
Melton Hill Dam

The area near ti submerged is! J4 produced the atest
number of ripe 1 sh, but the si ificance of thi area re-
lative to other laces in the C nch River or Wa' s Bar
Reservoir is obs ure duc to thc ' imited data col: .cted. The
report does sugq:st thac the ta iwater of Melton ili11 Dam

is not used for spawning.

Another reference of much interest is: Fletcher, J. W., 1977.
Assessment of adult and larval fish populations of the Lower
Clinch River below Melton Hill Dam. M.S. Thesis, Tennessee
Technological University, Cookesville, Tenncssee. 99 pp. Ed
Scott will Le sending a copy.




C260-56-80

Donald J. Wagner
August 22, 1930
Page 2

4. Tom Swor (Fisheries and Aquatic Ecology):

Wi1l forward a report on 1975-77 monitoring program. Also
referred to: Mclean, et. al., report on threadfin shad and
cold stress (NUREG/CR-1044, ORNL/NUREG/TM-340).

For Corbicula problém and chlorination information, contact:

Edward A. Kopatz, Jr., Office of Power, Div. of Fossil and
Hydro Power, Ext. 2465 in Chattanooga, or

L 8. ! ady, Plant Sur “intendent at Kingston, 615/376-6135.

returned to ! sburgh.
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EPHONE CONFERENCE MEMORANDUM €260-50-80
Sicfrom 2. 7. 2, nufessmece /3 <
oare _August J&, 1980 _
INCOMING X outcong co c.0.
| MR. Dr. Jim Loar or e __ORNL, Environmental Sciences Division
: 615/574-7323
' MR, oF Tnt
. G. A. Valiulis
W. A. Beimborn
L. L. Simmons
secr: ____Oak Ridge Aquatic Data TIME 1600
cost L
£ C-260/2,4 CHARGE

AIL OF CONFERENCE

Talked to Jim re: aquatic info. on Clinch River and vicinity. Studies he knows
of are:

1. 1973: TVA did some limited adult fish sampling, from R.M. 10 to Melton
dam

2. '74-'75: CRBR surveys

3. '75-'76: surveys v. similar in scope to item 2, but extended from R.M. 12
to 15, plus Grassy Creek and Bear Creek. Info. was used to prepare an ER
for Exxon Nuclear, Inc., he thinks mainly by people at Tennessee Tech.
Contact: Dr. Parley Winger at T.T.

4. April '77-March '78: 3 sites on Clinch River and 3 on Poplar Creek - ORNL

5. Feb-Sept. '78: Ichthyoplankton sampling at 6 sites in river, 3 in creek,
on a weekly basis - ORNL

Items 4 and 5 were combined, plus a review of 2arlier studies on bioloay, hy-
drology and water quality, in a report Jim prepared that is currently being
reviewed internally. He expects it will be published this fall. He didn't
want to sent the data minus the interpretation/conclusions. Will send me a
copy of the report as soon as he can, sometime this fall.

These studies formed the basis of an EA for "K-25", which is mothballed at ttre
printers.

6. March '79-May '80: another study, like 4-5, but more freguent collections,
from R:M. 19-22, plus Whitcoak Creek. In preparation, to review in Scpt.
This will form the basis for an EIS that DOE will preparc on ORNL.

/.
*, D S ¢ M IR AT TR AR B e o o e e e T e e e ey A X e — — === —i=
ol T 4//', u/'.j nivs
P, e Resource Analysis. o e D. J. Wagner ¢ exr.no. 170
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C260-50-80
Donald J. Wagner
August 18, 19g0
Page 2

TVA data is, to his knowledge older: 316a, b on Bull Run power plant (Melton
Hill Res.) and on Kingston Steam Plant (Watts Bar Res.); both are early-mid '70's.

TVA (Bob Wallus at Norris) is apparently doing some work on sauger spawning
Mabits, but Jim is not too familiar with it.

There is also a major study on threadf.n shad recoveries in Watts Bar after
cold kills. This is related to TVA's Kingston plant, but is overseen by Rich
McLean (ORNL: 615/574-7383). It covered the period 1976-79. Also McGee (?)
looked at the effect of threadfin populations on sauger.

Sediment sampling (cores) dome in 1977-78, mainly to examine radionuclides.
Talk to Tom Oates, ORNL, at 615/574-6669.

Re: charges near site since 1975:

Tenn. Wildlife Resources Agency now stocks striped bass (see also
Chuck Coutant at ORNL)

In this study (report on items 4 & 5, above), he noted an apparent
increase in yellow bass.

Otherwise, there was too much variation between sampling technigques,
etc., to say much.

Jim recommends looking at patterns of operation at Watts Bar and Melton
Hi1l dams, plus available water quality data. He suspects that if
these are not very different, neither will biota.

See also, ORNL publications (from Information section)
Annual Monitoring Reports
Environmental Sciences Division Annual Progress Reports
Health-Physics Divisions, last several Annuai Progress Reports

1 thanked Jim profusely for this wealth of information, said 1 hoped to talk
to him again in the future.
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[ AL NUMBER BHD wE LLHT (RG) OF FISH P

SPECHES

WHMITE HASS
HLurGILY
LIINGE AR SIIYFE I SH
SHOTTED HASS
LARGEMIDDITH BASS
WHITE (HAPPTY
HLACR CRAPPLE
SA1ILER

GrOLIP TOTAL

SKRIPJALK HERRING

CARpP

SHALLMINITH BUFFALD
SEOTTED SHOKER
UNTOENTTFTED REDHORSE
CHARNEL CATETSH
FLATHEAD CATEISH
FRESHUATER DRUM

GROYP TNTAl

G1ZZAKRD SHAD
THREADE T SHAD
MIXED & 1D mINNinS

GROUP Trap

FInaL Torap

Re SERVIUR,

ER HECTARE IN 1 SAaMPLES IN wATTS BAR

YOG DF YEAR .o e JUTERMEDTIATE o e HARVESTABLE PPN, | ) ) i e
Nl AHENR WEIGHT UMK R WETGHT TUMBE R WEIGHT NUMBE R EIGHT
R R - AME -—
EE TS 0,30 1.28 D08 1.23 0,18 25,93 “0.57
- - 54,072 153 18,52 1,18 76,54 2.91
2uan 91 0,51 i - = 2 206,91 0,%4
29,03 0,21 13,50 0,34 e ut 0,34 45,68 n,9%
T 0,45 37,04 1obd §.70 1.03 104,94 .11
34,43 0,0k $,70 0,12 2,47 0,31 39,51 0,49
6,17 0,03% - - - - 6,17 0,03
- g - & C N7 0,86 2.47 0,86
aniy, v 1.60 113,5A8 §.7% 30,86 4,12 Sa8, 15 9,45
—HUUGH
1.23 0,00 7.41 nLaa - o A,b4 0,46
= - 3.70 1,87 8,64 4,9% 12,35 6,30
ok e 37,04 14,27 6,16 4n .15 20,43
= - 1.,2% 0,22 o . .23 0,22
2L47 015 1,03 0.1 2Lu7 0,83 6,17 1,08
o i W - 1,23 0,70 $:23 0,70
1.23% n,02 = - s = g.?l 0,02
- L LT 060 3.70 0,53 13,54 1,13
4,94 0,19 60,49 17,01 27,16 13,15 92.59 30,35
FORAGE e e
- " - 0y a4l 98 46,20 441,98 46,20
a979,01 10,78 A - - - 4979,01 10,78
69,14 0,07 = - e - 69,14 0,07
SOn8,1% 10,85 0,00 0,00 Hay1,98 46,20 5490,12 57,05
S4%6,19 12,68 174,07 20,75 500,00 63,47 6130,86 96,88



MEAT NUMHER AND wE TGHT (KG) OF FISH PER MECTARE IN 1 SAMPLES IN WATTS HaR
RESERVIDR, 19%1%

SHECIES SYOIUHG OF YEAN_ o e THTERMEDIATE e HARVESTABLE e P ML a0
NUEHER Wt TGRT TG K e IGHT NUMAE R WEIGHT TUMBE R WEIGHT
WHITE HASS 20,00 017 18.5h 1.77 19,75 312 55.56 4,57
WARNIIITH 7.41 0,0% 2,47 0,00 Kok o 9,88 0,08
HLUEGTLL 338,727 0,87 6i 20 1.36 30,86 2+.25 433,3% 4,47
LONGE AR SUNE T SH 4,94 0,02 = i = = 4,94 0,02
SPOTTED KHASS 14,81 0,10 7,41 0,05 - e 22.22 0,61
L ARGE™IIIH HASS 25,93 0,24 27,16 1.89 9,88 215 62,96 4,88
WHTTE (HAPPIY FAR PR D N.617 13,9AR De18 . u7 0,37 227,16 1.2}
HLACK (RAVP[F 2. U7 0,01 1,23 0,05 = - 3,70 0,06
SAIGER PR, 40 0,73 125 0,20 1.23 n,b4 50,86 §.57
GROUP TaTaL 655,56 2.90 130,86 5.45 64,20 9,13 B56G,62 17,48
——tNIGH
SKIPJACK HERRING 6,17 0,09 £ 0% 0,66 4,94 1,44 22,22 2,19
CANnP i - - e 1.258 0,58 Jol3 0,58
SMALLMOBTH BUFFALD 3 - 3276 1,46 13,98 7.25 17,28 8,71
HLACK HUFFALD i - - 1,23 0,91 Y3 0,91
SPNTTIFD SUCKER 1,238 0,08 iy . e = 1.23 0,05
GOLDEN KFDHIIKRSE - = i e 1.23 0,72 LalS 0,72
BLUE CATEISH - - o - 1,23 0,39 1.23 0,39
CHAMNEL CATFISH L .70 0,35 3.70 2.18 7.41 €+53
FLATHEAD CATFTSH 2. a7 T 2.4 N, 34 1,73 n,44 6,17 0,78
FRESHAATER DRURM 77,78 0,76 24,69 137 12 . 3% 2,08 114,81 4,21
GROUP TUTAL B7 .65 0,90 ns,68 .57 40,74 15,99 174,07 21,06
FORAGE e
G1ZZARD SHAD X 255,456 1,40 5 = 50,62 6,91 306,17 8,32
THREADE [0 SHAD 1358,.53 B, 05 . - e B 1333,33 8,05
MIXED SHAD L = - = 2990 ,12 24,66 2990,12 24,66
UMIDENTIFTED SHINER 1503 T - p 3 & 1,23 i
BULLHEAD MTHNMY A | pe - - - 1,23 1
HRONK STLVERSDE 1.°3 1 i = - b P T
MIXED K UHTD AHH0WS 311110 0,51 s - . = 311,11 0,31
GROUP ToTal 1908,70 9,77 0,00 0,00 3040,74 31.58 4944 44 41,34

FImaL TOTAL bk, 91 $3.,57 176,54 9,462 31u4S, 64 56,69 5969,14 79.88



b AN NUDPRER AD wh IT0OHT (KG) OF FISH PER HECTARE IN 1 SAMPLES IN WATTS BAR
HESERVILKR, 1953

SPECIES YDt (F YEANR — INTERMEDTIATE ——HAKVESTARLE e o NN ot
THIAIE ke WETGHT NUARE R WETGHT RUMIHE R wE IGHT NUMDE R WEIGHT
- JiL __BAME e
WHITE BASS 19,75 0,39 1,73 NL0R 1.03 0,26 22,22 0.73%
WARPOT I 24l i 1.2% n.02 % i §.70 n.03
HLUFGILI 219, 34 0,61 101,23 2.29 §3,3% 2.62 383,95 9.5¢
LONGE Al SURF I SH = - 2 U7 0,07 il = 2,47 n,n7
SEALY iMITH 14ASS a i e h] 1.2% 0.;7 l.?g 0,17
SPOTTED HASS 14,81 0,16 35 0,39 2.u7 0,34 29,6 0,89
LAKGEMIf1 HASS $i.41 0,11 49,51 2.0 12,35 3,34 62,9 5.86
WHITE CHAPPLE 2Lal f 3,70 n,04 1.0% 0,26 7,41 0,30
HLACK CWAPRPI]E 2,417 0,01 -~ paid 1.3 0.,°8 3,70 0,28
w SAUGER .28 0,09 2 47 0,22 128 0,34 4,94 0,60
GROUP Tnlal o4, 70 8% 164,20 S5.52 54,32 7,60 522,722 14,45
B NS e ROUGH £
SKIPJACK MERRING 7,41 0,05 4,94 n,4% e g 12,35 0,458
capp el - A = 1.28 0,458 1.28 0,58
DOIDENTIFIED CARPSUHCKERS = - 1,”°3% 0,14 1.3 0,35 2.47 0,49
SHALLMOUTH BOEFALD ._ e s - 2%.%3 1R,135 25.93% 18,136
WHTDFMTTFETED REDHORSE 1.23 0,03 Y. 25 0,11 2,07 1.28 4,94 1.41
CHANNEL CATFISH = e H,b64 0,63 4,94 7,65 13,58 8,20
FLATHEAD CATFISH b, 17 0,04 1.2 0,04 A s 7,41 0,08
FRESHmATER DREM 19,79 0,32 292,63 Pele 13,58 2.8 62,96 4,R1
GROUP TnTaL 34,57 0,41 46,91 J. 46 49,38 30,599 130,86 34,46
FORAGE mu

G12ZAKD LHAD 1,23 N.07 - d PR5,.19 16,99 oAb, 47 37,01
THHEADF |4 SHAD ' 1hARK, 42 9,61 - = 6,17 0,25 1692,59 9,86
MIXED K gl i RNOWS 635,53 3.92 R = - - 633,33 5.5%¢
GROUP TOTAL 2320,99 13.15 0,00 n,00 291,36 37.25 2612,35 50,39

Floar Tarvag 2659 .26 14,89 211,11 B,98 195,06 75,43 326%5,43 99,31




ME AL
SPEOTES
WML TE AsS
WAt T M
KEDKKEAST SHMNF [SH

HE ULt

SMALL ML BASS
SPUTTE D WaSS
LAKGE MM T HASS
wHTTE CRAPPITL
SAULENR

GREMP 1 faL

SkRIPJACLK
MOOnE Yt
CARP
UHIPEUTIFTIED CARPSUCKERS
NORTME NI nliG SUCKER
SIAAL L MODHITH HUFEALD

HiEACK HUFEALD

HIEACAR HEDKHUORSE

CHANNEL CATF]ISH

FILATHEAD CRATFISH
FHRESHNATER DM

HE KK TG

GrOUP TOTAL

Gl1Z22AKD SHAD
THREADE [N SHAD
Hill L MEAD M IRdnw
LUOGRPERCH
MEXED & UnlD “INNDONS

GROUP TuTaL

FinaL TulTAaL

MUMHE R AMD

Vf l'n"’

(rRG)

F FISH PER
RESERVIINR,

MECTARE THh
1957

2 SAMPLES

IN WATTS HAR

iNunG 0F YEaR__ = THTERMEDTATE e MARVESTARLE _ —— L) L & | -

TH M R WETGHT T R wE IGHT TMNE R wt IGHT NUMAE R WEIGHT
33, 56 N.37 1.10 0,09 TG 0.27 24,49 0,68
IR K7 .15 N.%3% 0h,20 n,ual 0,03 48,21 0,38

5,15 0,02 0,648 0,02 3,642 0,32 7.26 0,36
1420 ,94 5,78 511,24 10,30 K, 49 6,18 2015,68 20,25
2.0l h,03% B, 80 0,23 1,78 0,67 13,19 0,93
Sa,79 0.5hK 3512 139 4,12 0,64 94,03 €59
26,07 H,23% 51,14 1o67 15,19 5,38 90,44 1,28
A, HU n,n4 10,4% 0,17 .16 0,44 22,41 0,64

e = 1,78 0,27 94 3% 1,60 7,13 1,88
1577 .80 S.12 hev,2hn 14,34 115,76 15,55 2322 ,85 34,99

e RINIGH -

234 D.05 19,59 1. 36 1,92 D.60 23,718 2,09
NTE! 0,01 2567 0,49 . i 2,48 0,47

bl ik o 3 6,33 5,63 6,33 5.63%
0,“| 0'08 - - — -— o.“l o.oz

- - - - 0,41 0,12 0,41 0,12

- - - - 31,50 35.61 31,50 35,61

= = i - nD.H3 T 74 0.8% 3,74

- - s - LUNLE 0,46 0,8% 0,46
5,15 0,02 0,41 0,04 6,31 1,48 9,R7 1.54

2. BH 0,01 o 1,10 0,91 3,98 0,92

116,47 Y27 45,2¢ 1.08 114,39 e2s13 276,08 26,4B

125.67 1,39 67,22 4,9% 163,61 70,76 356,50 77,08

T FORAGE i

7700 .11 o - a,27 50,22 141,28 30,33
10782, 89 65,90 el o 0,68 0,02 107R3,57 65,92
“.b“ ’ - - - - OQba '
0,68 1 - ! i - 0,68 T
47,48 4,56 2] 7 - — 547,48 4,56
11338,74 70,58 0,00 0,00 134,96 30,24 11473,70 100,82
13042,22 17,08 696,50 19,28 414,34 116,53 14153,06 212.89



F AN NOEHER AND wWE TGHT (KG) OF FISH PER HECTARE IN I SAPLES IN WATTS HAR
RESERVIUR, 1954

SPECILS YNNG OF YEAR e THTERMEDTAGF oo ——HARVESTABLF RSy £
UMIE K whk TGHIT WUMIBE W ETGHT NUMHE R utlﬁt NUMHE R
- GAME —
WHITE BASS ar,u1 0,72 = - - - 47,01
WARIWILY b 32,144 0,07 1,49 0,04 2,99 0,25 ST 33
HLUFEGTLL as), %4 §+09 2,19 2,00 58,21 4,63 581, 34
Sl Lt HASS 2.99 n,03% 2,99 0,17 0,75 0,10 6,72
SPOTTIED BASS $. 7% n,0d 11,19 0,26 5.22 1,16 20,15
LARGEMDUTH BASS 10,4% D11 18,66 0 RS 15,67 5.80 44 ,7R8
whillt CRAPPIE 105,97 0.3% 18,646 0,483 A 0,54 127,61
SalnGE W 5,73 0,16 0,75 0,12 10,48 4,17 14,93
LROUP TOTAL 63R,06 P 1a%,%2 3.76 96,27 16,46 879,85
—OUGH
SRIPJACK hEhKING h3.48 D.49 N .82 1.6 1,98 5,07
CAkpP - e - e h,T2 6,16 6,72
SMALLMIIITH BUFFALD e ol 0,75 0,29 13,43 14,94 14,18
GOLDEN REDHNIRSE iy e - - 2,24 1,01 2.24
CHalsnk L CATHISH 7,06 N, 02 2,99 0,19 11,19 4,46 21,64
FLATHEAD CALF [Sw 16,02 V.06 1,49 0,12 0,75 0.A7 18,66
FRESHMATER Dici4 257,46 LT 105,97 b.65 167,91 33,83 S31,34
GROLP THTAL Juqu,7H 1,99 12%.37 A, 08 209,70 65,26 679,85
. FNRAGE
GLZZARD SHAD I 9770 a: - BT 37725 2R1.34
THREADE [ SHAD Budel, 69 53:5% - i & - BU4ee,69
MIXED & Dl O funiws 3a7,01 0,27 - - -4 - 3a7,01
GRIP 10 AaL , Q000,74 54,52 0,00 0,00 920,30 22,25 9091,04

Fluap TrraL 99AR 3 HH 59,07 270,90 11,84 396,27 103,96 10650,75




MEAN

SPECIES

Wh]TE BASS
VAR H
HLUEGILY

SMAL LT HASS
SHUTTHD HAKRS
LARGEM T HASS
wHlTE (wAPPILE
SALILY W

GROVY TuTAL

UNEDEDTIFIED GAR
SEIPIACK hmERRING
CAKP

NUR THE KD HOG SHCRER
SEALLIDUTH BUrEALD
G DEY KEDHORSE
HLUE CATFIOHH
CHAMNNEL CATHISH
FLATHEAD CATF ISH
FRESHAATER DRI

GRULP TOTAL

GilZZAKD SHAD
THREADF I in SHAD
MTxt

D X RN NINNOKWS

FINAL

TOTAL

HUMHER AND WETGHT (RG) OF FISH PR HECTARE 10 1 SAMPLES IN WATTS HBAR
KE SERVIDR,
YininG OF YEAWR o THTERMEDTATE e e MAKVESTAHLE PRpEE -\ [ .
T SHE N whLGHT THHARE R WETGHT TUIE R wE IGHT NUMBE R WEIGHT
Ao wnDAME o
ShoRT L . R | 0.27 27.61 b.gg
32,09 0,09 4,48 N,0M 1,49 0,20 38,06 0.3
San, 30 Deb7 b 1A .01 74,08 S.68 479,10 A,36
2,99 n,04% 4 4n 0,29 299 0,81 10,4% 5.13
17,16 0,18 9,70 0,41 e =1 26,87 59
L P 0,0k 2%, M 2elb R, 21 .28 8,81 S5.489
s - 19,40 1,0% 14,95 2,34 34,33 3.38
- = 10,4% 1,47 1,49 0,32 11,94 1,79
4aua,nh i 31 13K, 04K 7.4% 10a 4n 12,90 667,16 21,66
= ROUGH
7,75 301 - i . E 0,75 0,01
7.46 0,16 10,45 1.54 B,96 2.06 26,87 3,79
- - = - 4,4R 4,26 4,48 4,26
- - o o 0,75 0,28 0,75 0,28
o - - - 56,57 42,51 36,57 42,51
iy = 0,75 .13 373 £:13 4, ug 2,24
a i 1,49 NDga11 1.49 0,28 2,99 0,39
1,49 - 0,01 4, an 0,38 0,75 0,35 6,72 0,73
2.9 N1 ol - 1,49 0,82 4, 4B 0,83
Sa,7% 0,43 S6,72 Z2.86 49,25 9,10 156,72 12,40
63,43 N.62 73,88 S5.01 107,46 61,77 244,78 67,40
- - e ~FORAGH —
‘i‘,.")" 0.7” - - l““.o; 30.“0 200.00 S‘.“’
362617 14,49 P - = ot I626,87 14,49
329,85 N,27 - - e - 329 ,RS 0,27
W02 .69 15,93 N, 00 n,00 taa,0% 30,40 4156,72 45,93%
n500 . 7% 17,46 211,94 12,46 155,97 105,07 S068,66 134,99




ME AL

SPECIFES

wHITE BASS
wWARMIOIIT I
HE DBKEAST
HlLUt Ll

t ONGEAK SUWE L Sh
AL LT BASS
SPOTIED HASS
LARGEMUITH KASS
WHITE CHAPPIE
WL AL CRAPVTE
SatiLEw

SUNF ISH

GROUP JTTAL

SKIPJALK
CARP
NOIR THE R 006G
SMAL LMIIUTH HUFFALD
SHIIRTHEAD KEDHOKRSE
RIVER KEUDMHDESE
GOLDEN KEDHURSE
CHANNEL CATF ISH
FLATHEAD CATHISH
FRESHAATENR DR

HEWRKR NG

SUCKER

GNP Tutac

GLZZARD SHAD
THREADE T SHAD
LU'GPERL #
MIXED K OLED s INbONS

GROUP 1nlaL

FINAL TO0TR)

NUMHER AND wE JTGHT

(X))

OF FISH PR HECTARE
RESERVIIIR, 1960

In 3 SAMPLES IN WATTS BAR

YOG OF YEAR e VATERMEDTATE oo e HARVESTAHLE PR, | | |

T AHE K WELGHT DUMRE R HELGRT TUMHE R WEIGHT HUMBER WEIGHT
L —GAME
Hotl 0,07 1,48 0,15 i b 9,56 0,22
17,01 0,06 .28 0,15 1,20 0,08 23,44 0,29
0, dh 0,46 0,01 {37 0,09 2.28 0,09
2RS5, 417 0,53 Sil, b 1.46 4s5 .99 3.64 IR, 78 S5.63%
. - e 42 0,05 i L 2,42 0,08
2.H5 0,01 0,50 0,0% 0,75 0,13% 3,90 o.;q
32,54 0,16 3,94 n,2R 2.°R 0,32 38,77 0,75
o, 30 0,19 71.09 0,71 6,91 .54 44,30 3,49
SS9, 18 0,18 © 2.U2 0,14 3,58 0,50 64,98 0,82
- L el A 0,%9 0,05 0,50 0,08
2,20 0,03 1,45 0,258 0,73 .17 4,47 0,43
0uy7,91 122 79,41 325 63,07 T.53 580,39 11,98
S m—— KUJUGH —
o o4 1,00 0415 [NE n,9% 4,17 1.08
- - s - L 35.30 a a2 35.3%0
- - - - N, uR 0,18 0,48 6,18
- = 0,25 0,10 47,24 56.5% 47,49 SR,6%
- - - - 0,73 0,24 n,7% 0,24
- - -— — ﬂ.Q" l.Sb “.97 '.sb
* 4 0,97 h.17 0,98 0,47 1,95 0,64
3,69 06,08 2,17 tel4d 3,94 1 .39 9,75 1.56
<! & 0, uR 0,03 0,25 C,14 0,73 0,16
§5,50 0,32 219,89 12,46 167,06k 30,50 420,45 a3, 27
7.9 0,35 224 1o 13,04 263,74 129.25 525,14 142,63
oh FORAGE

31.55 0,21 e o HH 42 24,45 119,96 24,66
23045 .94 30,04 g - - e 23045,94 50,04
75,171 0;19 =k - = - 73,71 0.19
23151 ,648 30,44 0,00 0,00 B8, 42 24,46 23240,09 54,89
23626, TH 32,01 304,12 16,27 alu, 7% 161,23 24345,62 209,51



HEAN NUMHER AMD

SPECILS

wHITE BASS
WARFIL T
REDBKREAST SuitiF I1SH
BlutGltL
LONGEAR SUKFISH
HEDEAKR SHEF ISH
SMALLYUMITH HASS
SPOTTED RKASS
LARGEMIITH HBASS
wWHITE CHAPPLH
HLACK CHAVPEILE
SAUGER

GROUP TulAaL

LUMNMGHIISE GAR
SHORTHUOSE GAR
SRIPJALK HERRING
MIOONE YE

CARP

DUIDENTIFIED CARPSIICRERS
RIVER CAKPSUCKER
NORTHEKRM G, SUHCKRER
SMALL T HUFFALD
RIGMOTH KUFFALD
HLACK HUFFALD
SPOTTED SUCKER
SHOKRTHEAD REDHIRSE
HLACK KEDHIOIRSE
GOLDEN REDHOKSE
UNIDENTIFIED CATHISH
HLUE CATFISH
YELLa RUOLLMEAD
CHANNFL CAalkISH
FLATHEAD CAIF]SH
FRESHSATER DRIUE

GROUP Jo)aL

wkE TGHT

Yt OF YEAR
Wipak K

OF FISH PER HECTARF
KE SERVIOR,

e THTERPEDIATE

-
’
-
S
-

-

25,19
i6,24

2 h9

1607, 84

0,51

9 v

-

25,45
bt 39
42,4"»

0,82

12094
""5!'.“0

oct
|

o>
S LT
ONE WODINN—-=D

-
=

SS=-2

L I I .
Shwe S

NV

=]
-

o
=

0,54
0,16
0,90
0,12
7,00

0,79
0,17

UTUS
006

0 11
0,05

§,.Rd
0,40

35,90

50,09

w22 NON

200 DOD
BNE D

20
LR B B B B B I )

DO
O=F ODOw OD
N =0 &N

—
N O SCoOo

-
~N
N

SAAFLES IN wATTS BAR
——HARVE STAMLE Ry Ly ] R
HOMAE N Wt IGHT NOMBE R FTIGAT
170R 0.RT 35,32 1.33
93 0,2% $3,9% 0,65
2,37 0,21 #.10 0,29
a9, %4 4,29 1777,06 8,41
il T e 0,04
0,07 0,01 0,13 0,02
2,49 0,54 19,32 1.1
1.54 0,24 32,50 0,82
S470 1.67 AS,62 1,47
2.62 0,51 Sh,40 1,09
0,27 .05 0D,H6 0,07
0,60 0,18 21.19 1,22
71,95 K83 2089 ,74 18,62
0,12 0,35 0,66 0,38
- 0,16 i
2.95 0,75 5,06 0,99
e = 0,41 0,04
19,04 20,01 26,90 20,85
0,09 0,08 1409 0,05
2.29 3,40 5,25 3,45
o W 0,36 0,08
S0 ,83 b4 .89 52.51 65,30
§.,18 3,55 3,18 31,58
0,04k 0,16 0,06 0,16
n,2% 0,10 0,39 0,12
0,26 0,08 0,53 0,10
0,25 0,25 0,25 0,25
4,11 2,05 6,53 2,458
- - o.‘a 0.0'
0,07 0,01 0,41 0,03
- i 0,05 i
A,34 2.86 26,70 3,56
1,21 1.11 2.3 1.25
Q0,90 15,44 315,%% 25.66
1R} 9} 115,038 445,43 128,24



MEAN WUBHER ANMD wh IGHT (KG) OF FISH PFR MECTARF M 20 S5AMPLES IN WATTS HAR
HESERVIIUR, 1964

SUECIES YUikG OF Y TOTAL
Ol

F AL S INTERMEDTATE o e MARVESTABLE —
Tt R ElLRT NUMIE K HETGHT TMNE R wt IGHT NUMHE R WEIGHT
FONAGE

GIZ2ZARE SHAD 61,56 0,21 - i 250,10 50,07 117,66 50,48
THREADY J1 SHAD PR b He - & .71 0,10 2542.,56 6,92
MIXED SHAD 196,17 0,65 - & - e 196,77 0,65
URIDE TR LD SHINER 0,80 f - 2 - - 0,% i
FMERALD SHINFR 0yl 1 - - p - 0,20 1
Wil It TALL SHITER 0,57 T - - - - 0,57 ¥
SPUTHIN SHITVER 0,21 1 - o e - 0,21 1
BLOBTHOSE M)W 10,62 0,02 oin - - - 10,62 0,02
FATHEAD ]G0y 1,81 0,04 - < - - 1,81 0,04
UNIDENTTIFIED ADTOM 0,19 ' - - - - 0,09 '
LOIE R 1,20 T ol - oo - 1,20 T
BROE STLVERSTDE 0, 1M 1 - -~ - - 0,78 '
MEXED K U LD 2 atOnRS 499,10 0,5% = - .. - 499,10 0,5%
GRINIP (T8 31319,07 HB.,29 0,00 0,00 PAT R 50,37 $571,87 58,65

Fltvar jurag 5199,76 11.75% 39K, 60 19,.53% SUR_ 6R8 174,2% 6107,08 205,51



n"l it

YEL L

NI K MASNES
wWARMUIET e
NEDKKFEAS
HMLUFGTLI
LIONGE AN
REDF AN
SHal L™
SPIITTHI
L.‘\n(!.l

Ut fngt
Wl TE
HLALK
SALGER
NALLE Y

GRrOUP 1|

SPUOTIED Ghw
SKIPJACK HEKRK]
MUHINE YR

CANP

kl"“f"‘”""“'t‘

wrf 1t
r'nx.(Vu*' i1 M i

SHAL LM i MIIEF AL

BlGMOGUTH HU Al
ML ACK

SPHOITIED

HLACK

GOL Dt

CHALNEL !
FLATHER ralk
FRESHWATE N '

GG T0 A

IN wATITS

s TARLE
wi

——— — —— ——————— —— —

46,94
/.‘1“
85,22
41, 87

x
M

» »
ONN S ONDHWD

<56 2717,

—— —— e —
\ )
Ul £

L4 1-7.

|
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~
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-
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NP ONYIN=JLEDRL




s IN WATTS HAR

VI 1‘_7!\”(?-
u’l

130,57 1085,
51.‘)} h”f}p\
218

{)

i 177ANK!
Tt ADE
M) xt )
STtk iy

SIiL vt
$

DS ey DT

(11 ‘
FHE AL
yTHEA
HL i
FAalu

.-

x
~N—-O

J
e

8,5
1672.4

12004,94

15329,16




AE A HUMHER AND vE TGHT (KG) OF FISH PER HELTARE TH 6 SAMPLES IN WATTS BAR
RESERVINN, 1975

SPECIES YOt OF YEAR_ e IHTERMEDIATE e HARVESTABLE ancasnaing B ADT B o
RUMHE R wWEIGHT RIS R THIE THIE R wE IGHY NUMHE R WEIGHT
. . ———lrAME
WHITE HASS A, 1Y 0,02 §.69 0,23 0,63 0,08 12,46 0,53
YELLOw HASS - - 0,34 n,03 - e 0,33 0,0%
STHIPED WASS v, 81 T i - - 0,31 i
MYBRID sHlTE £ SIKIPF 1 JHY 0,96 0,51 1 - s 2,20 0,06
WARDIT 99,22 0,22 ee.he N, % S.H3 0,51 127,57 6,91
HE OHREAST SUNEISH 5456 0,05 R,50 0,17 16,56 1,46 60,61 1.,6%
HLUFGTLL 730,43 i.23 222,450 4,32 1Ra 28 12,66 1137,01 18,22
t OwGe A SHink 1T SH a,n7 fo02 5.0% 0.13 4,15 0,29 13,26 0,39
REDF AR SUGFISH = - = 1.°8 0,07 1.23 0,07
HYBRID SHok 1S 1,26 1 n,63% 0,01 - E 1,89 0,01
SMALL 1HITH HASS 23,29 0,06 1,90 0,10 0,6% 0,04 25,82 0,80
SPOTTED $ASS St1.71 0,13 0,41 n,n1 i - 58,12 0,14
LARGE Ml HASS 29,485 0,27 §3,2% &nd? 13,61 u.Q; 146,19 71.%6
WHITE CHAPPILE 9,719 0,01 16,54 0,42 5.58% 9.9 31,91 1.%9
BLACR CHAVETE H.H3 1,69 0,04 1,28 0,16 .80 0,20
SalGLEK 1,94 0,09 A, 12 N B3 0,51 0,086 10,87 0,98
GROUP TOTAL 1073 ,80 247 325,24 R,B4 234,09 2l.17 i633,14 12,18
. U, ] -
LONGNISE GAR 2,19 n,n3 i - - - CulY 0,0%
SKIPJATK HERKING O 0,0% 6,86 0,81 0,64 0,13 10,29 0,97
MONME Y - sl - 0,48 0,08 - = 0,43 0,08
Cawp " 5 — - BR,20 134,17 88,20 134,17
NORTHENN HIIG SUCKER 1.06 0,03 o - 0,43 0,26 1,48 0,30
SHALLMIITH HUFFALD = i - - el:1S 6,41 21,15 36.!;
SPOTIED SHUCXKER 297 0,14 71.26 0,99 11.09 7.74 21,73 B4
SHOR THE AD KE DHORSE 0,31 0,01 = b = o 0,31 0,01
BLACK REDMIKSE D M3 0,03 (NS | 0,06 2,87 2ell 4,11 ?.2%
GULUEN REDRDRNRSE a,50 0,19 2.5%4 0,34 11,46 6,92 18,51 7.4
BLACK HuULLWEAD - 0,31 0,01 ! - 0,31 o,o&
YELLOY Kl HEAD 1,22 T 2,88 0,09 - . 4,07 0,0
CHANNEL CALTF[SH = L 4,58 0,29 b.H6 2.b6 11,44 2,90
FLATHFAD CATFISH 1.5/ I 0,94 0,15 1,487 0,90 1,93 1,08
FRESHWATEN DRUN 9. 1S 0.,1% 222,14 12,44 126,51 16,81 3S5R,41 29,39
GOup farag 26,60 D62 2u4R,97 14,80 270,98 20R, 11 546,55 223,53




ME AN NUABER Anp ab IGHT (KG) OF FISH PER HMECTARE IN 6 SAMPLES IN WATTS HAR
RESERVIUR, 1975

SeECIES YUt OF YFAR_ - INTERMEDTATE ——MARVESTABLE e\ L §

Rt R wELGHT NUMHE R Wb IGHT MUMHE R WEIGHT NUMRE W WEICRT

s e R R R i =

GIZZAKD SHAD 13,99 D.03 i - S04,96 R5.40 518,89 85,42
THRE a0k [ SHAD 2ns 52 0,48 - - 101,97 2.82 307,49 3.29
STONE QUL LFR n.al L oo - = & 0.4 i
GOL DR SHINER 0 RS 0,06 s’ ey = ~ 0, BE 0,06
UNIDENTIFIEND SHIMEN a2 117 0,09 = - - ot 4z .17 0,09
EMERALL SHINER 5,77 0,03 i - - 4 Set? o.o%
SILVER SHINER I a3 0,05 - 3 - - 1722 0,0
BLACKIATL SHINER 21,65 0,06 e - - - 21,65 0,08
STEELCHE MR 16,19 0,04 - . - = 16,19 0,04
VEIDE QT TETED MTMMIW 124,61 0,22 - o - - 124,67 0,22
MLULTHDSE MIrans al1,68 0,15 s o = - Bl1,63 0,15
FATHEAD ALY 13,10 0,11 i - - - 33.16 0.55
BULLMEAD MNIHROE 150,49 6,22 - e = Il 150,49 0
MOSWUT TUE T SH n,al f - o o - 0,43 t
LOGPEREH 54,45 0,72 - - e aad 55,45 0,72
HKOOK STLVERSTDE 5,26 0,01 - N = - S5.26 0,01
GROUP ToaL 172,82 2.76 0,00 0,00 606,93 BR, 22 1379,75 90,48
FInaL Tutal 1873,27 5.05 574,21 c3.64 1112,00 317.50 3559,43 346,19



MEAN SNUMHER AND aFIGHT (KG) DF FISH PEK HECTARE IN H SAMPLES IN RATTS HAR
RESERYIOY, 1976

SPECIFES YNt OF YFAR_ — THTERMED[ATE ——HMARVESTABLE st D FEL

Nipapp W wE TGHT NUMKE R vk 1GHT HUMHRER wh 1?.?1 NUHFER HTW

S SOANE e
WHITFE BASS 7.a7 0.14 9,02 0.54 .60 0,20 18,29 0,590
YL LtUw HASS i 59 0,04 S35 0,25 0,54 0,06 S5.21 0,35
DRIDEUTTETED Stk [ SH R i A o uy : 4.9 i
WAKRMUIETH L, 0% . ne 2h, 39 0,41 b5 0,36 43,02 0,80
WEDMREAST SUF TSH 151,83 0,27 A3, Al W aa 15,07 1.26 2u9,81 2,97
HLUEGTLL Bue,57 1.69 450 48 7.28 170,33 12.70 1423%,3%8 21,67
| (NGE AR SUEF ISH , B 0,02 219 N.16 4,24 0,23 16,81 o.a%
WEOF AR SUSE L SH - & 1,29 0,03 2,53 0,24 3. A2 0,2
SMALLIMITH BASS 1h,41 0,07 L L 04,19 1,64 0,24 21,07 0,51
SPOTIED KWASS 16,99 0,04 0,2% 0,01 - -4 16,74 0,06
LAKGEPIII HASS 195,53 0,38 29,34 1.78 14,75 7.5R8 239,65 9.,7%
WD TE CRAPPTH 0.57 i 1,00 0,05 1,11 0.15 §,30 0,20
BLACK (RAPPTE i = 0,28 h,02 0,49 0,04 0,77 0,06
YLl PEFRCH & 2 5 - .50 0,03 0,30 0,03
SAUGER 0,26 T 1.87 0,24 S.06 .24 7.18 1,47
GROVP TOTAL 1210,°29 2.70 619,54 12,38 224,44 24,35 2054,27 39,43
ROUIGH

CHESTHNUT | AAPREY = '3 - o 0,23 T 0,23 T
LIONGHIISE AR 2,66 0,01 0,5% 0,08 - <% 319 0,06
SKIPJACK HEKRKITUG - = 5,32 0,54 0,98 0,18 6,30 0.15
MR YE - - 0,46 0,09 - il 0,46 0,0
CARP 0,25 T - - 42,80 82,12 43,04 R2,12
RIVFEKR CAKFSUCKER & - 0,217 0,02 pd - 0,27 0,02
WHITE SUrsew = e 0,51 0,08 - = 0,51 0,08
NORTHERY MG SUCKFK 2,40 N,10 2L 89 n,43% 1,09 0,22 6,38 0,65
SHApL LT BUFFALD = L - - 6,28 12.27 5,28 12,27
BLACK HUFEALD ' - s - - 1.29 3,34 § .2 3.%4
SPOTIED SUCKER 2,34 0,09 2 u ) 0,24 9,61 5,82 14,86 6,15
SHIR THEAD REDYOKSE - . 0,28 0,03 0,28 0,09 0,57 0,12
HLACK KEDHORSE 0,25 n,01 0,2% 0,02 2.65 1,42 3,14 1,45
GULDE 4 REDHIRSE R, 91 n,53% B,0k 0,90 16,10 A,.96 35,10 10,39
YEC Lidw BHLLMEAD 0. 7 f no2R 0,01 n.1% 0,10 1,60 oot
Hitiwi HULL ME AD = = 0,27 0,01 - = 0,27 0,01
CHANGEL CATFISH 0,37 T 7.6H8 0,44 10,7% 5.62 18,77 6,07
FLATHEAD CATEISH 0,95 I 1,02 0,08 1,04 0,57 3,01 0,66
FRESHATER DRUM 21,61 0,31 159, 34 8,10 96,84 19,20 277,80 27,61
GROLP  TO LAY 40,3% 1,06 190,07 10,91 190,63 139,93 421,04 151,89



ME AW

SFECILES

GIZZAKD SHAD
THREADE [ v SHap
HYNMRID SHAD
HOIDERTIFETED SHIMER
SILVER CHOH

GINL ™Y SHIWER
FrEraALD SHItER
SPOTFLIH SHlIvER
STEFLCINL IR

B LEAD TN
MOSOUTTOETSH
LOGEEKCH

HANDED SCHIELPTIR
Wik STLVERSTDE
MIXED K gl silaniws

GO T AL

FliAr TTAL

bl O AD wWEk TR

(Ki3)

UF F15SH PER HECTARE IN

KESERVINR,

YDuG OF YFAR_

e IMNTERMEDTATE

FIUIMKE R Wk TuHT (HMEsE R CETGHT
= FORALE
.07 0,01 - -

12%1,.706 4,51 o e
n,6l 0,01 - -~
1,14 0,04 - -
1,09 0,03 - o~

32,47 0,158 = P
AR, nd 0,24 o -
25,82 0,10 5 E
49k, 1K 0,79 - -
ﬂ.,“ ' - -
ST, L5 0,51 ~ =
n.el i ot "
19,59 0,02 -~ -
14,54 ' L —
1972,02 6,40 0,00 0,00
3222.65 10,18 BOY9 62 23.29

———HARVESTABLE o

K SAMPLES IN WATTS BaR

HHUMHE R wWEIGHT NUMHBER NEEEH'
joa. a3 7.6 327,50 57,564
104,49 2.917 1335,.25 7.48
0,27 0,01 n,217 0,00
by - R,67 0,01
- - 1.14 0,04
= . 1,09 0,03
- " 32,47 0.33
- - HH L b 0,24
- = 25 .82 0,10
> -t 496,18 0,79
K = 0.74 t
- - 57,25 0,51
- 3 0,217 i
e ol 14,34 i
42K, 20 60,61 2400,22 67,01
Kas, 27 224,89 4R75,.54 258,33



AF A NUOMBER AND wE LGHT (KG) OF F 15K PER MECTARE IN B OSAMPLES IN WATTS HBAR
RESERVINR, 1977

SHECIES YOG OF YEAKR_ = INTERMEDTATE ——MARVESTABLE PRI, [ (3 1 P
TiHE R WETGHT N HE R HEIGHT TUVHER wE IGHT NUMDE R WEIGHT
T— GAME
wid & hASS 34,52 n.14 6.97 0.5% talh 0.86 47,66 5.?5
YELL the HASS 68,51 D, 2N 5,14 0,40 1,70 0,2% 75,15 + 73
STRIPED HASS n, a0 0,01 = .= . =t 0,40 0,01
VaIDELTIELED SUlE]SH 2R, 39 0,02 b i p o 2R,139 0,02
waRI T ALY 0,04 13,006 0,19 3.,53 0,28 35,58 0,51
WEDHREAST SUNFISH 21, 4k 0,07 15,62 0,21 . 1e 0,59 50,20 0,RA7
HIE UG 1329,43% 2.6% 194,79 3,13 92,76 5.98 1616,98 15.7«
FONGLEAN SHNFE TSH an, 18 0,11 23,08 0, 8R 1 ?D 0,08 73,02 « 58
WEDF AR SHLE ] SH Y i n.52 0,01 - & 1.16 0.01
SUALL™INITy HASS 22,017 0,06 .15 V.16 b, 76 0,08 26,18 0,2
SPUITED HASS 4,47 0,01 s - 2 - a,47 0,01
| ARGE! T 11ASS 201,533 0,60 42,95 2.66 25,73 8,65 26bA,02 11,90
WHITE (RAPPE 11,09 0,02 4,74 0,08 4,29 0,64 20.1% 0,71
HWLACK (RAPP L 0e28 t T i 0,47 0,07 1.1 0,08
YELLOY PEREH 1,54 1 0,2% 1 4,49 0,10 6,06 o.ng
SALIGER = - N, 94 0,12 n,52 2,03 5.5% 4 |
GRUUP Tl AL 1797,07 4,01 311,84 7.84 151,33 19,58 2260,27 51,43
RNOUGH ;
CHESTNUT | AMPREY i - - = 1,04 0,02 1.04 0,02
SPOTTED AR 0524 ] e . o 0,24 i
LONGHNOSE GAR 2231 0,01 . . 0,56 1.22 1.87 teld
SHIK TNIISE LAR 1,07 0,01 = = il - 1,07 0,01
SKIPJALR MEFKING 15,42 0,16 1,21 0,07 n,R7 0,32 37,40 0,55
MO0 YE 047 i 052 0.06 0,52 N, 14 1.51 0,20
CAKP £ - - ki 16,99 33,12 16,99 33,12
RIVER CARPSUCKEN 0,53 ] 0,36 n,03 1.24 1.29 1.9%¢ 1,32
HUTLLHACK CARPSUCKER . U, 43 1 - - e pois 0,3% f
NORTHE kB HIOG SHCKER Pal — .20 0,21 0,52 0,17 Lt 0,39
SMAL LAITH BUFFALD =2 ) - =l 5.19 9,46 5.59 9,4k
HIGM ML BUFFALY) - - i I3 0,24 1,04 0,24 1.04
SPOITED SUCKER 1,97 0,02 0,52 0,08 2,00 0,84 5.09 0,91
SILVER KEDHIRSE 0536 t : = ol b 0,36 i
RIVER KEDMIRSE 0,46 0,01 o e e o 0,46 0,01
GULDE L KEOHIINSE 0,75 0,03 e & .24 2,00 4,00 2.02
CHALUNFL CATEISH L 0,06 17.14 1.08 16,78 1.27 42,09 a.a;
FLATHEAD CATFISH 2.19 n,01 0,23% 0,01 0,76 0,20 3,47 0,22
FHESHYATER DREIN 63,75 0,39 111,05 S.57 63,91 10,87 238,70 16,83
GROUP TuTAL 116,97 0,70 133,27 1.09 114, 48 67,95 34,70 715,74



M Al NUMIE &

SPECIES

GIZ2AKD SHAD
THFEADE T SHAD
MHYHRID SHAD
STie i LEW

SILVEY (Ul
HNIDEOTIETIED SHINER
FMERALD SHINER
Cumerirg SHIne N

WHITE FATL SUHTNER
SILVER Sitliikw
SPOITE T SHTUER
STEHLCUL W

WL HEARD LN
NHANGESPOTTED SUHFTSH
LOGPE REM

HROOK STLVEKSTNE

GROUP T TAL

FInAL 1007181

At WEITGHT (KG)

NF F1SH PFK HECTARE 1IN

RESERVIUR, 1977

M SAMPLES IN WATTS HAR

SYOUNG OF YEAKo e INTERMEDIATE o ——HARVESTARLE . a1 DML
FtiE R wE LGHT WU E & wit 1GHTY MUMKHE R nE IGHT NUMBER WEIGHT
—FURAGEH
N 13737 - - T2 102,18 hoR5.93 116,45
pu - = a 1,04 0,03 1,04 0,03
0,75 T s - - - 0,75 i
2.14 I -~ 5 a5 s 2,14 T
3|,2g 0'15 s - - . 35'2: 0'05
U.‘ { pr. - — - .
052 i 2 : - - 0,52 i
0,36 I - = - - 0,36 T
0,52 T - £ - ) 0,%2 T
124,83 0,27 s - = i 124 A3 0,27
.29 0,01 Pl o i ! 2.°29 n,01
769,64 0,90 e in - ToY9,64 0,90
- . 0752 7 s - 0.52 L
55, 9R 0,32 - " - - 55,947 0,32
2K N9 0,04 bos i - - 28,89 0,04
6985, ,47 17,29 0,52 0,00 h11,49 102,23 7547,47 119,52
AHAG 50 22.01 448,67 14,93 n117,27 189,75 10172,44 226,69



ME AN MUMHER AND

SPECIES

WHETE HASS
Wl
REDBNREAST SHHFTSH
BLURGIL

WEDFEAKR SHMNETISH
UNIOEHTIFTED HASS
SMAL LI HASS
SPUTTED wASS
LARGEMOUTH HASS
WHITE (HAPPLE
YELLO® PEKCH

GrUOUP Talal

LinGHNUOSE GAK

CAxp

NEIWTHE RN KOG SUCKER
GUILDEN KRELGHOKRSE
CHAMYwE Il CATEISH
FLATH *D CAITEILSH
FRESH GTER DRUM

Gnp s TAL

GIZZ2AKD SHAD
FHERALD SHIuER
SPOTFIN SHILER
HULL HEAD ST
LOGPEREYH

Witk STLVERSTIDE

GRUMP JufaL

FINAL TnirTaL

wE TGHT (KG)

RESERV IR,

UF FISH PER HK

FCTAKE IN
978

2 SAMPLES IN WATTS BaR

YO oF YEAR e THTERMEDTATE e HARVESTAHLE PRI |
HUMKE K wE TGRY FILIM IR 1 FIGHT TUMHE R WEIGHT NUMRE R WEIGHT
& otz —lAME
TH4, HA N, 44 =i = - - 383 ,.A8 0,44
1.25 I 22750 0534 10,95 0,64 sa.70 1,02
1,72 0,01 118,84 2 28.15% $.11 148,71 3.12
ATH, 49 1.52 122,16 S.2° he Th 4,00 106%,41 10,74
== 3,78 n,12 16,42 1,40 20,17 3,53
1724 i s z - 1.25 i
247,54 0 u0 17,84 0,79 3.718 1,01 269,14 2.20
116,25 0,14 i e - 116,25 0,14
172,16 0,29 9,22 0,69 .97 0,45 184,35 1,42
24,57 0,02 1,25 0,02 = b 25 . K2 0,04
149,22 0,32 Y - 19,57 0,77 168,79 1.09
1776, 54 313 49%,%6 9,20 £39.,5" 9,42 2411,47 21,74
ROUGH
1,25 0,01 - - e - 1.25 0,01
- = - = LD 3,20 P 3.20
2.50 n,07 - = b - .50 0,07
2.50 0,07 - - -~ - 2,50 0,07
24,02 0,11 23,19 1.21 9.70 3.06 57.11 4,38
15,00 0,04 10,00 0,67 2.50 0,70 27.50 1,45
12.54 0,45 92,33 3+1% 59,57 12.44 164,44 16,05
TR, 02 0,80 125,52 5.03 53,02 19,40 256,55 25,24
FUIRAGE e
53,79 0,02 o o U6, 94 13,78 200,73 13,79
5,00 n,02 - - - - 5,00 0,02
319,57 0,17 - - & b 39,57 0,17
499,09 1.16 oy s — st 499,09 1.16
28,07 0,20 - - - - 28,02 0,20
30,09 0,03 4 - - e 30,09 0,03
655,56 .00 0,00 0,00 146,94 13,78 8n2,%0 15,38
2509 ,91 5,53 621,0R 14,23% 339,53 42,60 3470,5°2 62,36



MEAN HOSHER AND wE [GHT (KG) OF FISH PER M CTAKRE IN D SAMPLES [N WATTS HAR
HESERVIUR, 1979

SPECLES YOuuG OF YEAR_ e THTERMEDTATE e HARVESTABLE sk LT A5

RUSHE R at 16H NitmAL R we 1GHT TIMIE R WETGHTY NUMBE R WEIGHT

- —GAME
wHITE BASS = = 0,89 0,08 - o 0,89 0,08
YELL W HASS 67,74 1.01 S5.75 0,37 1,79 0,30 715.27 1,68
WAKMITH nd, L6 0,25 15,61 0,35 4,31 0,66 68,09 1,26
HEDKRKEAST SHMNETSH 4n  2n 0,32 14,22 0,38 12,043 1,03 74,93 1,73
GREEN Suak IS 1,28 0,01 .28 n,02 - - 2,56 0,03
BLUEGILL S4r 15 2,10 292,172 6 B9 176,94 15,17 1019,80 24,76
LUMGE AR Stk | SH .24 n,04 14,84 0,50 2.17 0,14 22,25 n,68
REDLAK SUFFTSH .1 n,01 2. bR 0,08 1,28 0,11 4,85 0.16
SHAL LIMIITH RASS 0 H9 0,01 0, H9 0,02 1,28 0,25 3,07 0,28
L AGEOHITE BASS 43,54 0,12 9,48 0,63 149,33 4,98 67,35 Seld
whHlTE CRevE T - e 11,10 0,40 2,68 0,51 153,78 0,91
HLACA (wabP ]t - - P 0,12 & - 2.68 0,12
YEI Lt PERCH Pr o 2.56 0,05 13,8% 0,67 16,39 0,72
SaliGt R - - 0,K9 0,08 hoN2 2.39 6,91 2,47
GROUE TOHTAL 160,19 a.,47 375,60 9,94 2u3,086 2b,21 1378,85% 40,61
. ROUGH ——
SKIPJACR HERK NG " - 217 0.16 - s 2.17 0,16
Mgt Yt — - 0,89 0,04 = P 0,89 0,04
CARP s L = B 18,06 34,02 184,06 34,02
QUILLBACK CARPSUCKER 1.79 0,12 v -t " > 1,79 0,12
NORTHE RN HUG SUCKER - = 3.46 0,5% 1,74 0,49 4,74 1,02
SWAL LMIMITH HRUFFALD " = - = 15,38 29,717 15,38 29,17
SPOTIED SUCKF 2.b8 0, 0R 3,07 0,52 h,25 2.51 12,00 Seln
HLACR REDHIIRS) Ex" it 0,89 0,09 9,352 4,79 10,21 4,88
GULOE Y WEDUNKSE 0,H9 0,06 - - 4,46 3.63% 5.36 3,49
YELL (he WL HFaD 0 M9 0,01 e - - = 0,89 n,01
CHAMNEL CATHISH ; b B 217 0,12 14,3% 11.11 16,51 11,22
FLATHEAD (ATF ISH il = 1,2H8 0,32 & =t 1.28 0,32
FRESHSLTER DRUM O, HY 0,02 19,65 d.b6 S4, 44 11,30 134,98 15,98
GROUP TaTal 7.14 n,29 93,59 b0 123,58 97,42 224,27 104,15
L R FORAGE oo

GIZ22ARD SHAD 749,91 5.03% - - §3A.55 53.11 12RA, 46 53,04
THKREADE [ SHAD 153,85 2,24 sl - w P B O 10 158,97 2.38
FrMERALD ShINER 1,79 n 01 - %= - - 1,79 0,01
SVOTFTL SHItER 14,501 0,07 - - R o 14,61 0,07
HULE HEAD fnw 2hl 4ads 0,70 = = . — 261,45 0,70
LOLEEKEH ne, R 0,51 = L = - 43,89 0,51
Biriow STLVEKRS|IDE 6h,n2 0,01 - - - - 6,52 0,01
GROUP 10 1al 1232,01 9,46 0,00 0,00 S45,6R 53,26 1775.69 62,72

FInaL 1utay 1999, 34 14,22 469,18 16,38 910,28 176,89 3378,80 207,49



ME A NUMHER AHD

SHECIES

WHIITE HASS
YELL Ul BHASS

DlokEuTIrTIeED SUNMFISH

WAKIHIIT 1
WEDHKREAST
BLUFGTIL
LONGEAR StinF TSH
REDF AR StUNF]ISH
UNTDEUTIFIED HASS
SHAL LMl JASS
SHFNTTED KASS
LARGEMIMITH HASS
vinlTE CRAPPILF
HLACKR (WAPP]E
YELLUA PERCH
SAUGER

GkiOuyp

SUNF I 5H

TutTAaL

UNTINENTIFIED GAR
SPUTIED GAR
LOHNGNOSE GAR
SKIPJACK HERRING
Care

NORTHERD M, SUCKER
SHALL T BUFFR ALY
SPHUTTED SUCKEK
BLACK KHEDHIRSE
GOLDF I REDHORSE
CHANNEL Calfk ISH
FLAIHEAD CATFISH
FRESHNATER (e

GrOur TOTAl

G1Z2ARL SHAD
THREADE JT1E SHAD
STUMERINLFR
FrERALD ShtFw
SPOTET SR
HLUOGTHNOSE ] 4ty
WULLMEAD 0w
MOSCUTTOF ] SH
LOGRPERECH

HRIOMK STLVERSTIDE

GROVP Tl

(KG)Y DF FISH PER HECTAKE TN
RESERVINOK,

YNNG OF YEAR_

1980

- IHTERMEDIATE oo

LN HE W wk IGH1 i e W METLHT
——lrAME
0,91 | - -
143,306 §.9n 14,12 0 ,HKA
‘)AQO'.Q“ 0.51] - -
22,29 0,uf 14,97 I T
21 K80 Na0n b,U1 0,20
2211 44 2,29 235,93 b.1H
QU h s 0,30 9,47 0,31
- 4,01 0,07

0,58 T - -
25,78 0,10 4,53 0,23
2n.517 N, 06 1,09 0,04

190,96 0,55 7.91 0,80
11 .80 0,01 282, Sa 13,06
= 1.75 Ne13

2,19 T e o

- - 1,54 n,23
3298, 3% 7.80 583,87 25,09
———ROUGH

0,%0 1 - -

1,24 0,01 - -

] .09 0,04 - -

1.4 i » -

= o 0,066 U1

0,66 0,01 - .

6, R7 0,04 30,52 +H6

0LSH i 1.77 0,23
15,04 B.2% 2RO B} 18,177
27,60 0,35 §22,71 0,97

~FIRAG
2l 45 N, 04 et %
6892, 171 8,25 s -

1,97 0,01 - -

S e 0,01 i e
14,17 0,04 b =
hl, 22 0,08 s -

514,19 0,34 - =

\l.‘o ‘ = .
34,91 n,217 2 -

5,19 n,01 = =

1585,%92 9,04 n,00 0,00

4 SAMPLES IN WATTS HAR

—HAKVESTABLE siininial T M
TUMKE 1 wEIGHT NUMBE R WEIGHT
- - 0.u1 o
- - 546,98 0,34
.98 0,26 40, By 0,69
H.bb 0,82 36,86 1.;1
132,92 9,69 25H0 68 1R, 76
1,09 0,07 101,19 n,6A8
3,44 0,60 7.45 0,67
pof - 0.58 t
1.19 0,19 31.30 0,52
0,51 0,08 30,17 0.18
5.5 2.2R 204, 1A .63
553 0,35 297,73% 13,42
1,60 0,19 3.35 0,31
4,97 0,32 7.76 0,33
1.75 0,36 3,29 0,59
168,55 15,20 aoso,77 46,09
- - 0,30 T
- - 1,24 0,01
- - 1,09 0,04
8,51 0,12 o % 0,12
5351 97 .88 43,51 97,.RA
2.99 1.52 2.99 158
7.47 17.20 7.47 17,20
111 4,27 Sa e N 4,27
S«1) 5.12 5.76 S.23
6,11 4,39 71.%7 a.a&
48,13 15,99 85,52 16,9
1,80 0,79 4,15 1,02
102,06 22.75 noe,93% 41,77
226,06 167.13 576,45 188,45
B
A3Ga.GA  Pbb.54  4416,01  26b.57
59,07 1.01 693%31,78 9,26
<t - 1,97 0,01
- - Sl e 0,01
- - 14,77 0,04
= = 61,22 0,08
- P S18,19 0,38
by - 0,30 i
- - 34,91 8,27
- - S.19 0,01
ansy, es 267.55 11989.,57 276,63



WEAWd NUMBER AHD wEIGHT (KG)Y OF FISH PER HECTARE TN 4 SAMPLES IN WATTS HBAR
HESERVINIK, 1980

SPECTFS Yt OF YEAR_ - INTE RMEDIATE O ---"‘A“V‘ STAHLE [Ru— TOTALL
RtE R wETGRT TMISE R VEIGHT TIMIE R WEIGHT NUMBE R WEIGHT

FINAL TnTag 108RL BT 17.23% 906,065 q4a,06 4R28,26 449,88 16616,79 S1t.17



ME A

SPECItS

WHITE HBASS
YELLU®a HASS
SIRKIPED BASS

HMYBKID wHITr x STRIPE HAS

HINL K HASS

UNIPDENMTIE e SUnFISH
VARMUU T

HEDHREAST SUNFISH
GREEN SUNF [ SH

HLut Gl

LONGF AR SUWFISH

REDE AR SHLETSH
MYBRID SuUtk 1SH

U 'DENYLELED HASS
SMAa_LMUuTH HASS
SPOTTELH HASS
LAKGEMINITH BASS
UHNIDENTIFETED CRAPPILE
wnlie CRapP

WLACKR CwRAPPIE

YEL L PERCH

SALIGER

WALIE YE

GROP THTAL

CHESTNUT LAMP LY
UNTLENTIFIED AR
SPOTIED GAaw
LONGHOSE GAR
SHORTHIISE AR
UNTDENTIFTIED GAR
SKIPJACs HERW MG
M INE YE

CARP

UHIDENTIFIED CARPSUCKERS

RIVER CANPSHOKER
QUILLHACK CARPSUCKENW
wHLTE SUHCKER
NORTHE RID WG SUCKER
UBTDESTIFETED BUREALND
SMALI MO TH BUFFALD
MWEGOTH WURF ALY
HLACH HUEFALD
SPOTTED SUCKER

UNIDENTIFTED REOHORSE

STLVER wEDHIRSE
SHIKTHEAD REDNIRSE
RIVEN JkDidtil S5t

wh ll-“'

s B YEAR
MR ER

1,25
1,11

0,07
0,16
n,02

4,57
32,42
2T.,40

n.na

1202,497
15.51

&S~
NN TNT -

-
-

1558,726

o2 ©5

P |

v ISH PR MECTARE TR

HESERVIIIN e YFEARS

e INTERMEDIATE o
vk LGHT

—lrAME

0435
.14

T
T

D s
N T

= Nuw
NS =

D Cw= =TO
>

|.-¢0|¢-o|

o
>

10,12

0,02
V,26
0,90
0,16
H, 01
8,31
0,1H
.00
n,0l
0,26
0,09

n,as

017

0, Ka
h,017
n, 04
n,04
0,0%

0,01
0.01

0:51
0,08
D 1R
i

n,02

0,01
0,09
Nell
0,37

011
!

0,02

SAMWLES IN wATTS HAR

HARVESTABLE
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FISH PER HFCTARE Tt AMPLES IN WATTS

st KVIJIR =« ALY ‘* AND

HARVESTABLE m— (] & | Sp————
ANE W wE IGHY NUMHER wEIGHT

1.01 2,19
5.26 P:1¢
- .04

N1 0,18

.03

0,56

0,08

15.59

4,38

306,58

dig ML Kb AN
IFL CalR ]
Fln]"tf\hl.\[b]*n
FRESHUATER DHEUM

Al ¢ ‘ y & 237 443,23

MR I B B

(1P T

Ui N— ISR ————
005,14

.1 727ANKI St Al J o O .7¢.
THikEADE ] SHAD 5696, . 4, §721 ,44
MIXED Shanb Ab, 20 0,2¢ 128,581
MYHRID SHal 0,15

“.l‘h

IR ANLE it SH
UIRANGESPIVE T yihwk ISt 115,19

MIXED & TR R | 1IN S 11548
GROVP 1OT AL 540 I()]S.BQ

FINAL TOTAL 1964, 9527,49
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e . 5/484-95/1
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wive: _G. A. Valiulis

L L. L. Simmons

N. A, Beimborn

weer: ___Fish in Watts Bar Reservoir : TE 0000
cosT
£ C-260 : CHARGE

TAIL OF CONFERENCE [
Mr. Myhr i the state biologist in charge of Watts Bar Reservoir.

I. Striped Bass

Anders confirmed that the Clinch River s a cool water refuge for large
(8+ pounds, 3+ years) striped bass. He said 24°C seems to be the trigger
temperature, making them seek cooler water. He said the fish stay in the
river from about mid July through October. The breeder site is near a big
holding area, extending from Caney Cresk downstream to the bluffs by the
power line.

He is concerned for two reasons: the Tennessee River used to be used as

a refuge also, but since the c?osing of Tellico Dam, the water temperature
has raised from about 19-20°C to 26°C; now all the larger fish go to the
Clinch River. Secondly, he read that Koppers has proposed a gasification
plant upstream of the breeder on the Oak Ridge Reservation. He fears the
effects of this even more than the breeder.

Miscellany

0 Smaller fich (< 8 1bs., up to 3 yrs. old) are not as sensitive to
warm water, stay in the main reservoir.

Stocking began in 1972; in 1975, increased rate to current
200,000/year (2-inch fish). They are trying to establish a
density cf 5 fish/acre. He confirmey ¢ ure is no natural re-
production,

0 Closest regular stocking point s Kingston Steam Plant.

0 Their first tournament this year attracted 17.entrics and
resulted in 19 stripers caught. Intcrest in stripers is
building.
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October 20, 1920
Page 2

0 Besides Mike van Den Avyle and Chuck Coutant, contact Terry
Cheek, Mike's grad student at Tennessee Tech who has been
working on this for 2 yrs. He will have current ye.r's infor-
mation.

II. Creel surveys were begun in 1976. Printout of data on number of trips,
fish sought, catch rates, etc. is available. Contact Hudson Nichols,
Chief of Fisheries, Nashville, 615/741-1575.

This info plus TVA's rotenone data show fishing pressure and success
relative to standing stock. '

111. Sauger

Anders knew of potential sauger spawning near site. I asked about local
{nterest in sauger. He said sauger is one of the most sought-after fish

in the reservoir, from data in Item Il above. Most fishing occurs in dam
taflwaters.
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c.o. G.0.

or vt Qak R dttgra1 Labgratories R
A

oFr Twi

JL OF CONFERENCE
he following inf« i i bass:

They do prefer cool water. A1l large stripe in Clinch except a few in
a hole in the Tennessee where groundwater ( . 16°C) provides a refuge from
ambient (26°C).
In Clinch River, they are th fo ' ‘ ate in areas such as th
Terry C X 260-151-80): spots along Jones Island,
c ations are adjacent to site
58 bridge. Fish are mainly
perhaps snags provide at-

about quarry are lose to Grubb Island, but in-

a
r barge unlocading area.

data from Clinch River and elsewhere on temperature re-

There is a shift in temperature preference with age
small fish (3-4") prefer 26-28°C
8-10" fish prefer 24-25°C
10 1b+ fish in Cherokee Reservoir located in 18-20°C water

In Watts Bar, big fish appear to preter 20 + 2°C, 2.0id temper-
atures above 2 . The entire river thus is thermally ac-
ceptabdble

No hard da" , lethy : t fish observed in Cherokee
d‘Cd Qul 1C )
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The Watts Bar data set is small (~ 20 fish?), but is substantiated by other
observations: shocking near tagged fish often results in capture of other,
untagged fish as well, while shocking in areas where no tagged fish are
present produces no large striped bass at all.

In sum, Dr. Coutant is not very concerned about thermal discharge. Rather, he
thinks the chemical discharge is worth “raising as an issue" since the fish may
be exposed to low levels of metals that could produce chronic effects. This
type of th.ng has been postulated to occur in Cherokee Reservoir, where the
concentrations of cadmium and zinc are elevated in the thermal refuges.

Dr. Coutant thinks the whole business is resolvable, perhaps by at most moving
the discharge to a more downstream location.

[ also asked Or. Coutant about avoidance of surface waters. Again, there is no
hard data, but the fish are rarely collected from the surface two meters. He

ha ven seen them avoid the surface when the preferred temperature was available
only * the surface. Also, "breaks" (where stripers push prey species to surface
when they splash around) occur at dawn and dusk, when light levels are low.

Or. Coutant finished by pointing out that the state is encouraging striped bass
fishing, and anglers are beginning to discover the Clinch in the summer. He

feels early resclution of potential problems will be the best course of action
for all concerned.

"
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vECT: Striped Bass in Watts Bar Reservoir : vme_3:00 pm
cost EALE .
. €260 CHARGE

TAIL OF CONFERENCE

Terry was returning my call. He is a 2raduate student under Mike van Den Avyle
and Chuck Coutant, studying movement of large (10 1b+) striped bass. A summary
of his results (based on a relatively small number of tagged fish):

[ In the spring, fish respond to warming of main reservois and make
spawning runs up the Tennessee (Paint Rock Blu®f to Ft. Loudon
Dam) and Clinch Rivers. They do not reproduce successfully. In
fact, at this time (through early July), cool Clinch River tem-
peratures may just confuse them. After this run, the fish may
return to the reservoir or stay in the rivers.

a

0 In f¥11 (mid-August - end of October) the still warming reservoir
(hottest in late September) forces large fish into cooler areas -
the Clinch and a few spring areas of the Tennessee. Terry says
that at first the two rivers are about equally used, but as
temperatures in the Tennessee continue to climb, more fish move
to the Clinch. By September, he feels nearly all the large
stripers in Watts Bar are in the Clinch River. _ :

0 Best areas are where structure is available near the main channel,
€.9., the submerged bar near mile 16, or the Grubb Islands. The
area from Caney Creek (mile 17) to approximately mile 15, on the
outside of the curve (away from the CRBIP site) is a favorite
area. Terry said they consistently ele:troshock 5-10 large fish
there in hot period, and fish are all in excellent condition
(not emaciated as fish in reservoirs with no cool refunes typi-
cally ar ~ ‘s has tracked fish all over the river th re - over
the bar, 2 inside of the curve, etc. - but they have only
shocked thom on the outside.

(4} There is a Yot of variation between individuqls;

- e e S e e S AN TR, -;mz—r.-;#n..mm?lz—_—.m
. Al :
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I asked Terry about lioht avoidance. Me said he knew of no specific informa-
tion, othcr than that surface fishing is most productive in early morning anc

late evening.

Terry expressed concern about any

ifng it would decre2se the condit

thermal discharge in the Clinch River, feel-
ion of the fish. He also expressed stronc

concern about the proposed Koppers gasification plant to be located below

R

Gallaher Bridge (Anders riyhr said this plant would be upstream of CREFF),

he saw a newspaper report which
coal per day.

said the plant would process 200,000 tons of
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TAIL OF CONFERENCE

I was first interested in information on the blue sucker. Mike was Fred Heitman's
advisor at the end, but not beginning. Heitman's thesis was on effect of com-
mercial fishing on striped bass in Watts Bar. He (Mike) had no direct knowiedce
of the sucker. Heitman is currently at the Lake Eufalla Fishery Management

Unit, Rt. 4, Box 163, Eufalla, Oklahoma 74432; phone: 918/689-5954,

Mike is involved with research on striped bass in Watts Bar and passed on the
following. In his opinion, the Clinch River ig extremeiy impcrtant to the striped
bass of katts Bar Reservoir during the summer f@nd to a lesser extent in winter).
This is because oxygerated cool water near their preferred temperature (20-25°C,
although he says Coutant suggests a more precise 22.5°C) is available. He

thinks the entire river up to Melton Hill Dam is used as a refuge, but described
the area inmediately downstream of Caney Creek, outside (south) of the submerged
bar with milfoil as the real "Honey Hole." This area has consistently produced
stripers in heat of the summer, ranging from 5-30 1bs.

Mike said he thought temperatures above 25°C were less preferred by these fish,
but he felt 1°C or so would have little effect =n the population as long as the
temperature was not lethal.

He further indicated that no natural reproduction occurs in Watts Bar; the popu-
lation is due to Tennessee's stocking program. He said stocking becan in 1971
and greatly increased in 1976. Considering that it takes about 6 years for a
fish to grow to 8-9 1bs (anything else he calls a small striper), he thinks

the reservoir is right on the verge of having a tremendous rescurce. He agreed
that Anders Myhr (Tenn. Wild. Res. Agency) is the guy to talk to about stocking
and sportfishing.

Mike also indicated the importance of talking with Chuck Coutant of ORNL about
tcmpcraturg and stripers in gencral and those near ORNL in particular.
. ‘ . -
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On the side, Mike's impression was that milfoil near Caney Creek did not ap-
pear worse this year, was perhaps less developed than in 19789,

Also on the side, he said someone had called him abcut 3 weeks ago and mis-
represented himself as a DOE employee, when in fact he was a consultant to ORNL.
Such misrepresentation had angered Mike, although he pointed dut he had no ax
to grind with anyone. [ had very precisely indicated my position, affiliation
and interest, so we had no problem on this point.

Mike will send a copy of Heitman's thesis, copies of some papers he wrote,
and some references, but said he was going tc be out the rest of the week.
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TENNESSEE VAL .EY AUTHORITY

Norris, TENNESSEE 37828

22 August 1980

Donald J. Wagner

Energy Impact Associates
P.0. Box 1899
Pittsburgh, PA 15230

Dear Don,

Here is a copy of Fletcher's thesis "Assessment of Adult
Fish Populaticns in the Lower Clinch River Below Melton Hill Dam".
He included an emphasis on the life history of sauger in the study
area. The last I heard, he is employed at Resource Consultants, in
Nashville, Tennessee, phone (615) 373-5040.

I am convinced that sauger spawn in the Clinch River in the
vicinity of the proposed breeder site, but additional data should be
gathered. I have proposed to the TVA Fisteries and Aguatic Ecology
Branch that a further study be conducted during the spring of 1781,
but I have not yet gotten a response.

I will send copies of the Kingston Steam Flant impingement
and larvel fish reports shortly, as well as rotenone information from
Clinch River mile 4.9.

Regards,

A

Ed Scott

Tennessee Valley Authority
Divisicr of Water Resources
Eastern Area Field Operations
Norris, Tennessee 37828

Keep Freedom in Your Future With U.S. Savings Bonds
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AN ABSTRACT OF A THESIS

ASSESSMENT OF ADULT AND LARVAL FISH
POPULATIONS OF THE LOWER CLINCH RIVER
BELOW MELTON HILL DAM

John W. Fletcher
Master of Science in Biology

In order to meet the increasing needs for the storage and
reprocessing of nuclear fuel, the Exxon Nuclear Company, Inc., has
taken steps toward the construction and operation of the Nuclear Fuel
Recovery and Recycling Center, which is to be located on the ERDA
reservation in Roane County, Tennessee. In an effort to determine
whether or not the proposed facility will meet the national environ-

mental goals, federal law requires a detailed environmental assessment
of the project.

The purpose of the one-year study described herein was to
provide baseline information concerning the fish populations in the
immediate area of the proposed facility. Four lines of investigation
were emphasized: To provide an accurate determination of the species
composition and abundance of fishes in the Clinch River, kilometers
19.3 to 24.1; to generate life history data, including age and growth
analysis, length-weight relationships, fecundity, food habits, and
spawning season, for Stizostedion canadense (smith) which representecd
the second greatest species biomass taken; to produce basic units of
information concerning the Clinch River larval fish population; and
to provide species composition and abundance data on the portions of
Grassy and Bear Creeks likely to be affected.
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Chapter 1

INTRODUCT ION

In order to meet the increasing needs for the storage and repro-
cessing of nuclear fuel, the Exxon Nuclear Company, Inc., has taken
stepr toward the construction and operation of the Nuclear Fuel Recovery
and Recycling Center (NFRRC), which Is to be located on the Oak Ridge
Reservation of the U.S. Energy Research and Development Administration
(ERDA) in Roane County, Tennessee. The intended design for the facility
will allow for the yearly storage of up to 7000 metric tons of irradiated
fuels and recovery of approximately 2100 metric tons of uranium and
plutonium from spent light-water power reactor fuel. A two-stage
construction format has been proposed which will permit the interim
storage of irradiated fuels to begin by 1980-82. This will be followed
by the implementation of the fuel reprocessing center in 1984-86 (E. ©0n
Nuclear Co., 1976).

The decay of short-lived radioactive materials kept in the fuel
storage component of the facility will significantly reduce the rat; of-
self-heating. The long-lived radionuclides uranium and plutonium, are
to be recovered and purified from the irradiated fuel by the reprocessing
center for later use. The remaining radicactive materials will be pro-
cessed in a manner which will allow for their disposition by the Federal
Government. As late as 1975, the concept of using plutonium upon
recovery from the Irradlated fuel in a dioxide state In conjunction

with uranium oxide as a nuclear fuel was Invisioned. The uranium will
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be converted to a hexaflouride for transportation to an enrichment plant
where concentration of fissile uranium 235 to nuclear fuel occurs, or
the uranium in an oxide form could be combined with plutonium dioxide
(Exxon Nuclear Co., 1976).

Presently, there are no nuclear fuel reprocessing centers opera-
ting within the United States. The Allied General Nuclear Services
(AGNS) Barnwell Nuclear Fuel Plant (BNFP) is inactive pending regulatory
decisions invoiving plutonium use. Other than the BNFP, the NFRRC is
the only other full scale nuclear reprocessing facility believed to be
taking measures toward operational status. By the year 2000 A.D., five
fue! recycling plants with capacities of approximately 1500 metric tons
each will be needed to utilize the estimated amounts of spent nuclear
fuel. Pressing demands for storage capacity for spent fuel have arisen
due to deiays in implementation of nuclear reprocessing facilities.
Nuclear utilities are currently reeting the shortage, but the questions
of future storage problems rem: n unresolved (Exxon Nuclear Co., 1976).

Once removed from the reactor, nuclear fuels with their interim
radioactivity and resultant heat content require conscientious treatment
in storage procedures. Currently the nuclear industries st~re spent
fuels in water shielded tanks within the reactor facilities. Under
proposed plans, spent nuclear fuels, after a period of stabilization for
several months, are to be transported to a fuel reprocessing center.
Since there are no large scale operative reprocessing plants, increased
capacities of present storage facilities and construction of new ones
have become necessary to care for fuel now being discharged. Presently

there are approximately 5000 metric tons of spent nuclear fuel in storage

from nuclear utilities with a predicted storage need of about 14,000




metri. tons by 1983 (Exxon Nuclear Co., 1976). The extent of military
jenerated nuclear wastes are not known, but thelr impact should not be
overlooked.

Before a facility such as the NFRRC may receive a permit for
construction or license for operation, the Nuclear Regulatory Commission
(NRC) is required to examine the possible environmental impacts to
ascertain if the construction and operation of the facility will meet
the requirements of the National Environmental Policy Act of 1969 (Public
Law 91-190, 83 Stat. 852). In an effort to determine whether or not the
proposed facilities will meet the national environmental goals of the
law, the NRC requires a detailed environmental assessment of the project
(Exxon Nuclear Co., 1976).

The purpose of the one-year study described herein was to provide
baseline information concerning the fish populations in the immediate
area of the proposed NFRRC facility. Several other segments of the
aquatic ecology section of the Exxon Nuclear environmental report were
concurrently researched at Tennessee Technological University: peri-
phyton, phytoplankton, zooplankton, and beathic macroinvertebrates.

The fishery component emphasized the development of the following four
basic lines of investigation:

). To provide an accurate determination of the species composi-
tion in the Clinch River, miles 12-15 (km 19.3-24.1), their overall

and seasonal abundance; and to supplement previous collections made in

the general vicinity of the NFRRC site. Prior fishery surveys In Watts

Bar and Melton H11l reservoirs have been reported by Tebo (1965), TVA
(1965), Fitz (1968), Project Management Corporation (1975), Sheddan

(1976) and Heitman (personal communication, 1977).




2. Yo generate |ife history data on Stizostedion canadense

(Smith) which represented the second greatest species biomass taken and
was the second most abundant game fish.

3. To produce basic units of information concerning the larval
fish populations in the study area of the Clinch River. Additional
larval fish population studies in the vicinity of the NFRRC site have
been conducted by the Tennessee Valley Authority (TVA) in the Clinch
River, miles 15-18 (km 24.1-29.0), (TvA, 1976a), in Melton Hill Reservoir
near the Bull Run Steam Plant (TVA, 1976b), and in Watts Bar Reservoi:
in the vicinity of the kingston Steam Plant (TVA, 1976c).

k. To provide species composition and abundance data on the
portions of Grassy and Bear Creeks likely to be affected. The present
stucy is the first intensive qualitative and quantitative fishery
rescarch conducted on these creeks.

The preconstruction baseline information drawn from the above
areas of investigation should furnish a useful reference for monitoring
or assessing important changes in the status of the fish populations

within the proposed area.



Chapter 2
DESCRIPTION OF STUDY AREA

Three principal bodies of water, which will be affected by the
construction and operation of the NFRRC, comprised the study area. The
Clinch River will be subject to plant discharge and will furnish the
source of intake water. Grassy Creek will serve as the site where the
NFRRC will be constructed; additionally, intake and discharge pipes will
follow in close proximity to the creek. Bear Creek will be affected
primarily by siltation resulting from the construction of a railroad
spur to the facility (Exxon Nuclear Co., 1976). The drainage relation-
ships of Grassy and Bear Creeks to the Clinch River appear in Figure |.
Data concerning the temperature, flow, and pH of the Clinch River and
Grassy and Bear Creeks over the sample period are presented in Appendix

A.
CLINCH RIVER

The Clinch River, a river of moderate hardness, originates in
Tazewell Co., Virginia, and flows southwesterly for 350 miles (km 560)
to Its confluence with the Tennessee River at mile 568 (km 908).
Approximately one half of thélhlinch River drainage is forested. Five
sampling stations were located in the Clinch River miles (CRM 12-15)

{um 19.3-24.1). The Clinch River In this portion of its drainage,
although technically a part of Watts Bar Reservoir, Is a riverine, and
not the typical lacustrine habitat. The flow of the Clinch River in the

5
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sample area is coi.rolled by water fluctuations of Watts Bar and Melton
Hill Reservoirs.

Watts Bar koservoir In Meigs, Rhea, Roane, Anderson, Loudon, and
Morgan Counties was completed in 1942. Watts Bar Dam Is located at
Tennessee River mile 530 (km 853) which Is approximately 61 km down-
stream from the mouth of the Clinch River. The 117 km long reservoir has
an area of 15,628 ha at normal full pool (225.9 m above mean sea level)
with a minimum pool area of 13,320 ha at 224.0 m elevation (Moss, 1967).

Melton Hill Dam located at CRM 23 (km 37) was closed in 1963.
The reservoir in Roane, Loudon, Anderson and Knox Counties has an area
of 2,316 ha and an elevation of 242.3 m above mean sea level. Normal
reservoir fluctuations are about 1.5 m. The backwaters of Melton Hill
extend 71 km to CRM B0, 21 kr below Norris Dam (Fitz, 1965).

Presently there are several existing factors influencing the
water quality of the Clinch River in the vicinity of the sampling area.
The TVA reservoirs, Norris, Melton dill, and Watts Bar, have contributed
to an alteration of the habitat, species composition, and the relative
abundance of fishes in the lower portion of the Clinch River. Bull Ru.
Steam Plant operates at CRM 47.5 (km 76.4). Whiteocak Lake which
receives discharges from the Oak Rid = National Laboratory drains into
the Clinch River at CRM 20.8 (km 13.5). Poplar Creek enters the Clinch
River at CRM 12 (km 19.3). This creek is subject to discharges from
the Y-12 plant, the Oak Ridge sewage treatment plant, and the Oak Ridge
Gaseous Diffusion Plant (ORGDP). Additionally, the Kingston Steam
Plant at CRM 2.7 (km 4.3) withdraws water from the Emory River and
discharges it into the Clinch River.

Four of the five sampling stations (Figure 2) CRM 12, 14.4,
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15 east bank, and CRM 15 west bank (km 19.3, 23.2, and 24.1), were
located in the mainstream, with the fifth site being found in the Grassy
Creek embayment of the Clinch River. The current of the river was
generally swiftest at CRM 15 and slowed as it approached CRM 12, The
substrate, for the most part, consisted of sand and silt with smaller
areas of shale. Deciduous shrubs and trees were the primary bank cover.
Fallen trees, especially at CRM 15 east and west banks, also provided
excellent fish cover. During the winter drawdown, bank cover was sparse
at CRM 12 and CRM 15 east bank with large exposed areas of sand and silt.
Cover, though to a lesser extent, continued to be available at CRM 14.4
and CRM 15 west bar.. in the winter months. The river width varied from
approximately 140 m in the summer to 80 m in the winter. The average
depth was about 6 m. Presence of large aboriginal shell middens in the
study area indicated a basically different habitat, probably one of
cleaner, faster moving water with gravel substrate, than the one now
found there.

The Grassy Creek embayment of the Clinch River at CRM 14.6 was
typical of several large, shallow embayments of creeks within the study
area. Environmental stresses were limited to discharges from the U.S.
Nuclear Fuel Fabrication Pl:at, currently the only facility operating
In the Oak Ridge Industrial Park (Exxon Nuclear Co., 1976). Depending
upon the activities of Melton Hill and Watts Bar Dams, water flowed

into or exited from the embayment through a small concrete channel.

The substrate of the embayment consisted primarily of mud, clay, and

siit with some areas of gravel. Bank cover of deciduous shrubs and
trees was generally abundant during the summer when the embayment was

0.70 km long, but was very iimited following winter drawdowr which
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reduced the area of the embayment by 1/2 to 2/3 and resulted In areas
of exposed mud flats. The average water depth ranged from approximately

2mto5m.
GRASSY CREEK

Grassy Creek, a small springfed stream of moderate hardness that
flows southwesterly for 3.3 km Into Grassy Creek embayment, has been
classed as one of the few uncontaminated streams in the vicinity of the
study area. The creek's drainage area of 492 ha consisted largely of
deciduous forest and some grassland areas (Exxon Nuclear Co., 1976).

Two stations, Grassy Creek miles 1.0 and 2.2 (km 1.6 and 3.5),
(Figure 3) were sampled during the study period. Grassy Creek 1.0 was
located in a heavily wooded section with a steep ridge on the east side.
A series of pools and riffles with substrates of primarily gravel with
lesser amounts of sand, rock, and mud occurred at this site. Stream
width varied from about 2.3 m to 4.5 m and depth ranged from approxi=
mately 6 cm to 140 cm. Grassy Creex .2, surrounded by old field and a
sparse forest, had considerably less flow than mile 1.0. The substrate
was made up of gravel for the most part with a few areas of bedrock,
sand, and mud. Stream width ranged from approximately 0.5 m to 1.5 m,

and depth varied from around 5 cm to 60 cm.
BEAR CREEK

Bear Creek, larger than Grassy Creek and with a slightly higher
water hardness, flows northwestward to its confluence with the East Fork
of Poplar Creek. Bear Creek is 12.1 km In length and has a drainage

area of 1,917 ha. At Its upper end, Bear Creek is subject to waste

4
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12
discharges and acid-settling pond seepage from the Y-12 plant and the
Rust Engineering Company, making this portion of the stream virtually
devoid of aquatic life (Exxon Muclear Co., 1976). By the time Bear
Creek reaches the NFRRC sampling area, the aquatic life is both varied
and abundant; however, this portion of the creek is still periodically
subject to heavy loads of silt from reforestation and rcad construction
projects.

Three sites on Bear Creek, miles 0.5, 1.2, and 3.0 (km 0.8, 1.9,
and 4.8), were sampled during the study period (Figure 4). Pools and
riffles present at each site had substrates composed of silt, sand,
gravel, and bedrock. Silt was the predominant substrate at Bear Creek
mile (BCM) 3.0, but some graveled areas were present. This silt
accumulation may have been due in part to a small gauging impoundment
located immediately above BCM 3.0. Gravel, sand and Isclated regions of
bedrock were the principal substrates at BCM 1.2 and 0.5. The bank
cover, as well as much of the drainage area of Bear Creek, was made up
of a mixed deciduous and evergreen forest. Stream widths varied from

approximately 3 m to 9 m and depth from about 5 cm to 170 cm.



PV EwWN -
g o o

()

East Fork Poplar Creek
Bear Creek Mile 0.5
Bear Creek Mile 1.2
Bear Creek Mile 3.0
Bear Creek Road

Sample Stations

BE g, 0 ¢

e

Figure &.

\\
\

\
e
A\

&

P ——

Map of Bear Creek Sample Stations

Scale in Miles

| mile = 1.6 kilometers

£l



Chapter 3
METHODS AND MATERIALS

As stated in Chapter 1, four principal lines of Investigation,
Clinch River adult fish, sauger life history data, Clinch River larval
fish, and fish populations in Grassy and Bear Creeks, were emphasized in
this study. A number of methods and materials were used to achieve the
specified research goals. A conscientious attempt was made to standard-
ize collection procedures and efforts; but in a few instances, variations
due to weather conditions and equipment availability did occur. Tables
11-15 in Appendix A contain records of sample date, method, and effort.
The study period extended from May, 1975, to April, 1976.

Common and scientific names of the fish collected are in accord
with those approved by the American Fisheries Society (American Fisheries
Society, Committee on Names of Fishes, 1970). Fishes that were not
released are currently housed in the reference collections of Tennessee
Technological University, Environmental Biology Research Center of

Tennessee Technological University, and the University of Tennessee.
CLINCH RIVER ADULT FISH

The res;lts of fisheries research are influenced by several
factors: the type of gear used, the habitats sampled, the efficiency
in capturing different species and sizes present, and the distribution
of fish within the habitat which may vary diurnally and seasonally
(Tebo, 1965). Adult fish were collected monthly in the Clinch River by

14




gill netting and electrofishing. Two methods of collection were
employed to determine more accurately species composition and relative
abundance (Tebo, 1965; Garton and Harkin, 1970; Powell et al., 1971).

Multifilament experimental gill nets, 45.7 m long and 1.8 m deep,
were anchored to the shore, small mesh first, and fished along the
bottom. Each net was composed of six 7.6 m long panels of 19, 25, 38,
44, 51, and 76 mm bar-measure mesh. The nets were set perpendicular to
the shore at each station shortly after dark and pulled approximately 12
hours later.

Shoreline electrofishing was conducted at each station the night
following the gill net sets for a measured period of time, usually 30
minutes per station. A probe shocking boat equipped with flood lights
described by Stubbs (1965) was empioyed in the study. In this design
the boat serves as the negative while the positive probe with a normal
off switch was hand held. The power source was a Homelite 180 cycle
generator operated at 220 volts A.C.

The following data were obtained from each sample: (1) identi-

fication of species, (2) enumeration of each species, (3) individual

lengths and weights of all fish with two exceptions, Dorosoma Sp.

and small cyprinids, (&) fish F° aass by species, and (5) scales from
each game fich. Weight was measured to the nearest gram (g) and total
length to the nearest millimeter (mm) .

Identifications were made based on characters found in Etnier

(1973), Eddy (1968), and Hubbs and Lagler (1958).
SAUGER LIFE HISTORY DATA

A tota! of 278 sauger were collected from the Clinch River by
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9i1l netting (383) and electrofishing (2%3). Two hundred and fifty-five
of the sauger were taken in the regular monthly sampiing program while
the remaining 23 were collected by gill net sets of 3 to 12 hours
duration which were not in the sampling schedule.

Shortly after capture, total length and total weight were
measured. Scales for age and growth analys!. were removed from the
left side of the fish below the lateral line near the tip of the pectoral
fin. In addition to the length and weight, sex and stomach contents
were also recorded on the scale envelopes.

Impressions of five to six scales from each fish were made on
cellulose acetate strips (Butler and Smith, 1953) by a Carver laboratory
press operated at 15,000-17,000 psi and 80 degrees centigrade (C) for
the age and growth study. Distances from the focus of the scale to each
annular ring and to the scale margin were measured on an Eberback scale
projector at 48x. This information was used 'n a computer program based
on a formula described in Lagler (1956) to calculate total length at
each annulus by the direct proportion method:

Ln = a ¢§2 (Le-a)

where: Ln = length of the fish at the time of annulus

formation, n

Sn = measurement from scale focus to anterior
margin of the scale

Lc = length of the fish at capture

a = Intercept value that wili give the best
straight line relationship,

The a value was determined by a SPSS computer program which

plotted the scale radius (x) against the total length of the fish (y).

"
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The y intercept represented the correctiona! factor a.

The length-weight relationships for 127 males, 81 females, and
278 total sauger ucr§ derived from the formula (Lagler, 1956):

log W = Log a + n log L.

Where: W = weight in grams

L = length inmili: . .ers
a = a constant
n = 3 constant.

The sauger were placed in 10 mm class sizes and mean length and
weight for each class were calculated. A regression line was then
fitted for the different size groups by the method of the least squares
of the logarithms of the mean lengths and weights (Hassler, 1957). The
resulting equations are useful in calculating either the length or the
weight when one of the measurements are «nown. Additionally, the
regression coefficient, n, may be use’ as a measure of condition or
plumpness of a fish with change ir length (Mense, 1976).

Food habits were found b, field dissection of the stomachs of 189
sauger collected from June, 1975, to April, 1976. Quantitative deter-
minations were made by counting the fish and fish fragments removed from
the sauger stomachs and reporting them in a numerical form. Sand and
pebbles, probably taken incidentally in feeding, were not recorded
(Priegel, 1969).

Sex and state of maturity were determined for 208 sauger also
collected from June 1975, to April, 1976. In mature adults the testes
were a whitish gray color, and the ovaries had a yellowish cast with
readily visible ova.

Fecundity estimates were made on 8 mature females captured in
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March, 1976. The ovaries were removed shortly after capture and
preserved in 203 formalin. The egg production measurements were made by
the dry weight method. The ovaries were stripped of fatty tissues and
weighed on a Sartorius balance. A trasverse section from an ovary was
taken and weighed; and the number of eggs, determined by actual count,
were ther used in a direct proportion to calculate the total number of

eggs in both ovaries (Scott, 1976).
CLINCH RIVER LARVAL FISH

Larval fish were collectad twice a month from May until September,
1975, with a 0.5 m x 1.8 m, 1000 .. mesh plankton net which was towed at
night from a fixed point near the bow of the boat for S5-minute intervals.
Tows were taken at O m along the shore and at O m and 5 m depth at 253%
of the river width at CRM 12, 14.4, 15 east bank, and CRM 15 west bank.
Larval fish were sampled in Grassy Creek embayment by two O m, mid-
channel tows.

The larval fish were preserved in a 5% to 102 formalin soluticn
depending upon the mass of plankton in the sample. Water temperatures
were recorded in C for each sample taken at 0 m.

The foilowing data were obtained from each sample: (1) identifi-
cation to the lowest possible taxon level using polarized stereo-
microscopy, (2) enumeration of each level, (3) Individual lengths of all
fish, and (4) biomass of each level. |Identifications were made based
on characters and descriptions found in Fish (1932), Hough (1975),
Mansuzti and Hardy (1967), May and Gasaway (1967), Meyer (1970), Norden

(undated), and Siefert (1969).
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FISHES OF GRASSY AND BEAR CREEKS

The stream surveys on Grassy and Bzar Creeks were conducted by
seining and backpack electrofishing. A Smith-Root battery-rowered
backpack shocker and two seines, one 3 m x 3 mm mesh and the other 1.8 m
x 6 mm mesh, were employed in the study. Fish were preserved in 10%
formalin for transport back to the laboratory. Identifications were
made based on characters found in Etnler (1973), Eddy (1963), and Hubbs
and Lagler (1958). The following data were obtained from each sample:
(1) identification of species, (2) enumeration of each species, (3)

individual lengths, and (4) biomass by species.




Chapter &4

RESULTS AND DISCUSSION

CLINCH RIVER ADULT FiSH

A total of 50 species and two hybrids, white bass x striped bass
and sauger x walleye, from 14 families have been collected at CRM 12-15
in the course of this study (Table 1). The results of ten fishery
surveys within the region of the C!inch River impounded by Watts Bar and
Melton Hill Dams are summarized in Table 2. Seventy-six species from 16
families were taken in the collection (1960-1977) which ranged from a
low of 24 to » nigh of 50 species. Seventeen species were found in
nine or mor: of (he studies while 25 species were collected in two
surveys or less,

Table 3 presents the number, weight (kg), size range (mm), and
mean length of the fish taken in the present study. The community was
dominated by 2] species of rough fish (423); 16 species of game fish
(323); and 13 species of forage fish (263). The bulk of the catch (70%
of the total number and 72% of the total weight) was comprised of six
species: gizzard shad, threadfin shad, carp, skipjack herring, blue-
gill, and sauger. Threadfin shad were the most numerous at 39% of
the total number of fish; carp, at 203, had the greatest tota! weight.
Bluegill were the most abundant game fish at 102 of the total number;
sauger contributed the highest percentage of game fish weight at 193 of
the total weight, Generally, it appears that forage fish dominated the

20
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Table 1. A List of the Fishes Collected in the Clinch River below
Melton Hill Dam, May, 1975, through April. 1976

Common Name Scientific Name
Family - Polyodontidae
Paddlefish Polyodon spathula (Walbaum)
Family - Lepisosteidae
Spotted gar Lepisosieus oculatus (Winchell)
Longnose gar Leplsosteus osseus (Linnaeus)
Family - Clupeidae
Skipjack herring Alosa chrysochloris (Rafinesque)
Gizzard shad rosoma cepedianum (LeSueur)
Threadfin shad Dorosoma petenense (Gunther)
Family - Hiodontidae
Mooneye Miodon tergisus LeSueur
Family - Cyprinidae
Carp Cyprinus carpio Linnaeus
Silver chub Hybopsis storeriana (Kirtland)
Golden shiner Notemigonus crysoleucas (Mitchill)
Emerald shiner Notropis atherinoides Rafinesque
Spotfin shiner Notropis spilopterus (Cope)
Bluntnose minnow Pimephales notatus (Rafinesque)
Bulltead minnow Plmeprales vial iax (Baird and Girard)
Family - Catostomidae

River carpsucker

Quillback carpsucker

white sucker

Northern hog sucker
Smalimouth buffalo

Bigmouth buffalo
Black buffalo
Spotted sucker
Silver redhorse
River redhorse
Black redhorse
Golden redhorse

Carpiodes carpio (Rafinesgue)
Carpiodes cyprinus (LeSueur)
Catostomus commersoni (Lacepede)
Hypentelium nigricans (LeSueur)
lctiobus bubalus (Rafinesque)
Tctiobus cyprineilus (Valenciennes)
Tctiobus niger (Rafinesque)
Minytrema melanops (Rafinesque)
Moxostoma anisurum (Rafinesque)
Moxostoma carinatum (Cope)
Moxostoma duguesnei (LeSueur)
Moxostoma erythrurum (Rafinesque)
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Common Name

Sclentific Name

Channel catfish
Flathead catfish

Mosquitofish

White bass
Yellow bass

Striped bass

Brook silverside

Rock bass
Redbreast sunfish
Warmouth
Bluegill
Longear sunfish
Redear sunfish
Smal Imouth bass
Spotted bass
Largemouth bass
White crappie
Black crappie

Tennessee snubnose darter

Logperch
Sauger
Walleye

Freshwater drum

Family =

Family -

Family

Family

Family

Family -

Family -

lctaluridae

Ictalurus punctatus (Rafinesque)

Pylodictis olivar s (Rafinesque)

Poecililidae

Gambusia affinis (Baird and Girard)

Percichthyidae

Morone chrysops (Rafinesque)

Morone mississippiensis (Jordon and

Eigenmann)
Morone saxatilis (Walbaum)

Atherinidae

Labidesthes sicculus (Cope)

Centrarchidae

Ambloplites rupestris (Rafinesque)
Lepomis auritus (Linnaeus)

Lepomis gulosus (Cuvier)

Lepomis macrochirus Rafinesque
Lepomis megalotis (Rafinesque)
Lepomis microlophus (Gunther)
Micropterus dolomieui Lacepede
Micropterus punctulatus (Rafinesque)
Micropterus salmoides (Lacepede)
Pomoxis annularis Rafinesque
Pomoxis nigromaculatus (LeSueur)

Percidae

Etheostoma simoterum (Cope)

Percina caprodes (Rafinesque)

Stizostedion canadense (Smith)

Stlzostedion vitreum vitreum
(Mitchill)

Sciaenidae

Aplodinotus grunniens Rafinesque




Table 1. (Continued)

Common Name

Sclentific Name

Banded scu:ipin

Family - Cottidae

Cottus carolinae (Gill

)
/




Table 2. Check List of Specles Collected in the Clinch River In the Vicinity of the Study Area

Seustes 1960'  1969-622 19633 1965 1968° 19685 19757 1976 19779 1977'0
Game
Rock bass x x x x x x x
Redbreast sunfish x x x x x X
Warmouth x x x X x x
Bluegill x x x " . x x x -
Dollar sunfish x
Longear sunfish x > w x x x X
Redear sunfish #? x x x x x x
Smallmouth bass x x x x x x x
Spotted bass x x x x x x - x x
Largemouth bass X x x x x x x x x
White crapple x x x x x x x x x
Black crapple x x x x x
White bass x x x x x x x x x
Yellow bass - x x
Striped bass x x
Yellow perch x
Sauger x x x x » x x x - x
Walleye x x x x x x
Rainbow trout x x
Forage
Brook silverside x x x x
Gizzard shad x x x x x x x x - x
Threadfin shad x x x x x x x x x
Banded sculpin x x ~ x
Stoneroller x X x

(14



Table 2. (Continued)

Specles |960I

1960-622

19633

1965"

19685 1968% 19757

19768

19772 1977'0

Forage (Cor.tinued)

Bigeye chub
Silver chub

River chub

Golden shiner
Rosefin shiner
Emerald shiner
Warpaint shiner
Common shiner
Whitetail shiner
Spotfin shiner
Steelcolor shiner
Bluntnose minnow
Fathead minnow
Bul lhead minnow
Blacknose dace
Blackspotted .opminnow
Tadpole madtom
Mosquito fish
Greenside darter
Blueside darter
Johnny darter
Tennessee snubnose dartar
Logperch

Rough

River carpsucker

X X X X
x

14



Table 2. (Conti..ued)

8 9

Specles 1960'  1960-622 1963 1965 1968 1968% 19757 1976 1977 1977'°

Rough (Cont inued)

Quillback carpsucker
Highfin carpsucker
White sucker

Blue sucker
Northern hog sucker
Smallmouth buffalo
Bigmouth buffalo
Black buffalo
SpoiLted sucker
Silver redhorse
River redhorse
Black redhorse
Golden redhorse
Shorthead redhorse
Skipjack herring
Goldfish

Carp

Mooneye

Blue catfish
Yellow bullhead
Brown bullhead
Channel catfish
Flathead catfish
Spotted gar
Longnose gar
Shortnose gar
Paddlefish

x
x
x
x
-
X
-
n
L

X X X X X X X X X




Table 2. (Contlinued)

0

8
19633 1965° 19685 1968% 19757 1976° 19777 1977

Species

Rough (Continued)

Freshwater drum

Total No. of Specles
76 27 26 31 4) 47 48 30 43 50 24

lHoop net samples In vicinlity of White Oak Creek collected July 6 through September 21, 1960, and
April 12 through July 13, 1961, by blologists of TVA, Tennessee Department of Game and Fish (Tebo, 1965).

2Rotenone, hoop net and glll net samples from vicinity of mile 4.9 (km 7.8) collected during 1960,

1961, and 1962 by TVA blologists (Tebo, 1965).
3Rotenone and electric shocker samples collected July 30, 31, and August |, 1973, in vicinity of
Gallahers Bridge, CRM 14.5 (km 23.2), by Water Pcllution Surveillance System Statlons (WPSS) personnel

and TVA blologists (Tebo, 1965).

l'Watts Bar Reservolir 1964 fish Inventory; fish were collecte? by rotenone (TVA, 1965).

5Prelmpoundment survey of Melton Hill Reservolr; fish were collected by giil nets and rotenone
from November, 1960, to June 1962 (Fitz, 1968).

[
Postimpoundment survey of Melton Hill Reservolr; fish were collected by glil! nets, boitom trawls,
bag seining, and rotenone from November, 1963, to October, 1964 (Fitz, 1968).

7Glll et and electrofishing samples {CRM 15-18) collected from March through September, 1974
(Project Managemert Corp., 1975).




Table 2. (Contlinued)

8Uotts Bar Reservolr 1973 fish Inventory; fish were collected by rotenone (Sheddan, 1976).

9Present study, glil! net and electrofishing samples (CRM 12-15) collected from May, 1975, through
April, 1976. '

10
1977).

Tramme! and gl1] net samples from Watts Bar Reservoir, 1976-1977 (Heltman, personal communicatlion,

8¢



Table 3. Results of Fish Collections from the Clinch River below Melton Hi1l Dam (1975-1976)

Total % Total Total % Total Slze Mean
Species Number Number Weight (Kg) Welght Range (mm) Length (mm)

Game
Rock bass 31 0.59 0.96 0.1 37-197 105.6
Redbreast sunfish 1 0.21 0.76 0.09 47-208 1344
Warmouth & 0.08 0.18 0.02 44-157 108.0
Bluegill 519 9.90 13.12 1.48 29-222 86.0
Longear sunfish 1 0.02 0.07 0.0l - 140.0
Redear sunfish 5 0.10 0.39 0.04 113-210 151.6
Smal Imouth bass 4 0.08 0.07 0.01 71-130 110.8
Spotted bass k7 0.90 2.62 0.30 60-510 1114
Largemouth bass 62 1.18 16.74 1.89 75-565 222.8
White crapple 70 1.34 4.73 0.53 51-302 156.6
Black crapple 8 0.15 0.60 0.07 65-257 167.1
wWhite bass 54 1.03 14.66 1.65 123-376 262.1
Yellow bass 24 0.46 2.70 0.30 130-245 199.2
Striped bass 7 0.13 14.09 i.59 290-551 L48.3
Striped bass x 2

white bass | 0.02 0.13 0.01 - 209.0
Sauger 255 4.86 171.05 19.31 214-535 397.0
Walleye 1 0.02 1.06 0.12 - 565.0
Walleye x sauger 1 0.02 2.88 0.33 - 625.0
Forage
Brook silverside 110 2.10 0.14 0.02 33-84 66.9
Gizzard shad 389 7.42 66.91 7.55 - *
Threadfin shad 2050 39.10 42.77 4,83 - *
Banded sculpin 8 0.15 0.08 0.0! 56-88 79.8

62



Table 3. (Continued)

Total % Total Total 2 Total Size Mean
Specles Number Number Welght (Kg) Welght Range (mm) Length (mm)
Forage (Continued)
Silver chub 3i 0.59 0.44 0.05 65-154 113.7
Golden shiner 4 0.08 0.0} - 34-79 55.8
Emerald shiner 386 7.36 2.56 0.29 ko.121 97.0
Spotfin shiner 29 0.55 0.05 0.01 32-86 55.6
Bluntnose minnow 68 1.30 0.13 0.01 19-78 56.2
Bul lhead minnow 329 6.28 0.66 0.07 31-78 55.7
Tennessee snubnose
darter | 0.02 0.00 - - 52.0
Logperch 15 0.29 0.18 0.02 70-148 109.5
Mosquitofish** 2 0.04 0.00 - 22-24 23.0
Rough
River carpsucker 5 0.10 7.54 0.85 430-555 485.8
Quillback carpsucker 29 0.55 27.08 3.06 264-482 406.5
White sucker | 0.02 0.45 0.05 - 322.0
Hog sucker ? 0.04 0.47 0.05 232-311 271.5
Smallmouth buffalo 20 0.38 37.85 §.27 281-686 466.5
Bigmouth buffalo | 0.02 1.50 0.17 - 450.0
Black buffalo 4 0.08 6.02 0.68 449-503 480.5
Spotted sucker 5 0.10 1.26 0.14 186-329 277.2
Silver redhorse 9 0.17 10.56 1.19 100-573 "39.4
River redhorse 6 0.11 3.64 0.4 304-405 373.7
Black redhorse 5 0.10 2.74 0.31 350-398 386.0
Golden redhorse L8 0.92 28.36 3.20 101-435 359.1
SkipjJack herring 269 5.13 159.82 18.04 130-498 369.4

of



Table 3. (Contlinued)

Total % Total Total % Total Size Cean
Specles Number Number Weight (Kg) Welght Range (mm) Length (mm)

Rough (Continued)
Carp 186 3.55 177.54 20.04 150-619 394.5
Mirror carp 4 0.08 2.66 0.30 150-476 341.5
Mooneye 27 0.51 6.79 0.77 265-311 287.0
Channel catfish 32 0.61 22.26 2.51 283-604 400.7
Flathead catflish 1 0.02 0.52 0.06 - 365.0
Spotted gar 16 0.31 14.93 1.69 459-859 589.8
Longnose gar 7 0.13 5.85 0.66 L46-905 669.7
Paddlefish | 0.02 2.54 0.29 - 935.0
Freshwater drum Jo 0.72 4.89 0.55 154-350 231.4

Total $ Total Total % Total Total No. % Total wo.
Value Number Number Weight (Kg) Welight of Specles of Specles
Rough 716 13.66 5§25.27 59.28 21 42.00
Game 1105 21.08 246.81 27.86 16 32.00
Forage 3422 65.27 113.93 12.86 13 26.00

5243 BBE.OT 50

*Lengths were not recorded for Gizzard shad and Threadfin shad
2%2Col lected December, 1975, with dip net at CRM 12

1€
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community in terms of numbers (653) while rough fish contributed the
greatest percentage of the fish biomass (59%).

The results of the 1964 (TVA, 1965) and the 1973 (Sheddan, 1976)
Watts Bar Reservoir fish inventories are similar to those found by the
present research. The relative abundanzes of the species in the three
collections are as follows: 1964 - rough, 46%; game, 29%; and forage, 24%;
1973 - rough, 37%; game, 35%; and forage, 28%; and 1975-76 - rough, 42%;
game, 323%; and forage, 263. Each of the studies found that threadfin
shad were the most abundant fish and that bluegill were the most numerous
game fish found in the ccilsctions. The three surveys also found that
forage fish dominated the total number of fishes taken (572 to 732 of
the total number) and that rough fish represented the greatest percentage
of fish biomass with values ranging from 443 to 62% of the total weight.

Two methods of population estimation were used to measure the 4
relative abundance of the fishes within the study area. Table 3 in the
text and Tables 1-5 in Appendix A measure the abundance in terms of
relative density and fish biomass. The second method, catch per unit
effort presented in Tables 4 and 5, serves as an index for determining the f
abundance or density of a species on the basis of collection efficiency
(Jester, 1971). As mentioned in Chapter 3, a number of factors concern- ) .
ing habitat and gear selectivity may affect tie results of fisheries
research and should be considered in the interpretation of data.

A total of 25 hours of electrofishing and 131 net nights (1 net
night = | net set overnight for approximately 12 hours) were fished in
the Clinch River. Of the 50 species collected, 38 were found in gill
nets and 36 were collected by electrofishing. Fifty-seven percent of

the total number of fish were taken by electrofishing while gill netting




ﬂ Table &, 7umbcr of ;lshos Per Hour Collected from the Clinch River below Melton Hill Dam by Electrofishing
1975-1976

b CRM 12 CRM 14,4 Grassy Crk. 0.4 CRM 15 (Ez.t) CRM 15 (West) All Locstlons

Species Hours 5 5.5 5 5 L.5 25

Game

Rock bass 0.60 2.55 0.20 1.00 1.56 1.20
Redbreast sunfish - 1.27 0.20 - 0.22 0.36
Warmouth - 0.18 0.60 - - 0.16
Bluegill 12.40 17.64 46.20 8.40 10.22 19.12
Longear sunflish - 0.18 - - - 0.04
Redear sunflsh - - 0.80 - 0.16
Smal Imouth bass - - - 0.80 - 0.16
Spotted bass 0.20 2.18 5.20 0.80 0.67 1.84
Largemouth bass 2.00 3.45 3.00 1.80 1.56 2.40
White crappie 0.40 1.27 8.00 0.20 0.67 2.12
Black crappie 0.20 - 1.00 - - 0.24
White bass 0.80 0.18 0.20 - 0.44 0.32
Yellow bass 0.20 0.55 - - - 0.16
Sauger 0.20 0.18 0.60 - 0.22 0.24
Forage

Brook sllverside - 2.36 17.20 1.20 1.11 k.50
Gizzard shad 3.00 14,91 12.60 3.80 2.00 7.52
Threadfin shad 7.40 23.82 59.20 7.80 104.67 38.96
Banded sculpin 0.80 0.36 - 0.40 - 0.32
Silver chub 1.60 - - 1.60 3.1 1.20
Golden shiner 0.40 - 0.40 - - 0.16
Emerald shiner 8.00 10.73 8.80 13.60 38.89 15. 44
Spotfin shiner 0.20 0.36 3.80 0.60 0.89 1.16

11
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Table 4. (Continued)

CRM 12 CRM 14.4 Grassy Crk. 0.4 CRM 15 (East) CRM 15 (West) All Locatlions
Species Hours & 5.5 5 5 4.5 25

Forage (Continued)
Bluntnose minnow 5.00 0.9 6.20 1.00 0.44 2.72
Bullhead minnow 24.00 2.55 21.40 12.00 6.22 13.16
Tennessee snubnose

darter - - - - 0.22 0.04
Logperch - 0.73 1.00 0.20 0.22 0.44
Rough
Quillback carpsucker - 0.36 0.22 0.12
Hog sucker 0.20 - - 0.04
Smal Imouth buffalo - 0.18 - - 0.22 0.08
Spotted sucker 0.20 0.18 0.20 0.20 - 0.16
Silver redhorse - - 0.40 - - 0.08
Black redhorse - - - - 0.44 0.08
Golden redhorse - 0.55 0.60 - 0.22 0.28
Skipjack herring 0.40 0.18 - 0.60 - 0.24
Carp 0.60 4.18 11.20 5.20 1.56 k.60
Mirror carp - 0.18 - 0.20 - 0.08
Freshwater drum - 2.36 0.40 - 0.22 0.64
TOTALS 68.80 94.53 209.40 61.40 176.21 120.44

ne



Table 5. Number of Fishes Per Net Night Collected from the Clinch River below Melton Hill Dam with Gin
Nets (1575-1976)

CRM 12 CRM 14,4 Grassy Crk. 0.4 CRM 15 (East) CRM 15 (West) All locatlons

Specles Net Nights 133 33 B 33 21 131

Game
Rock bass - - - - 0.05 0.01
Redbreast sunfish 0.03 0.03 - - - 0.02
Bluegill 0.24 0.18 0.18 0.30 0.71 0.31
Redear sunfish - 0.03 - - - 0.0l
Spotted bass - - - - 0.05 0.01
Lai gemouth bass 0.03 0.03 - - - 0.02
Wh.te crappie - 0.09 0.82 0.12 0.05 0.13
Black crapple - 0.03 0.09 - - 0.02
White bass 0.52 0.52 0.09 0.27 0.10 0.35
Yellow bass 0.12 0.12 0.18 0.15 0.24 0.15
Striped bass 0.06 0.09 - 0.03 0.05 0.05
Striped bass x

white bass - - - 0.03 - 0.0}
Sauger i.73 2.09 0.18 2.67 1.57 1.90
Walleye 0.03 - - - - 0.01
Walleye x sauger - 0.03 - - - 0.0l
Forage
Glzzard shad 1.73 1.85 2.82 1.45 0.19 1.53
Threadfin shad 1.15 13.97 2.91 10.61 9.29 8.21
Silver chub - - - 0.03 - 0.0l
Logperch - - - 0.06 0.10 0.03

11



Table 5. (Continued)

CRM 12 CRM 14,4 Grassy Crk. 0.4 CAM 15 (East) CRM 15 (West) All Locations

Species Net Nights 133 33 i 33 21 131

Rough

River carpsucker 0.06 ¢.06 - - 0.05 0.04
Quillback carpsucker 0.12 0.30 - 0.36 - 0.20
White sucker - .03 - - 0.0}
Hog sucker - - - 0.03 0.0!
Smal Imouth buffalo 0.30 0.09 0.09 0.03 0.14 0.14
Bigmouth buffalo 0.0> - - - - 0.01
Black buffalo 0.03 0.03 - 0.03 0.05 0.03
Spotted sucker 0.03 - - - - 0.01
Silver redhorse - 0.09 - 0.06 0.10 0.05
River redhorse 0.03 - - 0.15 - 0.05
Black redhorse ‘ 0.03 - 0.06 - 0.02
Golden redhorse 0.48 0.30 0.27 0.27 0.14 0.31
Skipjack herring 1.97 2.58 0.18 2.55 1.29 2.01
Carp 0.91 0.85 0.45 0.18 0.10 0.54
Mirror carp 0.03 0.03 - - - 0.02
Mooneye 0.42 0.27 - 0.12 - 0.21
Channel catfish 0.52 0.18 0.18 0.15 0.10 0.24
Flathead catfish - - - 0.03 - 0.0l
Spotted gar 0.03 - 1.27 0.03 - 0.12
Longnose gar 92.15 - 0.18 - - 0.05
Paddlefish 0.03 - - - - 0.0}
Freshwater drum 0.12 0.09 0.64 0.21 0.05 0.17
TOTALS 10.90 23.99 10.53 19.98 14.42 17.05

9¢
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accounted for 433 of the total.

The overal! abundance expressed in terms of density and biomass
are presented in Table 3 while these measures of abundance are shown in
Table 1-5 in Appendix A as a function of sampling station and season of
collection. Higher totals of game and rough fish were taken in the fall
quarter, but the greater biomasses of thasse two groups were found in the
spring collections. The highest number of forage fish was found during
the winter quarter, and forage fish biomass was greatest in the fall
quarter.

The catch per unit effort results of electrofishing and gil!
netting are summarized in Tables 4 and 5 respectively. The collections
in the Clinch River averaged 120 fish per hour electrofishing and 17
fish per net night. Threadfin shad, bluegill, emerald shiner, and
bullhead minnow were taken in the greatest numbers per hour of electro-
fishing. In take per net night effort, threadfin shad, skipjack herring,
sauger, and éizzard shad were the most numerous fishes collected.

Specimens of largemouth bass, gizzard shad, and carp at CRM 14.5
(Tebo, 1965); white crappie, freshwater drum, white bass, channel
catfish and bluegill at CRM 10 (km 16) (D. Nelson, 1969); and Corbicula,
CRM 12-15 (Eagleson, personal communication, 1977) have been analyzed
for redionuclides. Tebo (1965) reported that largemouth bass and carp
had counts only slightly above background radlioactivity while gizzard

shad levels were considerably higher with the presence of Cs'37. Ru'os,

Ih'os, 60 137 were reported

Co , and K~° indicated. Concentrations of Cs
by D. Nelson (1969) to range from 0.344 mg/g fresh weight in bluegill to
1.60 mg/g fresh weight in white bass. D. Nelson also found that the

average concentration of Cs'37 in fish tissues can be predicted from the
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average concentration of Cs'37 in waters subject to _hronic releases of
this radionuclide. After a one-year period of exposure, Eagleson

(personal communication, 1977) found that for Corbicula, both hard and

soft parts, radiation levels of Co60 and Cs‘37 were at background;

additionally, measurements mace on Corbicula native to the site returned
similar results.

The total production of fish in 1964 (TVA, 1965) in the Clinch
River arm of Watis Bar Reservoir was slightly higher (216 kg/ha) than
that of the low:r portion of the reservoir (213 kg/ha). In the 1973
Watts Bar fish inventory (Sheddan, 1976) found that the standing crop
of the Clinch River portion of Watts Bar had increased to 237 kg/ha
while that of the reservoir had risen to 313 kg/ha. The average standing
crop of Watts Bar Reservoir was lower than that of Fort Loudon Reservoir
(363 kg/ha), located upstream on the Tennessee River; but was higher than
the standing crop value of 22! kg/ha at the downstream reservoir,
Chickamauga (Sheddan, 1970).

The 1972 commercial fish harvest was low within a 10 mile (16 km)
radius of the NFRRC site amounting to approximately 1% of the total
catch from Watts Bar Reservoir of 106,786 pounds (48,539 kg) which was
composed of 56% buffalo, 22% catfish, 123 paddlefish, 9% carp, and 12
drum., This return represented a considerable decrease in the commercial
harvest since 1962 when 200,603 pounds (91,183 kg) of buffalo (803),

carp (123), and carpsucker (8%) were taken (Exxon Nuclear Co., 197%).
SAUGER IL.IFE HISTORY DATA

The sauger, Stizostedion canadense (Smith), Is a member of the

perch family, Percidae (Class Osteichthyes; Order Perciformes). Over
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100 species found in North America and northern Europe belong to the

perch family which is composed of three subfamilies and eight genera.
The subfamily Etheostominae (darters) restricted to North America,

consists of three genera, Ammocrypta, Percina, and Etheostoma. Four

genera, Perca, Acerina, Aspro, and Percarina, belongc to the subfamily
Percinae which is represented in North America by a single species,

Perca flavescens, the yellow perch. The subfamily of the pike perches,

Luciopercinae, contains five species belonging to the single genus
Stizostedion. Two of the five are found in North America (sauger,

Stizostedion canadense, and walleye, S. vitreum) with the remaining

three restricted to northern Europe (Collette, 1963).

The sauger from the present NFRRC preconstruction study ranged
in length from 214 mm to 535 mm and weight from 78 g to 1860 g.
Morpholcgically the sauger has an elongate and cylindrical body form
(Figure 5). The posterior margin of the preopercle is strongly serrate,
and the canine teeth which are present on both jaws are well developed.
Sauger are probably most frequently confused with walleye. Etnier (1973)
lists the following characteristics for the identification of the two
species: scft dorsal rays, sauger 17-20, walleye 19-22; sauger dorsal
fin spotted with discrete biack, halfmoon, blotches, and lacking a
concentration of pigment at the posterior base; In walleye the dorsal
fin Is dusky or mottled with a predominant black spot at the posterior
base; cheeks are fully scaled in sauger but partially naked in walleye;
the lower lobe of the caudal fin Is mottled In sauger, but in walleye a
creamy white area Is present; in sauger the base of the pectoral fin
is black, but is usually not strongly pigmented !n walleye; and the

pyloric cacae count of sauger is 5-6 while that of walleye is 3-4.
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Figure 5. Sauger, Stizostedion canadense (Smith)
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In Canada, sauger are found in the St. Lawrence and Champlai-
river systems (Scott and Crossman, 1973). Sauger distribution in the
United States is to the south from the Great Lakes region, west of the
Appalachians, to the Tennessee River in Alabama, to the Red River in
Texas, to eastern Kansas, Nebraska, Wyoming, southwestern lowa and
Montana (Hubbs and Lagler, 1958). Preferred sauger habitat is tha* of
large slow-flowing silty rivers and large lakes (Scott and Crossman,
l973;_nubbs and Lagler, 1958).

Age and growth determinations were made on 47 sauger collected in
March, 1976, from the Clinch River. The a value was calculated to be
68 mm. Priegel (1969) reported annulus formation to occur in mid-May
for sauger in Lake Winnebago, Wisconsin. Hassl r (1957) stated that
sauger from Norris Reservoir, Tennessee, completed annulus formation
during mid-spring. Exact time of annulus formation was not determined
for the Clinch River sauger in the present study. The greatest growth
rate was exhibited in the first year of life with a declining rate
thereafter. Table 6 compares the calculated growth rate of the Clinch
River sauger with age and growth results reported from various bodies
of water. Growth ratec [i: the Clinch River arm of Watts Bar Reservoir
were: higher than those of the main body of Watts Bar Reservoir (TVA,
1965; Sheddan, 1976); similar to those of Melton Hill Reservoir (Fitz,
1965); slower than the growth rates of Cherokee and Douglas Reservoir
in Tennessee (Stroud, 1949 as clited by Priegel, 1969); and faster than
those reported for Lake Erie (Deason, 1933 as cited by Priegel, 1969),
Lake of the Woods, Minnesota (Carlander, 1950 as ciied by Priegel, 1969),
and Lake Wir vebago, Minnesota (Priegel, 1969). Initial growth in the

Clinch River arm of Watts Bar Reservolr was better, but by age class 3




Table 6.

Calculated Growth of Saugers from Various Waters

Average Total Length (mm) at End of Year

No. of ;

Study Area Fish | 2 3 4 5 6 7 8 Bl 10
Clinch River, CRM 12-15
Tenn. (Present study) 47 238 338 382 418 Lis
Watts Bar Reservolr,
Tenn. (TVA, 1965) 24 209 300 367 k7
Watts Bar Reservoir,
Tenn. (Sheddan, 1976) 5 221
Melton Hill Reservoir,
Tenn. Preimpoundment
(Fitz, 1968 15 223 313 384 Li
Melton Hill Reservoir,
Tenn. Postimpoundment
(Fitz, 1968) 8 228 336 368
Norris Reservoir, Tenn.
(Hassler, 1957) 3393 212 336 39¢ 438 473 498 518
Cherokee Reservoir,
Tenn.* (Stroud, 1949) 64 235 374 L&)
Douglas Reservoir,
Tenn.* (Stroud, 1949) 39 250 396
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Table 6. (Continued)

Average Total Length (mm) at End of Year

No. of

Study Area Fish 1 2 3 4 5 6 7 8 9 10
Lake Winnebago, W's. 784 125 241 305 333 358 376 388 Lo\
(Priegel, 1969) 957 % 1256  25) 307 335 358 378 1391 4ol
Garrison Reservoir, 96 ™ 122 216 292 358 W47
N. D. (Carufel, 1963) 222 % 127 223 317 399 467 587
Lewis and Clark Lake,
S. D. (W. Nelson, 1969) 1112 188 324 Lok L6b 514 560 596 625
Lewis and Clark Lake,
S. D.* (Vanicek, 1964) 479 160 312 413 520 519
Lake Erle* (Deason,
1933) 905 99 200 264 310 345 401
Lake of the Woods,
Minn.* (Carlander,
1950) 883 167 195 264 317 348 360 383 398 24 3%

*As cited by Priegel, 1969

£y
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growth was greater in Norris Reservoir, Tennessee (Hassler, 1957). |In
ages | through 4, growth rates were faster in the Clinch River than in
Garrison Reservoir, North Dakota, but were slower at age class 5
(Carutel, 1963). The growth rates in Lewls and Clark Lake, South
Dakota, for age classes | and 2 were lower than those in the Clinch
River, but were greater in classes 3 through 5 (Vanicek, 1964, as reported
by Priegel, 1969; W. Nelson, 19639). Priege! (1963) stated that an
earlier spawning season, longer growing season, and abundant food supply
were the factors most likely responsible for the rapid growth rates in
Tennessee storage reservoirs. Hassler (1957) concluded that the slower
growth rates in northern waters were associated with increased longevity.

Of the 278 sauger collected in the present study, '0 females
surpassed 3 pounds (1362 g) in weight. The largest male taken weighed
2.7 pounds (1220 g) while the largest sauger found in the study, a
female, weighed 4.1 pounds (1860 g). The largest sauger taken by
Hassler (1957) in Norris Reservoir, Tennessee, was a 4.1 pound (1873 g)
female; the largest male weighed ? pounds (1362 g). Only ten fish (9
females and | male) of the 5,500 sauger examined by Hassler (1957)
weighed 3 or more pounds. Hassler (1957) attributed the larger size
reached by females to a longer life span and a more rapid rate of growth.
Priegel (1969) examined 1,824 sauger in Lake Winnebagr Wisconsin, of
which only one, a 2.1 pound female, surpassed 2 pounds (908 g); the
largest male taken by Priegel weighed 1.4 pounds (636 g). W. Nelson
(1969) reported that the maximum weight of sauger from Lewis and Clark
Lake, South Dakota, to be 5.6 pounds (2,550 g). Carufel (1963) recorded

a 6.7 pound (3042 g) sauger in Garrison Reservoir, North Dakota, and

stated that the largest sauger taken from the reservoir weighed 8.2
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pounds (3723 g). The world record sauger (8.3 pounds, 3774 g) was taken
from the Missouri River in Nebraska In 1961 (Schaffer, 1962, as cited by
Priegel, 1963). Etnier (1973) and Priegel (1963) stated that some of
the larger sauger records could possibly be those of sauger x walleye
hybrids. In the current study, one sauger x walleye hybrid (625 mm in
length and 6.3 pounds, 2880 g in weight) was identified based on
characters described by Stroud (1948).

Equations from the length-weight relationship are useful in
calculating either the length or the weight when one of the measurements
is known. In the present study, equations were derived for 278 total
fish, 127 males, and 81 females. The male sauger ranged In length from
304 mm to 497 mm and in weight from 230 g to 1220 g; female sauger
varied from 287 mm to 535 mm in length and 180 g to 1860 g in weight.
The formula of the length-weight relationship of the combined sexes was
computed to be:

Log W= -6.249 + 3.479 logl.

Where: W = weight in grams

L = total length in millimeters.
For male sauger the equation is:
log W= ~5.277 + 3.102 logl.
For female sauger the equation is:

Log W = =7.001 + 3.767 logl.

Using the above equations, a sauger of unknown sex at 450 mm
would weigh 958 g; a male of that length, 898 g; and a female, 985 g. A
graphical illustration of the formula for the combined sexes appears in
Figure 6.

Mense (1976) stated that the regression coefficient may be used
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as a measure of condition with change In length. A value of 3 (weight
varles with the cube of the length) would Indicate that the form of the
fish remained the same over the length range sampled. |If the value
should be below 3, a decrease in plumpness with change In length Is
shown; if the value !'s greater than 3, an Increase in weight with
increased length Is Indicated. The weight of sauger in the present
study increased faster than the cube of the length.

A comparison of calculated fish weights at a given length from
the Clinch River (present study), Norris Reservoir, Tennessee (Hassler,
1957); Lake of the Woods, Minnesota (Carlander, 1950); and Lewis and
Clark Lake, South Dakota (W. Nelson, 1969) is presented in Table 7.

In the 'ower length ranges, fish from the Clinch River were lighter
than those from Lake of the Woods and Lewls and Clark Lake and heavier
than the fish from Norris Reservoir. Sauger from the Clinch River, 300
mn in length or greater, were heavier than those from the other bodies
of water.

Larval sauger began feeding before completion of yolk-sac
absorption primarily on Cyclops at an average length of 9.5 mm with
larger sauger utilizing Daphnia and Diaptomus In Lewis and Clark Lake,
South Dakota (Nelson, 1968). Priegel (1963) found that sauger, 12 mm-

75 mm, fed on Daphnia, Cyclops, Leptodora, and Diaptomus in Lake

Wiracbago, Wisconsin., As the sauyer increased in size, chironomid

larvae and pupae along with Baetlis and Hexagenia nymphs became important

food items in Lewis and C1» x Lake (Nelson, 1968); young sauger in Lake
Winnebago slso utilized chironomid larvae (Priegel, 1969).
Adult sauger are primarily piscivorous but also feed on

Invertebrates. |In the present study only 303 of the 189 sauger stomachs
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Table 7.

Calculated Welghts (g)

Lewis
Norris Lake of 3 and Clﬁrk
Reservoir the Woods Lake

|
Present study

2Hassler, 1957

3carlander, 1950, as cited by W. Nelson, 1969

“U. Nelson, 1969
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examined contained food items (Table 8). Among the organisms which coula
be identified, threadfin shad was the predominant food Item. Dorosoma
sp., log perch, and a mayfly nalad also contributed to the diet of the
Clincn River sauger. Dendy (1945) reported that gizzard shad were
important forage fishes for sauger in Norrii Reservoir, Tennessee;
troutperch and freshwater drum were the predominant forage fishes of
sauger in Lake Winnebago, Wisconsin (Priegel, 1969); and In Lewis and
Clark Lake, South Dakota, emerald shiners and glzzard shad were the most
important forage fishes (Nelson, 1968).

Fecundity estimates made on eight sauger collected 'n March,
1976, from the Clinch River are presented in Table §. The average
number of eggs produced by the sauger, which ranged in length from 340
mm to 531 mm and in weight from 408 g to 1860 g, was 69,625 eggs
(27,300/454 g). Fecundity ranged from 22,000 eggs for a 304 mm, 408 g
sauger to 117,000 eggs for a 459 mm, 1390 g fish. Hassler (1358)
calculated the average fecundity for |4 sauger in Norr.s Reservoir,
Tennessee, to be 41,139 (29,053/454 g) in fish 286 mm to 482 mm in
length and 182 g to 1271 g in weight. The estimates varied from a low
of 9,360 eggs for a 297 mm, 286 g fish to a high of 96,277 in a 482 mm,
1271 g sauger. The average egg production for 50 sauger (328 mm :o 625
mm, and 272 g to 2043 g) from Garrison Reservoir, North Dakota, was
43,197 (26,260/454 g) with a low of 10,488 eggs in a 327 mm sauger and
high of 152,110 eggs in a 546 mm fish (Carufel, 1963). W. Nelson (1969)
examined sauger in Lewis and Clark Lake, South Dakota, which ranged in
length from 374 mm to 627 mm and in weight from 440 g to 2550 g.
Nelson found an average of 29,624 eggs/4S4 g in the sample which had a

low estimate of 19,130 eggs and a high of 209,920 eggs. The average

T—r———— o




Table 8. Food Items of Sauger Collected from the Clinch River below Meiton Hill Dum, June, 1975, to
April, 1976
No. % No. ;
of with Frod Threadfin Unident. Unldent. Log Mayfly
Month Fish Food [t ems Shad Shad Fish Perch Nalad
June 1 100 | 1 (100)#%
July 0
Aug. | 0
Sept. 2 50 ! 1 (100}
Oct. 0
Nov. 3 33 2 2 (100)
Dec. 28 L6 20 5 (30) 1h (70}
Jan. 1" 100 36 9 (25 n (31 16 (L&)
Feb. 32 50 24 7 (29) 1 (o4) 16 (67)
March 65 28 26 s (19) 20 (77) 1 (o4)
Apri) W6 13 8 2 (25) 5 (62) 1 (13)
TOTAL 189 30 118 32 (27) 12 (10) 7! (60) 2 (02) 1 (o1)

#Actual numbers of food Items listed under heading with

percentage of abundance In parenthesis
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Tabie 9. Fecundity Estimates of Eight Sauger Collected from the Clinch
River below Melton Hill Dam in March, 1976

Egq Eggs/Pound (LS54 g)
Length (mm) Weight (g) Production of Weight

340 408 22,000 24,500
391 620 36,000 26,400
422 830 41,000 22,400
459 1,390 117,000 38,200
465 1,240 91,000 33,300
L84 1,190 83,000 31,700
524 1,780 101,000 25,800

531 1,860 66,000 16,100
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number of eggs per ovary for 192 sauger, 256 mm to 37! mm in length, in
Lake Winnebago, Wisconsir, was 15,871 eggs (Priegel, 19639). Fecundity
estimates for the Clinch River sauger were lower than those found by
W. Nelson and Hassler but higher than those reported by Carufe! and
Priegel.

Hassler (1958) found that both sexes were mature by age two in
Norris Reservoir, Tennessee. Studies by Priegel (1969) i. Lake
Winnebago, Wisconsin, and by W. Nelson (1969) in Lewis and Clark Lake,
South Dakota, also found that males matured at age two but that the
maturation of females did not occur until ages four and threerespectively.
Sauger are random spawners and do not build nests or cive

parental care to the young. In the gill net sample of April 17, 1976,

52 sauger (14 females, 33 males, and 9 immatures) were taken. Of the 14

females collected, 8 were gravid and 2 were spent; milt was easily

extracted from males taken on this date. fA number of males were found

11 —

M- lustered in the nets around two of the gravid females indicating capture

during the act of spawn{gg.lr;; stated in Chapter 2, the substrate of the

lC|inch River miles 12 to 15 consists largely of sand, silt, and lesser
areas of shale. Water temperatures recorded from the Clinch River in
April varied from 14.0 C at mile 15 west to 14.8 C at mile 12, and
averaged 14.5 C. (52 67
Haslbauer and Manges (1947) found both spent and mature sauger

in spring collections in Norris Reservoir, Tennessee; however, extensive
upstream movement of sauger appeared to indicate that spawning occurred
In the running waters of the Clinch and Powell Rivers at the head of the
reservoir. The 1945-46 spawning seascn in Norris Reservoir lasted

several weeks to a month. In 1943, Cady (1945) report~d that many

e e g e e T T e R T T R Y S L e e e A ——
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sauger had not spawned as late as mid-March in Norris Reservolir.,
Eschmeyer and Smith (1943) found no evidence of sauger spawning below
Norris Reservoir dam, when water temperatures were below 10 C. Large
late winter and early spring spawning runs often concentrate sauger in
the tailwaters of Tennessee reservoirs, where the sauger utillize rip-
rap areas for spawning substrates (Etnier, 1973). Nelson (1968) found
that sauger in Lewis and Clark Lake, South Dakota, migrate up the
Missouri River to spawn in the tailwaters of Fort Randall Dam. In
Garrison Reservoir, North Dakota, sauger spawn in both the reservoir
and Garrison Dam tailwaters (Carufel, 1963). Priegel (1969) reported
that most sauger in Lake Winnebago, Wisconsin, spawn on an 8-mile (12.8
km) stretch of shoreline on the northern side of the lake over a sub-
strate of sand and fine gravel. In Canada, sauger spawn over gravel to
rubble substrates in large turbld rivers and lakes (Scott and Crossman,
1973).

Males reach the spawning grounds first and are foll'owed by the
females which leave the area shortly after spawning (Scott and Crossman,
1973; Nelson, 1968). One or more smaller males usually attend a
female in spawning activities which occur at night (Scott and Crossman,
1973).

in Lewis and Clark Lake, sauger began spawning toward the end of
April when the water temperature was 5.6 C to 6.1 C and lasted for two
weeks (Nelson, 1968). Sauger spawned from early May to late June in
farrison Reservoir when water temperat s varied from 3.9 C to 11.6 C
(Carufel, 1963). Spawning occurred in Lake Winnebago over a 2-week
period in late April and early May at temperatures of 6.1 C to 11.1 C

(Priegel, 1969). Scott and Crossman (1973) reported that anadian sauger
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spawn in late May and early June (water temperatures of 3.9 C to 6.1 C).
Lab studies by Smith and Koenst (1975) found that 9 C to 15 C was the
optimum temperature range for sauger egg fertilization.

Sauger eggs which range In size from |.44 mm to 1.86 mm are
initially adhesive, but after water hardening become nonadhesive and
semibouyant (Priegel, 1969; Scott and Crossman, 1973); however,

Nelson (1968) found that sauger eggs in Lewis and Clark Lake remained
strongly adhesive even after water hardening. Scott and Crossman (1973)
reported incubatlion periods of 25 to 29 days at 4.5 C te 12.8 C.

Nelson (1968) found that sauger eggs hatch in 21 days at 8.4 C. Priegel
(1963) stated sauger eggs incubate in 13 to 15 days at 10.5 C in a
hatchery. Ootimum incubation temperatures for sauger eggs were found
by Smith and Koenst (1975) to range from 12 C to 15 C; at 12 C the
sauger hatch began in 12 days and was concluded on the twenty-first

day, and at 15 C incubation was completed 'n 9-13 days.

Larval sauger hatch at 4.5 mm to 6.2 mm in length. Yolk-sac

absorption is completed in 7 to 9 days (Scott and Crossman, 1973).
Smith and Koenst (1975) found that survival of hatched fry is best at
9 Cto 2] C until the yolk-sac is absorbed; th:reafter, until the
Juvenile stage is reached, 21 C is the preferred temperature.

Four studies on larval fish in the Clinch River miles 1-51 ‘km

1.6-81.6) conducted from 1974 to 1976 yielded only six Stizostedion sp.

larvae. Project Management Corp. (1975) collected one Stizostedion $p.

at CRM 15-18 on March 28, 1974; TVA (1976b) tock two larvae near

Bullrun Steam Plant in 1975, one on April 30 and the other on May 14;

o

TVA (1976¢c) found two larvae near the Kingston Steam Plant in 1975, the

first on April 9 and the second on April 23. One post larval
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Stizostedion sp., 8.8 mm in length was taken on April 9, 1976, at CRM 12
in supplementary tows of the present study (water temperature 15 i 18
Nelson (1968) captured a number of larval sauger from the Missouri River
and lewis and Clark Lake. The larvae averaged 6.38 mm In length; larvae
captured in the reservoir usually exceeded 8.5 mm, the smallest being
7.73 mm.

It is probable that the spawning period extends from mid-March
until early May for the Clinch River sauger; and that the headwaters of .
Watts Bar, Melton HIl1, and Norris Reservoirs are utilized by sauger for

spawning sites.
CLINCH RIVER LARVAL FISH

A total of 135 larval tows were made from May, 13975, through
September, 1975. Fifty-eight percent of the tows contained larval fish.
Nine genera and five species from six families were collected (Table 10).
The dates of earliest and latest collection of each taxon, as well as
numbers, weights, and lengths of the larval fish are presented in
Table 11. The catch distribution of the 2,328 larval fish is shown in
Figure 7. Clupeidae were the dominant larval fisk ¢ 90% of the total
number and 763 of the total weight; white crappie at 9% of the total
number and 18% of the total weight was the sacond most abundant larval
fish.

In addition to the present research, three larval fish studies
were conducted by TVA in the vicinity of the NFRRC site in 1975. Eight

families of larval fish were ‘epresented In the samples from Melton Hill

(TVA, 1976b), five families ui CRM 15-18 (TVA, 1976a), six familles

at CRM 12-15 in the present (NFRRC) preconstruction study, and nine




Table 10. A List of Larval Fishes Collected in the Clinch River below
Melton Hill Dam, May through September, 13975
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Common Name Sclentific Name
Family - Clupeidae
Shad Clupeidae
Family - Cyprinidae
Carp Cyprinus ca?pio Linnaeus
Shiner

Bluntnose minnow

Redhorse

Channel catfish

Brook silversides

Sunfish
Black bass
White crappie

Family

Family

Family

Family

g!ﬂz&i_asp-
imephales notatus (Rafinesque)

Catostomidae

Moxostoma sp.
Ictaluridae

Ictalurus punctatus (Rafinesque)

Atherinidae

Labidesthes sicculus (Cope)

Centrarchidae

Lepomis sp.
Micropterus sp.
FOMOXES annularis Rafinesque




Table 1i. Larval Fish Found in the Clinch River below Melton

Hill Dam, May through September, 1975*

Date of Collection

___(Month/Day) Mean Length
Taxa Earliest Latest No. % No. wt. 3w, Length Range
Clupeidae 5-17 8-29 2,089 89.73 4.5382 75.94 8.84 k.5-22.0
Cyprinus carplo 8-29 8-29 2 0.09 0.0111 0.19 10.25 8.5-12.0
Notropis sp. 5-30 5-30 3 0.13 0.0051 0.09 6.66 6.0-7.0
Pimephales notatus 7-10 7-10 | 0.04 0.0505 0.85 16.00 -
Moxostoma sp. >-30 5-30 2 0.09 0.0017 0.03 6.50 -
Ictalurus punctatus 7-10 7-10 | 0.04 0.0357 0.60 13.00 >
Labidesthes sicculus 8-29 8-29 | 0.04 0.0653 1.09 23.50 -
Lepomis sp. 5-30 8-12 16 0.69 0.1336 2.24 10.9! 5.0-13.0
Micropterus sp. 6-15 6-15 ! 0.04 0.0878 1.47 20.00 -
Pomoxis annularis 5-30 725 212 9.11 1.0468 17.52 7.44 4.0-16.0
7,378 59758

*Weights expressed In grams; lengths expressed In mm

LS
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families from near the Kingston Steam Plant (TVA, 1976c). Clupeidae
was the dominant family of larval fish found by these studies with
density values ranging from 77% near the Bull Run Steam Plant In the
upper reaches of Melton Hill Reservoir (TVA, 1976b) to 92% in the
Kingston Steam Plant area of Watts Bar Reservoir (TVA, 1976c). Larval
fish taken during the 1975 season appeared at peak densities In Melton
Hill, May 29 (TVA, 1976b); the present research (NFRRC), CRM 12-15, May
30; and in the Kingston Steam Plant area, June & (TVA, 1976c).

One of the principal concerns of larval fish research is that of
hydraulic entrainment. The NFRRC water Intake structure to be built at
CRM 14.4 is not expected to adversely affect the fisheries of the study
ares as a result of larval fish entrainment. The degree of entrainment
is proportional to the volume of water withdrawn and the concentration
of the larvae within this volume. The normal operational withdraw of
water from the Clinch River will be approximately 5.9 m3/minute which
amounts to about 0.07% of the annual average flow of the Clinch River
at 8,600 m3/minute (Exxon Nuclear Co., 1976). Utilizing push, vertical,
and yoyo larval tows, TVA (1976a) found that the average, 1975, larval
fish concentration at CRM 16 was 427.21/1000m>. Assuming uniform
distribution of the larval fish in the water column, entrainment would
equal the volume of water withdrawn from the Clinch River, 0.0732.
Larval fish that are entrained would be subject to 100% mortality due
to the stresses of fiitration, thermal and pressure changes, abrasion,

biocides, and corrosion Inhibitors they would encounter (Exxon Nuclear

Co., 1976).
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FISHES OF GRASSY AND BEAR CREEKS

The NFRRC study of Grassy and Bear Creeks in 1975 was the first
intensive study conducted on these creeks. Cumulative lists of the fish”
found in Grassy and Bear Creeks are presented in Tables 12 and 13
respectively. Information c ncerning the numbers and relative abundance
of the fish collected from Grassy and Bear Creeks may be found in Ta les
6 through 10 in Appendix A.

Fifi2en species from six families were found in Grassy Creek. The
bluegill was the most abundant game fish in Grassy Creek; the bluntnose
minnow was the dominant forage fish; and the white sucker was the most
abundant rough fish. Seventeen species from six families were collected
in Bear Creek. Among the eight cyprinids found in Bear Creek, one is an

undescribed subspecies of Phoxinus oreas, the mountsin redbelly dace

(Starnes, personal communication, 1977). According to Etnier (1973),
this fish has a limited distribution within the state of Tennessec.
The dominant game fish in Bear Creek was the rock bass; the common
shiner was the most abundant forage f sh; and the white sucker was the
dominant rough fish. In assessing changes which may occur in the fish
populations of these two creeks, the appearance or abundance of the
members of the Cyprinidae, Percidae, and Cottidae families shocld ':

monitored.
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Table 12. A List of the Fishes Collected in Grassy Creek October, 1975,
through April, 1976
Common Name Sclientlfic Name

Stoneroller
Common shiner
Spotfin shiner
Bluntnose minnow
Blacknose dace
Creek chub

White sucker

Yellow bullhead

Redbreast sunfish
Bluegil!

Longear su.afish
Spotted bass

Tennessee snubnose
darter
Logperch

Banded sculpin

Family -

Family -

Family -

Family -

Family -

Family -

Cyprinidae

Campostoma anomalum (Rafinesque)
Notropis cornutus (Mitchill)
Notropis spilopterus (Cope)
Pimephales notatus (Rafinesque)
RRinlichthys atratulas (Hermann)
Temotllus atromaculatus (Mitchill)

Catostomidae

Catostomus commersoni (Lacepede)

lctalurldae

lctalurus natalis (LeSueur)

Centrarchidae

Lepomis auritus (Linnaeus)
Lepomis macrochirus Rafinesque
Lepomis megalotis (Rafinesque)

Micropterus punctulatus (Rafinesque)

Perclidae

Etheostoma simoterum (Cepe)
Percina caprodes (Rafinesque)

Cottidae

Cottus carolinae (Gill)
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Table 13. A List of the Fishes Collected in Bear Creek September, 1975,
through April, 1976
Common Name Scientific Mame

-

Stoneroller
Rosefin shiner
Emerald shiner
Common shiner
Bluntnose minnow
Redbelly dace
Blacknose dace
Creek chub

White sucker
Northern hog sucker
Golden redhorse

Mosquitofish

Rock bass
Bluegill

Stripetail darter
Tennessee snubnose
darter

Canded sculpin

Family -

Family -

Family -

Family =

Family -

Family -

Cyprinidae

Campostoma anomalum (Rafinesque)
Notropis ardens (Cope)

Notropis atherinoides Rafinesque
Notropis cornutus (Mitchill)
Pimephales notatus (Rafinesque)
Phoxinus oreas sp.

Rhinichthys atratulas (Hermann)
Semotilus atromaculatus (Mitchill)

Catostomidae

Catostomus commersoni (Lacepede)
Hypentel lum nigricans (LeSueur)
Moxostrom erythrurum (Rafinesque)

Poecil i idae

gambusia affinis (Baird and Girard)

Centrarchidae

Ambloplites rupestris (Rafinesque)
Tepomis macrochirus Rafinesque

Percidae

Etheostoma kennicotti (Putnam)

Etheostoma simoterum (Cope)

Cottidae

Cottus carolinae (Gill)




Chapter S
SUMMARY AND CONCLUSIONS

1. Fifty species of fish and two hybrids from 14 families
were collected from the Clinch River, mile 1215,

2. The community was dominated by 21 species of rough (42%3);

16 species of gume fish (323); and 13 species of forage fish (26%).

3. The bulk of the catch was comprised of six species:
gizzard shad, threadfin shad, carp, skipjack herring, bluegill, and
sauger.

k., Generally, it appears that forage fish dominated the
community in terms of numbers while rough flsh contributed the greatest
percentace of biomass.

5. Threadfin si..o were the most numerous of the total number of
fish; carp accounted for the greatest total weight; and bluegill were
the most abundant game fish,

6. Sauger was the second most abundant game fish, and represented
the second highest percentage of th: total biomass taken.

7. Sauger in the present study ranged in length from 214 mm to
535 mm and in weight from /8 g to 1860 g.

8. Growth rates of sauger in the Clinch River were faster than
those found in northern waters; generally, similar to growth rates in

the Tennessee Valley; and initlally faster but slower by age classes

3-5 than those ¢f western sauger.

9. The largest sauger, a female, weighed 4.1 pounds (1860 g);

63




the largest male weighed 2.7 pounds (1220 g).

10. The length-weight relationships of 278 sauger (comblned

sexes) yielded the equation:

Log W = -6.249 + 3.479 log L.
The weight of sauger in the present study .ncreased faster than the cube
of the length.

11. Threadfin shad was the dominant food item of Clinch River
sauger. Dorosoma sp., logperch, and a mayfly also contributed to the
diet.

12. Fecundity estimates were made on eight sauger. An average
of 69,625 eggs per fish and 27,300 eggs per 454 g of fish weight was
found.

13. Eight gravid and two spent sauger females were taken in
collections made on April 17, 1976 (water temperature averaged 14.5 C).
Milt was easily extracted from males collected on this date. A number
of males was found clustered in the nets around two of the gravid females
indicating capture during the act of spawning.

4. One postiarval Stizostedion sp., 8.8 mm in length, was taken

on April 9, 1976, at CR™ 12.0 in the supplementary tows of the present
study (water temperature, 15 C).

15. It is probable that the spawning period extends from mid-
March until early May for the Clinch River saugyer; and that the headwaters
of Watts Bar, Melton Hill, and Norris Reservoirs are utilized by sauger
for spawning sites.

16. Nine genera of larval fish from six families were taken in

coliections from May through September, 1975.

17. Clupeidae were the dominant larvae at 902 of the total number.
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18. Peak larval fish densities occurred on May 30, 1975, when
1172 fish were taken.

19. The NFRRC water intake structure to be bullt at CRM 14.4 is
not expected to adversely affect the fisheries of the study area as a
result of larval fish entrainment. An entrainment value of 0.07% was
arrived at based on the average NFRRC withdrawal and average annual flow
of the Clinch River.

20. Fifteen species from six families were found in Grassy Creek.
The bluntnose minnow was the dominant species.

2'. Seventeen species from six families were collected in Bear
Creek. The common shiner was the most abundant species. Among the

cyprinids found, one is an undescribed subspecies of Phoxinus oreas,

the mountain redbelly dace (Starnes, personal communication, 1977).
22. The appearance or abundance of members of the Cyprinidae,
Percidae, and Cottidae families should be monitored in assessing any

changes which may occur in the fish populations of these creeks.

S——— R T TT—— P ——



LITERATURE CITED




| _ S

67

American Fisheries Society, Committee on Names of Fishes. 1970. A list
of common and scientific names of f'shes from the United States and
Canada. 3rd ed. Spec. Publ. No. 6. A4m. Fish. Soc. Washington,
0. C. 150 pp.

Butler, R. L. and L. L. Smith, Jr. 1853. A methcd for cellulose
acetate impressions of fish scales with a measurement of Its
reliability. Prog. Fish Cult. 15(4): 175-178.

Cady, E. R. 1945, Fish distribution, Norris Reservoir, Tennessee, 1343,
|. Depth gistribution of fish in Norris Reservoir. Tenn. Acad. Sci.
20(1): 103-i14,

Carufel, L. H. 1963. Life history of sauger in Garrison Reservoir. J.
Wildl. Manage. 27(3): 450-456.

Collette, B. B. 1963. The subfamilies, tribes, and genera of the
Percidee (Teleostei). Copeia 1963(k): 615-623.

Dendy, J. S. 1945. Fish distribution, Norris Reservoir, Tennessee,
1943, 11, Depth distribution of fish in relation to environmental
factors, Norris Reservoir. Tenn. Acad. Sci. 20(1): 114-135,

Eddy, S. 1969. How to know the freshwater fishes. 2nd ed. Wm. C.
Brown Co., Dubuque, lowa. 286 pp.

Eschmeyer, R. W. and C. G. Smith. 1943. Fish spawning below Norris Dam.
Tenn. Acad. Sci. 18(1): &-5.

Etnier, D. A. 1973. Keys to the fishes of Ternessee. Knoxville.
Unpub!. mimeo. 65 pp.

Exxon Nuclear Co. 1976. Nuclear Fuel Recovery and Recycling Center
environmental report. Docket 50-56&,

Fish, M. P. 1932, Contributions to the early life histories of sixty-
two species of fishes from Lake Erie and its tributary waters.
Bull. U. S. Bur. Sports Fish. 4&7: 293-398.

Fitz, R. B. 1968. Fish habitat and population changes resulting from
the impoundment of Clinch River by Melton Hill Dam. Tenn. Acad.
Sci. 43(1): 32-38.

Garton, R. R, and R. D. Harxins. 1970. Gu'delines: biological surveys
at proposed heat discharge sites. Environmental Protection Agency.
Corvallis, Oregon. 99 pp.

Haslbauer, 0. F. and D. E. Manges. 1947. Sauger movement in Norris
Reservoir, Tennessee. Tenn. Acad. Sci. 22(1): 57-61.

Hassler, W. W, 1957. Age and growth of the sauger, Stizostedion
canadense canadense (Smith), in Norris Reservoir, Tennessee. Tenn.
Acad. Sci. 32(1): 55-76.




68

. 1958, The fecundity, sex ratio, and maturity of the sauger,
ticostedion canadense canadense (Smith), in Norris Reservoir,
Tennessee. Tenn. Acad. 5ci. 33(1): 32-38.

Mouge, J. 1975. Preliminary key to the larval fishes in the Tennessee
River reservoir system. TVA-Forestry, Fisheries and Wildlife
Development, Muscle Shoals, Alabama. Unpubl. mimeo. 22 pp.

Hubbs, C. L. and K. F. Lagler. 1958. Fishes of the Great Lakes
region. Cranbrook Inst. of Sci, Bull. No. 26. 213 pp.

Jester, D. B. 1971, Effects of commercial fishing, species introduction,
and drawdown control on fish populations in Elephant Butte Reservoir,
New Mexico. Reservoir Fisheries and Limnology. Am. Fish. Soc.
Publ. No. 8. Washington, D. C. 265-287 pp.

Lagler, K. F. 1956. Freshwater fishery biclogy. 2nd ed. Wm. C. Brown
Co., Dubugue, lowa. 421 pp.

Mansueti, A. J. and J. D. Hardy, Jr. 1967. Development of fishes of the
Chesapeake Bay region, Part |I. Port City Press, Baltimore, Maryland.
202 pp.

May, E. B. and C. R. Gasaway. 1967. A preliminary key to the identifi-
cation of larval fishes of Oklahoma, with particular reference to
Canton Reservoir, including a seiected bibliography. Oklahoma Fish.
Res. Lab. Bull. 5: 1-33.

Mense, J. B. 1976. Growth and length-weiaht relationships of twenty-
one reservoir fishes in Oklahoma. Owk.ahoma Fish. Res. Lab.
Contrib. No. 188. 155 pp.

Meyer, F. A. 1970. Development of some larval centrarchids. Prog.
Fish Cult. 32: 130-136. !

Moss, D. D. 1967. Handbook of Tennessee reservoirs. Compiled by D. D,

Moss, Biology Dept., Tennessee Technological Univ., Cookeville.
144 pp.

Nelscn, D. J. 1969, Cesium, cesium-137, and potassium concentrations
in the white crappie and other Clinch River fish. Symposium on
Radioecology, Ann Arbor, Michigan. 240-247 pp.

Nelson, W. R. 1968. Reproduction and early life history of sauger,
Stizostedion canadense canadense, in Lewis and Clark Lake. Trans.
Am. Fish Soc. 97(2): 158-i66.

1969. Biological characteristics of the sauger population in
Lewis and Clark Lake. Bur of Sport Fish. and Wildl. Tech. Paper
21: 1-11,

Norden, C. R. Undated. A key to larval fishes from Lake Erie. Unpubl,
mimeo. & pp.




69

Powell, T. G., D. C. Bowden, and H. K. Hagen. 1971. Evaluation of five
types of fishing gear in Boyd Reservoir, Colorado. Reservoir
Fisheries and Limnology. Am. Fish. Scc. Publ. No. 8. Washington,
D. C. 313-320 pp.

Priegel, G. R. 1963. The Lake Winnebago sauger - age, growth,
reproduction, food habits and early life history. Wisconsin Dept.
of Natural Resources. Tech. Buil. No. 43. 63 pp.

Project Management Corp. 1975. Clinch River Brecder Reactor environ=
mental report. Docket 50-537.

Scott, E. M. 1976. DOynamics of the Center Hill walleye populations.
M. S. Thesis. Tennessee Technological Univ. 86 pp.

Scott, W. B. and E. J. Crossman. 1973. Freshwater fishes of Canada.
Fisheries Research Board of Canada, Ottawa, Canada. 966 pp.

Sheddan, T. L. 1976. Fish inventory data, Watts 8ar Reservcir, 1973.
TVA - Division of Forestry, Fisheries, and Wildlife Development,
Norris, Tennessee. 16 pp.

Siefert, R. E. 1969. Characteristics for the separation of white and
black crappie larvae. Trans. Am. Fish. Soc. 98(2): 326-328.

Smith, L. L., Jr. and W. M. Koenst. 1975. Temperature effects on eg)s
and fry of percoid fishes. Environmental Protection Agency.
Corvallis, Oregon. 9! pp.

Stroud, R. H. 1948. Notes on growth of lybrids between the sauger and
walleye (Stizostedion canadense x Stizostedion vitreum) in Norris
Reservoir, lennessee. Copeia T948ThY: 297-298.

Stubbs, J. M. 1965. Electrofishing using the boat as a negative.
Proc. S. E. Assoc. Game and Fish Comm. 19: 203-244.

Tebo, L. 8., Jr. 1965. Fish population sampling studies at water
pollution surveillance system stations on the Ohio, Teuanessee,
Clinch and Cumberland Rivers. Public Health Service Water Pollution
Surveillance 3ystem Applications and Development Report No. 15,
Cincinnati, Ohio. 79 pp.

Tennessee Valley Authority, Fish and Wildlife Branch, and Tennessee
Game and Fish Commission. 1965. Fish inventory data, Watts Bar
Reservoir, 1964, 13 pp.

Tennessee Valley Authority. 1976a. Clinch River Breeder Reactor, fish
larval sampling 1975. Unpubl. mimeo. 16 pp.

. 1976b. Cstimates of entrainment of fish eggs and larvae by
Bull Run Steam Plant, 1975, and assessment of the impact on the
fish populations of Melton Hill Reservoir. Unpubl. mimeo. 29 pp.




1976c. Estimatec of entrainment of fish eggs and larvae by
Kingston Steam Plant, 1975, and assessment of the impact on rhe
fish populations of Watts Bar Reservoir. Unpubl. mimeo. 37 pp.

70

2 e

R P — T o o T S T Y i S e



MESENY e ST . - T I T mm——— - T

APPENDIX A




Table 1.
CRM 12.0 in 1975 and 1976

7

Number, Weights and Relative Abundance of Fish Collected at

—— . — —— . —

—— e

—— . — — .- — - - - ——— - —— ——
= supmeired bt - A B et virE L g I
B ™ o W aaPihen®B o s ae™ 1N B B, A R S0 8,
: “n »oan : LR L N
L3 LY v am
. “ve m e W i . “ Lo L ’ “n " oem
13 .~
. ra 1 LR L I L B N ) ) L. I an
] “e 1 e 1M aw
) “n
. L, Wy M 1] - e oam . LN Y . L% N An : e8 e .00
‘ LA e en ' -- m oen L} “r 1 1% an e m
L] - % e
L] A 4 e ‘. L% s vw . AW N e BN s e ne
i L e 1
Cirvard shas e e N 21 W T Ny AN N L en 13 "N e .- .
Twradlon anat " e e am . "W s m " e A n . - oL L]
Banbod scuipie ] LR " L
Sllews v “ nLn - 13 e » »m A ]
alden ihiner 2 6Lw 1w
Bt nid shivey n ™M e n . “n LI SR LR
Bgat Tim whiner 1} ] .
Sientnm e oo L L - - LLA WL ”» L . o 1 s
Bl Ihoadt miamow L L. N L B N L "™ e a naes LA N1
e
Piwer « wpwerter L »u
PHIe b carprn der L} LY we LW L™ e Iw ] LB
L 1 “m . a0
et n el fay . L% e uao . Ly o e 2 s Mee w2
St bl fain ) LA 1ve 1w
Slaeh Auifoin ] "W 1w » -
: O W
L » s
" " L L L] LI T LI N sy -
. . M T I - aes L 1 " 4 At 1Y M % s v LB IR ETL BEER RS )
B W e w1 WAt vt M . M we a0 e e 1w ) . s w1
] i L
] i »s . T e "N s 1w 0w
1] . M a2 S e 1w ’ I8 e w0 LR LA
) ] N 2Im
: 1] e s “m e ' ' am e L] LE LR L BT
L “M ne 'wu
' L e et 1.% am 1=
Belatine Mawiance in Samar, O 170, 19% 08, IV V0N v, 1900 qame, 9 09 Terses
Brlativw Moaviomce n e €0 19, 1AM, S5 00% runh . T8 0N same. 8008 fovane .
Belation Aiar & on bpecies R 12 3, VMM, SN reers, 0TS game. 1000 levege.
Yolwes S ee W v . s w R o = - - - L - S W W
Ladd B .60 0TS TANT 8 4T 08 NN TR M 818 e MM e 10 jomes 2% W AR L AL I L ]
G n et M e M it v . PY Ye v e N I v » .48 120 » e
Tov oo “ Hoea % e o M s s e W L 2 R Jaan “n = 8207 inge LR
is 1ol waie wi o7 e ey i ansi
- —
Tt el - el . Teal o Wl e el e Nt Nl N tal . eral . A Teial -
St -BLY: ter_ef fpreier e worer el v dee ot fpvsice et ipriies_of Mpesice ot Syegive et Sgweies _of mymire
e " “n . Mo~ " “woe . n.w 1 nn
Cons ’ ”os . na » n.e . noae ] non
Poone » nn ’ LN . r.» ’ “oe . nw

———— . — ————— - ——— ——

T P ———— P et e e
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Table 3. Number, Weights and Relat’ve Abundance of Fish Coliected at
Grassy Creek Embayment in 1_975 and 1976
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Table 4. Number, Weights and Reiative Abundance of Fish Collected at
CRM 15.0 East in 1975 and 1976
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Number, Weights and Relative Abundance of Fish Collected at
CRM 15.0 West in 1975 and 1976
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Table 6. Number, Welghts and Relative Abundance of Fish Collected at Grassy Creek 1.0 In 1975 and 1976

{Octobor and November) (December and February) (#pril)
Fall Quarter Winter Quarter Sprir arcer

¥ile 1.0 No. \ No. We. N wWE, No. \ No. We. . we. No. S No. ME, S M.
GA\ME
Relrreast sunfish 1 1.56 4 2.61
Sluegill 11 17.19 14 9.18% 1 0.65% 1 0.1% 2 1.5 3 0.77
Lorgear sunfish 5 3. 149 22.82 1 299 ) .45
Spctted bass 4 6.25 30 19.€1 . 0.65% s 1.38 2 A %3 12 2:33
FCRASE
sto~aroller 2 3.1 4 2.65 3 1.24 10 1.9 ] 8.9 » .67
co~=3 gSkiaer 1 1.5 42 27.45 2 .29 12 1.84 L] 3S.73 €5 1..57
$;2:iin shaner L) 12.50 L] 5.2) ie 18,08 3 5.05 i .57 2 S.32
Blurtnose TLnnOw 32 $0.00 42 7.4 87 4y 78 11.94
$lackncse Jace 9 5.81 26 3.98 H 1.7 2 c.)%
Creoek civh 1 1.56 1 0.65 1 0.65% 11 1.€8 [ 10.71 6o 12.1%
Tontessce snubnose darter P 3.1) 2 1.3 I 6.45 12 1.84 2 3.5 2 J.39
= poreh : 1.29 14 2.14 9 16.07 14 33.7¢
g.5522 scalpan 2 3.1} 6 .9 - 15.48 98 15.01 18 31.%) 45 28.2%
| g
Wiite satker i 1.29 200 30.61
Yeilcw Sullkead 1 1.79 5.0

® Selghis waTrezerd It grens

L



Table 7.

Number, Welights and Relative Abundance of Fish Collected at Grassy Creek 2.2 in 1975 and 1976

{Octomer and Noverber) (December and February) (April)
Tall Pusrter Winter Quarter Sprin arcer

Yile 2.2 IS . \ No ve. \ Wr, No \ No. we . \ W, No. s Yo, we, N Wt
cave

0 - 0 - 0 - 0 - ] - 0 -
| § X 4
B.eZanose dace B 34.29 S ] 0.%3 [ 46.9%0 € 20.2€C
Craek chud < 100.00 12 i00.00 da €s.mn L1 2.3 “» £3.00 s 80.00

4] - 0 - o - (4] - U - 7] -

® aeiztts exzressed in g-oazs

8/
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Table 8. Number, Weights and Relative Abundance of

Fish Collected at Bear Creek 0.5 in 1975 and 1976

{Octeher and Novembor) (Decerber and Fsbruary) {Arril)
Fall Quarter Winter Quarter Spring Quarter

Mile 0.5 %0, \ Yo. we ., N W, NI, \ No., Wt . \ W, N . s NG. ae . . e,
CRE
Rack bass 2 1.98 9 6.4) 3 1.2 147 18.37 | 3.7% 154 317.11
FORSGE
Stoneroller 11 10.89 17 12.14 2 2.0 145 18.61 22 27.%9 117 .19
Posefin thiner 2 1.98 4 2.686 <3 s.0m 15 1.93
Eerald shiner 1 0.42 1 0.13
Common 3hiner sS4 $3.47 7% $4.29 1.8 46.61 166 21.31 7 .75 »” 8.92
$luninose mirrow 1 .33 1 0.24
Slacknose dace ] 2.97 S 3.97 19 8.05% 34 4.6 21 35.2% s 13.25
Creek chid 6 5.94 6 4.29 s 2.12 61 7.83
vasquito fish 2 0.45% -
Stripetail darter 2 1.98 Kl 2.8€ i0 4.24 14 1,80 L] 11.24 11 2.65%
Tenr=sses snubnose Aarter 17 16.83 13 9.29 4 5.9 ] 1.0) 11 13.78 9 2.1
Banded sculpin 4 3.96 6 4.29 i 0,85% 11 1.41 3 3.7 10 2.41
RSN
Wiilte sucker . 1.69 86 11,04 3 3.8 F 3 5.06
Northern hog sucker 2 0.e% 9 11,68

* delighis expressed in gra-



Table 9. Number, Weights and Relative Abundance of Fish Collected at Bear Creek 1.2 in 1975 and 1976

[cercier and Nowvember) (lecerder 81.d Yedraary) (april)
Fall Caante. Wat.g Quarter gprine Caartar
Xk 2.3 No. . X2, e, \ Wt No, S %o, W . Wr. No. wNo. we . § We.
L
F2z% Lass 1 G.65 3 1.35% h ) .04 279 a.mn
T<#ASE
S:rerdlier 13 e 84 48 16.22 b 3 7 PR 208 16.1% i4 3l.82 157 .42
-2 21n  shiner 13 12,234 7 5.74 “ - | 2 0.34 1 2.1 - -
Cewer shiner ? 50.34 139 46.96 62 42.13 102 17.47 i 9.09% 6 .58
Bl rinose minnow i 0.€3 1 0.17
frovinis $p. 1 2.7 1 c.23
Blizarzie cace 21 14.39 25 €.45 23 15.65% s 9.42 10 2.7 n 583
Creex chud S 3.30 46 15.54 3 2,04 S 0.86 4 9.09 319 4.5
Siripetail darcer 3 2,04 5 0.86
~e-nessee snubnose darter 12 e.16 10 3.38 24 15.33 17 2.9 4 9.09 3 - § §
Bz~ led sculpin 2 1.3 S 1.69 1 0.68 3 0.51
PCLTH
wilte sucker 2 1,36 9 1.54 < 9.09 3 26.¢7
togthern hog sucker 1 0.68 2 0.58
Golcen radrorse 2 4.5% 1700 1.5

® Weights expreisel in grans

08



Number, Weights and Relative Abundace of Fish Collected in Bear Creek 3.0 in 1975 and 1976

Table 10.

(Cstober ar? Novneber) ({Decerber and Febriary) April)

8L yuarter Winter Quarter Spring puarter

Milie 1.0 o, § No. we ., S M. No. N No. we .,  We, No . § No. W A wr,
Fo.k bass s 4.8¢ 873 65.28
Bluegall 2 1.9¢ 29 2.2%
FIRAC
Stosercller 1& 35.%3 45 $.07 18 20.55% 18 19.7% 11 47.8) 4 4.4
fos2%an shiner 12 1.€8 21 2.0 28 35.62 5 37,4 4.35 1 0.90
Ss=ror shinew 16 15.53 n 4 | is 19.18 18 9.78
Frexiocs sp. 2 1.93 B 0.8 1 .y b} 3.30
El.ntncse minnow 1 0.97 2 0.2)
Blacxnose dace 9 8.74 15 1.69 s 6.85 3 3.3 3 13.04 4 3.60
Creex chub 30 %1 8 9.81 2 .74 8 8.79
Strirezail darzer 1 90.97 1 0.1}
Te - essee snuibnose Sarter 5 4.85 L] 0.90 9 12.1) 9 .89 7 jc.ay 6 5.41
f Tmpadei )
white sucker 4 1.88 72 8.12 1 1.3  ; 7.69 1 4.35 54 46.65

® Selgtts expressed in grans
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Datc and Effort of Electrofishing Collections in the Clinch
River, May, 1975, through April, 1976%

Date

Location and Effort

5-02-75
6-28-75

8 30-7%

9-27-75

11-1-75

11-16-75

12-16-75
1-17-76
2-20-76
3-17-76
4-9-76

Grassy Creek embayment - 1 b=,

CRM 12, 14 &, and 15 east - 30 min./station,
(Day light)

CRM 12, 14.4, 15 east and west = 30 min./station.
(Day light)

CRM 12, 4.4, 15 east and west, and Grassy C(reex
embayment - 30 min./station.

As sampled on 9-27-7.

CRM 12, 15 east and west and Grassy Creek embay-
ment - 30 min./station. CRM 4.4 - 1 hr. (Day
light)

As sampled on 9-27-75

As sampled on 9-27-75

As sampled on 9-27-75

As sampled on 9-27-75

As sampled on 9-27-75

“Unless otherwise indicated, collections were made at night.
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Table 12. Date and Effort of Gill Net Collections in the Clinch River,
May, 1975, through April, 1976
Date Location and Effort

5-02-75 CRM 12, 14.4, 15 east - 3 nets/station

6-28-75 As sampled on 5-02-75

7-26-75 As sampled on 5-02-75

8-30-75 As sampled on 5-02-75

9-27-75 CRM 12, 14.4, 15 east and west - 2 nets/station.
Grassy Creek embayment - | net

10-31-75 CRM 12, 14.4, 15 east and west and Grassy Creek
embayment - 2 nets/station

11-15-75 As sampled on 10-31-75

12-15-75 CRM 12, 14.4, 15 east and west - 3 nets/station

1-16-76 CRM 12, 14.4, 15 east and west and Grassy
Creek embayment - 3 nets/station

2-13-76 ps sampled or 12-15-75

3-14-76 As sampled on 12-15-75

4-17-76 As sampled on 1-16-76
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Table 13. Date and Effort of Larval Fish Collections on the Clianch River
May, 1975, through September, 1975

Date Location and Effrt
5-01-75 CRM 12, 14.4, 15 east. Each station - tows
taken - O m shore, O m and 2 m at 252 of river
width
5-17-75 CRM 12, 14.4, 15 east and west. Each station -

tows taken - O m shore, O m and § m at 25%
of river width. Grassy Creek embayment - | tow
taken - 0 m mid-channel

$-30-75 CRM 12, 14.4, 15 east and west. Each station -
tows taken - O m shore, O m and 5 m at 25% of
river width., Grassy Creek embayment - 2 tows -
0 m mid-channel

6-15-75% As sampled un 5-30-75
6-28-75 As sampled on 5-30-75
7-10-75 As sampled on 5-30-75
7-25-75 CRM 12, 14.4, 15 east and west., Each station -

tows taken - O m shore, O m and 5 m at 25%
of river width

8-12-75 CRM 12, 14.4. Each station - tows taken - O m
shore, O m and 5 m at 252 of river width. CRM I5
east and west bank - O m shore only. Grassy
Creek embayment - 2 tows - 0 m mid-channel

8-29-75 As sampled on 5-30-75

9-12-75 As sampled on 5-30-75




Table 14,

Vate and Effort of Collection in Grassy Creek, October,

197 through April, 1976
Date Location and Effort

10-11-7% Grassy Creek 1.0 and 2.2 - 30 min./station
seining

11-16-75 As sampled on 10-11-75

12-16-75 Grassy Creek 1.0 - 30 min. of electrofishing
and seining. Grassy Creek 2.2 - 30 min.
seininn

2-14-76 Grassy Creek 1.0 and 2.2 - 30 min./station
electrofishing

L-18-76 As sampled on 2-14-76
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Date and [ffort of Collections i. Bear Creek, September,
1975, through April, 1976

Date

Location and Effort

9-27-75
16-11-75

11-16-75

12-15-75
2-14-76

4-16-76

Bear Creek 3.0 - 30 min. seining

Bear Creek 0.5 and 1.2 - 30 min./station
seining

Bear Creek 0.5, 1.2, and 3.0 - 30 min./station
szining

As sampled on 11-16-75

Bear Creek 0.5, 1.2, and 3.0 - 30 min./station
electrofishing

As sampled on 2-14-76




APPENDIX B

87



Table |. Temperature (C) in the Clinch River, Grassy Creek, and Bear Creck from June, 1975, to May, 1976*

Clinch River Grassy Creek lear Creek
Month A IR TS.0E REN] r'o—l_—T’I. . 0T 2 7.0
S - - - - - 23.0 22.0 22.0 20.0
Jury 20.0 18.5 19.0 19.5 25.0 21.0 - 18.0 19.5
Aug. 19.5 20.0 20.0 20.0 25.0 22.5 23.0 23.0 19.0
Sept. 21.0 21.0 21.0 21.0 23.0 19.5 21.0 20.0 20.3
Oct. 19.1 19.0 18.9 18.9 18.8 18.5 17.3 17.1 7.3
Nov. 15.4 15§ 15.5 15.5 1.4 9.5 8.9 10.5 12.0
Dec. 10.5 11.0 10.9 10.7 10.5 11.5 11.0 1.1 11.2
Jan. T3 T8 .3 7.3 5.0 4.0 k.7 5.3 6.0
Feb. 8.2 6.5 8.2 8.0 12.5 12.6 13.0 13.0 12.0
March 12.5 12.0 10.5 10.3 11.0 8.5 10.0 10.0 10.6
April 14.8 14.6 14.5 14.0 12.7 15.2 15.0 15.3 14.0
May 17.1 16.6 16.6 - 18.6 15.6 16.0 15.9 15.5
AVERAGE i5.0 14.9 14.8 14.5 15.8 15.1 14.7 15.1 14.8

#Civil Engineering Department, Tennessee Technological University, persona: communication, 1977
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Table 2. pH in the Clinch River, Grassy Creek, and Bear Creek from July, 1975, to May, 1976*

Clinch River I’ Grassy Creek Bear Creek
Month 12.0 154 15.0E 15.0W 1.0 2.2 0.5 1.2 3.0
July 7.2 7. 7.0 7.1 7.4 7.8 - 7.8 7.3
Aug. 7.0 7:3 6.8 6.8 7. 7.9 7.3 7.4 7.0
Sept. 7.1 7.9 7.1 7.2 7.3 7.5 7.4 7.3 73
Oct. 7.9 7.9 1.7 7.8 7.8 +2 7.5 7.4 7.3
Nov. 7.8 7.8 7.8 7.9 7.9 8.0 8.1 7.8 1.5
Dec. 8.4 8.4 8.4 8.4 8.2 B.4 7.9 8.3 B.4
Jan. 7.8 1.9 9 7.9 7.8 7.3 7.8 7.6 7.5
Feb. 8.4 8.6 8.6 8.5 8.2 8.3 8.1 8.0 7.9
March 8.6 8.6 8.2 8.3 8.2 8.5 8.2 8.0 7.8
April 8.2 8.1 8.1 8.0 8.4 8.3 8.2 8.0 7.9
May 8.5 8.4 8.4 - 8.4 8.2 8.0 1.9 7.7
AVERAGE 7.9 7.9 7.8 7.8 7.8 8.0 7.8 7.8 7.6

“Civil Engineering Department, Tennessee Technologica! University,

personal cormmunlication, 1977
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Table 3. Discharge (M3/sec) of the Clinch River, Grassy Creek, and
Bear Creek from June, 1975, to May, 1976
Month Clinch River‘ Grassy Creekz Bear Creekz
June 202.64 0.02 0.13
vuly 201.21) - 0.16
Aug. 188,08 - -
Sept. 136.36 - -
Oct. 87.36 0.06 0.48
Nov. 87.50 0.3 0.24
Dec. 126.76 0.05 0.39
Jan. 180.85 0.06 0.47
Feb. 135.27 0.02 0.20
March 111.97 0.07 0.64
April 118.97 0.04 0.27
May - 0.02 0.12

'TVA Department of River Management,

2pandall Morton, personal communication, 1977

personal communication, 1977
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Clinch River Sauger Study

Introduction

Sauger in the Tennessee River system instinctively migrate upstream
out of the reservoirs each winter as the spiwning season approaches. Their
migrations are impeded by TVA dams, except during lock cperations (Cobb 196V),
and it follows that sauger would become concentrated in tailwater areas at
this time. These concentrations have led to the assumption that spawning
occurs along the rip-rap shorelines of the tailrace during January and
February. The "spawning" congregations have been sampled for various reascns
in the past, but have y‘elded inconclusive evidence of spawning activity in
the immediate vicinity of dams.

The present study investigates the hypothesis that sauger do not
utilize the tailwater areas for spawning purposes. Concentrating on the lout;
Clinch River below Melton Hill Dam, this study is aimed at identifying areas
in which sauger actually do spawn, classitying the spawning habitat in detail,
and applying that knowledge to other areas of the Tennessee River system to
determine additional areas of suitable sauger spawning habitat in efforts to
minimize impacts upon this species by power plant construction or industrial

development.

Methods

Preliminary data were gathered durinyg a seven-week period beginning
March 29, 1979. Adult sau,er were captured in gill nets (mostly 1-1/2", bar
measure; . in the Clinch River set between Gallaher Bridge (CkM l4.l1) and
the mouth of Caney Creek (CRM 17.0) and at the lock walls of Melton Hill .

(CRM 23.1). In the area from Gallaher Bridge to Caney Creek, the nets were

-

. REFERENCE 2-55
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set at dusk and pulled the next morning. At the dam, the nets were only
fished approximately one hour shortly after dusk. In addition to sampling
adults, attempts were made to collect sauger eggs by pumping the substrate at

depths of one to six meters at the dam and the downstream areas.

Results of 1979 Study

At the outset of the study, it was hoped that spawning locations
could be determined by clusters of spawning saugers captured in gill nets, as
observed at CRM 14.7 by Fletcher (1977), and by fertilized sauger eggs
collected from the river. Although no actual "clusters" of spawning saugers
were collected, hundreds of males in spawning condition and several females,
some flowing and some partially spent, were observed in an area six to eight
miles below Melton Hill Dam. On two occasious, flowing females were captured
in close proximity (less than one foot apart in the gill net) to solitary
mature males. According to Nelson (1968) and Scott and Crossman (1973) as few
as one male sauger miy accompany a spawning female. Ome egg from the »ump
samples has been identified as a sauger egg; it was collected in the
downstream area neir CRM 14.7 where the substrate was composed of sand and
silt.

The study site above Gallaher Bridze was divided into four areas for
presentation of catch data (Tables 1-4): (1) CRM 14.1 to 14.9, (2) CRM 15.0
to 15.5, (3) CRM 15.6 to 16.0, and (4) CRM l6.1 to 17.0. A total of 550
sauger captured during this study and 38 collected by Oak ﬁidge National
Laboratory (ORNL) personnel is included in the following discussion.

With rcgard to the possibility that sauger do not spawn immediately

below the dam, spawning instead six to eight miles downstream, the following
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observations were mace. Gill nets were first set near Gallaher Bridg~ on the
night of March 30 whea surface waler temperature was 50° F. Ounly 13 sauger
were captured in three nets. Of these, l0 were males, and their milt was
thick and slow-running, indicating that they had not commenced spawning. Two
of the three females appeared to be gravid due to their size and robustness,
but dissection revealed large amounts of visceral fat and immature ovaries
(i.e., pinkish, transparent without developing ova). The other female was
also immature.

The next week (April 3) three nets were fished for approximately one
hour below Melton Hill Dam when surface water temperature was 53° F. A total
of 95 sauger was caught, nearly 32 fish/net-hour. Twenty-eight of these fish
were males. and the milt again was thick. Since milt can usually be obtained
from males with slight pressure during late winter anc e:vly spring, if oo
milt appeared when ,ressure was applied to the abdomen of the fish, that fish
was presumed to be a female. Maturity of the ovaries could not be positively
determined in most cases without sacrificing the fish. Of the 67 females
captured, at least 7 were gravid. One female had already spawned and was very
gaunt in appearance. Most of the fish were released in good condition, although
some were retained for brood stock for propagation studies.

On April 10, seven nets were set in the downstream area when surface
water temperature was 53° F. A total of 180 sauger was caught. Most of these
were males in running ripe spawning condition, i.e., milt freely flowing.
There were also 22 gravid females, at least 1 of which was flowing (extruding
eggs freely). The majority of the sauger caught on this date (53 and 6l in
two nets) were captured in Areas 3 and 4 (Table 4). The high catch/net-night

suggested that a submerged island or sand bar of Ar:a 3 deserved special

attention.




Efforts were conconérltcd at the downstream site for the next two
weeks. Many mature males and occasional females in spawning condition were
captured. The occurrence of flowing females was not limited to any particular
area, although the greatest number, four) were taken in Area 3. Therefore, if
presence of flowing females is an indicationm, it appears that spawning is not
localized in a small area. Nelson (1968) reported the major spawning ground
of Missouri River sauger (above Lewis and Clark Reservoir) to be a four-mile
stretch of river, six miles below Fort Randall Dam.

Or the night of May 2, three nets were set below Melton Hill Dam and
fished for one hour in the same manner as on April 4. The surface water
temperature was 62° F. A total of nine sauger was collected, and all were
dissected for sex and maturity information. All were found to be immature
females. The large numbers of sauger present four weeks earlier had
apparently left the area. On this same date five nets set overnight at the
downstream areas collected 64 sauger, the majority of which were sexually
mature (41 flowing males, 2 flowing females, 8 gravid females, and 4 spent
females). The results of this night's effort lend credence to the hypothesis
that the area immediately below the dam is not used for sauger spawning, but
rather that spawning occurs six to eight miles downstream.

In addition to TVA's netting on May 2, ORNL fished onme experimental
gill net at the lower end of Jones Island, CRM 19.7 on this date. Of the 33
sauger caught, 36 were mature males, and | was a female from which eggs would
flow upon slight pressure to the abdomen. By the criteria previously discussed,

this area may also qualify as a sauger spawning locality.



Discussion

Regarding the length of the spawning season, this series of data
shows a sauger spawning period of at least six weeks duration. The first
spent female was captured om April 4, and gravid females were still present
May 10, the last sampling date. These latter fish showed no indication of
ovary resorption. Surface water temperatures during this period ranged from
53° to 62° F. These temperatures are roughly 10° higher than those recorded
in the literature for more northern areas (Nelson 1968, Priegel 1969, Graham
and Penkal 1978). Eschmeyer and Smith (1943) found that sauger below Norris
Dam failed to spawn and resorbed their ovaries at water temperatures below
50° F. Fletcher (1977) reported Clinch River sauger spawning at 58° F. Cool
discharges from Norris Dam even after flowing through Melton Hill Reservoir
may have prolonged the sauger spawning season in the particular study area.
Nelson (1968) and Priegel (1969) reported spawning seasons lasting only two
weeks, |

Peak spawning activity, based on catch/net-night and the number of
flowing females, in the downstream areas (Table 7) occurred from April 10 to
April 25. The April 10 samples resulted in nearly 26 sauger captured per
net-night. The vast majority were males, but 22 gravid females were captured.
None of the females were spent, and only 1l of the 22 gravid females was recorded
as flowing on this date. The predominance of males in spawning condition
agrees with Nelson's observations (1968) in that they arrive at spawning
grounds before the females.

The catch per net-night dropped the following week, but five of the
six gravid females collected were flowing and anctlier had spawned, The catch
rate increased slightly during the week of April 25, and 1l gravid females plus

2 spent females were captured. Samples taken after April 25 produced higher



ratios of spent to gravid fc-nics, and the catch rate declined to 4.33 sauger
per net-night. During this three-week peak period, surface water temperatures
increased from 53° to 58° F. Sex ratios strongly favored males over mature
females during these weeks with males being at least five times more abundant
(Table 8). lmmature females are intentionally omitted from sex ratios since
their importance in assigning spawning characteristics is nil. Males were more
numerous than females on all occasions except the April 3 sample below Melton
Hill Dam (Table 5). Predcminance of males during the peak spawning period
does not agree with available literature for northern populations, although
Fletcher (1977) found similar results on the date he reported spawning activity
in the Clinch., For sauger populations as a whole, females are more abundant
(Priegel 1969, pp. 26-27). Hassler (1958) reported larger percentages of
females than males in Norris Reservoir.

Few sauger were collected near the shore or in shallow water. Most
of the fish were taken in the deeper half of the net with many at the end.
Even the flowing females were <aken in water 15-20 feet deep. If flowing
females indicate spawning, these observations are inconsistent with available
literature which reports sauger spawning in 2'-4' depths (Nelson 19638, Graham
and Penkal 1978). Substrates do not seem to agree either, since the literature
describes the spawning substrates as gravel and rubble. The fish in the
present study were taken over sand and silt substrates.

Concentrating on the data collected in the vicinity of Gallaher
Bridge, alleged spawning fish (i.e., flowing females) were captured in all
four areas (Tables l-4). Catch rates of sauger were highest at Area 3, near
the submerged island. Although gravid females constituted higher proportions
of the catch in Areas 1, 2, and 4, half of the eight flowing females were

captured in Area 3. The two flowing females collected from Area 4 were taken




only 0.2 mile upstream of Axo‘.S. While the low number of females limits the
conclusions that may be drawn, on the basis of flowing females as indicators

of spawning activity, the area surrounding the submerged island in Area 3
appears to be a major spawning area. The percentage of spent females increased
progressively dc.mstream, indicating their return to Watts Bar Reservoir
following spawning.

Spawning activity was apparently not Jocalized since high yielding
locations one week were not so the next. The large numbers of males captured
is probably not representative of their abundance because yearlings males
(i.e., fish completing one year's growth) were not vulnerable to the l-1/2"
nets used in this study. However, most of the sauger sampled by an experimental

net by ORNL on May 2 were yearling, mature males.

Suggestions for Further Study

The time frame for additional study during the 1980 spawning season

spans approximately two months beginning in mid-March. Necessary equipment
includes ultrasonic transmitters, receiving apparatus, shocker boat, tracking
boat, pumping boat, gill nets, larval fish drift nets, and a sled-type
attachment for the bottom pump intake (Manz 1964). The transmitters are
available from Smith-Root, Inc., and the receiver and hydrophone may possibly
be borrowed from the biothermal unit .t Browns Ferry. The drift net frames
and pump attachment will have to be fabricated. The other materials are
maintained at the %alnut Orchard. »

During mid-March prespawning sauger are abundant below Meltom Hill
Dam. Plans are to capture several fish for tagging purposes at this time.
Ten transmitters (five for males, five for gravid females) will be attached

externally using a harness similar to that described by Carr and Chaney (1976).




Other sauger would receive ; pelvic fin clip before being released. Each
transmitter has a different pulse rate, allowing the ability to monitor the
movements of individual fish. Fin-clipped fish would show gross movement from
the dam site.

Recalling that the 1979 data showed that mature sauger vacated the
area immediately below the dam while concentrations of mature fish occurred
six to eight miles downstream, tracking the telemetered sauger released at the
dam should reveal significant information about their spawning locations and
activity. It is believed that tagged males will illustrate nightly movements
onto the spawning grounds while occupying deeper stretches during the day.
According to Nelson (1968) few sauger were captured on the spawning grounds
during the day, but their numbers peaked rapidly during the first two hours of
darkness. Occasionally males will be recaptured in the areas inhabited /.t
night to determine if they are accompanied by a school of sauger and, more
importantly, if flowing females are present. If the fish are in shallow water
(less than four feet) at night, electrofishing would be the best sampling
method because groups of spawning fish could be collected as described by
Nelson (1968). Otherwise gill nets could be set, but only for short periods
in order to minimize the injury to the tagged fish. The tracking crew will
carry several readied gill nets for spot-checking areas frequented by the
tagged fish.

Nelson (1968) reported that male sauger precede the females to the
spawning grounds, The females tagged in the present study would presumably
remain apart from the concentrations of males until their eggs matured.
Attempts would be made to capture a telemetered female entering areas of males

in order to examine her sexual readiness. A female sauger probably sheds all

her eggs in one night, as does a female walleye (Priegel 1970), and may return




to the reservoir downstream aflcr spawning. If a tagged female continues

downstream out of the primary study area toward Watts Bar Reservoir, attem;'s
would be made to capture her to verify that she had spawned.

The information gained from the movements of adult sauger would be
used to search for sauger eggs. If male sauger show a tendency to frequent
particular areas at night, those areas would be intensively sampled for eggs
using the modified pump and larval fish drift nets. According to Nelson
(1968) sauger eggs are strongly adhesive and can best be sampled by pumping,
although some viable eggs may be collected in drift nets. The preseat study
{ntends to determine whether the eggs, if spawned over sand and silt, retain
their adhesiveness and are collected more often by pumping, or if they cease
to adhere to the loose, fine substrate and are collected in drift nets as they
are swept downstream.

The amount of manpower required to pursue the study as proposed
would be substantial. Several man-days would be expended during the initial
evening of collection to emsure adequate numbers of minimally injured adult
sauger to carry the transmitters. Thereafter and throughout the rated 3U-day
life of the tags, the movements of the telemetered fish should be monitored
during day and night periods several times weekly. Perhaps 10 man-weeks would
be required to track the fish. However, if sufficient information to describe
the spawning localities is gained before the transmitter batteries fail, the
tracking could be halted and attention focussed on the collection of eggs.

The drift nets could easily be set day or night and allowed to fish during
tracking or pumping operations. Weekly pump samples would be taken during the

day at areas indicated by the telemetered adults.




Following the spavning season, processing of the egg samples, and

analysis of the data, scuba divers will explore the more likely spawning

grounds to describe in detail the various substrates preferred by sauger for

spawning purposes.




il

CLINCH RIVER SAUGER STUDY

GILL NET CAPTURE BREAKDUWN BY AREA, SEX, MATURITY

TABLE 1, AREA 1.

GALLAHER BRIDGE UPSTREAM TO CRM 14.9.

Net- Catch/

Date Nights Total M F(iam) F(gr) F(sp) F(flo) Net-Nignt
3-30-79 1 2 2 - - - - 2
4=-10-79 2 27 18 - 5 - - 13.5
4-19-79 2 4 1 - 2 1 2 2
5= 2-79 1 17 i5 - - 2 - 17
5-10-79 3 B 2 3 - 2
TOTALS 9 71 48 8 9 6 Z 7.89
TABLE 2, AREA 2. CRM 15.0 to 15.5 - DOWNSTREAM OF SUBMERGED ISLAND

3-30-79 1 - 2 2 - - - o
4~10-79 2 34 2% 1 7 - 1 17
4=25-79 1 22 17 2 3 - - 22
5= 2-79 1 18 8 2 5 2 1 18
5-10-79 2 YRR SRR | — i 3 8.3
TOTALS 7 91 62 10 15 3 2 13.0






TOTALS BY DATE FOR > COMBINED AND CATCH PER NET-
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Table 7. SEX RATIOS OF MALES TO MATURE FEMALES, AREAS 1~4 COMBINED AND SURFACE

WATER TEMPERATURE ACTUAL NUMBERS IN PARENTHESIS.

Date Males:Females Actual Number Temperature
3-30-79 10:0 ( 10,0) 50°
4=-10-79 1:0.15 (151,22) 53°
4=19~79 1:0.14 ( 50,7) 54°
4-25-79 1:0.21 ( 61,13) 58°
5- 2=79 1:0.34 ( 41,14) 62°

5-10-79 1:0.33 ( 33,11 b4
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& SOURCE CHARACTERIZATION
2.1 Construction Equipment and Operation

Construction has become a major noise problem in many cities
and towns. The trend toward urban renewal and more high-rise
structures has created an almost perp~tual din on city streets.
Equipment associated with construction projects 1s more numerous,
and the time span for construction at a given site has lengthened.
Residents very near a construction site may well plan on two years
of intolerable noise levels as a high-rise structure is being
built.

In this section, we consider the construction noise nroblem
as it relates to residential and nonresidential buildings, city
streets, and public works, because these kinds of project usually
take place in areas where the number of people likely tc be ex-
posed is very high. - Heavy construction, such as highways and
civil works, has been omitted from our study tecause the vast
bulk of this activity 6ccurs in thinly pcpulated areas where the
noise affects very few people. We view construction as a pro-
cess that can be categorized accecrding to type and that consists
of separate and distinct phases.

2.1.1 The construction process

The basic unit of construction activity is the construction
site, which exists in both space and time. The temporal dimen-
sion consists of various sequential phases which change the
character of the site's noise output as work progresses. These
phases are discussed further below. In the case of building con-
struction, the spatial character of the site is self-evident; in
the casz: of sewers and roads, the extent of a site is taken, for

';_n reasons explained in Sec. 3.2, to be one standard city block or
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phases.

-

These four groups, in order of decreasing average cost

per building, are:

Office buildings, hospitals, hotels

Schools, public works buildings

Industrial buildings, parking garages

Stores, service stations, recreational buildings, and
religious buildings.

Construction is carried out in several reasonably discrete

steps,

each of which has its own mix of egquipment and consequently

its own noise characteristics. The phases (some of which can be
subdivided) are:

Building Construction
1. a. Clearing

b. Demolition

¢. Site preparation
2. Excavation
3. Placing foundations
4., a. Frame erection

b. Floors and roof

¢. Skin and windows
5 a. Finishing

b. Cleanup

City Streets

Clearing

Removing old roadbed
Reconditioning o©ld roadbed
Laying new subbase, paving
Finishing and cleanup

S 2 B i W R S I



* Publie Works

Clearing

Excavation

Compacting trench flcor

Pipe installation, filling trench
5. Finishing and cleanup.

e w e

Defining the construction phases as above allows us to ac-
count for the variation in site noise cutput with time. By inven-
torying the egquipment which is to be found at each site in each
phase, we can derive a representative source level for each phase
Py the process described below.

2.1.2 Equipment noise characteristics

Despite the variety in type and size of construction equip-
ment, similarities in the dominant noise sources and in patterns
of operation permit one to assign all equipment to a very limited
number of-categories. These categories are described below and
are indicated in Fig. 1, together with corresponding noise level
data. Corresponding spectra and the sources of this data are
given in Appendix A.

m

Equipment Powered by Internal Combustion Engines

The most prevalcnt noise source in construction equipmen* is
the prime mover, i.e., the internal combusticn engine (usually of
the diese]! type) used to provide motive and/or operating power.
Engine-powered equipment may be categorized according to its mo-
bllity and operating characteristics, as (1) earthmoving equip-
ment (highly mobile), (2) handling equipment (partly mobile), and
(3) stationary equipment.

Earthmoving equipment includes excavating machinery (back-
hoes, bulldozers, shovels, front loaders, etc.) and highway
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building equipment (compactcrs, scrapers, graders, pavers, etc.).
Internal combustion engines are used for propulsion (either on
wheels or tracks) and for powering working mechanisms (buckets,
arms, trenchers, etec.). Engine power varies from about 50 hp to
over 600 hp. Engine noise typically predominates, with exhaust
noise usually being most significant and with inlet noise and
structural noise being of secondary importance. Other sources
'l nolse in this equipment include the mechanical and hydrau
sion and actuation systems, and cocling fans (often very
. Significant). Typical operating cycles may involve one or two
¢f full-power operati ion, followed by three or four minutes

rect potential for
ngine by use of -

Igine-powered materials-handling equ ipment such as cranes,

!
derricks, concrete mixers, and concrete pum S, 1s used in a more-
or-less fixed lo tion; mobility of this Cquipment over e ground

S
-

ca
f its major work cycle. Although noise
(such as the clanking of aggrega*e in the concrete
e most "ldentifiable" noise com iponent, the

mixing bin) n is th

aominant source of noise generally .s the prime mover. Noise
levels at 50 ft range from about 75 to 90 dB(A). The greatest
potential abatement for noise again lies in engine quieting, with
treatment of power transmission and working mechanisms being of
secondary importance.

Stationary equipment, such as pumps, electric power gener-
ators and air compressors, generally runs continuously at
relatively constant power and speed. Noise levels at 50 ft range

12
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, from about 70 to 80 dB(A), with pumps typically at the low end of

this range. Stationary e~ = _ment, because of its fixed location
and constant speed and/or .oad operation, may be quie.ed more
easily than mobile eguipment; engine mufflers can be more effec=-
tive, and use of enc’ . .es becomes feasible. [In fact, noise
from scme air compressors, has already been reduced by about

10 dB(A) by use of appropriate enclosures.]

The greatest near-term abatement potential for all current
equipment powered by internal combustion engines lies in the use
of better exhaust mufflers, intake silencers, and engine enclo-
sures (in conjunction with appropriate cooling system and fan de-
sign). Reductions of 5 to 10 GB(A) appear to te achievable,
usually without great difficulty. Practical long-term abatement
{of about 15 to 20 dB(A)] can prodably ve achieved by basic engine
design changes. f course, replacement of the internal combus-
tion engine by a quieter prime mover, such as a gas turbine or
electric motor, would eliminate the reciprocating-engine noise
source altogether.

Impact Equipment and Tools .

Conventional pile drivers are either steam-powered or diesel-
powered; in both types, the impact of the hammer dropping onto the
pile is the dominant noise component. With steam drivers, noise

O

is also generated by the power supply (a boiler) and the release
of st ¢am at the head; with diesel drivers, noise is also gener-
ated by the combustion explosion that actuates the harmer. Noise
levels - difficult to measure or standardize, because they are
affected by pile type and length, but peak levels tend to be about
100 dB(A) (or higher) at 50 ft.

13
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Small hand-held pneumatic tools, such as pneumatic wrenches,
generate noise of levels between 84 and 88 dB(A) at 50 ft. The
exhaust and the impact are the dominant noise sources. Becaus«
of the obvious weight and size limitations to which hand tools
are subject, only small and light mufflers can be used with them,
limiting the achievable noise reduction to 5 dB(A) at best. The
best practical means for reducing the noise from impact tools

consists of using other types of tools to accomplish the same
functions.

A

2.1.3 Site ncise characteristics

To characterize the noisiness - i.e., the average noise an-
noyance potential -~ of the various types of construction sites
during each phase of construction, a Noise Pollution Level (NPL)
was calculated for each t,pe of site and each construction phase.
The NPL used here was taken as the same measure that was used for
similar evaluation of traffic noise [2]. The NPL (in dB) is de-
fined as the sum of the A-weighted average scund pressure level
and 2.56 times the standard deviation of the A-weighted sound
pressure l=vel¥®; thus, NPL accounts for the effect of steady
noise, plus the annoyance due to fluctuations

Although a thorough study relating NFL t© subjective descrip-
tors of annoyance (e.g., acceptable, unacceptable) has not been

' accomplished, a provisional interpretation of NPL in such terms

can be suggested. On the basis of an’'evaluation.of domestic and

#A-weighting refers to a standara weighting of the various fre-
guency components, approximating the behavior of human hearing.
The average sound pressure level is computed on the basis of the
time-average root-mean-square sound pressure, whereas the stand-
ard deviation is calculated from the time-variation of the dB(A)
values.




foreign social surveys and psycho-acoustic studies, the Depart-~
ment of Housing and Urban Development has adopted a set of
"guideline criteria” [3) for outdoor noise levels in residential
areas as shown in Fig. 2 [¢]. According to this chart, the com-
munity noise situation is evaluated by comparing a measured dis-
tribution of A-weighted levels with the criteria curves. The
situation is categorized by the region of least desirability

penetrated by the actual noise distribution.

Since this criterian

is based on level distributions, the boundaries between regions
of acceptability may be defined in terms of the NPL. Thus, the
following descriptors of NPL values may be used in interpreting
the site noise NPL levels used in the remainder of this-report.

Clearly Acceptable: The noise exposure
is such that both the indoor and out-
door environments are pleasant.

Normally Acceptable: The noise exposure

is great encugh to be of some concern
ut common building constructions will
maxe the indoor environment accep ptable,
even for sleep; 1€ quarters, and the out-
door environment will be reasonably
pleasant for “eC“eaticn and play.

Normally Unacceptable: The noise ex-
003”"e is significantly more severe so
hat unusual and costly buildi ng con-
-.ructions are necessary to ensure some
tranquility indoors, and barriers must
oe erectec be»ween the site and promi-
nent ise sources to make the outdoor

environment olerable.

Clearly Unacceptable: The noise €Xpos=-
ure at the site is so severe that the
construction costs to make the indoor
environment acceptable would be prohibi-
tive and the outdoor environment would
still be intolerable.

16

NPL less than 62 dB

NPL betweer 62 ard
74 @B

NPL between 74 and
88 dB

NPL greater than
88 dB
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we must emphasize that these criteria have not been officially or
unofficially adopted by HUD or any other government agency. They

are presented here solely to enable the reader to interpret N?PL
values computed in this report.

The aforementioned averages of nocise annoyance potential
were calculated on the basis of information obtained on (1) the
number of each item of equipment typically present at a site (in
& given phase), (2) the length of the duty cycles of this equip-
ment, and (3) the average noise levels during operation. For
purposes of site characterization, the nqisiest piece of equip-
ment was assumed to be located at 50 ft from an observer, and i
all other eguipment was assumed to be located at 200 ft from the
observer; ambient noise, of levels depending on the surroundings
of the site, was taken to be present in addition to the equipment
noise. (Note that pile driver noise was not included in the NPL . .

-
y -

<valculations, because its repetitive impact character makes its
n

e wr bl
Lw "ot

noises for which the NPL concept was developed.) Clearly, this

construction noise model 1s not entirely realistic; however, it 3
may be expected to fulfill its intended purposes — that of yield- i
ing at least a relative measure of the noise annoyance associated ,:
with each type of site and phase for the most adverse conditions ?
likely to be associated with each phase. i

Table I shows NPLs calcula;ed for each of five phases for ]
each of four types of construction. For residential housing and k.
public works construction, two NPL values are given in the table; ;
one pertains to a noisy [70 dB(A)] background characteristic of :g
urban conditions, the other to relatively quiet [50 dB(A)] am- j!
bient conditions found in suburban environments. As one may ex- 1;f
pect, the values indicated in the tatle reflect the fact that a ;4
given intruding noise is more annoying if it occurs in a quieter ;g

environment.
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TABLE T-a. TYPICAL RANGES OF NOISE LEVELS AT CONSTRUCTION SITES WITH A
50 dB(A) AMBIENT TYPICAL OF SUBURBAN RESIDENTIAL AREAS

Industrial
Parking Garage,

Office Build- Religious, ‘
ing, Hotel, Amusement & Public Works
Hospital Recreations, Roads & High-
Domestic School, Public Store, Service ways, Sewers,
Housing Works Station and Trenches
I 11 I g O I 11 )
RPN 83 83 84 B4 84 83 B4 8U Energy Average dB(A)
-+ bt R 8 15 7 16 9 16 8 8 Standard Deviation
» € 103 122 101 123 106 124 103 104 NPL

88 75 89 79 89 71 88 78 Energy Average dB(A)
—Excavation 8 14 6 2 6 2 7 3 Standard Deviation
- 109 111 105 85 105 77 106 86 NPL

81 81 78 78 77 77 58 88 Energy Average dB(A) ;
Foundations 10 17 3 3 l 5 8 8 Standard Deviation
107 124 84 86 37 90 108 108 NPL

81 65 87 75 84 72 79 78 - Energy Average dB(A)
Erection 10 9 6 2 9 7 9 11 Standard Deviation
107 87 99 79 107 91 103 108 NPL

88 72 = 89 715 .89 7 848U Energy Average dB(A)
Finishing ' s 7 8 7 10 7 8 Standard Deviation
- 106 104 107 97 105 100 101 104 NPL

I — All pertinent equipment present at site.
IT — Minimum required equipment present at site.
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TABLE 1-b.

70 dB(A) AMBIENT TYPICAL OF URBAN AREAS
/

Office Build-
ing, Hotel,

Industrial,
Parking Garage,
Religious,
Amusement &

Public Works

TYPICAL RANGES OF NOISE LEVELS AT CONSTRUCTION SITES WITH A

Hospital Recreations, Roads & High-
Domestic |[School, Public Store, Service |[ways, Sewers,
Housing Works Station and Trenches
I Il I Il I Il I I
" 84 83 84 RYy 84 87 84 84 Energy Average dB(A)
C{:arin 6 8 6 g 6 8 6 7 Standard Deviation
g 100 103 99 103 101 103 100 101 NPL
88 76 89 79 89 7h 89 79 Energy Average dB(A)
Excavation 7 5 6 2 7 1 6 2 Standard Deviation
106 88 104 85 106 77 105 85 NPL
81 81 78 78 78 78 88 88 Energy Average dB(A)
Foundations 7 7 3 2 3 3 8 8 Standard Deviation
99 100 85 85 85 85 108 108" NPL
82 71 85 76 85 74 79 79 Energy Average dB(A)
Erection 6 1 5 1 7 2 : b Standard Deyiation
97 75 97 79 103 80 88 88 NPL
88 L 39 76 89 75 84 84 caergy Average dB(A)
Finishing 7 i 6 I 6 3 6 6 Standard Deviation
106 84 104 86 104 84 106 100 NPL

I — A1l pertinent equipmeht present at site.

Il — Minimum required equipment present at site.

e s
.o .
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The NPL values shown in Table I obviously depend on the pre-
vicusly described model of site noise. For this rodel, the aver-

age sound pressure level depends strongly on the one or two noisi-

est pieces of equipment, whereas the standard deviation depends
largely on the numbers and duty cycles of the less noisy equip-
ment and on the ambient noise level.

As evident from Table I, in building construction, the in-
itial ground clearing and eacavation phases tend to be the noisi-
est, the subsequent foundation and erection phases tend to be
somewhat less noisy, and the final finishing pﬁ&se'again tends to
be relatively noisy. In public works construction, on the other
hand, NFLs are more nearly the same for all phases, except that
the erection phase tends to be less noisy.

Table II lists the two noisiest types of equipment for each
site type and phase, together with the average A-weighted noise
levels (at 50 ft) for this equipment. Inspection of this table
indicates that rock drills, which typically are the noisiest
equipment, are prevalenf in the excavation and finishing phases;
trucks, on the other hand, are somewhat less noisy than réck
¢ ills or similar equipment but are present in nearly all bhases.

Effect of Equipment Quieting

To assess the effect of some quieting strategies on the pre-
viously described site noise model, we recalculated the NPL for
three "strategles" for each type of site and each phase:

Strategy 1:

* Only the noisiest plece of equipment being quieted by 10
dB(A), with this equipment remaining at the previously
specified 50 ft distance from the observer.

-
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TABLE 11 NOISTEST EQUIPMENT TYPES OPERATING AT CONSTRI'CTION SITES®*

Construction Type
Domest i H(m‘.im_; Office Bldgs. Industrial Public Works

Truck
Concrete

Pneumatic

*Numbers in parentheses represe
definition of

lon tyj

construct
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, 3TONE R WEDSTER ENGINFERING CORPORATION L53Smicth, 245/
‘FILE COPY DIXillilea
WIClifford
SJStratis, enc.
; JMShivliey

yach DHArmstrong
MAY 3\\977';: AEKing Jr., enc.

R' A. Chidlaw-2/enc, PO

NOTE RHTownsend
wat 3% WCDennis. enc.

we G o . .égg..nmu, enc.
o N 3T | 9 = A ”\\ Job Files - 2, enc.
“ﬂ“‘ : T“ﬁ"&- CTION \  pMansbach, enc.
we ITEM

Mr. Richard A. Chidlaw
’ Assistant Director for Conmstructiom ° MAY 311977
CRBRP Project Office

P. 0. Bex U J.0. No. 12720
Oak Ridge Tenressse 37330 File No. 98.32

Dear Sir w5296

CONSTRUCTION ENVIRONMENTAL MONITORING PROGRAM
CRBRP

References: . SaWw Letter SWB-16,
JR Chapman to BL Trawicky,
'Draft Environmental Statement,
CRBRP." dated March 10, 1976.

S5W Letter SWB-137,

JR Chapman to BL Trawicky,
"Drafr Environmental Statement
Applicants' Commitments, CRBRP,
dated Jume 18, 1976.

ERDA Letter CN 76-152,

BL Trawicky to JR Chapman,
'‘Oraft Environmental Statement, '
dated June 22, 1976.

S&W Letter SWS-200,

W1 cifford to RA Chidlaw,
“"Final Environmental Statement,
CR3BRP,  dated March 14, 1977.

Enclosed is a copy of Stone & Webster's Construction Environmental
Monitoring Program for your approval.

Please note that in “ome cases our Program has deviated from the
commitments of the Final Environmental Statement. These items
have been previously sddressed in References 1 through 4.




STONE Y MEISTER cNUINEERING CORPORATION

FILE COPY
sl

The specific FES commitments which are not stricetly adhered to
{n the Stone & Webster program are itemized as follows:

a) FES 4.6.1.1 We have modified thase
“(2) and (7) comaitments to indicate

our inteantion to conforwm

to Tennerses regulations.

' b) PFES 4.6.1.1. (3) We have deleted the phrsse
“"over a 4-month period,”
since we cannot adhere to
this commitment.

c) FES 4.6.1.1 (6) We have modified this
comaitment to indicate our
intention to conform to
state and federal regulations.

.6.1.1 (10) We have modified the statement
restricting on-site truck
traffic to "paved roads.”

e) FES 4.6.1.1 (18) We have providad our
interpretation of how chis
comritment can be satisfied.

£) FES 4.6.1.2 (1) We have identified the
responsible organization
for part of tais comaitment.

F o

d) FES

g) FES 4.6.2 (¢) We have modified the wordiag
of this commitment.

| 1635 We would appreciate receiving your approval of the Construction
Environmental Moaitoring Prograa by July 1, 1977.
Very truly yours,

pH

W. 1. Clifford
Resident Manager

ne/my
Enclosure

Standard Nistribution (without enclosure)

NOTED MAY 31 1977 RM Sait!




J.0. No. 12720
DATE: May 31, 1977

STONE & WEBSTER ENGINEERING CORPORATION

CLINCH RIVER BREEDER REACTOR PLANT PROJECT

CONSTRUCTTON ENVIRONMENTAL MONITORING PROGRAM

Lpproved by g | |
Senior Construction Site Representative éz !z : (%/&( ’ 5/3/' 77

SWS296




1.0

2.0

2.1

2.3

2.4

2.5

2.6

2.7

3.0

3.1

3.2

3.3

Clinch River Breeder Reaccor Plant Project

CONSTRUCTION ENVIRONMENTAL MONITORING PROGRAM

Scope

ihe Construction Environmental Monitoring Program (CEMP) defines
the administrative procedures to be used to assure that Stone &
Webster's portion of the construction effort for the Clinch River
Breeder Reactor Plant (CRBRP) conforms to the applicable commit-
wents of the US Nuclear Regulatory Commission Environmental State-
ment (NRC Docket No. 50-537). This program is the means by which
the Construction Department will monitor its activities with regard
to environmental protection. Not included in this program are the
baseline metecrological and ecological monitoring programs and the
construction of transmission lines which are the responsibilities
of the Tennessee Valley Authority.

References

NRC Final Environmental Statement
Environmental Report

Limited Work Authorization (Later)
Construction Permit (Later)

Permit to Discharge under the National Pollutant Discharge Elimi~-
nation System (Draft)

Corps of Engineers Permits (Later)
State of Tennessee Permits
S | Open Burning

Responsibility

The overall responsibility for the implementation of the CEMP will
reside with the Senior Construction Site Representative.

The Resident Engineer wil)l have direct responsibility for assuring
that all subcontractors are familiar with and that their construc-
tion activities conform to the CEMP.

The Construction Environmental Representative (CER) designated by
the Senior Site Representative shall be responsible for surveil-
lance, coordination, inspection, and report preparation as de-
lineated in Section 4.0. He shall be familiar with the commitments
of the documents r.ferenced in Section 2.0. The CER will be
responsible for routine liaison between the Engineering and Con-
struction groups and Project Office (ERDA). He will ensure that
records, notes, reports, laboratory results, administrative actions,

an? engineering procedures are maintained on a current basis.
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A Construction Environmental Committee (CEC) shall be formed
consisting of the following members:

Senior Construction Site Representative (or designees)
Resident Engineer (or designee)

Construction Environmental Representative

Safety Engineer

The CEC shall be responsible for overall evaluation and review as
delineated in Section 4.0.

The procedures employed in this program (CEMP) will be subject to
periodic audits by Stone & Webster's Project Quality Assurance
Organization.

Implementation and Documentation

Prior vo the commencement of any operation subject to the environ-
wantal limitations of Section 2.0, the Construction Environmental
Representative will review these applicable environmental require-
ments with the responsible Construction Supervisor or subcontractor's
representative to ernsure that adequate precautions will be taken to
minimize potential adverse effects.

The Construction Environmental Reprersentative will conduct site
inspections on a monthly basis. An inpection pilan consisting of a
written checklist of items will be prepared by the CER and reviewed
by the Senior Site Representative (or designee) prior to the date
of the inspection. Items to be checked shall be drawn from but are
not necessarily limited to the cormitments raferenced in Section
5.0. Items may be added and related areas investigated as nec-
escary. The CER may utilize the services of members at the Con-
struction Environmental Committee or other S&W personnel at his
option, with the approval of the Senior Site Representative.

A post inspection corference of the Construction Environmental
Committee shall be held to summarize any deficiencies, unexpected
effects, or evidences of damage which are detected. Necessary
corrective actions shall be determined and a timetable for ini-
tiating these actions established. If necessary, a schedule of
follow up inspections shall be aetermined to be perinrmed by the
CER pricr to the next monthly inspection.

After the monthly inspection is completed, a report shall be issued
to the Senior Construction Site Representative stating:

Inspection date

Names of participants

Findings, including a list of items checked, and details of
any deficiencies in systems or procedures that require super-
visory or management corrective or preventive action

Names of supervisors to whom action is assigned

The date by which corrective acticn is expected

Schedule of follow up inspections




Copies of inspection reports shall be sent to all committee members
for their files. Additional cdpies shall be sent to Construction

Supervisors and subcontractor's representative responsible for the
areas inspected.

Should there be any significant construction activity in progress
not meeting the commitments estabiished in this manual, the CER
shall discuss the problen with the responsible Construction Super-
visor or subcontractor's representative. This discussion shall
include a detailed explanation of the nonconformance, the cor-
rective action to be taken, and the timetable for initiating that
action.

Surveillance of the routine implementation and progress of the CEMP
requires the use of the Construction Inspection Report form illus-
trated in Fig. 1. The Construction Inspection Report (CIR) forms
will be completed as necessary by the CER to record program progress,
special activities, and nonconformances. The necessity for addi-~
tional inspections shall be determined by the results of the

monthly CEC conferences. Copies of all CIR's shall be forwarded to
all members of the Construction Environmental Committee and cog-
nizant Construction Supervisors or subcontractor's representatives.

All deficiencies will be held as "open™ items until satisfactory
completion of corrective action has been verified. The status of
vpen items will be determined and reported in tha next monthly

inspectior and the CIR shall be signed off in the appropriate
block.

A copy of all lab and outside reports required to prove conformance
with the commitments required by the documents listed in Section
2.0 will be forwarded to the CER who will maintain an up~to-Cate
filc of the records and data.

Should a problem develop in meeting the commitments of Section 5.0,
the matter shall be brought tc the immediate attention of a member

of the CEC. Any member of the CEC may convene the committee at any
time.

The Senior Construction Site Representative shall issue Construc-
tion Environmental Monitoring Guidelines as necessary to further
clarify the requirements of Section 2.0. CEMG's shall be dis-
tributed when applicable to Construction Supervisors and subcon-
tractor's representatives and shall be addenda to this program
(CEMP) .

The Construction Environmental Representative shall maintain copies
of all CEMG's and any other documents referenced by this program in
his file.




4.10

5.0

St i T

If it becomes necessary to engage in a construction activity which
may result in a significant adverse environmental impact that was
not previously evaluaced, or if unexpected harmful effects are
detected, the Senior Construction Site Representative will notify
ERDA and provide an analysis of the problem and a plan of actiom to
eliminate or significantly reduce the harmful effects for submittal
to the Director of Licensing of the Nuclear Regulatory Commission
as required by the Final Environmental Statement, Summiry and
Conclusions, Paragraphs 7(e) and 7(f).

Cosmni tments

The following summarizes the commitments made to limit adverse
effects during plant construction activities. Pcrtions have been
quoted from the Final Environmental Statement (FES). Other state-
ments describe Stone & Webster's intentions regarding the FES
commitment.

where applicable, reference is made to Specifications, Construction
Methods Procedures (CMP), and Construction Environmental Monitoring
Guidelines (C=MG) or other documents which give more detailed
information on the subject.

FES 4.6.1.1

1. "Open burning will conform to State and Federal air pollution
requirements. ™

Reference CEMG 1.0

287. Disposal of wastes will conform to Tennessee Solid Waste
Management Regulations.

Reference CEMG 5.0
3. *Blasting will be restricted to small multiple charges..."
Reference B&R Spec. 3066-19-2A
oMP 2.1
4. "Depth of the borrow pit will not exceed 25 feet and the
sides, a 2 to 1 slope. Encroachment upon the Hensley Cemetary
and the Indian Mound will be avoided. Reclamation will
consist of grading, returning topsoil and seeding native
grzsses and forbs."”
Reference B&R Spec. 3066-19-1
B&R Spec. 3066-19-2A

5. *In constructing the barge-unloading facility, river siltation
will be controlled by doing major construction elements in

sequence.”™

Reference CEMG 4.0




10.

13.

18.

19.

20.

5

Disposal of hazardous wastes and pollutants will conform to
State and Federal regulations.

"Treated sanitary wastewater discharged to the river will meet
standards of the Tennessee Department of Public Health.
Chemical toilets will be used in remote areas, with approved
disposal of wastes.” 1

Raference CEMG 3.0

"General erosion control will consist of leveling rutted
areas, maintaining contours where possible, leaving tree
stands where possible in the plant construction area, con-
structing drainage ditches at the base of stockpiles and
excavation slopes, rip-rapping major diversion channels where
erosive velocities are indicated, holding up drainage water in
settling basins before discharge to the river, developing a
storm drainage system for site access roads and spoil laydown
areas, landscaping as sorn as construction schedules permit,
providing burlap protect.on to seeding on slopes, and planting
trees or other appropriate vegetation.”

The site access road will be paved. On site traffic will be
controlled by Stone & Webster.

Reference B&R Spec. 3066-19-2A
P 2.2

“pust will be controlled by sprinkling roads and construction
areas.”

*Chemicals will not be used in clearing land..."

Construction will be limited to those areas shown on approved
drawings.

*A fire prevention and control plan will be developed and
applied.”

Reference S&W Safety and Health Program (Safety Manual)
»Siltation impacts will be reduced by dredging and constructing
behind temporary dams all such structures as intake channels
that require disturbing the soil-water interface.”

Refurence CEMG 4.0




From FES 4.6.1.2

l.

"Prior to construction, the construction plant manager will be
provided with locations of critical ecological elements...”

Inspections of these species will be performed by Westinghouse
Environmental Systems Division.

Reference CEMG 2.0

"Construction of the intake, discharge, and barge facilities
will be scheduled so as to mitigate environmental impacts.”

Reference CEMG 4.0

From FES 4.6.2

"The applicant shall set aside an appropriate buffer zone
upslope of cover type vegetation 32 and 33 on the north edge
of the sit. to ensure their preservation and protection during
the construction period. (Reference Environmental Report
Figure 2.7-6)" There is no construction planned in this area.
(See response to Item 18 of FES 4.6.1.1.)

"Water discharged from settling basins shall meet the effluent
limitations which are promulgated by EPA in the National
Pollutant Discharge Elimination System Permit.”™

Reference CEMG 3.0

1f possible, work schedules will be staggered with those of
nearby plants to avoid unreasonable congestion on State Road
58 in Roane County.

"Installation and removal of the cofferdams for the intake and
the barge unloading facilities shall be conducted during the
August to March period unless there is evidence showing that
those activities at other times would not adversely affect
fish spawning.”™

Reference CEMG 4.0
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1.

Construction Environmental Monitoring Guideline No. 1.0

Open Burning

Date: May 31, 1977

Waste material to be burned shall consist only of wood products,
trees, brush, etc., cleared from the site only. No tires, heavy
oils or products of similar combustion characteristics are to be
included in material burned or used to kindle the fire. No. 2 fuul
oil or similar may be used.

Burning of lumber, dunnzge, paper products, and other itoms of
comparable combustic . characteristics excluding garbage is allowed.

Burning shall be done between the hours of 9:00 a.m. and 4:00 p.m.
six days per week.

Burning shall be done in small piles, and in such a manner that no
vi.sible emission shall be evident after 5:00 p.m.

Burning shall be done within the approved areas shown on S&W Dwg.
YSK~12720-007. J

On each day that open burning is done, the following persons shall
be notified.

1. The Oak Ridge Fire Department (483-5671)
2 the Plant Shift Supervisor at X-10 (483-8611, ext. 36606)

Y-12 (483-8611, ext. 37172)
X-25 (483-8611, ext. 33282) :

3. the State Forest Service (354-0258) i




Construction Environmental Monitoring Guideline No. 2.0

Threatened and Unusual Plant Species

Date: May 31, 1977

1. Prior to commencing construction activities beyond the clearing and
grubbing limits shown on the drawings, the responsible construction
supervisor or contractor's representative shall be issued a copy of
the following attached documents:

a. *Threatened and Unusual Plant Species on the CRBRP Site.”

b. S&W Dwg. 12720-YSK-010.



STONE & WEBSTER ENGINEERING CORPORATION

February 10, 1977

Threatened and Unusual Plant Species

on the CRBRP Site




The forest surrounding the CRBRP site supports a variety
of threatened and unusual plant species. Within a mile of
the Nuclear Island, the following species have been identi-
fied as unusual or rare:

Carey's Saxifrage (Saxifraga Careyana)

Adam and Eve Orchid (Aplectrum hyemale)
Lizard's Tail (Saururus cernuus)

Wister's Coral - Root (Corallorhiza Wisteriana)
Southern Buckthorn (Bumelia lycioides)

Common Adder's Tongue (Ophioglossum vu.gatum)

Of these species, only Carey's Saxifrage appears on the
1975 Smithsonian Institution endangered and threatened plant
species list. Adam and Eve Orchid, Lizard's Tail, and
Wister's Coral - Root are unusual but not rare. Southern
Buckthorn and Common Adder's Tongue are widespread species
but are uncommon in the site area. All of these plants are
fragile and care should be taken not to disturb them or the
area within 50 ft. of them.

Local habitats are shown on S & W Dwg. 12720-YSK-010,
They can be located in the field by looking for the signs
labeled "OFF LIMITS - FRAGILE ECOSYSTEM", at the borders

of their habitats.

(1)




Saururus cernuus (Lizard's Tail).
Stem branched, 5-17 dm. tall. Leaves
with long petioles sheathing at base,
the blades cordate-ovate, 6-15 cm. long,
about half as wide, Spikes !l or 2,
pedunéled, terminal but often surpassed
by axillary branches, 6-15 cm. long,
nodding at the tip before anthesis.
Filaments white, 3-4 mm. long, much
surpassing the pistils. Fruit 2-3 mm.
in diameter. Swamps and marshes.

Located on 7 small inlet approx-
imately 0.3 mile west-southwest of
CRORP.

Aplgctoum hyemale (Adam and
. utty~root.
bassl, its blade elliptic, 10-15 cm.
Scape 3-6 dm. tall, with a

few linear-oblong sheathing braccs;
raceme 7-15~flowered.
petals 10-15 mm. long, purpiish

toward the base, brown tovard the
Lip white, marked with

violet, 10-15 om. long.

Sepals and

Located on & south facing
slope approximately 0.8 mile north
of CRBRP.
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Ophioglossua vulgatum /(Common Adder's
Tongue). Plant J-36 cm. long. Stipe
1.5-19 cm., usually 6~13 cm. long. Sterils
blade oblong-elliptic to ovate, 1-10 ca.,
usually 4-8 cm. long. 0.8-4 ca., usually
2-3 cm. wide, rounded, obtuse, or suba:. te
at the apex but not apiculate, sessile or
distinctly stalked: venation regularly
areolate, the areoles all small, not en~ -
closing secondary areoles. Stalk of the
fertile blade 3-17 cm., usually 7-14 cm.
long, the blade 1-4 cm. long, 2.5-4 mm.
wide. Sporangia 0.6-1.2 mm. in diameter.

\

—
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Located approximately 0.3 mile southeast of
the CRBRP.

—ag—

.

|
|
|
f
!,
|
|

e 4

Corallorhiza Wisteriana (Wister's Coral-Root)
Stem purple reddisW, I-4 dm. tall. Raceme 3-7 cm.
long, 10-flowered. Sepals and lateral petals ext-
ending forward over the column,.scarely spreading,
narrowly lanceolate, 7-8 mm. long, greenish yellow-
ish, tinged with purple and marke! with short
purple lines. Lip deflexad, about as long as the
sepals, narrowed below into a slender claw more
than half as long as the blade, the latter breadly
oval, crenulate, notched at the rounded summit,
vhite,dotted with purple.

Located on a north-facing slope approximately
0.3 mile northeast of CRBRP.
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Bumelia lycioides (Southern Buckthorn).
€arub or small tree, up to 10 m tall.
Leaves elliptic to elliptic-oblanceolate,
commonly 5-12 em. long, a fourth to a

third as wide, acuminate to obtuse,nearly
or quite glabrous, prominently reticulately
veined. Flowers 10-60 in a cluster, the
pedicels 5-12 mm. long, glabrous or

with a few scattered hairs.

Located on a small hilltop 0.2 mile

east of the CRBRP.

Saxifraga Careyana. (Carey's Saxifrage). Plant
1-5 dm. tall. Leaves ovate to slightly obovate,
to 14 cm. long and & cm. wide, glabrous above,
pubescent to glabrate beneath, obtuse or acute,
coarsely serrate or dentate, base cunesate to attenuate;
petioles pubescent. Calyx tuba campanulate, 0.5-1
rm long, lobes 1-1.5 mm long,reflexed in fruic;
petals claved or not clawed, 1.5-4 ma long; stamens
exserted, filaments filiform. Capsules usually
2.5-3 mm long; seeds longitudinally striate, cristate,
0.6-0.7 mm long. May-June. Moist rocks and seepage
slopes, rare; mts. of NC, VA, and Tenn.

Located or a steep sloping hillside facing
the Clinch River approximately 0.8 northeast of
the CRBRP,




Descriptions and sketches have teen extracted from the

following references:

1.)

“"Manual of the Vascular Flora of the

Carolinas", Radford et.al., University

of North .arolina Press, Chapel Hill,
NC.

"Illustrated Flora of the Northeastern
United States and Adjacent Canada",
Henry A. Gleason Hafner Press, New

York, NY.




Conatruction Environmental Monitoring Guideline No. 3.0

Monitoring, Recording, and Reporting Discharges

Date: May 31, 1977
(Draft)

) I Monitoring, recording, and reporting shall be performed for the
following discharge serial numbars shown on Pig. 3.1:

002 CRBRP Construction Period Sanitary Discharge
003 CRBRP Construction Period Discharge Impounding Pond “A"
004 CRBRP Constructian Period Discharge Impounding Pond "B”

005 CRBRP Construction Period Discharge Impounding Pond "C"
006 CRBRP Construction Period Discharge Impounding Pond "D*

a Sampling frequency shall be:
Sewage Treatment Plant Effluent - 5 grab samples per week.
Sewage Treatment Plant Influent - 3 grab samples per week.

Impounding Pond Effluent - 3 grab samples per week during
periods of actual discharge (each pond).

Samples shall be of sufficient volune to allow performance of
all required tests.

The CER shall also take monthly readings of the flow recorder
at the waste treatment plant.

il
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3. Measuremant frequencies and acceptance criteria are:s

DISCHARGE LIMITATIONS

Effluent kg. 1 day (lbs./day) ng./1. Measursment
Characteristic Daily 7-Day Daily 7-Day Frequancy
Average Average Average Averags
| Bws 6.96 10.4 30 45 3/week *
(15.3) (23.0)
TOTAL SUSPENDED 6.96 10.4 30 45 3/weak *
SOLIDS (15.3) (23.0)
SETTLEABLE SOLIDS NA NA 1.0 1.0 5/week
(ml/1)
|
g DISSOLVED OXYGEN NA NA NA NA 5/wask
B (mg/1)
E AMMONIA (as N) 1.16 1.85 5.0 8.0 1/weeak
g (2.56) (4.09)
é TOTAL CHLORINE NA NA NA NA 5/waek
- RESIDUAL
(&)
—~ FECAL COLIFORM NA NA 200 400 3 /week *
g (number/100 ml.)

PH NA NA 6.0-9.0 NA 1/week
(standard units)

INSTANTANEOUS MAXIMUM

© TOTAL SUSPENDED NA 1/week
=z SCLIDS (mg./1)

awn

52 SETTLEABLE SOLIDS NA 3/week
o0

& & (m1/1)

o PH 6.0 - 9.0 3/week

{standard units)

* -~ Reduced to one/two weeks during periods when flow is
less than 50,000 gpd.

The CER shall send samples to the testing lab as required for
the performance of the above tests.

-
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4.

For all samples Or measurements taken, the CER shall maintain a log

a. The exact place, date, and time of sampling.
b. The dates the analysea wero performed.

c. Tha person(s) who parformed ths analyses.

d. The analytical techaniques or methods used.
e. ~he results of all required analyses.

Monitoring results for the previous three months shall be sum~
marized for each month by the CER on an EPA Discharge Monitoring
Report Form (Attachment 1). This report shall be forwarded to ERDA
Construction Division and Public Safety no later than the 2lst day
of the month following the reporting period. A copy shall be
maintained in the CER's files.

1f, for any reason, discharges do not comply or will be unable t.
comply with any daily maximum effluent limitation, the CER will
notify the ERDA Cocnstruction Division within two days and provide
them with the following information in writing:

a. A description of the discharge and cause of noncompli-
ance; and

b. The period of noncompliance, including exact dates and
times; or, if not corrected, the anticipated time the
noncompliance is expected to continue, and steps being
taken to reduce, eliminate and prevent recurrence of the
noncomplying discharge.

Any diversion from or bypass of facilities is prohibited, except
(1) where unavoidable to prevent loss of life or severe property
damage, or (2) where excessive .torm drainage or runoff would
damage facility.

The CER shall promptly notify the ERDA Construction Department in
writing of each diversion or bypass.

Should monitoring be carried out more frequently than required,
using approved analytical methods, the results of such monitering
shall be included in the calculation and reporting of the values
required in the Discharge Monitoring Report Form (EPA No. 3320-1).
Such increased frequency shall also be indicated.

All records and information resulting from the monitoring activi-
ties required, including all records of analyses performed and
calibration and maintenance of instrumentation and recordings from
continuous monitoring instrumentation shall be retained for a
minimum of three (3) years by the CER.
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Attachment 1

Sample EPA Discharge Monitoring Report Forms

Construction Period Discharges.
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REFERENCE 7-4
THE WHITE HOUSE

-« of the Press Secretary o

For Immediate Release

STATEMENT BY THE PRESIDENT

A more abundant, affordable, and secure energy_future for
€1l Americans is a critical element of this Administration's
economic recovery program. While homeowners and business
¥irms have shown remarkable ingenuity and resourcefulness
in meeting their energy needs at lower cost through conservation,
it i{s evident that Sustained economic Erowth over the decades
ahead will require additional energy supplies. This {s
particularly true of electricity, which will supply an increasing
share of our energy.

If we are to meet this need for new energy supplies,
we must move rapidly to eliminate unnecessary government
barriers to efficient utilization of our abundant, economical
resources of coal and uranium. It is equally vital that the
utilities -- investor-ownad, publie, and co-ops - be able
to develop new generating capacity that will permit them to
sSupply their customers at the lowest cost, be it coal, nuclear,
hydro, or new technologies such as fuel cells.

One of the best potential sources of new electrical energy
supplies in the coming decades {s nuclear power. The v.s.
has developed a strong technological base in the production
of electricity from nuclear energy. Unfortunately, the Federal
Government has created a regulatory environment that is forcing
many utilities tc rule.out nuclear power as s source of new
generating capacity, even when their consumers may face
unnecessarily high electric rates as a result. Nuclear power
has become entangled in a morass of regulations that do not
enhance safety but that do cause extensive licensing delays
and economic uncertainty. Government has also failed in meeting
its responsibility to work with industry to develop an acceptabdle
System for commercial waste disposal, which has further hampered
nuclear power development.

Te correct present government deficiencies and to enable
nuclear power to make its essential contribution to our future
energy needs, I am announcing today a series of policy
initiatives:

(1) I am directing the Secretary of Energy to give
immediate priority attention to recommending improvements
in the nuclear regulatory and licensing process., I anticipate
that the Chairman of the Nuclear Regulatory Commission will
take steps to facilitate the licensing of plants under
construction and those awaiting licenses. Consistent with
public health and safety, we must remove unnecessary obstacles
to deployment of the current generation of nuclear power reactors,
The time involved to proceed ’ro- the planning stage to an
operating license for new nuclear power plants has more than
doubled since the mid-1970s .nd is presently some 10-18 years.
This process must be streamlined, with the objective of shortening
the time involved to 6-8 years, as is typical in some other
countries.

more
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(?) I am ¢irecting that =-.i, ~=--s agencies proceed
with the demonstration of breeder reactor technology, including
completion of the Clinch River Breeder Reactor. This is essential
to ensure our preparedness for longer-term nuclear power nevds.

(3) I am 1ifting the indefinite ban which previous
Administrations placed on commercial reprocessing activities
in the United States. In addition, we will pursue consistent,
long-term policies concerning reprocessing of spent fuel from
nuclear power reactors and eliminate regulatory impediments
to commercial interest in this technology, while ensuring
adequate safeguards.

.

It is fmportant that the private sector take the lead
in developing commercial reprocessing services. Thus I am
also requesting the Director of the Office of Science and
chhnology“Policy, working with the Secretary of Energy, to
undertake a study of the feasibility of obtaining economical
plutonium supplies for the Department of Energy by means of
a competitive procurement. By encou: aging private firms to
Supply fuel for the breeder program at a cost that does not
exceed that of government-produced plutonium, we may be able
to provide a stable market for private sector reprocessing,
and ainultlncoualy reduce the funding needs of the U.S. br: ze»
demonstration program.

(8) I am instructing the Secretary of Energy, working
closely with industry and state governments, to proceed swiftly
toward deployment of means of storing and disposing of commercial
high-level radicactive waste. We must take steps now to accomplish
this objective and demonstrate to the public that problems
asscciated with Banagement of nuclear waste can be resolved.

(5) I recognize that some of the problems besetting
the nuclear option are of a deep-seated nature and may not
be quickly resolved. Therefore, I am directing the Secretary
of Energy and the Director of the Office of Science and
Technology Policy to meet with representatives from the
universities, private industry and the utilities and requesting
them to report to me on the obstacles which Stand in the way
of increased use of nuclear energy and the steps needed to
overcome them in order to assure the coentinued availability
of nuclear gouor Lo meet America's future energy needs not
later than September 30, 1982,

Eliminating the re,ulatory problems that have burdened
nuclear power will be of little use if the utility sector
cannot raise the capital necessary to fund construction of

new generating facilities. We have already taken significant
steps to improve the climate for capital formation with the
passage of my program for economic recovery. The tax bill
contains substantial incentives designed to attract new czpital
into industry.

Safe, commercial nuclear power can help meet America's
future enargy needs. The policies and actions that I am
announcing today will permit a revitalization of the U.8.
industry's efforts to develop nuclear power. In this way,
native American genius -< not arbitrary federal policy -- will
be free to provide for our energy future.
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