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ABSTRACT 

The smallmouth buffalo, Ic t iobus  bubalus ( ~ a f i n e s q u e ) ,  population 

of Watts Bar Reservoir, Tennessee, was investigated i n  order t o  describe 

i t s  age d i s t r ibu t ion ,  growth ra tes ,  dispersion, and importance a s  an 

accumulator of radionuclides. Measurements and scale  samples were taken 

from commercially-caught f i s h  and f i s h  caught i n  the  ORNL tagging oper- 

a t ions .  Scale impressions,were analyzed f o r  age and growth phenomena. 

Dispersion of smallmouth buffa lo  was invest igated by conventional tag-  

ging methods and by autoradiographic analyses of scales .  Stable and 

radiochemical composition of scales  was examined by spectrographic anal-  

y s i  s, flame spe.ctrophotometry, and radiometric surveys. 

Watts Bar smallmouth buffa lo  i n  the  commercial catch ranged from 

four  t o  f i f t e e n  years of age. The l a rges t  number of f i s h  i n  the  catch 

was from year c l a s s  six,  t he  youngest year c l a s s  which' was completely 

vulnerable t o  commercial f i sh ing  gear .  Annulus formation occurred p r io r  

to , June .  The t o t a l  suivival  r a t e  was found t o  be 49 per  cent f o r  year 

c l a s s  six, 35 per cent  f o r  year c l a s s  seven, 26 per  cent f o r  year c l a s s  

eight ,  and 19 per cent  f o r  year r.1.a.s~ nine. 

The r a t e  of change i n  weight as length increased was 100 g/cm 

f o r  f i s h  exceeding 31 cm i n  t o t a l  length. Absolute growth was 422 mm 

a t  th ree  years, 441 mm a t  s ix,  487 mm a t  seven, 522 mm a t  eight ,  and 

609 mrn a t  nine. The species cha rac t e r i s t i c a l l y  exhibited t he  l a rge s t  

r e l a t i v e  growth during the  second year of l i f e .  Conditions f o r  growth 

evident ly  had improved f o r  t he  past  s i x  years a s  was indicated by an 

increase i n  t o t a l  length a t t a ined  a t  t he  end of succeeding years. Growth 

compensation was evident during t he  four th  and f i f t h  years of l i f e .  

iii 



Calcium was the most abundant element in fish scales with at 

least twenty-three other elements present in varying quantities. Fish 

scales and bone were found to contain radionuclides of ruthenium, ces- 

ium, zirconium, zinc, and cobalt. Radiometric surveys of scales re- 

vealed the Watts Bar Reservoir smallmouth buffalo population was a . 

relatively minor accumulator of radionuclides with only 0.08 per cent 

showing the presence of artificially produced radionuclides. Approxi- 

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

White Oak Creek fish had accumulations. 

Limited data on dispersion were determined from conventional 

tags. Much more dispersion and life history data were determined from 

autoradiographic analyses of scales. These dispersion data were applied 

only to individuals because the number was too small for generalizations 

for the population as a whole. 

All normal scales containing radionuclide accumulations were 

found to produce identical autoradiographic patterns of concentric 

circles which were 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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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 physical en- 

vir~unrmnL up011 Lhe organisms. The study of organisms in such an eco- 

logical investigation often follows the form of a population study 

designed to determine the characteristics of that population. A popu- 

lation is considered to be a group of organisms of the same species 

occupying a particular space 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, 

age distribution, biotic potential, dispersion, and growth form (~dum, 

1959) 

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  orto ton, 1961), it included 

an investigation into the species' importance as an accumulator of 

radion~~c lides . 
The smallmouth buffalo, Ictiobus buibaluis (~afinesque) , was 

selected for this investigation of population characteristics for 

several reasons. An examination of the fish tagging records of the 

Radiation Ecology Section revealed that the species is abundant In the 



a rea  throughout the  year. The species i s  commercially important a s  in- 

dicated by the  f a c t  t h a t  over one mill ion pounds a r e  harvested annually 

from Tennessee Valley Authority impoundments. A preliminary radiometric 

survey of f i s h  species from the  Clinch River indicated t h a t  the  small- 

mouth buf fa lo  w a s  one of t he  b i o t i c  accumulators of radionuclides re-  

leased i n t o  the r i v e r  a s  waste from the  Oak Ridge National Laboratory. 

The study of population charact&ist ics  was based on the exami- 

nation of scales  from t h e  f i s h .  It i s  a general  p r inc ip le  t h a t  the  

sca les  r e g i s t e r  a l l  the  s tages  of growth of f i s h  and t h a t  every fac tor  

influencing t h i s  growth i s  expressed on the sculptured, outer  surface 

( ~ e r t i n ,  1958). Periods of rapid growth, retarded growth, and even 

periods of spawning a c t i v i t y  may be interpreted from the r e l a t i ve  po- 

s i t i o n  of marks on the sca les  of most f i s h .  Lea (1910) established 

t h a t  t he re  i s  a constant re la t ionsh ip  between the  s i ze  of the f i s h  and 

t h e  s i z e  of i t s  scales .  Examination of the  outer  surface of t he  scale  

reveals  the  animal's current  age. The knowledge of age i s  e s sen t i a l  i n  

t h e  study of growth. I n  conventional growth s tudies  the  scales regu- 

l a r l y  a r e  used t o  compute the length of the  f i s h  a t  the end of previous 

growing seasons, as. indicated by the  spacing of year marks ( ~ i c k e r ,  

1958). , 

Emigration, immigration, and migration a re  movements of indi-  

viduals  which may a f f ec t  several  of the  population charac te r i s t ics .  The 

invest igat ion of these movements now i s  l imited t o  capture-recapture 

study methods and conventional marking techniques. A major disadvantage 

e x i s t s  i n  the  conventional methods of marking f i s h .  The attachment of 

metal o r  p l a s t i c  tags  t o  the  animal's body has been shown t o  influence 

i t s  behavior and i n h i b i t  growth ( ~ i c k e r ,  1942). 



A preliminary autoradiographic examination of scales  from several  

species of Clinch River f i s h  revealed t h a t  the  radionuclides had accumu- 

la ted  i n  pa t te rns  of concentric c i r c l e s .  This accumulation was assumed 

t o  be t h e  r e su l t  of growth of t he  animal i n  a conta.minated area.  I f  

any of the  nu t r ien t  materials  used by the  animal in'forming new body 

t i s sues  contain radioisotopes of e s sen t i a l  elements, these isotopes w i l l  

follow the.same pathway a s  s tab le  isotopes of the  element and be incor- 

porated i n to  these t i s sues .  When accumulation of radionuclides occurs 

i n  the  scales  it can be  detected by autoradiography. A comparison of 

scale  autoradiograms t o  the  growth of the  specimen should reveal  when 

t h a t  individual was i n  a contaminated area .  

I n  recent years radioisotopes have been applied e f f ec t i ve ly  t o  

the  invest igat ion of several  phases of aquatic biology. Biological  

product ivi ty  and r a t e s  of biogeochemical cycling have been measured by 

radionuclide methods. They have been used i n  the invest igat ion of f i s h  

diseases and nu t r i t ion .  They a l s o  have been applied i n  t rac ing  the  

movement of water and po l lu tan ts  i n  water i n  hydrologic s tudies .  Some 

appl icat ion of radionuclides has been made t o  the  marking of aquatic 

animals, bu t  l i t t l e  success has been achieved. Most of these s tud ies  

have been based on the  use of rad ioac t iv i ty  a s  a means of locating the  

radioactive  individual^ . One cuch otudy wao conducted by ICondrat 'cv 

(1962) i n  which he tagged commercial f i c h  cpecico by holding them i l l  

water containing a weak concentration of radionuclides f o r  several  

hours. Then these f i s h  were released and recaptured by commercial 

f i sh ing  methods. The catch of f i s h  was passed through tanks equipped 

with radiometric counting devices and the  number of radioactive f i s h  



was recorded. This method had some success i n  t e s t i ng  the  eff ic iency 

of commercial f i sh ing  gear.  

Pendleton (1956) pointed out the  advantages of radionuclides f o r  

marking animals i n  ecological  s tudies .  The radionuclides a r e  not de- 

t ec t ab l e  by  the senses of the  animals and they a r e  ea s i ly  applied with 

minimal handling t o  la rge  groups of animals. Some techniques do not 

require  t h a t  the  organisms be captured, handled, o r  even seen by the 

inves t iga tor .  The radionuclides a r e  incorporated in to  the ind iv idua l f s  

body, thereby tending t o  prevent loss  of the  tag. Seymour (1958) d i s -  

cussed the  tagging of f i s h  with radlonuclldes, bu t  concluded t h a t  

present-day marking methods a r e  much more prac t ica l .  H i s  objections t o  

tagging f i s h  with radionuclides were t h a t  tagged f i s h  a r e  d i f f i c u l t  t o  

de tec t  because of the  shielding e f f ec t  of water, the  high energy radi-  

a t i on  necessary i n  radioact ive tags  might have a detrimental e f f ec t  on 

the  f i sh ,  the  f i s h  tagged with radionuclides might cons t i tu te  a heal th  

hazard i f  consumed by humans, and the iden t i f ica t ion  of individuals by 

such tags would be extremely complicated. However, Seymour appears t o  

have considered using radionuclides primarily a s  a means of locating 

f i sh ,  a s  most previous invest igators  have done. Hooper, Podoliak, and 

Snieszko (1961) s ta ted  t h a t  future  use of radionuclides i n  the marking 

of aquatic animals w i l l  be only i n  s i tua t ions  where there  i s  complete 

cont ro l  over the  f i s h  harvest  or.where the tagged f i s h  can be handled 

without danger t o  the  public.  



CHAPTER I1 

REVIEW OF LITERATURF: 

A .  Population Character is t ics  

1. Age d i s t r i bu t ion  

b t k a  (1925) concluded t h a t  a population tends t o  develop a s t a -  

b l e  a.ge di. s t r i b u t  ion, Movement of individuals from other  populations 

o r  changes i n  environmental conditions may disrupt  t h i s  balance. How- 

ever, the  population eventually regains i t s  o ld  s t a b i l i t y  o r  a new one 

a f t e r  the  disturbance. Allee, e t  a l .  (1949) discussed the  re la t ionships  -- 
between age d i s t r ibu t ion  and other  cha rac t e r i s t i c s  of the  population. 

There i s  a preponderance of young individuals i n  the  population soon 

a f t e r  spawning because of the  high fecundity of f i s h .  However, the  

survival  r a t e s  f o r  young f i s h  usual ly  a r e  low because of the  intense 

pressure of predation. Predation continues u n t i l  t he  young f i s h  reach 

a s i ze  where they no longer a r e  su i tab le  prey f o r  l a rger  f i s h .  Survival 

r a t e  i s  the  f ac to r  determining the  number of individuals entering a new 

age group. 

2. Dispersion - 

Populations of stream f i s h  i n  na tu ra l  hab i t a t s  cannot be assumed 

t o  be i so la ted  un i t s .  I n  the  absence of physical  b a r r i e r s  movement of 

individuals occurs between adjacent populations. The movement of f i shes  

may be random (~hompson, 1933), bu t  more l i k e l y  the  movements have cause 

i n  population pressures, environmen+,al~changes, o r  migration behavior. 



Funk (1955) presented evidence supporting a concept of stream f i s h  pop- 

u l a t i ons  being divided i n t o  sedentary and mobile groups. H i s  data  on 

fourteen species revealed t h a t  each species included a sedentary group 

which remained near the  point of capture and release and a mobile group 

which ranged more o r  l e s s  widely. Carp seemed t o  adapt t h e i r  movements 

t o  the  physical  conditions of t h e i r  hab i ta t .  They usual ly  were seden- 

t a r y  i n  s tab le  habi ta t s ,  but  mobile i n  hab i t a t s  subject t o  flooding. 

Some carp, the only rough f i s h  species included i n  t h i s  work, ranged a s  

f a r  a s  200 miles. Gerking (1953), Larimore (1952), Funk (1955), and 

o thers  have concentrated on the invest igat ion of game f i s h  movements, 

home rang&, and homing behavior. Game f i s h  a r e  much l e s s  mobile than 

rough f i s h .  Miller and Bryan (1948) a f t e r  making a l imited investiga- 

t i o n  of movements of f i s h  i n  Tennessee Valley Authority impoundments, 

concluded t h a t  t he  f i s h  populations of creek embayments studied were 

more o r  l e s s  independent of the main reservoi r  and few f i s h  moved back 

and f o r t h  between them. Present knowledge of the  movements of rough 

f i s h  i s  l imited because of t he  past emphasis placed on the ~ t u d y  of 

game f i s h  movements, but  it i s  generally believed t h a t  rough f i s h  do 

not  maintain home rangcs o r  exhibi t  homing behavior and t h a t  they range 

considerably f a r t h e r  than game and pan f i s h  species. 

3. Growth 

Growth is defined a s  an increase i n  s ize .  Rounsefell and 

Everhart (1953) described growth by two d i f fe ren t  approaches. Absolute 

growth i s  the  average s i z e  of f i s h  a t  each age. This s i ze  may be e i t h e r  

length o r  weight measurements. The absolute growth r a t e  curve i s  

sigmoidal i n  shape and the  in f lec t ion  indicates  the point a t  which the 



r a t e  changes from a cont inual ly  increasing r a t e  t o  a decreasing r a t e  

of growth. , Relative growth i s  defined a s  percentage growth i n  which 

the  increase i n  s i z e  i n  each time i n t e r v a l  i s  expressed a s  a percentage 

of the  s i z e  a t t a ined  a t  the  beginning of t h e  time i n t e rva l .  Relative 

growth i s  most rapid  i n  younger f i s h  and constant ly  declines.  To ta l  

lengths were used i n  describing growth of smallmouth buf fa lo  i n  t h i s  

study because commercial fishermen removed t he  viscera  before bringing 

t h e  fish t o  t.he ccrll.e~t~ion po in t .  

B. Fish Scales i n  Population Studies 

1. Methods 

Carlander (1956) evaluated t he  methods cur ren t ly  used i n  studying 

age and growth. Recapture of tagged f i s h  has been t he  method used i n  

population s tud ies  by most invest igators .  Black (1957), Ricker (1958), 

Woodbury '(1956), and many others  have found t h a t  t he  presence of a 

tag on t h e  f i s h ' s  body i n h i b i t s  growth and influences behavior. Hile 

(1941) analyzed t he  uses of length-frequency groupings f o r  age de te r -  

mination and found t h a t  considerable inaccuracies ex i s ted  because 

varying growth r a t e s  of individuals  el iminate peaks of abundance a t  

o lder  ages. Most invest igators  agree t h a t  t h e  i n t e rp re t a t i on  of growth 

r ings  on scales,  vertebrae, o to l i t h s ,  opercular bones, spines, and f i n  

rays i s  t h e  bes.L source uf information oil t h e  age and growth of f i s h  

In naLural IlaLlLaLs. 

2. Scale format ion and s t ruc ture  

Van Oosten (1957) summarized information on t he  formation and 

development of t e l e o s t  scales .  The scale  has i t s  or ig in  i n  a mass of 



f i b rob la s t  c e l l s  i n  the  dermal layer of the  skin. This c e l l  mass 

f l a t t e n s  out t o  form two d i s t i n c t  layers  between which there  appears 

a f ib rous  network. Surrounding osteoblast  c e l l s  i n i t i a t e  the  for -  

mation of the  bony layer  by secreting calcium s a l t s  in to  the  osteoid 

t i s s u e .  The f i b r i l l a r y  p l a t e  next appears a s  a t h in  sheet between the 

bony sca le  and the  lower layer  of'  os teoblasts .  

Growth of the  formed scale i s  continued by addit ion t o  the  

margin of the  bony surface layer  and the deposition of t h in  f ibrous 

layers  below it. Since the surface layer grows by deposition of ma- 

t e r i a l s  a t  the edge, it does not increase i n  thickness with age and 

the  ea r ly  surface sculpturing does not change except f o r  wear. This 

f a c t  makes it possible t o  determine the age of the f i s h  from i t s  

sca les .  The th ickes t  pa r t  of the scale i s  always i n  the center. 

Scales may be thought o f a s  g rea t ly  f la t tened  cones ( ~ i ~ u r e  1). The 

f i b r i l l a r y  p la te  i s  la rge ly  o r  e n t i r e l y  uncalcified and without 

vascular canals. The bony layer  i s  composed of an organic framework 

impregnated with inorgan'ic s a l t s ,  mainly calcium phosphate and calcium 

carbonate. The surface sculpturing of scales  has been described in  

d e t a i l  by C r e a ~ e r  (1326). 

UNCLASSIFIED 
ORNL-DWG 63-2106 

P O N Y  LAYER 

FlRRll I ARY PI ATSS 

Fig. 1. Cross-Section Diagram of a Fish Scale. 



C. Accumulation of Radionuclides by Fish 

The advent of atomic energy i n s t a l l a t i o n s  has l ed  t o  t he  con- 

tamination of some aquatic environments with low-level radioact ive  

wastes. The d i s t r i bu t i on  of these  radionuclides i n  any aquatic environ- 

ment w i l l  vary with the  physical,, chemical, and b io log ica l  character-  

i s t i c  s of t h a t  envirqnment . Concentrations of ' radionuc l i d e s  w i l l  vary 

between species and t i s sues  and w i l l  f l uc tua t e  according t o  food habits ,  

l i f e  cycles, and seasonal changes. A major quant i ty  of t he  radionu- 

c l i de s  within the  b io t a  w i l l  be held by organisms which make up the  

primary t rophic  l eve l s  i n  t he  ea r ly  s tages  of contamination of aquatic 

hab i t a t s  where the  standing crop of producers exceeds t h a t  of t h e  con- 

sumers. However, t he  radionuclides w i l l  move t o  other  t rophic  l eve l s  

l a t e r  where they may be concentrated i n  large  quan t i t i e s  ( ~ a v i s  and 

Foster, 1958). 

Krumholz, Goldberg, and Boroughs (1957) summarized t h e  f ac to r s  

which contr ibute  t o  the  accumulation of radionuclides i n  l i v ing  organ- 

isms. The accumulation and l o s s  of radionuclides depends on t h e i r  

physical  h a l f - l i v c ~  and 'biological  fac to rc  contributing t o  t h e i r  in-  

corporation in, re tent ion by, and disappearance from t h e  organisms. 

Water charac te r i s t i cs ,  such a s  s a l i n i t y ,  per  cent  composition of t he  

dissolved sol ids ,  pH, oxygen-carbon dioxide r a t i o ,  and t h e  presence 

of complexing agents, a l s o  a f f e c t  t he  accumulation of radionuclides. 

The radionuclides of strontium, cesium, cobalt ,  and ruthenium 

' a r e  considered.to be the  most important waste products released i n t o  

the  Clinch River from a bioaccumulation point  of view. Lack of in-  

ves t igat ion proh ib i t s  general izat ions  on the  accumulation of cobal t  



by f i s h ,  but  the other  radionuclides have been investigated t o  some 

extent .  

Boroughs, Chipman, and Rice (1957) traced an ingested dose of 

cesium-137 i n  small tuna, Thunnus spp., and found the radionuclide was 

taken up rapidly by the  l i ve r ,  heart ,  spleen, and kidneys, but was l o s t  

rap id ly  by these organs. Muscle, gonads, brain, and integument con- 

t inued t o  accumulate cesium-137 f a s t e r  than they l o s t  it. Davis and 

Foster  (1958) suggested t h a t  absorption was the primary method of 

cesium uptake, bu t  experiments in to  t h i s  specif ic  problem are  incon- 

c lusive.  Data on cesium-134 uptake by sunfish i n  t h i s  study support 

t he  idea t h a t  radiocesium enters  the  f i s h ' s  body i n  considerable amounts 

through ingestion and accumulates i n  the  s o f t  t i s sues .  

Jones (1960) discovered t h a t  bottom-feeding plaice,  Pleuronectes 

pla tessa ,  accumulated n i t r o s y l  ruthenium-106 i n  the  l i v e r  and spleen 

by ea t ing  organisms embedded i n  contaminated s i l t .  The skin a c t i v i t y  

of these f i s h  was low. When menhaden, brevoortla spp., were fed 

ruthenium-106 there  was only 0.05 per cent of the  ingested dose re- 

maining i n  the digest ive t r a c t  a f t e r  128 hours. There was 0.25 per 

cent i n  the  f i s h ' s  'body o r  on the skin suryace and U . u l  per cent 111 

o r  on the  g i l l s .  It can be concluded t h a t  ruthenium-106 enters  the  

f i s h ' s  body by ingestion and accumulates i n  the  ac t ive  t issues ,  but 

only i n  small quant i t i es .  

The radionuclides of strontium have been studied extensively 

because of t h e i r  long ha l f - l ives  and tendency t o  concentrate i n  bony 

t i s sues .  I n  one of the  e a r l i e s t  s tudies  on the absorption of radio- 

nuclides by f i sh ,  Prosser, -- e t  a l .  (1945) immersed goldfish, Carassius 

auratus  ( ~ i n n a e u s ) ,  i n  a solution containing stron~ium-89. They 



determined t h a t  t he  g i l l s ,  skeleton, and integument of l a rge  goldf ish  

were t en  t o  twenty times more radioactive with strontium-89 than 

muscle t i s sue .  The scales  contained about 80 per  cent of the  t o t a l  

a c t i v i t y  of t he  integument and the  bony element of the  g i l l s  contained 

more than the  so f t  port ions.  Fat t i s s u e s  were higher than integument 

i n  strontium-89 accumulation. Muscle and eggs were the  lowest i n  

strontium ac t i v i t y .  Brain; hear t ,  l i ve r ,  t e s t e s ,  and swim bladder 

were r e l a t i v e l y  low i n  strontium a c t i v i t y .  Of t he  t o t a l  rad ioac t iv i ty  

of goldf ish  immersed i n  radiostrontium, two-thirds of the  a c t i v i t y  

w a s  i n  t he  integument, one-sixth i n  the  skeleton including the  f i n s ,  

and one-tenth was i n  the  g i l l s  including the  bony element. Saurov 
*.' 

(1957) found t e l e o s t s  absorbed strontium-90 from an environmental 

solut ion with a higher accumulation i n  scales  and bone than i n  muscle 

and i n t e r n a l  organs. Bidwell and Foreman (1957) placed rudd, Scardinius 

erythrophthalmus - ( ~ i i m a e u s ) ,  i n  f r e sh  water tagged with strontium-90 , 

and a f t e r  272 days found a high accumulation i n  scales,  a low accumu- 

l a t i o n  i n  skin, and an intermediate accumulation i n  bone. Danil' chenko 

(1958) concluded t h a t  strontium-90 en te rs  t he  ver tebrate  body and 

s e t t l e s  i n  ske l e t a l  s t ructures ,  replacing calcium. Ophel (1962) ob- 

served t h a t  shiners, Notropis spp., l iv ing  i n  Perch Lake, Ontario, 

which had contained strontium-90 f o r  approximately f i v e  years, had a 

whole 'body concenLraLlurl rat Lur uf 950 tiines that of tlie water. The 

f l e s h  of perch i n  t h e  same lake had an average concentration f ac to r  

of f ive ,  while the  bone of perch had an average concentration f a c t o r  

of 3,000 a t  the  equilibrium which w a s  reached i n  t he  f i f t h  year. 

Martin and Goldberg (1962) fa11n.d 93 per  cent of the  radiostrontium fed 

t o  Pacif ic  mackerel, Scomber japonicus Houttuyn, was excreted i n  



twenty-four hours. The remaining f i v e  per cent was fixed. f o r  a t  l e a s t  

233 days with 80 per cent of t h i s  a c t i v i t y  being i n  the calcareous . 
t i s s u e s  . Boroughs, Chipman, and Rice (1937) working with Ti lapia  

observed t h a t  about 70 per  cent of the  radiostrontium accumulated i n  

bone was read i ly  exchangeable and t h a t  the remainder was firmly bound 

i n  a ' l a t t i c e  o r  t o  an organic matrix with a slow turnover ra te .  It 

can be concluded t h a t  radiostrontium enters  the  f i s h ' s  body primarily 

through absorption and accumulates i n  varying concentrations i n  a l l  

t i s sues .  The highest  accumulations occur i n  the  bony t i s sues  where 

t he  element has a slow. turnover ra te .  

CHAPTER I11 

STUDY AREAE, CPECIEG, AND METHODS OF STUDY 

A. Study Areas 

Data on f i s h  i n  t h i s  study were collected from White Oak Creek, 

the  Clinch River, and Watts Bar Reservoir. White Oak Creek, the  major 

source of radioactive waste contamination  orto ton, 1961), i s  within 

the backwaters of Watts Bar Reservoir and a t  fill pool has an area in 

excess of f i ve  acres .  White O a k  Creek water i s  di luted an average of 

450 times a t  the  point where it enters  the  Clinch River, 20.8 r i v e r  

miles upstream from the confluence of the  Clinch and Tennessee r ivers .  

Clinch River water i s  d i lu ted  an average of 5.6 times a s  it enters  the 

Tennessee River a t  TRM 567.7. Watts Bar Reservoir on the main stream 



of t he  Tennessee River i s  formed by Watts Bar Dam a t  TRM 529.9. This 

rese rvo i r  contains a surface a rea  of 38,600 acres  a t  f u l l  pool with a 

shoreline of 783 miles ( ~ i g .  2 ) .  
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Fig. 2. Clinch River and Watts Bar Reservoir, Tennessee. 

B. Species Description 

The smallmouth buffalo,  Ic t iobus  bubalus ( ~ a f  inesque) i s  a mem- 

be r  of the  Sucker Family, Catostomidae. The species i s  widely d i s -  

t r i bu t ed  from Lake Er ie  south t o  Mexico. It i s  common i n . t h e  Mississippi, 

Missouri, Ohio, and Tennessee r i v e r s  and t h e i r  l a rge r  t r i b u t a r i e s .  



The smallmouth buf fa lo  reaches a s i z e  i n  excess of 30 inches 

and 25 pounds. Schoffman (1944) reported a specimen 30 inches long 

weighing 25 pounds 8 ounces from Reelfoot Lake, Tennessee. A 33.8 

inch specimen weighing 23 pounds was taken from White Oak Creek i n  

May 1962. Specimens of 15 pounds a r e  r e l a t i v e l y  common i n  commercial 

catches on TVA reservoirs ,  bu t  the  average weight i s  near th ree  pounds. 

The smallmouth buf fa lo  a r e  bottom-feeders preferr ing muddy o r  

s i l t y  bottoms. They e a t  both p lan t  and animal foods. Aquatic insects ,  

mollusks, o ther  small aquat ic  animals, and algae a r e  common i n  t h e i r  

d i e t .  Local commercial fishermen occasionally f i nd  t h e i r  stomachs 

packed with p lan t  seeds. Weiss (1950) reported that; i n  season t h i s  

species  may pack t h e i r  stomachs with cotton from cottonwood t r e e s , o r  

t h e  seeds of o ther  p l an t s  and t r e e s .  Since t he  introduction of carp 

which u t i l i z e  t h e  same foods and hab i ta t s ,  t h e  two species have been 

i n  d i r e c t  competition. However, both species a r e  abundant i n  Watts 

Bar and t h i s  competition has not been observed t o  a f f e c t  e i t h e r  species 

adversely,  

Smallmouth buf fa lo  evident ly  inhabi t  the  deeper, swi f te r  waters 

of t h e  l a rge  r i ve r s .  No mass migrations, such a s  spawning runs, have 

been noted loca l ly .  They spawn i n  t he  ea r ly  spring i n  sloughs and 

shallow weedy areas .  An e igh t  t o  t en  pound female l ays  3OO,OOO t o  

400,000 eggs which a r e  f e r t i l i z e d  and sca t te red  on t he  bottom and 

l e f t  without paren ta l  care  ( ~ e i s s ,  1950). There i s  undoubtedly a high 

mor ta l i ty  r a t e  f o r  t h e  eggs and young f i s h .  I n  s p i t e  of t h i s ,  t he  

smallmouth buffa lo  have f lour ished i n  the  impoundments of t he  Tennessee. 

Valley Authority system. They bu i ld  up large  populations. Yields of 



up t o  700 pounds per acre  have been reported from small lakes i n  

Missouri. 

AGE DISTRIBUTION OF SMALLMOUTH BUFFALO 

A. Specialized Methods 

1. Annulus determinations 

The scale  method of age determination was proved t o  be va l id  f o r  

b ,. 
smallmouth buffalo  by Schoffman (1944) and by Eschmeyer, Stroud, and 

Jones (1944). However, annulus formation i n  t h i s  species i s  not d i s -  

t i n c t  and t h i s  f a c t  leads t o  some d i f f i c u l t i e s  i n  age determinations. 

Cutting over i s  a term applied t o  the  presence of incomplete c i r c u l i  

between complete c i r c u l i .  These incomplete c i r c u l i  a re  the  r e s u l t  of 

cessation of growth during spawning o r  adverse environmental conditions. 

Incomplete c i r c u l i  may even be formed i f  the  f i s h  i s  injured.  Known age 

buffalo  from Wisconsin were examined and t h e i r  sca les  were found t o  be 

s imi la r  t o  the  Watts Bar f i sh .  The annuli  on the  scales  o f ' t h e  Wisconsin 

f i s h  were not complete. This phenomenon can be considered t o  be a 

cha rac t e r i s t i c  of t he  species.  

Gross inspection of t he  buffalo  scales  gave a good idea of t h e  

d i f f e r en t  seasonal growth r a t e s  and was found t o  be useful  i n  aging the  

f i s h .  There was de f in i t e  crowding of the  c i r c u l i  immediately ins ide the  

annuli  toward the  focus o r  center  of the  scale  which corresponds very 

we l l  t o  t h e  reduced growth r a t e  t h a t  would be expected during t he  winter. 



Annulus formation seems t o  be  followed by wider spaces between the  c i r -  

c u l i  during the  summer growth period which i s  due t o  the  increased growth 

r a t e  i n  t h e  summer. 

Several  c r i t e r i a  were established f o r  defining the  t r u e  annuli  

on s ca l e s  of the  smallmouth buffalo.  Usually there  was some cu t t ing  

over by t h e  annulus i n  t h e  l a t e r a l  f i e l d s  of the  sca le  near t he  borders 

of t h e  an t e r io r  and pos t e r io r  f i e ld s .  There d e f i n i t e l y  was some i r r e -  

g u l a r i t y  o r  pa t te rn  change i n  the  pos te r io r  f i e l d  along the  annulus 

which was most obvious i n  gross  inspection of the  scale  impression. In  

many sca l e s  there  appeared t o  be crowding o f - t h e  c i r c u l i  p r io r  t o  annu- 

l u s  formation and wider spacing of c i r c u l i  a f t e r  annulus formation. The 

change i n  spacing was most obvious i n  the  an t e r io r  f i e l d .  In  many in -  

s tances  t h e  scale  was observed t o  have cracked along the  annulus during 

pressing.  

2. Tagboard s t r i p  manipulations 

Two scales  were examined from each f i s h  on two d i f f e r en t  occa- 

sions giving four  sca les  from each specimen i n  the  calculat ions .  In  

order  t o  achieve t he  most consis tent  r e s u l t s  i n  annuli  determinations, 

tagboard s t r i p s  were employed i n  t h i s  study. A tagboard s t r i p  i s  a 

s t r i p  of paper which i s  l a i d  d i r e c t l y  over the  projected image of the  

s ca l e  impression. The s t r i p  i s  marked a t  the  focus, margin, and each 

annulus of the sca le  on a radius  through the  center of t he  an t e r io r  

f i e l d .  The distance from t h e  focus t o  each annulus .and t o  t he  margin 

was measured i n  millimeters. A r a t i o  was calculated between the d i s -  

tance from the focus t o  each annulus and the  distance from the  focus 



t o  the  margin. A f igure  representing the  percentage of t he  ' t o t a l  d i s -  

tance from the  margin t o  the  focus was given t o  each annulus. 

Usually faur  tagboard s t r i p s  were made on sca les  from each f i s h .  

In  some instances regenerated sca les  i n  the  sample l imited the  readable 

scales  t o  l e s s  than four.  The tagboard s t r i p s  from one individual  were 

compared t o  each other.  When the  distance r a t i o  t o  t he  same annulus cor- 

responded c lose ly  on a l l  four tagboard s t r i p s  the  average distance 

r a t i o  was taken a s  the  correct  one. When obvious deviations exis ted be- 

tween corresponding distance r a t i o s  on any of the  four  tagboard s t r i p s ,  

the  scales  were reread t o  determine the  correct  locat ion of the  annulus. 

When the  tagboard s t r i p  examinations were completed the  age of - , 

the  individual  was compared t o  the  t o t a l  length. I f  t he  length was out 

of proportion t o  t he  f i s h ' s  apparent age, the  scales  were reexamined t o  

determine i f  the  correct  age had been calculated.  I n  most instances 

such f i s h  were determined t o  have had exceptional growth, e i t h e r  f a s t  

o r  slow, and the  calculated age was allowed t o  stand. 

A preliminary age-frequency grouping was made a f t e r  the  comple- 

t i on  of scale  .readings and annuli  determinations. Fish i n  each age 

group were arranged according t o  t o t a l  Length. The median t o t a l  length 

f o r  each age group was determined. Individuals which deviated widely 

from the median were reexamined t o  ve r i fy  t h e i r  calculated age. Most 

of the  deviants were found t o  be i n  the  correct  age group and t o  have 

had an extremely f a s t  o r  slow growth r a t e  which had placed them on the  

margin of t he  s i ze  range f o r  t h e i r  age group. 



B. Analysis of Smallmouth Buffalo Age 

After  the f i n a l  determination of t he  age of each individual a l l  

t he  specimens were grouped i n t o  year c lasses .  A year c l a s s  designation 

ind ica tes  t h a t  t h e  f i s h  has l ived  through a ce r t a in  n u d e r  of winters. 

Year c l a s s  l h a d  passed through one winter, but had no annulus. Year 

,c lass  2 had passed through two winters and had one annulus. This method 

of year c l a s s  designations continues through year c l a s s  15 which had 

passed through f i f t e e n  winters and had fourteen annuli .  

4 . 5 6 7 8 9 10 I1 12 13 14 15 
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Fig. 3 .  Age-Frequency Dist r ibut ion of Watts Bar Smallmouth Buffalo 
by Month of Collection. 



Figure 3 represents the  age-frequency d i s t r i bu t ion  f o r  t he  

monthly col lect ions  of smallmouth buffalo  from Watts Bar Reservoir f o r  

June, July, August, and September 1962. Figure 4, page 20, represents 

the  age-frequency d i s t r ibu t ion  f o r  the  four-month t o t a l .  Figure 5, page 

21, represents the  length-frequency d i s t r ibu t ion  of Clinch River small- 

mouth buffalo  f o r  1960 and 1961, and the  Watts Bar smallmouth buffalo  

fo r  the  summer of 1962. 

The smallmouth buffalo of year c l a s s  6 were the  most common in  

the  commercial catch from Watts Bar during June, July, and August 1962 

(Figure 3 ) .  However, year c l a s s  5 f i s h  became most numerous i n  t he  

September catch. This was due t o  recruitment i n t o  the  vulnerable s ize  

during the  l a t e  summer. The ne t s  used by the  commercial fishermen were 

of th ree  inch mesh, and therefore,  were se lec t ive  f o r  f i s h  t h a t  had 

reached a s ize  of approximately 400 mm i n  length. During June, July, 

and August, only the  f i s h  i n  the  year c l a s s  6 and upwards had reached 

t h i s  minimum catchable s ize  i n  large numbers. A s  the  temperatures rose 

during the  summer and growth r a t e s  increased, f i s h  of year c l a s s  5 be- 

came large enough t o  be caught i n  large numbers. These data do not 

mean t h a t  e i t h e r  t he  f i f t h  o r  s i x th  year c l a s s  was dominant. The 

smallmouth buffalo  i n  Watts Bar probably correspond t o  t he  t heo re t i ca l  

age d i s t r i bu t ion  curve f o r  f i s h  i f  t he  population i s  s tab le .  The 

younger year c lasses  contain la rger  nunibers of individuals and become 

succeedingly smaller i n  each following year a s  the  r e s u l t  of mortali ty.  

There i s  a smaller number of individuals i n  each succeeding year c l a s s  

unless a dominant year c l a s s  i s  formed by exceptional survival  f o r  one 

year c l a s s  allowing a large number of individuals t o  en te r  the  next 



YEAR C L A S S  

Fig. 4 .  ~ ~ e - ~ r e q u e n c ~  Dist r ibut ion of Watts Bar Srna1lruuul;h Buffalo 
f o r  To ta l  Collection.  

year c l a s s .  No indicat ions  of such a dominant year c l a s s  were found 

, i n  the  shallmouth buffalo  population i n  Watts Bar Reservoir. 

The length-frequency dis t r ibut ior l  graph of Clinch River and Watts 

Bar smallmouth buffalo  ( ~ i g u r e  5,  page 21) i l l u s t r a t e s  the  e f f ec t  of net  

s e l ec t iv i ty .  Cornmerical f ishing gear allows only the la rger  individ- 

u a l s  of year c l a s s  4 t o  be captured, although it i s  probable t h a t  more 

individuals of t h i s  year c l a s s  a r e  present than individuals i n  year 

c l a s s  5 o r  6. The grea te r  frequency of the  smaller s i ze  f i s h  i n  the  
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Fig. 5. Length-Frequency Dis t r ibut ion of Clinch River Smallmo.uth 
Buffalo f o r  1960 and 1961, and Watts Bar f o r  1962. 

catches from the  Clinch River i n  1960 and 1961 resu l ted  from t h e  use 

of ne t s  made of smaller mesh. A minimum mesh s i ze  of about one inch 

was used on t he  Clinch River, whereas t h e  minimum mesh s i z e  on Watts 

Bar was t h r ee  inches. 

Assuming t h a t  the  Watts Bar smallmouth buf fa lo  nunibers a r e  repre- 

sen ta t ive  from year c l a s s  6 through 10, t h e  surv iva l  r a t e s  f o r  t he  

species i n  these  year c lasses  were calcula ted by t he  formula: 

where Nt = t he  number of f i s h  i n  any year c l a s s  and Nt+l = t h e  number 

of f i s h  i n  t h e  succeeding year c lass .  Four hundred and ninety  f i s h  per 

thousand i n  year c l a s s  6 en t e r  year c l a s s  7, 350 of year c l a s s  7 en t e r  

year c l a s s  8, 260 of year c l a s s  8 en t e r  year c l a s s  9, and 190 of year 



c l a s s  9 en te r  year c l a s s  10. The number of individuals i n  the  year 

c l a s se s  o lder  than t en  was too low f o r  calculat ion of survival  r a t e s .  

Survival  r a t e s  f o r  Watts Bar smallmouth buffalo  appear t o  be 

higher than those calculated from data  on Wisconsin f i s h  ( ~ r e y  and 

Pedracine, 1938). The Wisconsin f i s h  had 580 individuals per 1,000 

surviving from year c l a s s  3 t o  4, 130 from year c l a s s  4 t o  5, 400 from 

year c l a s s  3 t o  6, and 130 from year c l a s s  6 t o  7. The Wisconsin data  

were characterized by the  presence of dominant year c lasses .  

Time of anrlulus furiilation a f f e c t s  t hc  r c s u l t ~  of population 

s tud ies  where sca le  reading forms the  bas i s  f o r  age de terulina t ions . 
Table I shows the  calculated average t o t a l  length a t  the  l a s t  annulus 

f o r  f i s h  i n  each year c l a s s .  These data a r e  grouped according t o  month 

of co l lec t ion .  Calculated length increment since t he  l a s t  annulus was 

observed t o  increase s t e a d i l y  from June through September i n  a l l  year 

c lasses  except eight,  where the  June group had 3 mm more growth since 

t h e  l a s t  annulus than the  J u l y  col lect ion of the  sarne year c lass .  This 

in.crease i n  length since t he  formation of t he  l a s t  annulus would ind i -  

c a t e  the  annulus i s  formed sometime p r i o r  t o  June i n  Watts Bar small- 

mouth buffalo.  Average t o t a l  length a t  capt1.1re revealed an expected 

increase i n  t o t a l  length between June - J u l y  and between August - 
September i n  most year c lasses .    ow ever, i n  a l l  the  year c lasses  there  

was a noticeable decrease i n  the  average t o t a l  length between the  July 

and August col lect ions .  These data  indicate  t h a t  the  la rger  f i s h  from 

a l l  year c lasses  a r e  caught i n  June and Ju ly  and t h a t  the  smaller f i s h  

of the  same year c lasses  a r e  caught i n  August and September. Presum- 

ably, f i s h  caught i n  August should have an added month's growth over 



CALCULATED AVERAGE TOTAL LXNGTHS (BY MONTH) 

Month Average Tota l  Average Calculated Calculated Length 
Col- Length (rnrn) Tota l  Length (mm) Increase Since 

Age lected N a t  Capture a t  Last Annulus Last Annulus 

4 ,Tun 53 451 
J u l  11 453 
Aug 17 441 
SeP '7 473 

6 Jun 180 
J U ~  117 
~ u g  86 
SeP 75 

7 Jun 72 
Ju l  33 
Aug 70 
SeP 30 

8 Jun I 2  
J U ~  38 
Aug 21  
S ~ P  8 

9 Jun 9 
JU 1 h 
Aug 3 
SeP 2 

10 Jun 3 
Aug 1 

11 Jun 1 
J u l  1 
Aug 1 

15 Jun 1 



those caught i n  July. Since a l l  the  col lect ions  were taken from a 

region on the main stream of the Tennessee River, it i s  possible t h a t  

smallmouth buffalo  populations from d i f f e r en t  t r i b u t a r i e s  combine t o  

form the  Watts Bar mainstream population. If d i f fe ren t  growth r a t e s  

ex is ted  i n  the various t r i b u t a r y  populations, it would be possible t h a t  

a segment of the  Watts Bar population with a f a s t e r  growth r a t e  could 

move i n t o  the f i sh ing  a rea  ea r ly  i n  the  summer and t h a t  a segment with 

a slower growth r a t e  could a r r ive  l a t e r .  This p o s s i b i l i t y  of a seg- 

mented population could not be t e s t ed  from data i n  t h i s . s t u d y  because 

a l l  col lect ions  were made i n  the same area.  - 

Recruitment i s  defined as  the addit ion of new f i s h  t o  the  vul-  

nerable population by growth of smaller s ize  categories.  Ricker (1958) 

described- the modal age i n  the  frequency d i s t r i bu t ion  of the  catch a s  

1-ying qui te  close t o  t h e  f i r s t  year i n  which recruitment can be con- 

sidered complete. Year c l a s s  6 was the modal age i n  the  catch of Watts 

Bar smallmouth 'buffalo. The smallest s ix th  year c l a s s  f i s h  caught was 

400 mm i n  le rg th .  Net s e l e c t i v i t y  allowed most f i s h  l e ~ ~  than-400 mm 

i n  length t o  pass through the  3 inch mesh. Data i n  t h i s  study indicate  

t h a t  recruitment i s  complete a t  age s i x  and tha t  f ishing pressure i s  

equal on a l l  f i s h  from year c lass  6 upward. 

Recruitment was determined f o r  year c lasses  four through,nine 

by back-calculation of the t o t a l  length a t  previous annuli. Total  

length of 400 mm was considered the minimum s i ze  f o r  f i s h  caught i n  

3 inch mesh ne ts  and the  percentage of f i s h  exceeding t h i s  minimum 

length a t  each age was determined  a able 11). Increasing growth r a t e s  

f o r  Watts Bar smallmouth buffalo  i n  t h e i r  ea r ly  years have resul ted i n  



younger f i s h  being recrui ted in to  t he  f i shery  each year f o r  the  pas t  

f i v e  years. 

TABU I1 

PER CENT WLNERABLF: AT EACH AGE 

- - - - - - 

Year Class 

&e 4 5 6 7 8 9 

CHAPTER V 

GROWTH OF SMALLMOUTII l3Ul?l?ALO 

A .  Length-weight Relationship 

I n  the tagging operations a t  O a k  Ridge National Laboratory dur- 

ing 1460 and 1961, 655 smallmouth buffalo  were taken from the Clinch 

River. These f i s h  were measured t o  the  nearest  one-half centimeter 

and weighed t o  the  nearest  t en  grams. In  the  normal course of oper- 

a t ions  a l l  the  fish-tagging data a r e  recorded on IBM record cardc. The 



- length and weight data  on the  smallmouth buffalo  were used i n  calcu- 

l a t i n g  a regression equation of weight a s  a function of length. This 

equation expressed the r a t e  of change i n  f i s h  weight a s  t o t a l  length 

increased. Calculations were made by IBM 7090 computer. The length- 

weight re la t ionsh ip  of t h e  655 smallmouth buffalo  from the  Clinch River 

LENGTH lcm)' 

Fig. 6. Length-Weight Relationship of Clinch River Bualluiouth 
Buffalo. 



i s  i l l u s t r a t e d  by the  s c a t t e r  graph ( ~ i g u r e  6) with each point  repre- 

senting one individual.  The calculated regression l i n e  i s  p lo t ted  on 

the  graph. 

Weight ,of a  f i s h  i s  considered t o  be a  function of length ( ~ i i l e ,  

1936). I f  the  form and spec i f ic  g rav i ty  of a  f i s h  were constant through- 

out i t s  e n t i r e  l i f e  the  re la t ionship between length and weight could be 

expressed a s  a  constant. The length-weight re la t ionsh ip  i s  expressed 

~ ~ s u a l l y  by the  f o m ~ ~ l a . :  

where W = weight i n  grams, L = t o t a l  length i n  millimeters, - a i s  a  con- 

s tant ,  and - n i s  an exponent. The calculated regression coef f ic ien t  (a') 

i s  0.9976 and the  exponent (n) - i s  3. These data  r e s u l t  i n  the  formula 

f o r  the  r a t e  of change i n  f i s h  weight: 

The 93 per cent confidence i n t e rva l  on a  - i s  (0.9749 - 1.0204). Stand- 

a rd  e r ro r  of t he  regression coef f ic ien t  i s  0.0116. The length-weight 

regression l i ne  may be used a s  a  nomogram f o r . t h e  conversion of measured 

t o t a l  length t o  estimated weight f o r  smallmouth buffalo  within the  length 

range covered by the  nomogram. 

R.  Grcrwt,h Analyses 

Growth r a t e  calculat ions  were made on 1,271 smallmouth buffalo  

col lected over a  one week period each i n  June, July, August, and 

Septeniber 1962 from Watts Bar Reservoir. Total  length of each f i s h  . 



t o  t h e  neares t  mill imeter was used i n  conjunction with t h e  distance 

r a t i o  between focus-annulus and focus-margin of sca les  from the  age 

determination study. The t o t a l  length of each individual a t  each pre- 

vious annulus was determined by use of the  formula ( ~ e r t i n ,  1958): 

where L - t o t a l  length of f i s h  a t  the  time the  f i r s t  annulus was r 

3. - 

formed, e - distance from sca le  focus t o  the  f i r s t  annulus, e = dis -  
1 - m 

tance from scale  focus t o  margin, and L = t o t a l  length of f i s h  a t  t 
capture. This formula i s  based on the  f a c t  t h a t  the  s i ze  of the  

sca les  increases  proport ional ly  a s  t he  s i ze  of t he  f i s h  increases.  

Annulus dis tance r a t i o s  and the  individual ' s  t o t a l  length a t  time of 

capture were recorded on IBM record cards. Total  length of each f i s h  

a t  each successive annulus was back-calculated, supned, and averaged 

f o r  each year c l a s s  by month of col lect ion.  A l l  ca lculat ions  were made 

by IBM 1420 Computer. 

Absolute growth i s  t h e  average s i ze  a t ta ined  by the  f i s h  a t  each 
I 

age. Length was the  parameter se lected f o r  describing the  growth of 

Watts Bar smallmouth buffalo  because the  f i s h  were sampled a t  a l o c a l  

f i s h  wholesale house a f t e r  having been gutted on the  lake by commercial 

fishermen. Absolute growth of the  smallmouth buffalo  has varied widely 

over t he  pas t  fourteen years sm able 111). The nuniber of indEviduals i n  

the  o lder  age groups ( ten,  eleven, th i r teen ,  and f i f t e e n )  was too small 

f o r  accurate general izat ions  on these year c lasses .  The calculated 

t o t a l  length a t  t he  end of the  f i r s t  yea r ' s  growth has increased stead- 

i l y  from 98 mm f o r  year c l a s s  nine through 134 mm f o r  year c l a s s  four.  



TABLE I11 

ABSOLUTE GROWTH OF SMALLMOUTH BUFFALO 

Average 'Zotal Calculated Tota l  Length Average at, S u c ~ e ~ ~ i v e  Annuli 
Length (mm) Ranae 

Rge N a t   capture 1 2 3 4 5 6 7 8 9 10 
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The increase in  calculated t o t a l  length a t  the end of the first year 's  

growth amounted t o  5,  1, 6, 9, and 15 mm respectively f o r  year c lass  

e ight  through four.  

The relationships between absolute growth of the various year 

c lasses  a re  apparent i n  Figure 7. The dashed l ines  connect the length 

fo r  year classes nine through four a t  corresponding ages. The increas- 

ing slope of the dashed l ines  indicates tha t  Watts Bar smallmouth 

buffalo have been increasing in  t o t a l  length i n  each successive year 

c l a s s .  l%e increase i n  absolute growth fo r  successive year c lasses  

probably was the r e su l t  of improved food ave i l ab i l i t y  through removal 

of competing f i s h  by commercial f ishing. 

Fishing pressure on the  smallmouth buffalo has increased i n  Watts 

Bar Reservoir since 1-958 when 15,687 pounds were caught through 1961 

when 39,328 pounds were caught. The increase in  fishing pressure would 

\INC.I,ASSIFIEO 
ORNL-LR-DWG 78463 

- 
ONE YEAR INTERVALS 

Fig. 7. Absolute Growth Rates of Watts Bar Smallmouth Buffalo. 



r e su l t  i n  decreased population density, i n  turn leading t o  .improved 

food ava i l ab i l i t y .  However, smallmouth buffalo  densi ty  data a r e  not 

available a t  t h i s  time. 

Absolute growth i n  weight was calculated from data on year 

c lasses  f i ve  through nine. The average calculated t o t a l  lengths f o r  

these year c lasses  a t  annulus 4, 5, 6, 7, and 8  a able 111, page 29) 

were averaged. These average t o t a l  lengths were converted t o  estimated 

weights by use of the  length-weight regression nomogram ( ~ i g u r e  6, page 

26).  Watts Bar smallmouth buffalo  had an average weight of 895 g a t  

the  time t h e i r  four th  annulus was formed. The f i s h  gained 275 g during 

t h e i r  f i f t h  year of l i f e ,  260 g during the  sixth,  290 g during the  

seventh, and 353 g during the eighth. Insuf f ic ien t  numbers of indivkd- 

ua l s  i n  the  sample from other  year c lasses  prohibited calculat ion of ' 

weight increases i n  other years. 

The average annual growth increment ( ~ a b i e  IV) i s  la rges t  f o r  

the  second year of l i f e  i n  a l l  year c lasses  where adequate numbers 

e x i s t  i n  the  sample. In  year c lasses  four through nine the second 

year's growth exceeded t h a t  of the  f i r s t  year by 35, 19, 33, 25, 13, 

and 11 mm respectively.  I n  year c lasses  ten, eleven, and th i r t een  

the  average annual growth increment f o r  the  second year of l i f e  was 

l e s s  than the f i r s t .  The smaller increment f o r  the  second year of l i f e  

i n  these three year c lasses  i s  questionable because of small numbers of 

individuals i n  these year c lasses  and the f a c t  t h a t  annulus determina- 

t i ons  of these older  f i s h  a r e  subject  t o  considerable inaccuracies. In  

year c lasses  four  through nine the  t h i r d  year ' s  growth was l e s s  than 

t h a t  of the  second year by 50, 53, 48, 44, 29, and 26 mm respectively.  



TABU IV 

AVERAGE ANNUAL GROWTH INCREMENT (MM) 

- 
Year 
class 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4  

The decrease i n  average annual growth incremen't continued through EUC- 

ceeding years a f t e r  the  second year ' s  growth f o r  a l l  year c l a ~ ~ e s  exam- 

ined. However, there  were some f luc tua t ions  up and down, probably a s  

a r e s u l t  of some favorable growth seasons. A graphic i l l u s t r a t i o n  of 

t h e  annual growth increments ( ~ i g u r e  8) c l ea r ly  shows the  re la t ionships  

between the  amount of t o t a l  length added each year by year c lasses  

nine through four.  Apparently the  habi ta t  conditions f o r  f i s h  during 

t h e i r  f i r s t  three years of l i f e  have been improving i n  Watts Bar 

Reservoir since 1954, t he  year of spawning f o r  year c l a s s  nine. Each 

year c l a s s  has been successively l a rge r  a t  the  time it formed i t s  f i r s t ,  



UNCLASSIFIED 
ORNL-LR-DWG 78462 

4 2 3 4 5 6 7 8 
YEAR 

Fig. 8. Average Annual Growth Increments of Watts Bar Smallmouth 
Buff a10 . 

second, and third annuli. There was one unexplained exception where 

the difference was only 2 mm. Year class seven had a smaller growth - 
increment during its third year of life than year class eight. 



Absolute growth of Watts Bar smallmouth buffalo w a s  compared t o  

growth of the species i n  other  areas sm able V, Page 35). Calculated 

lengths a t  each age f o r  year c lasses  four through nine were averaged. 

These data  were compared t o  back-calculated growth data on smallmouth 

buffalo from Grand Lake, Oklahoma (~hompson, 1950), Wister Reservoir, 

Oklahoma la all, 1931), Chickamauga Reservoir, Tennessee (~schmeyer, 

. Stroud, and Jones, 1944), and Reelfoot Lake, Tennessee (~choffman, 1944). 

Smallmouth buffalo i n  Grand Lahe, Oklahoma, were larger  than those i n  

Watts Bar a t  the end of the f i r s t  year. The species was similar i n  

s i ze  a t  the  end of two years i n  both areas.  However, Watts Bar small- 

mouth buffalo a t  three, four, and f ive  years of age were larger  than 

those i n  Grand Lake by 40, 53, and 60 IUIU respectively. Smallmouth buf- 

f a l o  i n  Wister Reservoir, Oklahoma, exceeded those i n  Watts Bar Reser- 

vo i r  a t  every age from one through s ix.  This species is  larger  i n  

Reelfoot Lake, Tennessee, than in  Watts Bar a t  every age from one 

through seven. Smallmouth buffalo growth data from Grand Lake, Wister 

Reservoir, and Reelfoot Lake were only par t s  of pre-impoundment studies 

which included many f i s h  species. The above-mentioned reports only 

described the growth and did not attempt t o  analyze it. 

Smallmouth buffalo growth i n  Chickamauga Reservoir, a mainstream 

reservoir  located immediately downstream from Watts Bar, should have 

been more s imilar  t o  the, growth of the species i n  Watts Bar than the 

growth of smallmouth buffalo i n  any of the other three areas.  However, 

Chickamauga smallmouth buffalo were considerably smaller a t  ages one 

and two than Watts Bar f i sh .  The Chickamauga f i s h  were' collected i n  

1944 and the Watts Bar f i s h  were collected in  1962. It i s  possible 

t h a t  growth conditions have improved considerably i n  both reservoirs 



TABLE V 

ETAL :SENGTHS ( MM) OF SMALLMOUTH BUFFALO 

Grand Lake, Wister Res., Chickamauga Res., Reelfoot Lake, 
Wakts Bar, Oklaho~m Oklahoma Tennessee Tennessee 
Texnessee Thompson, Hall, Eschmeyer, Stroud, Schoffman, 

Age 19.52 19% 1951 and Jones 1944 1944 
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during the eighteen year time lapse between the two collections.  No 

o ther  possible explanations were found f o r  the difference. 

Relative growth i s  percentage growth i n  which the increase i n  

s i z e  i n  each time in t e rva l  i s  expressed a s  a percentage of the s'ize 

a t ta ined  a t  the beginning o f , t h a t  time interval .  Relative growth was 

calculated by dividing the  annual growth increment by the t o t a l  length 

of the  f i s h  a t  t he  beginning of tha t  year  a able VI). 

Relative growth i n  most spec'ies i s  most rapid i n  the yomger 

f i s h  and constantly declines. If f i s h  s ize  a t  hatching were considered 

t o  be zero the percentage growth a t  the  end of the first year would be 

i n f i n i t e .  Undoubtedly smallmouth buffalo a t  hatching have a measurable 

size,  but lack of data on these small f i s h  prohibited determination of 

the  exact re la t ive  growth f o r  year one. Walker and Frank (1952) re- 

ported f i s h  in  year c lass  one had reached a t o t a l  length of approxi- 

mately 50 mm within one o r  two months a f t e r  hatching, indicating a 

measurable s ize a t  the time of hatching. Watts Bar smallmouth buffalo 

were concluded t o  correspond t o  the theore t ica l  re la t ive  growth curve 

with a high ra te  of r e l a t ive  growth during the f i r s t  year and a con- 

s t a n t l y  declining r a t e  i n  succeeding years. 

Per cent growth per year was averaged f o r  the first eight years 

of l i f e  f o r  Watts Bar smallmouth buffalo i n  year classes four through 

nine. When these data a r e  compared t o  per cent growth ot' smallmouth 

buffalo from other areas (~hompson, 1950; Hall, 1951; Eschmeyer, 

Stroud, and Jones, 1944; and Schoffman, 1944) some s t r ik ing  dissimi- 

1ar i t . i es  a re  seen. Relative growth of Watts Bar buffalo.averaged 125 

per cent f o r  the second year of l i f e  and was exceeded orily by Wister 

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



TABLE VT 

PER CENT GROWI!H PER YEAR 

Y e a r  Y e a r  
Class 2 3 4 5 6 7 8 9 10 11 12 13 14 



Grand Lake, Reelfoot, and Chickamauga buffalo  had 27, 36, and 82 per 

cent growth respect ively during t h e i r  second year. Watts Bar f i s h  had 

39 per  cent growth during t h e i r  t h i rd  year which exceeded tha t  of a l l  

t he  o ther  areas.  Grand Lake buffalo  had 20 per  cent, Wister 19 per 

cent, and Reelfoot 13 per  cent during the  t h i r d  year. Respective 

r e l a t i v e  growth r a t e s  f o r  Watts Bar, Wister, Grand Lake, and Reelfoot 

during the  fourth  year were 20, 19, 13, and 6 per cent. During the 

f i f t h  year they were 13, 7, 10, and 16 per cent. Wister and Reelfoot 

both had 10 per cent r e l a t i v e  growth during the s ix th  year which ex- 

ceeded the  Watts Bar r a t e  of 9 per cent. During the seventh year Watts 

Bar smallmouth buffalo  had 7 per cent r e l a t i v e  growth which was exceeded 

by  Reelfoot 's  9 per  cent .  During the eighth year Watts Bar f i s h  had a 

r a t e  of 6 per cent.  Variations i n  r e l a t i ve  growth r a t e s  f o r  smallmouth 

buf fa lo  from d i f fe ren t  a reas  i n  the  t h i r d  through eighth years of l i f e  

ind ica te  ex t r ins ic  factors ,  such a s  habi ta t  changes o r  var ia t ions  i n  

food a v a i l a b i l i t y  through changing population densi t ies ,  a r e  influencing 

the  increase in  s i ze .  -. 
Instantaneous growth r a t e  i s  the  na tura l  logarithm of the  r a t i o  

of f i n a l  s i ze  t o  i n i t i a l  s i ze  fo r  a u n i t  of time, usual ly  one year. 

Instantaneous growth r a t e s  f o r  Watts Bar smallmouth buffalo  were com- 

puted from a l l  the  calculated average t o t a l  lengths of a l l  f i s h  i n  each 

age group f o r  each previous year. Annual instantaneous growth r a t e s  

 a able VII) indicate  t he  highest  value f o r  any year occurred in  the  

1-2 year i n t e rva l  i n  year c l a s s  f i f t e e n .  The r a t e s  then s tead i ly  de- 

c l ined t o  a 'low ' i n  the  eleventh year c lass .  The data f o r  year c lasses  

t en  through f i f t e e n  cannot be considered va l id  because of the  low 



TABLE V I I  

ANNUAL INSTANTANEOUS GROWTH RATES 

Year Time I n v e n a l  (year)  
class 2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-11 11-12 12-13 13-14 



nurriber of individuals i n  the  samples. However, there  was.a constant 

r i s e  i n  t h e  f i r s t  year ' s  annual instantaneous growth r a t e  from year 

c l a s s  nine through year c l a s s  f ive,  followed by a s l i g h t  decline i n  

year c l a s s  four.  The annual instantaneous r a t e s  of growth f o r  these 

year c lasses  i n  the  second and succeeding years do not appear t o  have 

followed a pa r t i cu l a r  pat tern,  but ra ther  t o  have f luctuated from year 

t o  year with the var ia t ions  i n  environmental conditions. Instantaneous 

growth r a t e s  a l so  were calculated on a monthly basis ,  but the  data were 

inconclusive because of the  s l i g h t  differences i n  ra tes .  

Growth data  on Watts Bar smallmouth buffalo  were compared ,to 

t he  growth of buffalo  i n  Wisconsin ( ~ r e y  and Pedracine, 1938). Com- 
I 

parisons were complicated by the f a c t  t h a t  the  Wisconsin data included 

the  largemouth buffalo,  Ic t iobus cyprinel la  (~a lenc iennes) ,  i n  small 

ni~mhers with about equal numbers of smallmouth buffalo  and black buf- 

fa lo ,  - -  I. niger ( ~ a f i n e s q u e ) .  Wisconsin buffalo  were found t o  have the  

most growth duririg t h e i r  second year of l i f e .  'llht? Watts Berr buffalo 

population a l so  has the  most growth during t h e i r  second year. These 

da ta  suggest t h a t  smallmouth buffalo  cha rac t e r i s t i ca l ly  have a higher 

absolute growth rtl'lt! d u i ' i ~ i  t h e i r  occond year of l i f e ,  which may be the  

r e s u l t  of a change i n  food habi t s  a f t e r  t he  f i r s t  year of l i f e .  

Watts Bar buffalo  averaged 5 mm l e s s  than the Wisconsin f i s h  a t  

the  end of the f i r s t . y e a r ,  but  exceeded the  Wisconsin buffalo  by 12 mm 

i n  t he  second year, 32 m i n  the th i rd ,  18 mm i n  the  fourth, and 4 m 

i n  the  f i f t h .  Watts Bar buffalo  were 8 m shorter  than the  Wisconsin 

f i s h  i n  year c l a s s  s ix .  Year c l a s s  seven Watts Bar f i s h  averaged 19 mm 



longer than Wisconsin buffalo. The Wisconsin col lect ion was made up 

of large numbers of f i s h  i n  year c lasses  two through four, whereas, the  

Watts B a r  col lect ions  were la rger  f o r  year c lasses  f i ve  through seven. 

Large numbers of Wisconsin buffalo  were found within a s ing le  

age group which suggests a dominant year c lass .  There a l s o  was evi-  

dence t h a t  the  Wisconsin f i s h  had cycles of abundance with good seasons 

coming every t h i r d  year. Watts Bar data  gave no indicat ion of dominant 

year classes o r  a c y c l i . ~  popula.t,ion. 

Lee (1912) reported t h a t  estimated f i s h  growth i n  e a r l i e r  years 

of l i f e ,  a s  determined from scales  of the  older  f i sh ,  of ten was l e s s  

than the  observed growth. This observation, known a s  Rosa Lee's phenom- 

enon, has been accepted a s  a t r u e  cha rac t e r i s t i c  of some f i s h  popula- 

t i ons  ( ~ i l e ,  1936). A comparison was made of absolute growth i n  ea r ly  

years f o r  year c lasses  s i x  through f i f t e e n  which were assumed t o  be 

equally vulnerable t o  the commercial f ishing.  There was a steady de- 

crease i n  the  calculated t o t a l  lengths i n  ea r ly  years from year c l a s s  

s i x  through year c l a s s  nine, but up and down f luctuat ions  followed 

through year c l a s s  f i f t e en .  These f luc tua t ions  tend t o  preclude the  

presence of Lee's phenomenon i n  the  Watts Bar smallmouth buffalo  popu- 

l a t i on .  However, da ta  on year c lasses  t e n  through f i f t e e n  a r e  ques- 

t ionable  because of small numbers of f i s h  of these  ages i n  t he  sample. 

Data on year c lasses  slx Lhruugh riirie only suggest the presence of 

Lee's phenomenon. I n  order t o  adequately t e s t  f o r  the  presence of t h i s  

phenomenon samples of the same year c l a s s  should be taken i n  severa l  

successive seasons t o  avoid possible b i a s  introduced by d i f f e r ing  growth 



r a t e s  i n  d i f f e r en t  years. Collections i n  t h i s  study were l imited t o  

one year. 

The term growth compensation has been applied t o  a phenomenon i n  

f i s h  species where individuals  t h a t  had grown rapidly i n  ear ly  l i f e  were 

approached i n  s i z e  i n  succeeding years by individuals which had a r e l a -  

t i v e l y  slow growth r a t e  i n  t h e i r  ea r ly  years. Growth compensation 

apparent ly  i s  produced by  a change i n  the  r e l a t i ve  r a t e  of increase 

among the  la rger  and smaller f i s h  i n  any age group. Scott  (1949) pointed 

out  t h a t  growth compensation i s  associated with a decrease i n  the  aver- 

age year ly  increment. Inspection of the  average annual growth increments 

of Watts Bar smallmouth buffalo  ( ~ i g u r e  8, page 3 3 )  revealed t h a t  there  

was a complete reversa l  i n  t he  r e l a t i v e  posi t ion of the  annual growth 

increments fo r  year c lasses  four through nine beginning during the 

four th  year of l i f e  and continuing through the f i f t h  year. This re- 

v e r s a l  indicates  t h a t  the  large f i s h  which had grown rapidly during 

t h e i r  f i r s t  three years of l i f e  s t a r t  slowing down i n  t h e i r  growth r a t e  

during t h e i r  four th  year of l i f e  and t h a t  the  small f i s h  with a slow 

i n i t i a l  growth r a t e  begin t o  grow a t  a r e l a t i ve ly  f a s t e r  r a t e .  Growth 

compensation does e x i s t  i n  t h e  Watts Bar smallmouth buffalo  population. 



CHAPTER V I  

STABIE AND RADIOCHEMICAL COMPOSITION OF FISH TISSUES 

A. Stable Chemistry 

A composite sample was made up of approximately four  scales  f'rom 

each individual i n  the  June co l lec t ion  of Watts Bar smallmouth buffalo.  

This sample was oven dr ied a t  104' C. 

An ash sample was sent  t o  the  Spectrochemical Laboratory of the  

Oak Ridge National Laboratory Analytical  Chemistry Division f o r  spectro- 

graphic analysis .  The values reported sp able VIII) were v i sua l  est imates 

taken from a standard p l a t e  and using a c o m n  graphi te  matrix. These 

values a r e . t o  be interpreted a s  approximations and a r e  within the  range . 

of 112 t o  2 times the  ac tua l  concentrations. 

One ash sample was put i n t o  solut ion by a l t e rna t e  addit ion of 

concentrated HCL, 30 per cent H 0 concentrated HNO and 0. lN HCL, 
2 2' 3' 

with each s tep  being preceded by comp1et.e evaporation. The sample f i n -  

a l l y  was brought t o  twenty-five m i l l i l i t e r  volume with d i s t i l l e d  water. 

'This sample was analyzed by flame cpectrophotometry by the  Oak Ridge 

National Laboratory Analytical 'chemistry Division. Results of these 

s tab le  chemical analyses a r e  given i n  Table IX,  page 45. 

Smallmouth buffalo  scales  have a mineral residue content of 46.05 

per cent by weight. Moisture content of the  scales  was not determined. 

Calciuln was b y  f a r  the  most abundant element amounting t o  0.142 mg/g 
, 

f r e sh  weight of the  scale.  There followed i n  decreasing abundance: 

sodium, potassium, manganese, zirconium, iron, aluminum, lead, s i l i con ,  



TABLE V I I I  

SPECTROGRAPHIC ANALYSIS FOR STABLE ISOTOPES I N  
FISH SCAXS 

Element Ash Content (ppm) 

Sodium 

Potassium 

Manganese 

Zirconium 

Iron 

Aluminum 

. Lead 

Silicon 

Cobalt 

Chromium 

Tin 

Zinc 

Mo lyb dcnum 

~ i c k e l  

~ u b  i dium' 

G t  ront ium 

Titanium 

Vanadium 

Boron 

Copper 

L i  t h  ium 

5000 - 10000 

goo - 1000 
200 - 300 

Less than 200 

50 - loo . 
20 - 100 

Less than 100 

20 - 50 

Less than 50 

Less than 

Less tharl 20 

Less than 50 

Less than 50 

Less than 70 

Less t,ha.n 20 

Less than 20 

5 - 10. 

Trace - 10 

1 - 5  
Si lver  Trac.e s 



FLAME SPECTROPHOTOMETRY ANALYSIS FOR STABI;E ISOTOPES 
I N  FISH SCALES 

Element Ash Content (ppm) 

Strontium 266 

Calcium 308,000 

Potassium 1,720 

Sodium 9,160 

Cesium 1 

Rub idium 1 

cobalt,  chromium, t i n ,  zinc, molybdenum, nickel, strontium, rubidium, 

cesium, titanium, vanadium, boron, copper, lithium, and s i l v e r .  A com- 

parison of ash content of strontium (0.266 mg/g) t o  t h a t  of calcium 

(308 mg/g) shows a s tab le  strontium-calcium r a t i o  of 0.394 x i n  

f i c h  ccalec. 

Van Oosten (1957) summarized data on f i s h  scale  analyses and r e -  

ported t h a t  f i s h  scales  were composed of 4 1 t o  84 per cent organic pro- 

t e i n  and up t o  59 per cent mineral residue i n  a i r  dry matter. The 

moisture content of menhaden scales  was 20.6 per  cent, organic matter 

content 46.8 per cent, and mineral ash content 32.6 per cent. Chemical 

compounds and elements present were mainly Ca (PO ) and CaCO with l e s s e r  
3 4 3 

amounts of Mg  PO^)^, CaF2, Na CO NaC1, Fe, S, A s ,  CaO, &O, P 0 and 3 2 3' 2 5, 

cog. 



Results of s t ab l e  chemical analyses of smallmouth buffalo scales  

( ~ a b l e s  V I I I ,  page 44, and I X ,  page 45) agree with Van Oosten on the 

importance of calcium and the  presence of magnesium, sodium, and i ron in  

f i s h  scales .  Van Oosten did not discuss the  other elements found i n  

t h i s  study. 

B. . Radiochemistry 

, 
Bones and scales  of smallmouth buffalo  from the Clinch River were 

analyzed by gamma spectrometry using the  ORNL Low-level HadiochemLcal lab- 

oratory.  Bone samples were prepared by removing the flesh,  cleaning i n  

t a p  water, oven drying a t  104' C f o r  twenty-four hours, and pulverizing. 

Scale samples were prepared by scrubbing them i n  t a p  wa te r ' t o  remove 

epidermal t i s sues  and drying a t  104' C f o r  twenty-four hours. The sam- 

p l e s  were analyzed f o r  gamma emitters; ruthenium-106, cesium-137, and 

cobalt-60 were found t o  be present  a able x) .  

TABU X 

RADIOCHEMICAL COMPOSITION Oi' SMALI;MO'UIYH BUFFALO 
BONES AND SCAIXS 

10-7 pc/g 

Tissue Ru106 C s 1.37 cob0 

Bone 135 

Bone 108 ' 108 

Scales 347 198 



Of the  four  major radionuclide contaminants i n  t h e  Clinch River, 

strontium-90, cesium-137, cobal t  -60, and ruthenium-106, only strontium- 

90 can be considered a bone seeker. Nelson and G r i f f i t h  (1962) i n  

analyzing white crappie from t h e  Clinch River found an average accumu- 

l a t i o n  of strontium-90 of 120 yPc/g i n  bone. However, strontium-90 

concentrations i n  bone were found t o  vary from 3.0 ~ ~ y c / g  t o  297.0 CLy~ /g  

i n  white crappie bone. It can be assumed t h a t  strontium-90 was present 

i n  t he  bone and sca les  of smallmouth buffalo,  bu t  no analyses were made 

f o r  t h i s  radionuclide. 

Scales and bony t i s s u e s  of f i s h  analyzed i n  t h i s  study were found 

t o  contain radionuclides of ruthenium, cesium, and cobal t .  These e l e -  

ments a r e  not bone-seekers and it would not be expected t h a t  they should 

be found i n  large  quan t i t i es  i n  bony t i s sues .  Analyses of o ther  t i s s u e s  

probably would have revealed higher concentrat ions of these  radionu- 

c l ides ,  bu t  t h i s  study was concerned only with those radionuclides ac- 

cumulated i n  bony t i s s u e s  except f o r  strontium-90. Few of t he  f i s h  

taken i n  t h i s  study contained enough accumulated radionuclides i n  t h e i r  

sca les  and bones f o r  accurate analysis .  

C .  Radiometric Surveys 

Radiometric surveys were made of f i s h  t i s s u e s  t o  determine t h e  

quant i ty  of a c t i v i t y  from accumulated radionuclides.  Scales were' 

prepared by scrubbing them i n  t a p  water and drying a t  104' C. Bones 

were scraped clean, scrubbed i n  t a p  water, and dr ied  at  104" C f o r  

twenty-four hours. Gross gamma counts were made of t he  d r ied  samples 
. 



using a gamma spectrometer equipped with a 3 by 3 inch sodium-iodide 

- c r y s t a l  with a 1 by 1 inch wel l .  Gross be ta  counts were made of the  

same samples using a counter equipped with a Geiger-muller tube. A 

comparison of t h e  s e n s i t i v i t y  of these two counting methods i s  made i n  

Table X I .  

, 
Beta surveys revealed the  presence of accumulated radionuclides 

i n  t i s s u e s  which showed no gamma a c t i v i t y .  The high s e n s i t i v i t y  of be ta  

60 yo-,9u, ,r95-,9) 106 counting r e s u l t s  from t h e  f a c t  t h a t  Co , Sr t f i  - 
Rh106, and Ce144-~rT44 decay pr imari ly  by negative be t a  p a r t i c l e  

emission. Of t h e  radionuclides found i n  f i s h  scales  from the Clinch 

River, only Zn65 with 98.5 per  cent decay by o r b i t a l  e lect ron capture 

and 1.5 pe r  cent decay by pos i t i ve  be ta  p a r t i c l e  emission does not de- 

cay pr imari ly  by negative b e t a  p a r t i c l e  emission. 

The grimary purpose of the  radiometric surveys was t o  determine 

from which-fish the  sca les  would be autoradiographed. Most of the  auto- 

radiographic exposure or Nu-screen X-ray f i l m  i c  produced by be ta  par- 

tic]-es, therefore,  groEs b e t a  counting was selected a s  the  bes t  method 

of screening t h e  scales .  Radiometric surveys were made with a Model ~ 4 7  

Gas Plow Counter t~&rlUf ac tu red  by Nuc lett~$=Cliicagcr Company. The oount e r  

was equipped with a "Micromil" window and auLo~natic sample changcr. 

Results  of t h i s  counting were grouped by capture locat ion and month of 

capture.  Frequency distribution of the  counting r e s u l t s  of a l l  the  

Clinch River smallmouth buffalo  appear i n  Figure 9. Figures 10 through 

13, pages 50 through 51, show the frequency d i s t r i bu t ion  of beta counts 

of sca le  samples from the  Watts Bar smallmouth buffalo  f o r  t he  months of 

June through Septerdber respectively.  

, 



COMPARISON OF BETA AND GAMMA SURVMS OF FISH TISSUES 

Species 
Gross Beta cpm Gross Gamma cpm 

Capture Location Scales Bone Scales . Bone 

Carpsucker 
1  I  

White Bass 
Gizzard Shad 
Sunfish Hybrid 

I 1  

Flat  BuUhead 
I  I  

White Crappie 
I 1  

Black Crappie 
Smallmouth Buffalo 

I I 

I  1  

Yellow Bullhead 
11 

Channel Catfish 
Golden Redhorse 

I 1  

I t  

Largemouth Bass 

White Oak Creek 
I  I  

Watts Bar 
CRM 19.0 

I  I  

White Oak Lake 
11 

White Oak Creek 
I 1  

White Oak Lake 
White Oak Creek 

I  I  

Watts Bar 
White Oak Creek 

11 

I  I  

White Oak 'Lake 
CRM 20.0 

11 

White Oak Creek 
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Fig. 9. Frequency D i s t r i b ~ ~ t i o n  of Gross Beta Counts of Scales 
from 146 Clinch River Smallmouth Buffalo. 
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Fig. 10. Frequency Distribution of Gross Beta Counts of Scales 
from 509 Watts Bar Smallmouth Buffalo Caught i n  June 1962. 
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Fig. 11. Frequency Distribution of Gross Beta Counts of Scalcc 
from 293 Watts Bar Smallmouth Buffalo Caught i n  July 1962. 
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Fig. 12. Frequency Dis t r ibut ion of Gross Beta Counts of Scales 
from 257 Watts Bar Smallmouth Buffalo Caught i n  August 1962. 
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Fig. 13. Frequency Dis t r ibut ion of Gross Beta Counts of Scales 
from 212 Watts Bar Smallmouth Buffalo Caught i n  September 1962. 

Thirty-two scale  samples and th ree  background counts were i n  

each counting group. A p rese t  count of one hundred was reached f o r  each 

sample and background. The background varied from day t o  day by a s  much 

a s  two counts per minute. Counting data  were converted t o  counts per 

minute. The highest background measurement i n  each counting group was 

used a s  the  background f o r  t h a t  pa r t i cu l a r  group. When the  counts per 

minute f o r  any s ing le  scale  exceeded the  highest background f o r  t h a t  

group the sample was selected f o r  autoradiography. A t o t a l  of 1,271 



smallmouth buffalo  scales  from Watts Bar were surveyed and 342 of these 

individuals  were selected f o r  scale autoradiography. A l l  of the  146 

Clinch River smallmouth buf fa lo  were scale  autoradiographed. 

A comparison was made of the  number of individuals i n  each 

monthly sample of smallmouth buffalo  from Watts Bar Reservoir which 

exceeded the  average background f o r  t h a t  counting group. . In the  June 

group from Watts Bar 49.9 per  cent of the  f i s h  exceeded the average 

background. The percentage increased i n  the  Ju ly  group t o  51.8. In  

,August t he  percentage again increased t o  39.2. The Septerdber group was 

the highest  with 61.4 per cent of the  samples exceeding the  average back- 

ground f o r  the  group. This may mean t h a t  the  cadionuclide content of 

smallmouth buffalo  sca les  i n  Watts Bar Reservoir increased during the 

summer of 1962, bu t  a thorough invest igat ion.  i s  needed t o  t e s t  t h i s  

supposition. Smallmouth buffalo  from the Clinch River would be expected 

t o  have a higher percentage exceeding the average background because the 

group i s  much closer  t o  the  source of contamination. Of a l l  the  small- 

mouth buffalo  taken from the  Clinch River i n  1961 and 1962, 60.4 per 

cent of the  samples exceeded the  average background f o r  the  group. 

Comparison of the  counting r e s u l t s  was questioned because of 

operat ional  d i f f i c u l t i e s  encountered during counting the samples. The 

"Micromil" window of the  gas flow counter was damaged and had t o  be re -  

2 placed with an aluminum f o i l  window ( 1  %/cm ) .  This changed the e f -  

f ic iency  of the counter and caused a noncorrectable var ia t ion  i n  back- 

ground readings. With the " ~ i c r o m i l "  window the average background was 

12.66 ' 3.245 cpm a t  the  93 per  cent l eve l  of significance.  However, 

with the  aluminum f o i l  window the average background was 13.97 * 0.965 

cpm,at the  same l e v e l  of significance.  When the scale counts a r e  a t  
J 



such a low l e v e l  t h a t  few exceed background, the  confidence i n t e r v a l  

becomes c r i t i c a l  and must be very exact f o r  the  comparisons t o  have 

meaning. 

D. Scale Autoradiography . 

1. Scale cleaning and mounting 

Scvcral d i f fe ren t  nielhods were t e s t ed  f o r  cleaning the  sca les  

t o  reilivve epidermal t i s sues .  Scales were placed i n  a solut ion of pepsin 

and HCL a t  various concentrations t o  digest  the  epidermis. This method 

proved t o  be unsat isfactory because there  was some breakdown of the  bony 

s t ruc tures  when the  solut ion was highly acid .  Solutions of low aci'&ity 

had no apparent advantage over t ap  water i n  removing the  epidermis. 

Scales were soaked i n  t ap  water f o r  several  hours and then scrubbed by 

hand. This method was effect ive ,  but too time consuming. 

The most e f f i c i e n t  method of cleaning scales  was found t o  be 

placing them i n  t a p  water and allowing the  epidermal t i s sues  t o  decay 

a t  room temperature. During t h i s  process the  scales  were placed on a 

shaker which provided continuous, slow ag i ta t ion .  Usually l e s s  than 

two weeks were required f o r  the  epidermis t o  d i s in tegra te .  The sca les  

then were rinsed several  times i n  t a p  water. Then they were placed 

between s l ~ e e t s  of b lo t t i ng  paper and weighted and allowed t o  dry a t  room 

temperatures f o r  about two t o  th ree  weeks. This method was adequate f o r  

.removing the  epidermis and f l a t t en ing  the  scales .  However, some radio- 

a c t i v i t y  was l o s t  i n to  the  water during soaking. Origin of the  radio- 

a c t i v i t y  was not determined. It i s  probable t h a t  most came from the  

radionuclides within the  epidermis, ra ther  than from t h e  bony pa r t s  of 

the  scales .  



Dried, f l a t t ened  sca l e s  were mounted on g l a s s  microscope s l i d e s  

f o r  autoradiographic exposure. The inner o r  f i b r i l l a r y  p l a t e  surface 

was f ixed  t o  the g l a s s .  Fish scales  have t he  shape of f l a t t ened  cones 

and have a tendency t o  bend o r  buckle away from the  s l i d e  when the  

cement d r i e s .  Several  d i f f e r en t  types of cement were t e s t ed  i n  f ix ing  

t h e  s ca l e s  t o  the  s l i d e s .  The most successful  method of mounting the  

s ca l e s  involved t h e  use of subbed s l i de s .  Dipping the  s l i d e  i n to  a 

subbing solut.ion coats  t h e  surface of the  s l i d e  with a substance which 

J , s  more e a s i l y  adliered t o  than clean g lass .  Sl ides  were subbed ia a 

so lu t ion  of f ive  grams of ge la t in ,  one-half gram of chrome alum 

( C ~ ~ ( S O ~ ) ~ )  and 1,000 cc of d i s t i l l e d  water. Sl ides  were dried f o r  

twenty-four hours a f t e r  subbing before scales  were mounted on them. 

Scales were held on t he  s l i d e s  by a small drop of Eastman 910 cement 

and pressed f l a t  f o r  severa l  minutes, then allowed t o  a i r  dry a t  room 

temperature. This method general ly  was successful, but  i n  severs~ l  in- 

stances t he  scales  buckled away from the  s l i d c  during drying. The 

s l i d e s  were labeled and mounted on 8 by 10 inch sheets of carboard f o r  

exposure. 

2. Exposure and development 

Scales of sufficJ.ent a c t i v i t y  were exposed i n  10 by 12 inch 

ca s se t t e s  and weighted t o  prevent the  s l i de s  from sh i f t i ng  posi t ion on 

t h e  f i lm.  The ou te r  sculptured surface of the  scale  was placed toward 

t h e  f i lm.  A t  f i r s t  a l ayer  of Saran Wrap was placed between the  scale  

and t h e  f i lm  t o  prevent any chemical react ions  from moisture di f fusing 

out of the  scale .  Saran Wrap e f f ec t i ve ly  prevented any moisture from 

reaching the  surface of t he  f i lm  from the scale .  However, su f f i c i en t  



drying eliminated the  need f o r  the  protect ive  layer  between the  scale  

and fi lm. 

Several d i f fe ren t  types of autoradiographic f i l m  were t e s t ed  t o  

f i nd  the  f a s t e s t  and c l ea re s t  method. NTB-2 and NTB-3 l iqu id  emulsions 

were painted d i r e c t l y  on the  outer  surface of mounted sca les .  Liquid 

emulsions were highly unsat'isfactory because the  scales  bent and buckled 

away from the s l i d e  under the  shrinking influence of the  drying emulsion. 

Buckling occurred during development and f ix ing  a l so .  This caused some 

d i f f i c u l t y  In  the 'preparat ion of permanent s l ides .  Distort ion caused 

by the  scale? buckling rendered the  autoradiograms unreadable. 

Stripping f i lm  was placed d i r e c t l y  on the  sculptured surface of 

the  scales  which were mounted on g l a s s  s l i de s .  Type AR .10 and AR .50 

s t r ipping f i lms were tes ted .  The AR .10 was unsat isfactory because of 

i t s  low s e n s i t i v i t y  which required a lengthy exposure period a t  the  low 

a c t i v i t y  exhibited by most f i s h  scales .  Type AR .50 s t r ipping f i lm  

which i s  approximately t en  times more sens i t ive  than AR .10 proved t o  

be p a r t i a l l y  s a t i s f ac to ry  and was used f o r  preliminary analyses and f o r  

the laboratory tagging experiment. Both types of s t r ipp ing  f i l m  caused 

considerable buckling of the  scales  during drying and development and 

were not su i tab le  f o r  permanent records. 

No-screen X-ray f i lm  was the  bes t  mater ia l  f o r  scale  autoradio- 

graphy. However, t h i s  f i lm  i s  not pa r t i cu l a r ly  sens i t ive .  A t o t a l  

exposure of about 2,000,000 counts over background was needed t o  pro- 

duce a readable pa t te rn  o r  image. Exposure times f o r  the  f i s h  scales  

ranged from ten  days t o  nine months. Autoradiograms exposed f o r  a long 

period of time were expected t o  show evidence oS some exposure from 



n a t u r a l l y  occurring radionuclides . Robeck, Henderson, and Palange 

(1954) reported t h a t  the  na tu ra l  rad ioac t iv i ty  i n  f r e sh  water i s  ex- 

tremely low and t h a t  t h e  r ad ioac t iv i t y  i n  aquatic organisms i s  a t  o r  

below 2 x d p d g .  There were no obvious dif ferences  i n  t he  number 

o r  d i s t r i bu t ion  of exposed photographic grains  i n  the  background areas  

between sca les  and the  number o r  d i s t r ibu t ion  of exposed grains  i n  those 

a reas  of scales  where t he re  were no accumulations of radionuclides. 

Development and f i x ing  methods were the same f o r  a l l  f i lms used. 

They were developed f o r  f i v e  t o  t e n  minutes i n  Kodak D-19  Developer a t  

20" C. As soon a s  t he  image s t a r t ed  t o  appear on the  f i lm  the  develop- 

ment was stopped by placing the  f i lm i n  t a p  water a t  20' C f o r  about 

t h i r t y  seconds. Leaving the  f i lm  too long i n  the  developer resul ted i n  

over-development causing the  background areas  of the  f i lm  t o  become 

darkened. Film was c leared and f ixed immediately i n  DuPont X-ray Fixer 

and Hardener a t  20' C f o r  a t  l e a s t  t en  minutes. Film was then washed 

f o r  a t  l e a s t  f i f t e e n  minutes i n  running t a p  water and dr ied i n  a dust-  

f r e e  d r i e r  with c i r cu l a t i ng  a i r  a t  room temperature. Photographic nega- 

t i v e s  were made of t he  sca le  autoradiograms and these negatives were 

used i n  producing p r i n t s  f o r  permanent records. 

Prosser, e t  a1. '(1945) -- autoradiographed scales  of goldfish which 

had been immersed i n  a pond water solut ion of strontium-89 a t  0.6 pc/ml 

f o r  s i x  hours. Examination of these scales  revealed concentric r ings  

and g r e a t e r  a c t i v i t y  i n  t h e  th ick  a rea  a t  the  base of the  scale  than 

i n  t he  thinner  a reas .  It was concluded t h a t  the  concentric bands did 

not  correspond t o  growth rings,  but  r a the r  t o  areas  of d i f f e r en t  th ick-  

ness.  



Micrometer measurements were made of the thickness of smallmouth 

buffalo scales i n  t h i s  study. A l l  scales were found t o  increase i n  

thickness from the margin t o  the focus. Many autoradiographed scales 

showed the greatest  ra t ioac t iv i ty  was i n  the th in  marginal areas. In 

comparing resul t s  of t h i s  study t o  those of Prosser, -- e t  al . ,  it i s  

significant t o  note tha t  f i s h  i n  t h i s  study had lived in  contaminated 

areas and actual ly incorporated radionuclides in to  s t ruc tura l  material 

i n  the scales, whereas, f i s h  i n  the other study were simply immersed i n  

the tagged solution f o r  a few hours where it was impossible f o r  growth 

t o  occur. The presence of any radionuclides i n  the goldflsh scales must 

have been due t o  imperfect cleaning methods p r io r  t o  autoradiography. 

The first step taken when f i s h  scales containing radionuclide 

accumulations were found t o  produce autoradiographic patterns of concen- 

t r i c  c i r c l es  was t o  determine i f  a l l  the scales from an individual would 

produce the same pattern. One smallmouth buffalo was taken from q i t e  

Oak Creek with scales which counted over 440 beta counts over background. 

A l l  the scales, more than one thousand, were removed from one side of 

t h i s  f i s h  and labeled on the  inner surface with india ink. These scales 

were cleaned, pressed, mounted i n  order, and autoradiographed with 

No-screen X-ray film. 

Subsequent development of the  film showed tha t  a l l  the normal 

scales of the f i s h  had the same pattern of concentric c i r c les  ( ~ i g u r e  

I&). Some regenerated scales produced an exposure over the en t i r e  re- 

generated portion of the scale with the concentric c i r c l e  pat tern being 

resumed a t  the  point where normal growth resumed. Some of the regenes- 

ated scales produced no exposure a t  a l l .  It was concluded tha t  scales 



Fig. G. Autoradiogram of Scales from a Single Smallmouth Buffalo 
from White Oak Creek. 

which grew while the fish was in a contaminated area accumulated radio- 

nuclides in the region of scale growth. Scales which were regenerated 

while the animal was in a contaminated area contained accumulated radio- 

nuclides in the regenerated portion of the scale. However, scales which 

were regenerated while the animal was in a noncontaminated area exhibited 

no accumulated radionuclides in the regenerated portion. These data 

tend to deny the translocation of radionuclides from one portion of the 

soale to another. 

Autoradiographic examination of fish scales was established as a 

valid method of determining the distribution of accumulated radionu- 

clides in the bony surface layer of the scale. There are several prob- 



lems yet t o  be solved in the perfection of t h i s  technique. Most impor- 

tant  i s  the avai labi l i ty  of a f i lm sensitive enough f o r  the low ac t iv i ty  

i n  the scale t o  produce an exposure within two o r  three weeks. Films 

currently i n  use require up t o  2,000,000 counts over background i r radi -  

at ion t o  produce an adequate image. On t h i s  basis, the most active 

scales would produce a readable image on No-screen X-ray f i lm in three 

t o  sever1 days. However, t h i s  high degree of ac t iv i ty  was unusual and 

the most active scales from the Watts Bar collection exhibited only 21.5 

beta cpm, which required over two months of exposure time t o  produce 

an acceptable image. Scales counting l e s s  than 20 beta cpm produced 

no readable images because the time required f o r  exposure was so long 

tha t  natural  background irradiat ion and chemical reactions produced 

fogging of the f i lm and eliminated the scale image. 

. cesium-134 in Scale Tagging 

In  the early autoradiographic examinations of scales from f i s h  

caught i n  contaminated areas the patterns of concentric c i rc les  led t o  

the idea tha t  radionuclides are accumulated i n  scale structures a s  growth 

occurs. If these rings could be identif ied with residence in  a 

contaminated area it would be possible by back calculation t o  t race the 

movements of f i sh  i n  relat ion t o  contaminated and noncontaminated areas. 

A laboratory experiment was designed t o  t e s t  the f e a s i b i l i t y  of tagging 

f i s h  scales with radionuclides and using the accumulations t o  identify 

the f i sh .  

Bluegill, Lepomis macrochirus Raf inesque, and warmouth, Chaenobryttus 

coronarius wa art ram), were selected f o r  the tagging attempt because of 



t he i r  small size and ease of feeding and maintaining i n  aquaria. Fish 

were maintained individually i n  ten gallon aquaria which were submerged 

i n  a water bath fo r  temperature control. Aeration was provided t o  each 

aquarium. Periodic weights, measurements, and whole body gamma counts 

of the  f i s h  were taken. Three scales were takep from each f i sh  a t  the 

s t a r t  of the experiment and periodically during the course of the experi- 

ment. Mounted scales were autoradiographed with K0da.k AR .50 stripping 

film. The f i sh  were fed earthworms. Worms were washed in  tap water 

pr ior  t o  tagging. They were tagged by placing them i n  25 ml of a 

solution of cesium-134 f o r  three t o  eight hours a t  a concen%re~Llui~ of 

6 approximately 1.1 x 10 - dpm. 

Fish were divided in to  three grows. Experimental f i sh  from non- 

contaminated areas were fed only tagged food during the experiment. 

R~r iprnca l  f ish from contaminated areas were fed only noncontaminated 

food. Control f i s h  from noncontaminated areas received noncontaminated 

food. 

The tagging experiment was only par t ia l ly  successful. There were 

two reasons for lack of success. Growth was evident i n  only one of 

the fish, therefore, the other6 did not deposit new male m t e r i ~ l .  

Cesium-134 is not a bone-se&er and only a &mall percentage of the ac- 

cumulated radionuclide was deposited i n  the scales of the f i sh  that  did 

grow. 

Analyses of autoradiograms of scales from the warmouth which grew 

showed thaz f ish scafetr CULL be ulai-ked with an aaaumulation of radinmr- 
/ 

elides for  use i n  identifying the animal ( ~ i g u r e  15). The margin of 

the scale appears i n  the l e f t  side of the picture. A narrow line of 

exposed photographic grains wae evident extending from the top t o  the 



Fig. 15. Autoradiogram of the Posterior Margin of a Scale From a 
Warmouth Tagged with Cesi~-l34r 

bottom 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- 

ence of accumulated cesium-134. Widely scattered el~posed photographic 

grains were observed over the entire surPace of the autoradiogram. 



These were caused by background irradiation. There were no radionuclide 

accumulations in scales of the experimental fish which were fed tagged 

food, but did not grow. The lack of accumulation in these scales indi- 

cates that radionuclides are accumulated only in those portions of the 

scales which actually are grown in the contaminated area. 

Experimental fish which had been fed only tagged food were dis- 

sected upon completion of the experiment. Tissues were separated and 

oven dried for twenty-t'our hauts at 10)1° C. ;Fjt~q~lesi were oount.od in 25 

by 1% ma glass tubes in a gamrma spectrometer equipped with a 3 by 3 

inch sodium-iodide well detector. The counter wa8 calibrated with 

cesium-133. All samples and backg~ounds were counted for five minutes 

each in the 0.555 to 0.844 Mev portion of the gamma spectrum where 

cesium-134 exhibits characteristic photopeaks. Results of the radio 

chemical analysis of these tissues are shown in Table XII. 

Distribution of cesium-134 in the fish's body was compared to tlie 

wui-k of Bormghfi, Chipman, and Rice (1'~?() who found that an jngested 

dose of radiocesium in small tuna accumulated rayldly In the liver, 

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

Muscle, goiiada, and skin continued to accumulate cesium-137 faster than 

they lost it. The largest sccmlations of cesium-134 in this experi- 

ment were in the testes, muscle, and liver and spleen. Generally the 

gills, gastrointestinal tract, and eyes were intermediate. Bone, skin 

and scales, and fins had the lowest accumulation of cesium-134 of any 

tisgue Lested. 



TABU X I 1  

CESIUM-134 ACCUMULATION I N  FISH TISSUES 

Ce sium-134 Accumulation 
Tissue (x  lo-2 pc/g dry wefghl;) 

Gi.1l.s ( including bony element) 3.20 + 0.06 

Testes 8.75 + 0.42 

Bone 1.11 + 0.02 

Gas t ro in tes t ina l  t r a c t  (cleaned) 

Skin and sca les  

Liver and spleen 4.17 + 0.08 

Warmouth 

G i l l s  ( including bony element) 

Muscle 

Testes 

Bone 

Gas t ro in tes t ina l  t r a c t  (cleaned) 

Skin and scales  

Liver and spleen 

Fino 

Eye c 
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CHAPTER V I I  

DISPERSION OF SMALLMOUTH BUFFALO 

A.  Conventional Tagging 

There a r e  severa l  methods of marking l iv ing  f i s h  f o r  fu ture  

recognition.  Fish may be marked by mutilation, such a s  f in-clipping, 

branding, o r  ta t tooing.  The most common marking method i s  the a t tach-  

ment of t ags .  I n  the  tagging operations of the  Radiation Ecology Sec- 

t ion,  Oak Ridge National Laboratory, Atkins type p l a s t i c  tags  were used. 

These t ags  were nunibered'and labeled f o r  re turn through the TVA Fish 

and Game Sec.tion. The tags  were attached by monofilament polyethylene 

l i n e  inser ted  through the  muscles vent ra l  t o  t he  poster ior  portion of 

the  f i s h ' s  dorsa l  f i n .  These tags  were used i n  the  tagging operat ions '  

of 1960 and 1961. 

I n  1960, 347 cm1lmout.h hi.1fP~1.0 were tagged! There were ten tag 

returns from t h i s  group. Five of these re turns  were from commercial 

fishermen and f i v e  were i n  Radiation Ecology Section hoop nets .  A t o t a l  

of 309 smallmouth buffalo  were tagged i n  1961. There were three re turns  

from t h i s  group: two i n  Radiation Ecology Section hoop ne ts  and one from 

commerical fishermen. Table XI11 shows data on smallmouth buffalo  move- 

ments a s  revealed 'by examination of t ag  re turn records. Tag  return^ 

represent 2.8 per cent of the  f i s h  tagged i n  1960 and 1 per cent of 

those tagged i n  1961. 

A comparison was made of the  length and weight changes between 

capture and recapture of rough fish. species tagged during 1960 and 1961. 



SMALLMOUTH BUFFALO MOVEMENT AFTER TAGGING 

Time Distance 
T%ging Tagging Lapse Moved Direction 

Date Location (Days (Miles) Moved 
- -  -- - - - 

7-6-60 CRM 19.5 129 15.1 Down stream 

CRM 21.8 

cm 21.8 

CRM 21.8 

cm 21.8 

CRM 18.5 

CRM 17.5 

CIiM 17.5 

CRM 17.5 

CRM 19.4 

cm 20.8 

cm 20.6 Downstream 

a This individual moved 17.5 miles down the Clinch River and 18 miles 
upstream i n  the ~ennessee  River. 

This comparison was made i n  an attempt t o  determine i f  tagging exerted 

a detrimental influence on the growth of individuals. Adequate data f o r  

t h i s  comparison we= available on eleven f i s h   a able XIV) . 



TABU X I V  

LENGTH AND WEIGHT CHANGES BETWEEN TAGGING AND RECAPTURF: 

fl 

T%ging Recapture Time 
Length Weight Length Weight Ls=Pse 

Species (4 (g) (m) ( g )  (Days) 

Smallmouth Buff a10 520 18% 500 1700 287 

River Carpsucker 

11 

Carp 

Goldell ReCUlurse . 

Tag returns from thc 1960 md 1961tagging operat,jons revealed 

grea t  var iat ions i n  movements of sinallmouth buffalo be tween '.tagging and 

recapture. From a t o t a l  of th i r t een  t ag  returns the f i s h  were determined 

t o  have moved distances ranging from 0 t o  over 450 miles during a time 

lapse between tagging and recapture which ranged from 38 t o  577 days. 

The speed of movement ranged from 0 . 0 1 t o  0.22 r ive r  miles per day f o r  

the  eleven f i s h  which moved. One f i s h  had moved 2.9 r ive r  miles up- 

stream. One had moved 17.5 miles down the Clinch River and 18 miles 



upstream i n  the Tennessee River. The remainder of f i s h  which moved went 

downstream. It i s  possible t h a t  capture, handling, and attachment of 

the  tag reduced the vigor of the  animal giving the f i s h  a grea te r  

tendency t o  move downstream with the current ra ther  than exerting the 

energy necessary t o  move upstream against  the  current.  Commercial f i s h -  

ing operations occur i n  the  areas  downstream from the tagging area.  

Sampling upstream might have revealed t h a t  some of the  individuals moved 

~ ~ p s t r c a m  a f t e r  tagging. 

The study of plants  and animals i s  designed primarily t o  obtain 

information about t h e i r  operation under na tura l  conditions and s tudies  

of physiology o r  behavior of organisms held under abnormal ecological  

conditions may be misleading (woodbury, 1956). When a t ag  is. attached 

t o  a f i s h ' s  body abnormal conditions a r e  created which decidedly a f f ec t  

the  animal's physiology and behavior. Ricker (1942) concluded t h a t  

trapping, handling, removing the f ins ,  and even the presence of a t ag  

resul ted i n  l i t t l e  o r  no mortality; but  t h a t  the  tag, presumably by 

in te r fe r ing  with feeding, v i t i a t e d  estimates of populations made from 

recoveries of line-caught f i s h .  Rousefell and Everhart (1953) reported 

t h a t  the chief drawback of the mark-recapture method of population e s t i -  

mates l i e s  i n  the  assumptions t h a t  the tagged f i s h  do not suffer  any 
, 

increased mortali ty and t h a t  the  recaptured f i s h  a r e  observed and re- 

corded. Black (1957) demonstrated t h a t  some physiological d i f f i c u l t i e s  

were imposed on f i s h  i n  the process of capturing and marking it. IIeRoche 

(1963) presented data indicating tha t  monel metal jaw tags  on adul t  lake 

t rou t  produced a reduction i n  growth r a t e  which continued with increas- 

ing e f f ec t  throughout the l i f e  of a tagged f i sh .  Ricker (1958) reversed 



h i s  opinion t h a t  marking imposes no, increased mortal i ty  on f i s h  and 

reported a frequent e f f e c t  of marking i s  ex t ra  mortal i ty  among marked 

f i s h ,  e i t h e r  a s  a d i r e c t  r e s u l t  of the  mark o r  tag, o r  i nd i r ec t ly  from 

the  exer t ion and handling inc identa l  t o  marking operations. In  e i t h e r  

event recoveries w i l l  be too few t o  be representative; hence population 

estimates' made from them w i l l  be too grea t  and r a t e s  of exploi ta t ion 

w i l l  be too  small. 

Conventional tagging mthods normally a r e  used t o  determine the 

movement of f i shes  between the  time of tagging and recapture. However, 

many instances of abnormal behavior of tagged f i s h  have been reported. 

Ricker (1958) reported t h a t  tagged sunfish usual ly  swim t o  the bottom 

and burrow in to  vegetation i m e d i a t e l y  a f t e r  being released. This be- 

havior might make them more ap t  t o  remain i n  the  same area and be 

recaptured than untouched f i s h .  Marking may cause l e s s  feeding o r  l e s s  

moving and reduce the  chance of being caught. Tagging of some f i s h  re-  

su l ted  i n  increased o r  mre e r r a t i c  m o v e u e ~ ~ L  ~ U L ~  soii time; 

Results of the  ORNL Radiation Ecology SecLluu tagging operationo 

of 1960 and 1961 indicate  t h a t  the  presence of tags  on smallmouth buffalo  

has a detrimental  effect  on the  animal. Only f i v e  smallmouth buffalo  

t ag  re turns  were accompanied by accurate length and weight measurements. 

These f i s h  had eqer ienckd  length losses  of from 3 t o  20 mm. Four of 

t h e  f i s h  had had weight losses  of from 70 t o  190 g and the other  had 

gained 10 g. The time lapse between tagging and recapture ranged from 

50 t o  306 days. O f  a t o t a l  of eleven rough f i s h  t ag  returns accompanied 

by accurate length and weight measurements nine f i s h  l o s t  length and two 

had no length change between tagging and recapture. Seven of the  eleven 

f i s h  l o s t  weight and four gained weight during the  time lapse. There 



were many observations of open wounds where 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 

Autoradiograms were made of scale samples from 14.6 Clinch River 

smallmouth buffalo. Ten of these samples (7 per cent) contained suf- 

ficient radioactivity to produce readable autoradiograms. Scale samples 

from 342 Watts Bar smallmouth buffalo were autoradiographed. Only one 

of the samples (0.3 per cent) produced a readable image. The autoradio- 

grams were compared to impressions of the same scales in order to 

determine movements of the fish in and out of contaminated areas. 

Smallmouth buffalo 1 (~igure 16) hatched in the spring of 1955 

in a noncontaminated area. It lived until the spring of 1959, four 

complete seasons, in the noncontaminated 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 Oak Creek, 

on April 1, 1960. It had remained in the contaminated area since the 

spring of 1959 and had added 18 mm in length during that time. The 

fish was 440 mm long and weighed 1,222 g at capture. Scales from this 

specimen averaged 13.4 beta counts per minute exceeding background at 

capture. 

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

of 1956 in a noncontaminated area. It lived until the spring of 1960, 

four coqlete seasons, in the noncontaminated area. The fourth annulus 



F i g  . Autoradiogram of' Scales from Smallmouth Buffalo 1. 

Fig. 17. Autoradiogram of Scales from Smallmouth BuffaLo 2. 



was formed i n  the spring of 1960 when the f i s h  had a length of 365 mm. 

A t  t h i s  time the animal moved in to  a contaminated area and remained 

through i t s  f i f t h  growing season. The f i f t h  annulus was formed i n  the 

spring of 1961 when the f i s h  was 418 mm long. It remained i n  the  con- 

taminated area u n t i l  capture i n  White Oak Creek on Noveniber 6, 1961. 

It was 440 mm long and weighed 1,345 g a t  capture and scale samples 

averaged 144 beta cpm over background. This specimen had been i n  a 

contaminated area f o r  over one year and had added 75 mm length during 

t h i s  time. 

Smallmouth buffalo 3 ( ~ i g u r e  18) hatched in  the spring of 1956 i n  

a noncontaminated area. It lived f ive  completed years i n  the n o n c o n t h -  
Y '  

nated area u n t i l  the spring of 1961. Just  pr ior  t o  annulus formation in  

the early spring it entered a contaminated area a t  a length of 412 mm. 

F i g  8 duWs&ia@m of B B ' & s  ~WJB B~a-$i&@~tnd$b Wialz, 3. 



This f i sh  remained in the contaminated area Irom the spring of 1961un- 

ti1 its capture i n  White Oak Creek on Novernber 13, 1961. It was 420 mm 

long and weighed 1,465 g a t  capture and i t s  scales averaged 300 beta cpm 

per scale over background. 

Smallmouth buffalo 4 ( ~ i g u r e  19) hatched i n  the spring of 1956 i n  

a noncontaminated area. It lived f ive  completed years i n  the noncon- 

taminated area u n t i l  the summer of 1961, a t  which time it moved into a 

contaminated area a t  a length of 414 mm. It remained i n  the contaminated 

area u n t i l  i ts  capture on Sauary 23, 1962, i n  White Oak Creek. A t  cap- 

tu re  t h i s  f i sh  was 440 mm long and weighed 1,045 g. Its scales averaged 

2 beta cpm per scale over background. 

Fig. 19. Autoradiogram of Scales from SmalLmouth Buffalo 4 .  



Smallmouth buffalo 5 ( ~ i g u r e  20) hatched i n  the spring of 1957 i n  

a noncontaminated area. It lived three complete years i n  the noncon- 

taminated area u n t i l  the summer of 1960, a t  which time it moved in to  a 

contaminated area a t  a length of 304 m. This f i s h  remained i n  the 

contaminated ama through formation of i t s  fourth annulus, summer of 

1961, and u n t i l  i t s  capture on Noveraber 13, 1961, i n  White Oak Creek. 

It was 400 mm long and weighed 975 g a t  capture. Scale samples averaged 

205 beta cpm per scale over background. 

Smallmouth buffalo 6 ( ~ i g u r e  21) hatched i n  the spring of 1957 in  

a noncontaminated area. In the summer of 1961, a f t e r  four complete 

growing seasons, t h i s  f i s h  moved in to  the contaminated area a t  a length 



Fig. 21. Autoradfogrem of Scales f r a n  Smallmouth Buffalo 6. 

of 361 mm. 5t remained in  the contaminated &re& unt i l  capture an May 10, 

1962, in  m i t e  Oak Creek. ~t capture i L  wttu 410 ~lrm lmg and wcighed 

953 g .  Scales averaged 8 beta cpm per scale over background. 

Smalbu th  buffalo 7 ( ~ i g u r e  22) ha-bched i n  the spring of 1956 i n  

a noncontaminated area. It' remained in  the noncontaminated area for  over 

three years. This f i sh  moved into the contaminated area i n  the winter 

of VB, Wif - tSTo~mh - g m m h g - s e $ ; f ~ ~ ~ & - a & ~ ~ - ~ ~ ~ ~ -  L -- 

remained i n  the contaminated area during formation of i ts  fourth annulus, 

spring of 1960, and through formation of i t s  f i f t h  annulus, spring of 

1961. It was captured on May 10, 1962, i n  White O a k  week a t  a length 

of 520 mm and weight of 1,969 g . Scale samples averaged 82 beta cpm 

per scale over background. 



Smallmouth buffalo (~igure 23) hatched in the spring of 1957 in 

a noncontaminated area. It entered a contaminated area immediately 

after formation of its second annulus, probably the spring of 1959. 

This fioh was 271 mm long at formation of the second awulus. It re- 

mained in the contaminated area until some time during the winter of 

1959-1960 when it left the contaminated area at a length of 304 mm. 

The animal was in a noncontaminated area until its capture on June 29, 

1962, just prior to the formation of its fifth annulus. This fish was 

captured at N 16.0 at a length of 460 ram and weight of 1,410 g. Scales 

averaged 6 beta cpm per scale over background at capture. 

Smallmouth buffalo 9 (~igure 24) hatched in the spring of 1957 

in a noncontaminated area. This fish remained in the noncontaminated 



Fig. 23. Autoradiogram of Scales from Smallmouth Buffalo 8. 

Fig. 24. Autoradiogram of Scales fran SmaUmouth Buffalo 9. 



area for over two years. During the winter of 1959-1960 it entered 

a contaminated area at a length of 294 mm. This animal remained in the 

contaminated area through the formation of its third annulus and until 

the formation of its fourth annulus. It left the contaminated area in 

the spring of 1&1  EL^ a length of 368 mm. This fish was caught on 

Awst 4, 1962, at approximately mile 542 in the Tennessee River. At 

capture it, was 460 mm long and scales averaged 21.3 beta cpm per scale 

over kacQround. 

Smallmouth buffalo 10 (~igure 25) hatched in the spring of 1956 

in a contaminated area. It remained in the contaminated area for two 

full growing seasons until it left in the summer of 19%. This individ- 

ual moved into a noncontaminated area and remained through the summer of 

1959. In the fall of 1959 it returned to the area of contamination and 



bemained f o r  over one year- unt i l  the summer of 1961. It again l e f t  

the contaminated area and remained away u n t i l  i t s  capture on Decelnber 19, 

1961, a t  the mouth of White Oak Creek. Apparently th i s  animal had just 

returned t o  the area of contamination at the time of i ts  capture. 

Smallmouth buffalo 11 ( ~ i g u r e  26) hatched i n  a contaminated area 

i n  the spring of 1957. It remained two f u l l  growing seasons un t i l  the 

L%ummer of 1959, a t  which time it entered a noncontaminated area. This 

f i sh  was 201 mm long a t  the time it l e f t  the area of conLtlllllrral;ion, It 

remained i n  the noncontaminated area f o r  %wo complete growing seasons 

u n t i l  the summer of 1961, a t  which time it returned t o  the contaminated 

area a t  a length of 326 mm. It was caught on December 28, 1961, i n  

White Oak Creek a t  a length of 340 mm. 

Fig. 26. Autoradioaram - -. - of Scales gem_ Smallmouth_ BMfalo 11. 



I n  defining the  contaminated a rea  only the  immediate v i c i n i t y  of 

White Oak Creek can be considered. Of the  eleven smallmouth buffalo  

with readable autoradiograms eight  were captured i n  White Oak Creek, one 

a t  CRM 21.7, one a t  CRM 16.0, and one a t  TRM 542, approximately for ty -  

seven adles  below the mouth of White Oak Creek. A high concentration . . 

of radionuclides i s  assumed t o  be necessary i n  order f o r  an animal t o  

accumulate su f f i c i en t  quant i t i es  i n  the  scales  f o r  autoradiogram ex- 

posure and these high concentrations a r e  present only i n  White Oak Creek. 

One hundred and for ty -s ix  smallmouth buffalo  from the  Clinch River were 

subjected t o  scale  a u t ~ r a d i o g r a p h ~ .  Only t en  of these f i s h  had scales  

containing suf f ic ien t  a c t i v i t y  f o r  autoradiogram exposure indicat ing 

the  contaminated area  i s  r a the r  small. I f  surface area  i s  considered 

a s  a measurement of avai lable  f i s h  habi ta t ,  White Oak Creek (estimated 

surface area  of f i v e  acres)  comprises l e s s  than 0.02 per  cent of Watts 

Bar Reservoir (38,660 acres)  a t  f u l l  pool. ~f smallmouth buf fa lo  were 

equally dispersed over the  e n t i r e  area  of Watts Bar Reservoir approxi- 

mately 0.02 per cent of the  animals could be expected t o  en te r  White 

Oak Creek o r  res ide there i f  the  species were not wide ranging. One 

individual  out of 1,271 captured from the  Watts Bar area  (0.08 per  cent)  

showed autoradiographic evidence of residence i n  White Oak Creek. Small 

numbers i n  the  sample prevent conclusions a s  t o  the  percentage of the  

smallmouth hilf f a10 populatioi~ i l l  Watts Bar which ac tua l ly  en te rs  White 

Oak Creek. 

Movements of individuals which were determined by autoradiographic 

analyses i n  t h i s  study can be considered accurate.  However, general- 

i za t ions  made concerning the  smallmouth buffalo  population a s  a whole 



a r e  questionable because of t he  small n u d e r  of autoradiographed indi-  

viduals  involved. Age of the  individual seemed t o  have some influence 
/ 

on movement. None of t he  f i s h  apparently l e f t  the area  of hatching be- 

f o r e  it was two years old .  The area of hatching here i s  defined a s  being 

.e i ther  a noncontaminated o r  a contaminated area.  The two f i s h  hatched i n  

a contaminated a rea  l e f t  a t  the  end of t h e i r  second year of l i f e .  One 

of these ( ~ i g u r e  26, page 7 8 )  returned t o  the  colitaminated area a t  rthe 

s t a r t  of i t s  f i f t h  year of l i f e .  The other  ( ~ i g u r e  25, page 77) re- 

turned t o  the  contaminated a rea  during the f a l l  of fLs; four th  year of 

l i f e .  A l l  the f i s h  hatched i n  noncontaminated areas moved in to  the  con- 

taminated area no e a r l i e r  than two years and no l a t e r  than f i v e  years 

a f t e r  hatching. This may mean t h a t  smallmouth buffalo a r e  r e l a t i ve ly  

sedentary f o r  two years a f t e r  hatching, then move upstream in to  the 

t r i b u t a r y  areas, possibly maturing sexually and entering the upstream 

R ~ A R , ~  t o  spawn. Age of sexual maturity i s  not known f o r  t h i s  cpecies. 

Tntab length of the  irldividualu a t  the time of: mo~rement Into  o r  

out of a conLaminated a rea  was examined. There was no apparent corre- 

l a t i o n  between s i ze  and movement. Total  length a t  the  time of such 

movement varied from 2 ( 1  t o  422 mm. 

I n  the eleven f i s h  examined autoradiographically there  were 

s i x t . e ~ n  instances where movement occurred between noncontaminated and 

contaminated areas .  Twelve of these moves coincided with resumption of 

growth a t  the time of annulus formation. This f a c t  would indicate  t h a t  

t he  majority of the  moves occurred during the l a t e  winter o r  earl-y 

spring.  There have been no recorded mass movements o r  migrations of 

t h i s  species i n  Watts Bar, the  Clinch River, o r  anywhere e lse .  



A large number of regenerated sca les  were observed i n  the  small- 

mouth buffalo  scale  samples. Autor*adiograms revealed t h a t  when sca les  

were regenerated while the  f i s h  was i n  a contaminated area  there  was an 

even d i s t r ibu t ion  of accumulated radionuclides over the  e n t i r e  regener- 

a ted  portion of the  scale .  Figure 19, page 72) indicates  t he  r ap id i t y  

with which scales  a r e  regenerated. Autoradiograms of the  th ree  normal 

scales  indicate  t h a t  t h i s  individual was i n  the  contaminated area  from 

annulus formation i n  the  spring of 1961 u n t i l  i t s  capture on January 23, 

1962. During t h i s  period of time the  regenerated scale  was formed. 

Two regenerated scales  shown i n  Figure 16, page 70) were formed 

p r io r  t o  the  individual ' s  en t ry  i n to  the  contaminated area .  These 

scales  had resumed the  normal growth pa t te rn  of c i r c u l i  formation by the 

time the  f i s h  s t a r t ed  t o  accumulate radionuclides, therefore,  there  was 

an accumulation only i n  those p a r t s  of the  scale  which were formed while 

the  animal was ac tua l ly  i n  the  area  of contamination. 

The c l a s s i c  concept of scale  growth advanced by Creaser (1926) 

and Van Oosten (1957) i s  t h a t  growth i s  not equal around t h e  e n t i r e  

margin of the  scale  . a t  the  same time, but  t h a t  detached portions may be 

forming a t  the  same time. These portions usual ly  un i te  t o  form a con- 

tinuous c i rculus .  The l a t e r a l  f i e l d s  of the scale  a r e  l imited i n  s i z e  

by ' t he  proximity of the  adjacent scales  i n  v e r t i c a l  rows and the  an t e r io r  

f i e l d  i s  l imited by the  densi ty  of the  lower layers  of dermis i n t o  which 

the  scale  penetra tes .  The posi t ion of cutting-over of t he  c i r c u l i  which 

usual ly  i s  i n  the  pos te r io r  region of t he  l a t e r a l  scale  f i e l d s  indicates  



growth commences i n  the  an t e r io r  f i e l d  and progresses around the  margin 

of t he  l a t e r a l  f i e ld s ,  thus giving the ridges the appearance of extend- 

ing from' the an te r ior  f i e l d  l a t e r a l l y  around both s ides  of the  scale i n  

a  pos te r ior  direct ion.  

Arialyses of the  autoradiograms revealed t h a t  growth of scales of 

year c l a s s ' f o u r  smallmouth buffalo  and older begins i n  the  l a t e r a l  f i e l d s  

( ~ i g u r e  16) .  Growth next occurs i n  the  poster ior  f i e l d  ( ~ i g u r e s  19, 21, 

and 22) and f ina l ly ,  occurs around the e n t i r e  margin of the  scale  ( ~ i g u r e s  

17, 18, 20, 23, 24, 25, ahd 26). These data  indicate t h a t  smallmouth 

buf fa lo  scales  commence growth i n  the l a t e r a l  f i e lds ,  followed by growth 

i n  t he  poster ior  and an te r io r  f i e l d s  respectively. This information on 

the  progress of scale growth i s  i n  contras t  t o  the  c l a s s i c  concept and 

may give an indication of t he  reason fo r  incomplete annulus formation i n  

t he  cycloid scales  of some f i s h  species. 

Examination of preliminary autoradiograms of scales  from several  

d i f f e r e n t  species of f i s h  revealed t h a t  accumulated radionuclides were 

evenly d i s t r ibu ted  throughout the f i b r i l l a r y  p la te  layer of t he  scale.  

This d i s t r i b u t i o n  was evident when scales  were exposed with the  lower 

surt'ace of the  sca le  next t o  t'he fi lm. These same scales  when exposed 

with the bony layer  next t o  the  f i lm  showed the charac te r i s t ic  concen- 

'.. 
t r i c  c i r c l e  pa t te rn  of o ther  scales  from the same f i s h .  One scale i n  

Figure 23, shows a  spot of exposure i n  the  center.  The "hot spot" re-  

su l ted  when the bony surface layer  of the  scale  was broken allowing the 

underlying f i b r i l l a r y  p l a t e ' s  accumulated radionuclides t o  expose the 

fi lm. These data  suggest t h a t  the bony layer  of the scale a c t s  a s  a  

sh ie ld  which prevents be ta  pa r t i c l e s  emitting from the radionuclides 



accumulated i n  t h e  f i b r i l l a r y  p l a t e  from passing through t o  expose t h e  

f i lm.  

CHAPTER VIII 

DISCUSSION 

An ana lys i s  of t h e  Watts Bar smallmouth b u f f a l o  populat ion can 

be  made by  applying da ta  obtained i n  t h i s  s tudy t o  a catch  curve c a l -  

cula ted  from t h e  1962 Watts Bar Collect ion ( ~ i ~ u r e  27). The catch  
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Fig. 2'1. Catch Curve of Watts Bar Smallmouth Buffalo fo r  1962. 



curve i s  based on the  log frequency of the  number of individuals i n  

each year c l a s s  i n  the  catch p lo t ted  against  age. The ascending l e f t  

l i m b  of t he  curve represents  the  age groups which a r e  incompletely 

vulnerable.  The descending r i gh t  l i m b  represents those year c lasses  

which were completely vulnerable. Small numbers of individuals i n  year 

c l a s se s  t e n  and o lder  inva l ida te  any assumptions made i n  t h a t  portion 

of t h e  curve. 

The r a t e  of commercial f ishing on Watts Bar Reservoir has 

changed considerably over t he  past  f i v e  years. Flshing was negl igible  

during 1957 because t he re  were no organized commercial f i sh ing  oper- 

a t i ons  on Watts Bar and spor t  fishermen r a r e ly  take t h i s  species.  Com- 

merical  f ishing commenced on,Watts Bar on a l imited sca le  i n  1958, when 

15,687 pounds (dressed weight) of smallmouth buffalo  were removed from 

the  lake. This catch represented a catch per  un i t  e f f o r t  of 7.34 

pounds/~ard of net/year.  I n  1958 the  ne t s  used were made of 4 and 5 

inch mesh which selected f o r  l a rge r  f i s h  than the  3 inch ne t s  used 

l a t e r .  Fishing pressure increased considerably i n  1959, when 54,035 

poun$is of smallmouth buf fa lo  were taken from the lake. This represents 

an increase  of 345 per cent of the  1958 catch. Catch pcr u n i t  e f f o r t  

was 12.01 ~ b s / ~ d / ~ e a r .  I n  1960, 63,705 pounds of smallmouth buffalo  

were removed from Watts Bar. This was 118 per  cent of the  1959 catch 

and represented a catch per  u n i t  e f f o r t  of 14.16 lbs/yd/year. I n  1961, 

59,328 pounds were caught. This was 93 per cent of the  1960 catch and 
I 

represented a catch per  u n i t  e f f o r t  of 13.18 ~ b s / ~ d / y e a r .  During these 

years t he  f i sh ing  morta l i ty  was r e l a t i v e l y  constant and the  smallmouth 

buf fa lo  population apparently did not su f f e r  depletion a s  was indicated 

by t h e  catch per u n i t  e f f o r t .  



There was a heavy in f lux  of commercial fishermen i n  1962, when 

161,303 pounds of smallmouth buffalo  were taken from Watts Bar. This 

was 272 per  cent of the 1961 catch. A catch per u n i t  e f f o r t  could not 

be determined f o r  1962 because of i r regula r  f i sh ing  and varying numbers 

of' fishermen working the  lake.  However, the  catch during the  f i r s t  

three  months of 1963 has been considerably l e s s  than i n  previous years 

and the  smallmouth buffalo  population i n  Watts Bar apparently has been 

somewhat depleted by the  heavy f i sh ing  pressure of 1962. I f  t h i s  

depletion proves t o  be t rue  it w i l l  become more apparent i n  l a t e r  

catches and population s tudies  i n  Watts Bar. 

A catch curve with a convex r i gh t  limb can be produced by any . 

one of th ree  conditions within a population ( ~ i c k e r ,  1958). Continued 

recruitment a t  l a t e r  years can produce a convex curve. However, data 

from t h i s  study indicate  t h a t  recruitment i s  completed by age s i x  and 

t h a t  there  i s  no continuation i n  l a t e r  years. Table I1 (page 2 5 ) i n -  

d ica tes  there  i s  a de f in i t e  trend toward younger f i s h  being recruited,  

but an adequate examination of recruitment t rends  can be made o n l y b y  

continued samples over a period of years. 

A steady increase i n  r a t e  of f i sh ing  with age can produce a con- 

vex catch curve. The r a t e  of f i sh ing  i n  Watts Bar could not be accu- 

r a t e l y  determined from avai lable  data, but  it can be assumed t h a t  the  

population i s  sampled representat ively  since recruitment appears t o  

occur abruptly. There a r e  no indicat ions  , that  f i sh ing  pressure increases 

with age f o r  the  Watts Bar smallmouth buffalo.  

An increase i n  the  r a t e  of na tu ra l  morta l i ty  with agc of thc  

f i s h  can produce a convex catch curve. Since recruitment appears t o  be 



abrupt ,and the o lde r  f i s h  a r e  not subjected t o  increased f i sh ing  pres- 

sure, it .can be assumed t h a t  an increase i n  the  r a t e  of na tu ra l  mor- 

t a l i t y  a s  the f i s h  become o lder  i s  responsible f o r  the  convexity of the  

Watts Bar smallmouth buf fa lo  catch curve. 

No matter .when year .c lasses  t and t-1 a r e  sampled, the  r a t i o  of 

t h e i r  abundance i s  a measure of the  survival  r a t e  which exis ted during 

t h e  f irst  year t h a t  t h e  younger year c l a s s  became vulnerable t o  f ishing.  

Therefore, survival  r a t e s  per ta in  t o  past  years. The slope of 'the 

catch curve i n  any given p a r t  w i l l  represent the  sumrival r a t e  at the 

time the  f i s h  i n  question were being recrui ted i n t o  t he  f ishery.  

Data from the a g e d i s t r i b u t i o n  of Watts Bar smallmouth buffalo  

sm able 1, page 23) give some indication t h a t  a segmented population may 

e x i s t  i n  t h a t  rese rvo i r .  The higher percentages of scales  exceeding 

background counts i n  August and Septenher might suggest the  movement 

of an increasing number of Clinch River smallmouth buffalo  i n t o  the  

f i sh ing  area .  However, add i t iona l  invest igat ion would be necessary t o  

e s t ab l i sh  the Clinch River f i s h  a s  a segment of the  Watts Bar popula- 

t i o n .  

Broad general izat ions  on the  r e l a t i v e  importance of t he  small- 

mouth buffalo a s  an accumulator of radionuclides would be speculative 

if based on the  avai lable  data.  Major radionuclides i n  White O a k  Creek 

a r e  accumulated by the  species i n  quant i t i es  which general ly  have 

var ied with the  degree of exposure by residence i n  White O a k  Creek. 

The body burdens should vary with the  concentration i n  the  environment 

of both s tab le  and radioisotopes of the  pa r t i cu l a r  element, e s s e n t i a l i t y  

of the  element, and the  physical  and chemical s t a t e  of the  element. 



Smallmouth buffalo  undoubtedly take up radionuclides both by ingestion 

and absorption, depending on the  element. 

When the  population i s  considered a s  a whole, the  smallmouth 

buffalo i s  a r e l a t i v e l y  minor accumulator of radionuclides. Only 0.08 

per cent of the  Watts B a r  smallmouth 'buffalo d e f i n i t e l y  showed an . 

accumulation by scale  analyses. ~ p p r o x i m a t e l ~ ' 6  per cent of t he  Clinch 

River smallmouth buffalo  d e r i n i t e l y  showed an accumulation. Approxi- 

mately 77 per. cent of the  White Oak Creek smallmouth buffalo contained 

large accumulations of radionuclides i n  t h e i r  scales .  These data  em- 

phasize the  importance of distance from the  source of contamination a s  

a fac tor  i n  the  accumulation of radionuclides within a specif ic ,popula-  

t ion .  The small percentage of Clinch River f i s h  showing accumulated 

radionuclides probably i s  due t o  the  l imited s i ze  of White Oak Creek, 

the  only area  where the  concentration of radionuclides i s  g rea t  enough 

f o r  accumulation t o  occur i n  measurable quant i t i es .  This l imi ta t ion  of 

hab i ta t  means t h a t  only a small percentage of the  t o t a l  population can 

remain i n  the  contaminated area  f o r  any length of time. 

A comparison was made of the  t o t a l  length of smallmouth buffa.1.o 

which had resided i n  contaminated areas  t o  the  t o t a l  length range of 

Watts Bar smallmouth buffalo.  Watts Bar f i s h  i n  year c l a s s  f i v e  ranged 

from 420 mm t o  540 mm i n  t o t a l  length. Year c l a s s  s i x  f i s h  ranged from 

400 mmto 570 mm. Evidently, net  s e l e c t i v i t y  prevented the  capture of 

t he  smaller year c l a s s  f i v e  f i s h .  Tl-1el.e were f i v e  ( 2 )  f i s h  of year c l a s s  

f i v e  from the contaminated areas  with t o t a l  lengths of 340, 400, 410, 

440, and 460 mm. A l l  these f i s h  would f a l l  we l l  within t he  range f o r  

t h e i r  year c lass .  with t h e  possible exception of the rlsh measuring 



340 mm. This smaller f i s h  was one of those which had hatched i n  the  

contaminated area, l e f t  t he  a rea  f o r  two years, and returned t o  the  

contaminated area  approximately s i x  months p r io r  t o  capture. There 

were f i v e  ( 5 )  year c l a s s  s i x  f i s h  from the  contaminated areas  with 

t o t a l  lengths of 420, 440, 440, 460, and 320 mm. A l l  these f i s h  f e l l  

we l l  wi thin  the  t o t a l  length range f o r  t h e i r  year c lass .  These data 

tend t o  suggest t h a t  growth of the  smallmouth buffalo  i s  not affected 

by per iodic  residence i n  an area  contaminated with radioilucllde was1;es. 

'l'he f a c t  t h a t  f i s h  have de f in i t e  pa.tterns of radionuclide ac - 
cumulation i n  t h e i r  sca les  r e s u l l s  i n  the  pooc ib i l i ty  of a, new technique 

f o r  studying populations. Iden t i f i ca t ion  of res ident  and t rans ien t  

individuals  i n  a population has long been a problem. Capture-recapture 

methods of population estimates have no provision f o r  separating these 

population segments i n t o  t h e i r '  r e l a t i v e  nunibers. When capture-recapture 

es t imates  .are made there  i s  always t he  p o s s i b i l i t y  t h a t  transi .ent  in-  

dividuals  ,are  caught and tagged. When these a r e  r e l e a ~ e d  they resume 

t h e i r  movements .and may leave t he  area .  This l o s s  of t,agged individuals 

from a study a rea  can r e s u l t  i n  b i a s  causing the  population t o  be over- 

estimated. 

When individuals  res ide  in a cuulaiuinatcd area they have de f in i t e  

pa t t e rns  of radionuclide accumulation i n  t h e i r  scales .  A l l  t h e  menibers 

of any pa r t i cu l a r  year c l a s s  would exhib i t  ' the  same pat tern .  These 

pa t t e rns  can be used a s  ident i fying marks. 

Autoradiograpl~lc examinatton of sadionlw l.i.de accunxulation pat-  

t e r n s  i n  f i s h  sca les  can be used i n  conjunction with capture-recapture 

est imates of population estimates.  This appl icat ion would follow a 

d e f i n i t e  s e r i e s  of steps:  (1) The select ion of .an a rea  df study would 



be limited to an area where an adequate concentration of radionuclides 

existed for the resident individuals to accumulate them in the scales. 

( 2 )  The area should.be effectively blocked off with nets to prevent 

the escape of tagged individuals during the capture-recapture phase of 

the study. (3) A conventional capture-recapture estimate should be 

made of the total number of fish within the area. This method is based. 

on the assumption that the ratio.of the number of fish captured and 

marked during the first collection to the total number of fish in the 

area is the same as the ratio of marked recaptures to the total catch 

during the second collection. (4) Scale samples would be taken from 

all individuals in both collections. The scales would be radiometrically 

surveyed and those with sufficient activity would be autoradiographed. 

Autoradiographs would be analyzed to identify the resident individuals 

in the sample. Then, only the numbers of resident individuals from the 

capture-recapture operation would be considered in estimating the size 

of the resident population. The number of transient individuals within 

the area at the time 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 numbers of fish could be tagged in holding 

ponds with little effort and later released into natural habitats for 

population studies. Systematic use of scale autoradiography could be 

used in identifying these tagged individuals. Scales were observed to 

regenerate rapidly and to accumulate large quantities of radionuclides 

during regeneration in contaminated areas. Removal of a key scale or 

small group of scales from all individuals to be tagged, then holding 

the fish in a pond with a sufficient concentration of bone-seeking 



radionuclides, would r e s u l t  i n  a group of f i s h  tagged i n  a consistent 

manner. Tagged f i s h  could be  iden t i f ied  l a t e r  by removal of the  key 

sca les  from a l l  recaptured individuals and e i t h e r  radiometrically sur- 

veying o r  autoradiographing them. 

I n  radionuclide tagging, select ion of the  radionuclide i s  of 

primary importance. Effect ive h a l f - l i f e  ( T ~ ~ ~ )  of the  radionuclide must be 

considered. The Teff of an element i s  the time required f o r  the  radio- 

a c t i v e  element f ixed  i n  t i s s u e  of the  animal's body t o  be diminished 

30 per cent a s  a r e s u l t  of t h e  combined act ion of radioactive decay 

and b io log ica l  elimination: 

where Tr = physical  h a l f - l i f e ,  and Tb = bio logica l  h a l f - l i f e .  

Strontium-90 appears t o  be an excellent radionuclide f o r  tagging pur- 

poses because of i t s  a f f i n i t y  fo r  bone and i t s  physical  h a l f - l i f e  of 

27.7 years.  However, i n  the  select ion of a radionuclide f o r  tagging 

the  hea l th  hazards must be carefu l ly  analyzed and the application must 

be kept under s t r i c t  control .  

Any population study i s  biolog5cally s ign i f ican t  i n  t h a t  it i n -  

creases  our knowledge of the  organism and the charac te r i s t ics  of the 
/ 

population. The age d i s t r i bu t ion  and growth of smallmouth but'i'alo i n  

Watts Bar 'has been described. This information i s  basic  and may be 

used i n  conjunction with l a t e r  s tudies  of a s imilar  nature i n  determi- 

ning the  h i s tory  of t h i s  commercially important species i n  Watts Bar 

a s  a management t o o l  f o r  the  regulation of t h i s  f ishery.  



The dispersal study is especially significant, in that an en- 

tirely new technique of study was developed and compared to a conven- 

tional tagging study. Even though the numbers of individuals involved 

in the study were small, considerably more data were derived from the 

autoradiographic analyses of scales than from the tagging returns be- ' 

cause conventional tagging and recovery can only locate fish at single 

points in time while autoradiographic records of scales provide a con- 

tinuously recorded history. When large numbers of fish with sufficient 

radionuclide accumulations in their scales are available for 

autoradiography, the natural dispersion of these fish without the 

detrimental. effects of conventional tags may be determined. 

SUMMARY AND CONCLUSIONS 

The srr~allmouth buffalo, Ictiobus bubalus (~afinesque), popula- 

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

describe its age distribution, growth rates, dispersion, and importance 

as an accumulator of radionuclides. Measurements and scale samples 

w ~ r e  taken from commercially-uaught fich and fioh caught in the OIZNL 

tagging operations. Scale impressions were analyzed for age and growth 

phenomena. Dispersion of smallmouth buffalo was investigated by con- 

ventional tagging methods and by autoradiographic analyses of scales. 

Stable and radiochemical composition of scales was cietemined by 



spectrographic analysis ,  flame spectrophotometry, radiometric surveys, 

and gamma spectrometry. 

Watts Bar smallmouth buffalo  were found t o  correspond t o  the  

t h e o r e t i c a l  d i s t r i bu t ion  f o r  s tab le  f i s h  populations where large num- 

be r s  a r e  present i n  the  younger year c lasses  and succeeding year c lasses  

become l e s s  numerous a s  a r e s u l t  of mortali ty.  The la rges t  nuniber of 

f i s h  i n  t he  commerical catch was i n  year c l a s s  six, the  youngest year 

c l a s s  which was completely vulnerable t o  the  commercial f i sh ing  gear. 

No indicat ions  were found t h a t  a dominant yewr  c l a s s  exis ted in t he  

Watts Bar population. 

Survival r a t e s  were calculated t o  be 49 per cent f o r  year c l a s s  

six,  35 per  cent f o r  year c l a s s  seven; 26 per cent f o r  year c l a s s  eight,  

and 19 per  cent f o r  y.ear c l a s s  nine. Annulus formation was concluded t o  

be p r i o r  t o  June f o r  Watts Bar smallmouth buffalo.  There were some 

indicat ions  t h a t  the  Watts Bar population i s  made up of segments which 

have d i f f e r en t  growth r a t e s  associated with t r i b u t a r y  hab i ta t  d i f f e r -  

ences. Recruitment,was found t o  be complete a t  age s i x  and commercial 

f i sh ing  pressure was equal on a l l  f i s h  from year c l a s s  s i x  upward. 

The calculated length-weight re1xl;fonslliy uf' Cliiich River small- 

mouth buffalo  revealed t h a t  the  f i s h  had isometric growth which is 

characterized by  an unchanzing body form and spec i f ic  gravi ty .  The 

f i s h  were found t o  increase 100 g i n  weight f o r  every 1 cm increase 

i n  length f o r  f i s h  i n  excess of ,31 cm t o t a l  length. 

Absolute growth of Watts Bar smallmouth buffalo averaged 422 c m  

a t  the  end of t h e  t h i r d  growth year, 441 mm f o r  t he  fourth, 453 mm f o r  

t he  f i f t h ,  465 n& f o r  the  s ixth ,  487 mm f o r  the  seventh, 522 mm f o r  the  



eighth, and 609 mrn f o r  t he  nlnth .  Absolute growth r a t e s  were found t o  

have increased with each succeeding year f o r  year c lasses  nine through 

four  probably a s  a r e s u l t  of increased food a v a i l a b i l i t y  accompanying 
3 
'I 

increased f i sh ing  pressure. Calculated annual t o t a l  length increments 

indicated t h i s  species cha rac t e r i s t i c a l l y  had the  l a rge s t  increment 
. . 

during t he  second year of l i f e .  This f a c t  was confirmed by data  from 

u.l;ller study a reas  and may be t he  r e s u l t  of a change i n  food hab i t s  a f t e r  

t he  f irst  year of l i f e .  Growth compensation was evident during the  

four th  and f i f t h  years of l i f e .  

Smallmouth buffa lo  scales  were found t o  have a mineral residue 

content of 46.05 per  cent by weight. Calcium was t he  most abundant 

element amounting t o  0.142 m g j g  f r e sh  weight with a t  l e a s t  twenty-three 

other elements present i n  l e s se r  quan t i t i es .  The strontium-calcium ' 

r a t i o  was found t o  be 0.394 x i n  sca les .  Smallmouth buf fa lo  scales  

were found t o  contain radionuclides of ruthenium, cesium, zirconium, 

zinc, and cobal t .  

The Watts Bar smallmouth buf fa lo  population was concluded t o  be 

of minor importance a s  an accumulator of radionuclides. Only 0.08 per  

cent of t he  Watts B a r  population i n  radiometric surveys showed accumula- 

t i ons  of a r t i f i c i a l l y  produced radionuclides. Samples from areas  c loser  

t o  t h e  source of contamination showed g rea t e r  concentrations. Approxi- 

mately 6 per cent of the  Clinch Ri-i-er smallmouth buffalo had measurable 

accunmlatiuns: u r  radlorruclldes and White O a k  Creek f i s h  had 77 per  cent .  

Autoradiographic examinations of smallmouth buf fa lo  sca les  re-  

vealed t h a t  radionuclides were accumulated i n  pa t te rns  of concentric 

c i rc leo .  Thcse pattel-11s were ruund -to be consis tent  i n  a l l  t h e  norma 



sca les  from any individual  and were associated with growth i n  a con- 

taminated area.  A new technique was proposed by which scale  autoradio- 

. graphy could be used i n  conjunction with a conventional capture- 

recapture population estimate t o  divide a f i s h  population within a 

contaminated area i n t o  the  sedentary and mobile segments i f  such existed.  

Scale autoradiography and conventional tagging methods were used 

t o  study the  movements of Watts Bar smallmouth buffalo.  Conventional 

methods revealed these f i s h  t raveled 0 t o  458 miles durlng time lapses 

rsulgillg from 38 t o  577 days. Evidence was gxttse~lted t h a t  the presence 

of a t ag  on the animal's body i s  detrimental, r e ~ u l t i n g  i n  a l o s s  of 

length and/or weight. This f a c t  supported the opinions of many 

inves t iga tors  t h a t  tagged animals suf fe r  physiological and behavioral 

d i f f i c u l t i e s  imposed by the presence of the  tag.  

Autoradiographic examinations of smallmouth buffalo  scales  re- 

vealed considerably more information on movements than conventional 

tagging methods. The movements of individuals between noncontaminated 

a reas  and White Oak Creek, the  only area of considerable contamination, 

were determined, a s  wel l  a s  the  age and s ize  of the  f i s h  a t  the  time it 

entered o r  l e f t  White Oak Creek. Smallmouth buffalo were concluded t o  

be r e l a t i v e l y  sedentary f o r  two years a f t e r  hatching, then t o  have moved 

upstream in to  t he  t r i b u t a r y  areas.  The majority of the  moves occurred 

during the l a t e  winter o r  ear ly  spring, but  no mass movements o r  mi- 

g ra t ions  were recorded on Watts Bar. Growth was not affected by r e s i -  

dence i n  contaminated areas .  

Laboratory experiments showed t h a t  f i s h  scales  could be tagged 

with cesium-134 f o r  autoradiographic iden t i f ica t ion  0.t' the  tagged lndi-  

vidual.  However, much l a rge r  concentrations of the  cesium-134 occurred 



i n  the  s o f t  t i s s u e s  than i n  t he  sca les  and bony t i s s u e s  leading t o  t he  

conclusion t h a t  t h i s  radionuclide w a s  not su i t ab l e  a s  a sca le  t ag .  

Selection of a su i tab le  radionuclide f o r  sca le  'tagging and methods of 

appl icat ion were discussed. 
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