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ÀCKNOWIEDGMENT

I  am g ra te fu l  to  Dr. Howard P. Clemens, who d ire c te d  th i s  d is s e r ta t io n ,  

fo r  h is  in t e r e s t ,  a s s is ta n c e , and guidance throughout the  study. Drs. 

Charles C. C arpen ter, Frank deN oyelles, and Gary D, S chnell read the 

m anuscript and made h e lp fu l suggestions. Many in d iv id u a ls  of the  

Department o f Zoology were of invaluab le  a ss is ta n c e  in  accomplishing 

th is  s tudy.

i i i



TABI£ OP CONTENTS

Page

LIST OF TABIES ..........................................................................................................  v

LIST W FIGURES ........................................................................................................  v i

I ,  ABSTRACT.................................... .................. ................................................ 1

I I .  INTRODUCTION..............................................................................................  3

I I I .  DESCRIPTION OF THE STUDY AREA..........................................................  5

IV. MATERIALS AND METHODS ...........................................................................  7

V. DAILY ROUTINE......................................................................  10

Home Areas ...............................................................................................  10

In fluence  of environmental f a c t o r s .......................................... 11

Swimways ...................................................................................................  13

In fluence of environmental fa c to rs  .......................................... 14

Feeding S t a t i o n ...........................................      15

In fluence of s i z e ................................................................    18

In fluence of environmental fa c to rs  ..........................................  19

In te r r e la t io n s  between environmental fa c to rs  (temp- 
a tu re  and oxygen), metabolism, and s iz e   ................ 22

Other fa c to rs  ......................................................................    23

VI. DISCUSSION................................................................................................... 25

LITERATURE CITED.......................................................................................................  36

iv



LIST OP TAB1£S

Table Page

1. Number and s is e  of home a reas  in  Ponds A and 6 , each w ith 
16,772 square m eters  ..................        38

2 . Seasonal v a r ia t io n  in  d a i ly  ro u tin e s , based on 72-hr 
observations  ..........        39

3 . The in fluence  of stocking r a te  and s iz e  of f i s h  on 
in d iv id u a l feeding  time a t  th e  demand feeder during
J u n e ......................................................    40

Temperature a t  feeding fo r  two marked (25 and 46 cm) 
channel c a t f is h  fo r  14 consecutive days during March,
May, August, and October w ith  food d e liv e ry  r a te s  fo r
th e  p o p u la t io n ...........................................    41

5 . Oxygen concen tra tion  a t  feed ing  fo r  two marked (25 and 
46 cm) channel c a tf is h  fo r  14 consecutive days during 
Ju ly  and August w ith  food d e liv e ry  ra te s  fo r  the  
population  ..............      42



LIST OF FIGURES

Figure Page

1. Platform-mounted demand feeder used in  c u ltu re  p o n d s , , . , . , , ,  44

2. Seasonal v a r ia t io n  in  the occupancy of home a reas  and use of
swimways by channel c a tf is h  in  two 1,6 ha ponds stocked a t
6.000 f is h /h a ,  A. 31- and 36-cm f is h ,  B, 2 5 - , 3 1 -, 36-, 
and 46-cm f i s h .  Data co llec ted  from a c tu a l measurements of 
th e  pond bottom a f t e r  d ra in in g . The in term ed ia te  and la rg e  
areas a re  drawn to  s c a le , whereas th e  sm all a rea s  re v e a l 
the  lo c a tio n  on ly . Dark areas rep resen t the  e s tab lish ed  
swimways, whereas the dotted  areas in d ic a te  one or more 
p ossib le  connections with the home a r e a s , .................................   45

3. Hourly food d e liv e ry  fo r channel c a tf is h  in  two 1,6 ha
ponds, June 1972........................        51

4 . Weekly range of tem perature a t  which channel c a t f i s h  fed
in  1.6 ha ponds, 1 9 7 2 . , . . . ..........................     52

5. Seasonal v a r ia t io n  in  time of feeding (72-hr observations) 
fo r  channel c a t f is h  in  two 1,6 ha ponds, expressed as the 
f i r s t  and l a s t  o f f iv e  marked f is h  to  feed   .........., , , , .  53

6 . D aily  tem perature curves fo r 14 days in  March, 1972, w ith 
the  tim e of a r r iv a l  and feeding fo r  two marked (25 and
46 cm) channel c a tf is h  in  a 1,6 ha pond stocked a t  6,000 
f is h /h a .......................................................................................................  54-

7. D aily  tem perature curves fo r  14 days in  O ctober, 1972, 
w ith th e  tim e of a r r iv a l  and feeding fo r  two marked (25 
and 46 cm) channel c a tf is h  in  a 1 .6 ha pond stocked a t
6.000 f i s h / h a , . ........................ ......................... ............................. 55

8 . Weekly range of oxygen concentration  a t  which channel
c a tf is h  fed in  1 .6  ha ponds, 1 9 7 2 . . . . . . . . . . . . . . . . . . . . . . . .  56

9 . Percentage o f marked channel c a tf is h  feeding  a t  various 
oxygen co n cen tra tio n s in  the 1,6 ha ponds during  June to  
August (1972), reg ard less  of time of day.............................   57

10. D aily oxygen concen tra tion  curves fo r  14 days in  August,
1972 , w ith  th e  time of a r r iv a l  and feeding fo r  two marked
(25 and 46 cm) channel c a tf is h  in  a 1 .6 ha pond stocked
a t  6,000 f is h /h a ....................................................................................  58

v i



11, Mean weekly and monthly ra te s  of food d e liv e ry  fo r  a 
mixed population of channel c a tf is h  stocked in  a 1 ,6  ha
pond a t  6,000 f is h /h a , 1972..........       59

12, Factors in fluenc ing  d a ily  r o u t i n e s , , , , , .................................... 6o

v i i



THE DAILY ROUTINE OF CHANNEL CATFISH, ICTALURUS PUNCTATUS.

IN CULTURE PONDS

KENNETH N. RANDOLPH

The U niversity  of Oklahoma 
Department of Zoology 

730 Van V leet Oval 
Norman, Oklahoma 73069

ABSTRACT

Three d i s t i n c t  behavior p a tte rn s  were recognized in  the  d a ily  ro u tin e  

of channel c a t f i s h  in  cu ltu re  ponds: (1) occupancy of a home a re a , (2)

d a i ly  t r i p  to  th e  feeding s ta t io n ,  and (3) feed in g . When the f is h  were 

not in  home a rea s  they  were going to  or from th e  feeding  s ta t io n  by 

sp e c if ic  ro u te s  or swimways.

Home a reas  were re located  from deep to  shallow  a reas  or from shallow  

to  deep a reas  depending on the tem perature c o n d itio n s . In  the sp rin g  

and f a l l ,  home areas were in  shallows bu t du ring  summer and w in ter they  

were in  deeper p a rts  of the  pond. Likew ise, f is h  seasonally  ad justed  

th e i r  swimways. Perim eter swimways were used during  sp rin g , b u t were 

d iscontinued  fo r  d ire c t  swimways when w ater tem peratures reached 18 C, 

Throughout most of March to  October, marked f is h  made a d a i ly  t r i p  

to  th e  feed ing  s ta t io n .  In  the  sp rin g , f i s h  d id  not u t i l i z e  demand 

feeders u n t i l  tem peratures were 12 C. F ish  stopped demand feeding in  

the  f a l l  a t  approxim ately 15 C, follow ing an abrupt decrease in  

tem perature of approxim ately 11 degrees (C ),

In  th e  sp rin g , in te rm itte n t feeding  appeared to  be p rim arily
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tem perature r e la te d .  At cold tem perature f i s h  d id  not feed d a i ly .  Fish 

sh if te d  feeding periods from midday to  evening as  th e  feeding season 

progressed. The s h i f t  i s  exlpained by the  f is h  becoming acclim ated to  

increasing  tem perature and se le c tin g  fo r  warmer tem perature.

During sunmer, low oxygen concen tra tion  o ften  caused f is h  to  a d ju s t 

or miss th e i r  d a i ly  feeding period . Feeding was reduced a t  oxygen values 

below 5 m g/l, b u t sm all f is h  occasionally  fed a t  values as low a s  2 mg/1 

s ince  they  were acclim ated to  feeding  a t  low v a lu es .

Contacts between d if fe re n t  s iz e s  of f is h  a t  th e  feeding s ta t io n  

es tab lish ed  a feeding  h ierarchy  and subdominant f is h  o ften  w aited to  

feed . Large f is h  were dominant in  feeding and sex did not appear to  be 

a fa c to r  in  determ ining feeding s ta tu s .  Length of w aiting  to  feed ranged 

from 0 to  3 h r fo r  th e  la rg e r  f is h  and from 0 to  12 h r fo r  the  sm aller 

f i s h .



INTRODUCTION

A major p a rt of th e  d a i ly  ro u tin e  of an anim al i s  feeding  and likew ise  

th e  kind of food and method of feeding a re  im portant s tep s  in  i t s  

dom estication , Channel c a tf is h  ( Ic ta lu ru s  punctattis) , an im portant 

game and food f i s h ,  have been reared  in  ponds s in ce  before th e  tu rn  of 

th e  cen tu ry  by s ta t e  and fe d e ra l governments. However, commercial 

production was v i r tu a l ly  unknown before 1957 and i t s  development was 

f i r s t  launched on th e  research  e f fo r ts  of Clemens and Sneed working 

w ith  Saltonstall-K ennedy  funds from 1955 to  1959 (U, S, Dept, of the  

I n t , , 1973). Now channel c a tf is h  a re  commercially reared  in  over 5^,000 

acres  in  21 s ta te s  (Mayo M artin , 1975, personal communication).

S tudies of channel c a tf is h  have been concerned more w ith  th e  kind and 

amount o f food and method of feeding ra th e r  than  w ith  th e  responses of th e  

f is h  which cannot r e a d ily  be seen in  the  tu rb id  w aters of c u ltu re  ponds, 

Clemens and Sneed (1957), in  a study of th e  rep roductive  behav io r, observed 

a d isco n tin u a tio n  o f feeding  during spawning season, Hastings e t  a l ,

(1972) monitored th e  use of donand feeders by channel c a tf is h  in  c u ltu re  

ponds, Knable (1972) s tu d ied  the  e f fe c ts  of s iz e  and sex upon food in tak e  

of caged channel c a t f i s h ,  and Konikoff and Lewis (19?4) examined the  

c o n tr ib u tio n  of behavior to  v a ria tio n s  in  weight gain  of channel c a t f i s h  

in  cages. However, th ese  s tu d ies  d id not d esc rib e  th e  d a ily  ro u tin e , 

Stevens and Tiomeier (1961) followed th e  d a i ly  movements of marked channel
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c a tf ish  in  a farm pond and noted th a t  f is h  spen t most of th e i r  tim e in  a 

p a r tic u la r  area of th e  pond but swam a t  random during c e r ta in  periods of 

the day.

Feeding a c t iv i ty  and food h ab its  have been recorded fo r  channel 

c a tf is h  in  o ther than  cu ltu re  h a b ita ts  (B ailey  and H arrison 1948; Bonnean 

e t  a l ,  1972; Busbee 1968; Mathur 1970; Spencer 1939). Most s tu d ie s  o f th e  

in fluence of environm ental fa c to rs  on channel c a tf is h  have been lim ited  

to  metabolism or growth (Allen and Strawn I 968 ; Andrews and S trickney  

1972; Chowdhury 1971: Shrable e t  a l .  I 969) and have not examined the 

e f fe c t of th ese  fa c to rs  on the d a ily  ro u tin e .

In  my study channel c a tf is h  were marked and followed throughout th e  

course of a day, fo r  sev e ra l days during each month of th e  growing season. 

In  doing so , th e  d a i ly  rou tine  of channel c a t f i s h  was determ ined, I  

examined environm ental fa c to rs  in flu en c in g  th e  d a ily  ro u tin e , such as  

tem perature, oxygen, and noises as  w ell as  b io lo g ic a l f a c to rs ,  such as  

s iz e ,  sex , and population  d en s ity . Behavior was observed in  a q u a ria , 

sm all pens, and la rg e  c u ltu re  ponds to  provide a comprehensive 

understanding o f th e  d a ily  ro u tin e .



DESCRIPTION OF THE STUDY AREA

Observations and experiments were conducted a t  two lo c a tio n s . From 

February, 1972 to  March, 1973, the d a ily  ro u tin e  and behavior of channel 

c a tf is h  were observed and monitored a t  Sooner Fish Farm, Norman, Oklahoma 

( in  e ig h t 1 .6 ha ponds) and from November, 1972 to  October, 1973, a t  the  

U niversity  of Oklahoma F ish eries  Research C enter, Noble, Oklahoma ( in  a 

0,1 ha pond and in  190 and 1590 l i t e r  aq u a r ia ) .

The 1,6 ha ponds had mud bottoms and a water-depth grad ien t o f 0 ,3  to

1,2 m. They were supplied with w ater from a w ell having a cap ac ity  of

5677 1pm, Each pond had a 30,5-cm draim which a lso  served to  reg u la te  

the  w ater le v e l .  The banks of the  ponds were covered w ith g rass and weeds, 

w ith the  to p  of the  dike serving a s  a road . Food was d is tr ib u te d  to  th e  

f is h  a t  a s in g le  feeding s ta t io n  (F ig , 1 ) ,  w ith 2 to  6 demand mechanisms 

enclosed in  a feeding chamber (1 ,2  x 1,2 m). The entrance to  th e  feeding  

chamber was 0.3 x 1.2 m, and was loca ted  on th e  side of the  feeding 

s ta t io n  opposite  to  the pond bank. Once in s id e  the feeding chamber, f is h  

had access to  any of the  demand mechanisms.

The 0.1 ha pond had a mud bottom and a w ater-depth grad ien t o f 0 ,3  to

0,9 m. I t  was supplied w ith water from a w ell having a cap ac ity  of 1136

1pm, and had a 15.2-cm d ra in . The banks of th is  pond were a lso  covered 

w ith g rass and weeds. The pond was divided in to  sev era l pens w ith  0.4-cm 

mesh p o u ltry  w ire . Each pen was equipped w ith one or more feeding  

s ta tio n s  th a t  had s in g le  demand mechanisms bu t no feeding chambers,
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Fish kept in  aquaria  were supplied w ith  ae ra ted  w ater which was 

exchanged a t  weekly in te rv a ls . Temperature was m aintained a t  30 -  2 C 

except fo r  a sh o r t period during w ater exchange, and the  f is h  received  

n a tu ra l l ig h t .  Each aquarium had a demand feed er w ith a s in g le  mechanism 

but no feeding  chamber.

The 1,6 ha ponds were divided in to  quadrats (30.5 x 30.5 m) by using 

painted markers on the  banks and painted f lo a ts  anchored to  b ric k s  pressed 

in to  th e  pond bottom. In  the 0.1 ha pond, one la rg e  pen (15.2 x  18.3 m) 

was divided  in to  quadrats (1 .5  x 1.5 m) w ith  nylon s tr in g  a ttach ed  to  

s tak es on the pond bank. This system prevented marked f is h  from 

beconming entangled w ith quadrate m arkers, which had occasionally  occurred 

in  th e  1.6 ha ponds.



MATERIALS AND METHODS

Channel c a t f i s h  from 25- to  46-cm in  leng th  were stocked in  th e  study 

a re a s . At the  F ish e r ie s  Research C enter, the  number of f is h  in  th e  study 

areas ranged from 1 to  100. Stocking ra te s  a t  Sooner F ish  Farm were a t

6,000 f is h /h a ,  w ith  the  exception of one pond which was stocked a t  2,000 

f is h /h a .  An example of th e  s iz e  and percentage of f i s h  in  two 1 ,6  ha 

ponds (6,000 f is h /h a )  were as  fo llow s:

Pond A 31 cm(4l^) 36 cm(59$)

Pond B 25 cm(12$) 31 cm(21$) 36 cm(469() 46 cm(21$)

A commercial f i s h  p e l le t  (Shawnee Complete F ish  Food -  33^ p ro te in ) was 

a v a ila b le  on demand a t  the  feeding s ta t io n .

F ish  used fo r  observations were co lle c te d  and marked a t  monthly 

in te rv a ls  throughout th e  s tudy . To mark the  f i s h ,  I  used a m od ification  

of th e  methods of H asler and Wisby (1958) and Stevens and Tiemeier (1961), 

A ping-pong b a l l  was a ttach ed  to  one end of a 0 .9  m leng th  of piano s te e l  

(0 .5  mm diam eter fo r  sm all f is h  and 0.6 mm fo r  la rg e  f is h )  and th e  o ther 

end was a ttach ed  to  the d o rsa l spine by a sw ivel and sh o rt piece of nylon 

l in e .  To a t ta c h  th e  m arker, a sm all in c is io n  was made behind th e  d o rsa l 

sp ine and th e  f i r s t  d o rsa l ray  w ith  a sharp  instrum ent. The ping-pong 

b a l ls  were numbered w ith S c o tch lite  w aterproof, r e f le c t iv e  ta p e .

By using piano s te e l  which i s  l ig h t  in  w eight, th e  e f fe c ts  of the  

marker on th e  performance and h ea lth  of marked f is h  was reduced. 

Furtherm ore, th e  r ig id n ess  of the piano s te e l  reduced entanglement w ith

7
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o ther narked f i s h ,  f lo a tin g  quadrate m arkers, and the  foundation of the 

feeding s ta t io n .  However, the  piano s te e l  genera lly  d e te r io ra te d  from 

ru s t  by 40 days. P ish  th a t  became entangled u su a lly  escaped, u n less  

freed  w ith in  a few hours a f t e r  entanglem ent.

The attachm ent of the  markers caused an i r r i t a t i o n  around th e  d o rsa l 

sp in e , as evidenced by a s l ig h t  inflam m ation. However, th ese  a reas  

gen era lly  healed w ith in  two weeks and marked f is h  ev id en tly  su ffe red  no 

i l l  e f f e c ts ,  s ince  f is h  w ith markers a t  th e  F ish e rie s  Research Center 

had weight gains comparable to  unmarked f is h  during th e  summer of 1973.

Observations were conducted on an hourly  and d a ily  b a s is .  Values fo r  

time were rounded o ff to  the n ea re s t one-half hour and ad ju sted  to  c e n tra l  

standard tim e. During th e  day, observations were made using Wuest 

b inoculars (10 x 50 power), and a t  n ig h t,  a f la s h l ig h t  and s p o tl ig h t  

aided in  id e n tify in g  in d iv id u a ls . Observations a t  n ig h t were recorded on 

a tape recorder and l a t e r  tra n sc rib ed  to  data  sh ee ts .

Hourly ra te s  of food d e liv e ry  were recorded fo r th e  population  

during the 72-hr periods of observation . When ra te s  were not recorded 

hourly , they  were made once a day. In  th e  l a t t e r  p a r t of th e  1972 feeding 

season, feeding demands were monitored a t  th e  1.6 ha ponds w ith  a  Simpson 

event recorder (Type 2755. 24 v o l t s ) .  Archer mercury sw itches (Type SPDT, 

1 amp, 120 v o lts )  were a ttached  to  the  perpendicular demand rods and 

served to  s ig n a l th e  movement of th e  rod during feed ing . The feeding  

chamber prevented th e  wind and waves from moving th e  rods and a c tiv a tin g  

th e  event reco rd e r. Feeding demands were monitored in  aquaria  and pens 

throughout the  1973 feeding  season a t  the  F ish erie s  Research C enter using 

th e  event reco rd e r. The high banks of th e  0.1 ha pond served to  reduce
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wind and wave a c t iv i ty .

Water tem perature was recorded w ith a Temp-scribe 7-day record ing  

thermometer, a t  a depth of 0.6 m, which approximated th e  average depth of 

the ponds. Dissolved oxygen was measured a t  th e  onset and te rm in a tio n  of 

the  feeding  period and a t  1-hr in te rv a ls  throughout the continuous 72-hr 

observation p e rio d s, using a Hach k i t  (Model Ca-24-WR).

Procedures fo r  the  s t a t i s t i c a l  trea tm en t of the data a re  from Sokal 

and Rohlf (1969). Data from my observations and experiments were 

subjected to  the  ch i-square  or G -test fo r  goodness of f i t .  The ST? 

a p o s te r io r i  t e s t ,  was used to  t e s t  the  homogenity of th e  s e ts  of 

r e p lic a te s  te s te d  fo r  goodness of f i t .  The Student-Newman-Keuls a 

p o s te r io r i  t e s t  was used to  t e s t  th e  s ig n ifican ce  of m u ltip le  comparisons 

among means from hourly periods o f food d e liv e ry . Y ate 's  c o rrec tio n  fo r  

c o n tin u ity  was used when n was le s s  than  200. Conclusions on s t a t i s t i c a l  

s ig n ifican ce  were based a t  the 95$ p ro b a b ili ty  le v e l,  Basic s t a t i s t i c a l  

programs in  FORTEIAN IV were used to  analyze these  d a ta , w ith th e  a id  of 

an IBM 360 computer.

Over 1200 f is h  were marked fo r  observation  during th is  study . The f is h  

were separated in to  s ize  c la sse s  (25, 31, 36, and 46 cm), f iv e  or more 

in d iv id u a ls  to  a c la s s .  D etailed  d e sc rip tio n s  of th e i r  a c t iv i t i e s  w ith 

q u a n tita tiv e  records of th e i r  d is t r ib u t io n  provided the  raw d a ta . Unless 

s ta te d  otherw ise, values were the  mean of f iv e  marked f is h  fo r  each s ize  

fo r  one or more monthly 72-hr in te rv a ls .  The environmental fa c to rs  

analyzed were tem perature, d isso lved  oxygen, and d is tu rbances.



RESULTS 

DAILY ROUTINES

Hourly observations on marked channel c a tf is h ,  conducted fo r  one or 

more 72-hr in te rv a ls  fo r  each month of the  year, revealed th e  ex istence 

of a d a i ly  ro u tin e  fo r  pond cu ltu red  channel c a tf is h .  Marked f is h  were 

observed on successive da tes  to  occupy home areas in  the  pond. When the 

f is h  were not in  the  home a re a s , th ey  were swimming to  or from th e  feeding 

s ta t io n  by sp e c ific  rou tes  or swimways (F ig . 2 ).

HOME AREAS

Home areas  of marked f is h  were examined throughout the  y ea r , when the  

ponds were f u l l ,  and in  ponds th a t  were drained . The pond bottom in  the  

home areas  was found to  be hard and fre e  from s i l t .  The remainder of the  

pond bottom had a lay er of s o f t  mud and s i l t ,  from 5 to  30 cm in  depth.

The shape and s iz e  of the  home a reas  v a r ie d , but g en era lly  th ey  were large  

ir r e g u la r  rec tan g les  or uniform c i r c le s  from 1.0 to  3 .7  m in  diam eter 

(P ig . 2 ) . The depth of home areas ranged from 5 to  20 cm.

In  comparing two 1.6 ha ponds w ith a stocking r a te  of 6,000 f is h /h a ,

23 home areas  were found in  the  pond having 31- and 36-cm f i s h ,  while the 

s im ila r ly  stocked pond w ith 25-» 3 1 - , 36 -, and 46-cm f is h  had 172 home 

areas  (Table 1 ). The second pond had a la rg e r  number of sm all home areas 

(0 .9  and 1,2 m in  diam eter) which were occupied by 46-cm f i s h .  For 

example, when marked f is h  were observed fo r  7 consecutive days in  June,

10
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home a reas  1 , 2 , and 3 were occupied by 46-cm f i s h ,  and a reas  4 , 5 , and 

6 were occupied by 25- and 31-cm f is h  (F ig . 2-B3). During th i s  period 

th e  marked 46-cm f is h  retu rned  to  the  same home a reas  91$ (32 of 35 

observations) of the  time as  opposed to  83$ (58 of 70 observations) fo r  

th e  marked 25- and 31-cm f is h .

R e la tiv e ly  few sm all a reas occurred in  th e  f i r s t  1 .6 ha pond, which 

was stocked a t  the  same ra te  of 6 ,000 f is h /h a ,  bu t w ith sm aller f is h  

(31 and 36 cm). I t  appeared th e n , th a t  th e re  were la rg e r  schools of 

sm all f is h  and sm aller schools of la rg e  f is h  in  th e  home a reas  of th e  two 

ponds.

In  th e  1 .6  ha ponds, i t  was no t p ra c t ic a l  to  determ ine th e  number of 

f is h  occupying each home a re a , b u t in  a 0.5 ha pen stocked a t  750 f is h /  

h a , th e re  were 0.14 f is h /sq  m of home a re a . However, in  th e  la rg e r  ponds, 

the  average d e n s ity  of f is h /s q  m of t o t a l  home area was 0.11 and 0.14.

INFLUENCE OF ENVIRONMENTAL FACTORS. The behavior of channel c a tf is h  

in  home a reas  was influenced by tem perature , oxygen co n cen tra tio n , and 

o ther f a c to r s .  Adverse co nd itions of these fa c to rs  on a d a i ly  and/or 

seasonal b a s is  re su lte d  in  changes in  both the  lo ca tio n  of and the time 

f is h  remained in  home a re a s .

Channel c a tf is h  re lo ca ted  th e i r  home areas from deep to  shallow areas 

or v ice  versa  depending on the tem perature c o n d itio n s . They se lec ted  fo r  

warmer tem perature in  the  sp rin g  and f a l l  and fo r  co ld er tem perature in  

the  summer. During the course o f a year, re lo ca tio n s  included two complete 

moves from deep to  shallow a reas  o f the pond.

During summer, sm all f is h  tended to  occupy home a reas  near the feeding 

s ta t io n ,  w hile la rg e  f is h  re lo c a te d  f a r th e r  away in  th e  deeper end of the
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pond, which o ften  was the  deepest w ater to  be found. However, d u ring  June 

and Ju ly  la rg e  f is h  remained in  the  shallow  a rea s  of th e  pond to  spawn 

before re tu rn in g  to  the deep end. For example, the  sm all a reas  in  th e  

shallow end and around th e  perim eter (0 .6  m) o f the  pond (F ig . 2-B3) 

rep resen ts  summer home areas  fo r  the  la rg e  f is h  during th e  spawning period , 

w hile the  areas in  the  middle of th e  pond (F ig . 2-Bl) rep re sen t home areas  

occupied by a m ixture of s iz e s  during th e  w in ter and alm ost year-around by 

25- and 31-cm f is h .

The in fluence of oxygen concen tra tion  was lim ited  to  summer. During 

th i s  tim e, concen trations of oxygen tended to  cause f is h  to  remain in  or 

re tu rn  to  th e i r  hone areas where values were from 1 to  2 m g/l h ig h er than 

those in  the area of the  feeding  s ta t io n .  For example, in  the 1 .6  ha 

ponds, a l l  f is h  g en era lly  occupied th e i r  home areas  from 4 to  7 am or 

when low oxygen concentrations ex is ted  (2 -4  m g /l) . When values decreased 

below 2 m g/l, f is h  swam to  the  pond surface  o r in to  the  shallow  a reas  

around the  pond perim eter where i t  appeared th ey  were a ttem pting  to  be in  

th e  area of the h ighest a v a ila b le  oxygen co n cen tra tio n .

Channel c a t f i s h ,  46-cm in  le n g th , were in  the home a reas  o f th e  pond 

8? to  100$ of the  day (Table 2 ) .  A red u ctio n  in  metabolism and subsequent 

decrease in  swimming and feeding  r a te s  would appear to  account fo r  the 

lower sp ring  values fo r  la rg e  f i s h ;  however, th e  d is tan ce  between home 

a reas  and the  feeding  s ta t io n  was g re a te s t  during th i s  p e rio d . During th e  

summer, in  a population of mixed s iz e s  stocked a t  6,000 f is h /h a ,  a  h igh ly  

s ig n if ic a n t d iffe ren ce  in  percent time spent in  home a rea s  was observed. 

Low values fo r  th e  21- and 31-cm f is h  in  th i s  population  rep resen ted  the  

in fluence  of s iz e .  In  a pond stocked a t  2,000 f ish /h a  w ith  25- and 31-cm
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f i s h ,  th e re  vas no s ig n if ic a n t d iffe ren ce  among s ize s  fo r  the  time spent 

in  th e  home a re a .

swnmïs
In  th e  1 .6  ha ponds, home areas were located  30 m or f a r th e r  from the  

feeding s ta t io n s .  Throughout most of March to  O ctober, marked f is h  were 

observed swimming d a ily  to  and from th e  feeding  s ta t io n  follow ing swimways 

(F ig . 2 ) .  There were one or more d ire c t  and perim eter swimways fo r  each 

pond, and each swimway served a number of home £-?eas. The es tab lish ed  

a reas  of d ire c t  swimways were from 0.6 to  4 .6  m wide, 60 to  274 m long , 0 

to  45.7 cm deep, and over hard areas of th e  pond bottom bu t avoided home 

a re a s . The unestab lished  areas of these  swimways were over muddy and hard 

areas w ith  one or more possib le  connections to  home a re a s .

Ponds stocked w ith s im ila r  s iz e  f is h  had fewer and s h o r te r ,  b u t  w ider 

swimways, than  ponds stocked w ith mixed s iz e s .  For example, in  a 1 .6  ha 

pond stocked w ith  31-  and 36-cm f i s h ,  th e  hard area of the  swimways 

to ta le d  132 m in  leng th  w ith an average width of 2.1 m. In  another pond 

stocked w ith  2 5 - , 3 1 -, 3 6 -, and 46-cm f i s h ,  th e  t o t a l  length  of hard area  

was 289 m, w ith  an average width o f 1 .4 m.

In  swimming to  the  feeding  s ta t io n  during A p r il,  25-cm f is h  had an 

average r a te  o f 2 m/rain (s  = 0 .61 , n = 1 5 ), req u irin g  from 60 to  90 min to  

swim approxim ately 152 m. However, in te rm itte n t swimming suggested 

grazing on th e  in v e rte b ra te  popula tions. The 46-cm f is h  had an average 

swimming r a te  of 6 m/min (s  = 0 .40 , n = 15), req u irin g  from 20 to  30 min 

to  swim th e  same d is tan ce . I f  la rg e  f is h  grazed on la rg e  in v e r te b ra te s  or 

f is h  enroute to  the  feeding s ta t io n ,  they  did so w ithout stopping .

The tim e requ ired  to  re tu rn  to  home areas  fo r  la rg e  f is h  was
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approximately th e  same since  they did not s to p  enroute to  or from the  

feeding s ta t io n .  Less in te rm itte n t swimming fo r  sm all f is h  re tu rn in g  to  

home areas suggests they  were su ccessfu l in  feed ing .

INFLUENCE OF ENVIRONMENTAL FACTORS. During sp rin g , when w ater 

tem peratures were fra n  12 to  18 C, marked f is h  were observed to  swim to  

and/or from the  feeding  s ta t io n  along the  pond perim eter (F ig . 2-A2 and 

B2). The use of perim eter swimways followed the  spring  re lo c a tio n  of home 

areas in to  the shallow  areas of the  pond.

Perim eter swimways were 2?4 m or le s s  in  len g th , 1 to  2 m from the  pond 

bank, in  0 .4  to  0 .6 m of w ater and had muddy bottom s. F ish  in  th e  shallow 

end of the  pond, w ith th e  exception of th e  46-cm f is h  who did not use 

perim eter ro u te s , o ften  swam the  leng th  of the  pond (2?4 m) to  reach the  

feeding s ta t io n  during March and A p ril.  However, during th i s  p erio d , 68# 

(190 of 280 observations) of the  marked f is h  returned  to  th e i r  home areas 

by the d i r e c t  swimways ra th e r  than  by perim eter ro u te s .

When w ater tem peratures increased  to  18 C, sm aller f is h  re lo ca ted  in to  

the deep area of the  pond and d iscontinued  the  use of perim eter swimways. 

Thus, during summer, rou tes to  the  feeding s ta t io n  were by d i r e c t  swimways 

and le s s  than  152 m in  leng th  (F ig . 2-A3 and B3). Swimways were not used 

in  the f a l l  s ince  demand feeding stopped p r io r  to  the  f a l l  re lo c a tio n  in to  

th e  shallow area of the  pond. Throughout w in te r , marked f is h  made no 

attem pt to  go to  th e  feeding s ta t io n  and as  a r e s u l t  swimways were not 

used.

Low values of tem perature and oxygen concen tra tion  decreased swimming 

r a te s .  However, tem perature d id not appear to  in fluence swimming ra te s  

from June to  O ctober. During th is  p erio d , th e  percent tim e swimming to  

and from the feeding  s ta t io n  was not s ig n if ic a n t ly  d if f e r e n t  fo r  a l l  f is h
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(Table 2 ) .  During la te  sp rin g , sm aller f is h  had a g re a te r  decrease in  

percent time swimming than  3-arger f i s h ,  since th e  d is tan ce  between th e i r  

home areas and th e  feeding s ta t io n  decreased follow ing re lo ca tio n  back 

in to  th e  deep area of th e  pond ,•

FEEDING STATION

Upon a rr iv in g  a t  th e  feeding s ta t io n ,  a f i s h  must en te r  the  feeding  

chamber and bump or push a perpendicular rod to  t r ig g e r  the re le a se  of 

food (F ig . 1 ) . The r a te  and amount of food d e liv ered  from demand feed ers  

was dependent upon th e  degree , tim e, and number of displacem ents of the  

feeding rod . The minimum displacement requ ired  to  d e liv e r  food was 2 ,5  

cm, which delivered  an average of 1,5 g. A displacem ent of 17,8 cm 

provided a continuous flow i f  the displacem ent was m aintained. The maximum 

ra te  o f bumps a t  minimum displacement was approxim ately 60/rain,

Channel c a t f i s h  were conditioned to  use demand feeders in  the  sp rin g  

by p lacing  a le s s  than  adequate ra tio n  of food under the feeding rod on 

successive d a tes  u n t i l  se lf-fe e d in g  was e s ta b lish e d . This g enera lly  

required  from 3 to  5 days as  hungry f is h  soon discovered th a t a  bump o f the 

rod provided food,

A number of f a c to r s ,  such as the number o f in d iv id u a ls  and tu rb id i ty  

of the  w ater, made observations of th e  feeding a c t  fo r  in d iv id u a l f is h  in  

the 1,6 ha ponds d i f f i c u l t .  Therefore, conditioned in d iv id u a ls  were 

tra n sfe rre d  from the ponds to  aquaria and pens fo r  iso la te d  in d iv id u a l and 

group observations. F ish  tra n sfe rre d  from th e  ponds to  aquaria requ ired  

an acc lim a tiza tio n  period (as defined by F olk , 197^) .of 3 to  5 days.

Feeding ro u tin es  were qu ick ly  es tab lish ed  a f t e r  th e  acc lim a tiza tio n  p erio d , 

and m aintained throughout my 30-day observational periods.
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IN AQUARIA

Small and la rg e  in d iv id u a ls  (25 and 46 cm) fed one or more tim es a day. 

Small f is h  were le s s  e f fe c tiv e  in  operating  th e  feeding  mechanism w ith 

th e i r  snout than were la rg e  f i s h .  While p a r t of th e  feeding time fo r  

iso la te d  sm all f is h  was re la te d  to  th e i r  in e ff ic ie n c y  in  operating  the 

feeding mechanism, another d i f f i c u l ty  was in g estin g  standard s iz e  

commercial f is h  p e l le ts  (0 ,5  x 1,3 cm). Because of th e  hardness and la rg e  

s ize  of the p e l l e t s ,  sm all f is h  mouthed the  p e l le t s .  Between periods of 

mouthing, they  would e x p e ll the p e l le t s .  Conditioning of the p e l le t s ,  

making them s u ita b le  fo r  in g e s tio n , g en era lly  requ ired  from 1 to  3 

m inutes. As a r e s u l t ,  sm all in d iv id u a ls  averaged 55 min of feed ing /day  

as compared to  34 min fo r  la rg e  in d iv id u a ls  (Table 3 ) ,  A ll f is h  l e f t  

th e  feeding s ta t io n  upon completing feed ing .

Groups of s im ila r  s iz e  f is h  (25 and 46 cm) fed  one or more tim es a  day , 

as in d iv id u a ls  or in  a g roup(s). Small f is h  fed as one group while la rg e  

f is h  fed as in d iv id u a ls  or in  sm all groups. Group feeding re su lte d  in  

physica l co n tac t, which included pushing, t a i l  s lap p in g , and occasional 

b i t in g  and sp in in g . The in fluence  of id iysical con tact on feeding in  

groups of sm all f is h  was not s ig n if ic a n t s ince  in d iv id u a ls  had sh o rte r  

feeding periods than  iso la te d  in d iv id u a ls  of th e  same s iz e  during  a  30-day 

period (Table 3 ) .  P hysical con tact in  groups of la rg e  f is h  was 

comparable to  th a t  of sm all f i s h ,  except th e re  was more b i t in g  and some 

chasing. As a r e s u l t  of th e  in c rease  in  b i t in g  and chasing , feeding  

tim e /in d iv id u a l was comparable to  those o f iso la te d  la rg e  in d iv id u a ls  

(Table 3 ) .

Large males and fem ales fed a t  any tim e. T herefore , sex d id  not
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appear to  be a f a c to r  in  d e tem in in g  feeding  s ta tu s .  Upon completing 

feed ing , a l l  f i s h  l e f t  th e  feeding area to  jo in  one or more groups in  

th e  home a re a s .

IN FENS

Fish in  groups of mixed s iz e s  (25, 31, 36, and 46 cm) fed one or more 

tim es a day, in d iv id u a lly  or in  groups. The in c re a se  in  group feeding 

re su lted  in  g re a te r  e f f ic ie n c y  in  feeding fo r  in d iv id u a ls  of a l l  s iz e s .  

In d iv id u a l sm all f is h  average 32 min of feed ing /day  w hile in d iv id u a l 

la rg e  f is h  had an average of 27 min (Table J ) ,

Physical co n ta c t increased  among f is h  in  groups of mixed s iz e s ,  bu t 

remained as pushing, t a i l  s lapp ing , and sp in ing  in  th e  sm aller s iz e s .

B iting  and chasing  in c re a se d , u su a lly  being d ire c te d  from la rg e r  to  

sm aller f i s h .  T herefore , s iz e  was im portant in  determ ining feeding rank 

and sm aller o r le s s  aggressive  f is h  waited to  fe e d . However, la rg e  f is h  

occasionally  allowed sm all f is h  to  feed while th e y  fe d . Pish returned to  

home areas upon com pleting feeding.

IN URGE PONDS

Pish fed once a day a t  d if f e re n t  tim es, in d iv id u a lly  or in  groups. As 

group feeding  in c reased , th e  time of fe e d in g /in d iv id u a l decreased to  po in ts  

th a t  appear t o  rep resen t minimum feeding time (Table 3 ) .

Daily demand feeding  a c t iv i ty  was c h a r a c te r is t ic  of th e  s tock ing  r a te  

and population  s tru c tu re .  For example, in  a  1 .6  ha pond stocked a t  2,000 

f ish /h a  w ith 2 s iz e s ,  hourly  food d e liv e ry  was continuous fo r  8 h r  a day, 

during a 72-hr in te rv a l  in  June (P ig . 3 ) .  In  an o th er pond stocked a t  

6,000 f ish /h a  w ith  4 s iz e s ,  hourly  food d e liv e ry  was continuous fo r  21 h r 

a day during  th e  same p erio d . The maximum h o u rly  r a te  of food d e liv e ry
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fo r  the 1 s t population  occurred a t  2200 h r  and a t  2300 h r  fo r  th e  2nd 

population (F ig . 3 ) . The re s u lts  o f  a  Student-Newman-Keuls a p o s te r io r i  

m u ltip le  range t e s t  on the  ra te s  o f food d e liv e ry  fo r  th ese  populations 

showed th a t  2100 and 2200 h r were s ig n if ic a n t ly  d if f e re n t  from a l l  o ther 

hours in  the  1 s t population , however, in  th e  2nd population , 2300 h r was 

s ig n if ic a n tly  d if f e re n t  from a l l  o th e r hours of feed ing . The e a r l ie r  

period of maximum food d e liv e ry  in  th e  1 s t population i s  ap p aren tly  the 

r e s u l t  of th e  population s t r u c tu r e , r a th e r  than  stocking  r a t e .  Another 

pond stocked a t  6,000 f ish /h a  w ith  3 s iz e s  a lso  had maximum hourly  food 

d e liv e ry  a t  2200 h r .

INFLUENCE OF SIZE. Upon a r r iv in g  a t  the  feeding s ta t io n ,  a f is h  was 

e i th e r  su c c e ss fu l in  feeding and re tu rn ed  to  i t s  home a re a , o r  a f t e r  one 

or more a ttem pts  to  feed , i t  was unsuccessfu l and waited to  fe e d . Attempts 

to  feed were ch arac te rized  by swimming back and fo rth  in  f ro n t  of the 

feeding chamber entrance with p e rio d ic  e f fo r ts  to  en te r  th e  chamber. The 

frequency and the  in te n s i ty  of a ttem p ts  to  feed were in fluenced  by sev era l 

f a c to rs ,  inc lud ing  s ize  of the  in d iv id u a l and time of day.

In  populations w ith mixed s iz e s ,  f is h  of a l l  s ize s  w aited to  feed .

There was a c o r re la t io n  between th e  stocking  r a te ,  s iz e  of f i s h ,  and 

w aitin g . For example, in  a 1,6 ha pond stocked a t  6,000 f is h /h a  with 

2 5 -, 31 -, 3 6 -, and 46-om f i s h ,  5 ^  (42 of 78 observations) o f th e  marked 

25-cm f is h  w aited 3 h r or more d a i ly  to  feed during June, as  compared to  

13$ (3 of 24 observations) of th e  46-cm f i s h .  However, in  a  pond stocked 

a t  2,000 f is h /h a  w ith 25- and 31-cm f i s h ,  1?$ (8 of 4? observations) of 

th e  25-cm f is h  waited 3 h r  or more to  feed during th e  same p erio d . W aiting 

fo r  th e  la rg e  f i s h  in  the  1 s t popu la tion  ranged from 0 to  3 h r ,  and from 

0 to  12 h r  fo r  th e  sm all f i s h .  Large f is h  had the  l e a s t  number of attem pts
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to  feed w hile w a itin g . Attempts to  feed fo r  th e  sm all f i s h  were g re a te s t 

during th e i r  f i r s t  3 h r of w aitin g , w ith  in d iv id u a l f is h  a ttem pting  to  

feed from 30 to  53$ of th a t  period , b u t decreased a f t e r  1 to  3 h r  of 

w aiting . In term ediate  s iz e s  (31- and 36-cm) f i t  th i s  trend  ap p ro p ria te ly .

During June, w aiting  d is tan ce s  ranged from 1.5 to  30.5 m from the 

feeding s ta t io n .  The average d is tan ce  fo r  large  f is h  was 6 .0  n  ( s = 2,19» 

n = 9) and 26.7 m (s = 3 .6 9 , n = 13) fo r  sm all fish»  D istance between the 

w aiting  area and th e  feeding s ta t io n  decreased w ith th e  onset o f darkness 

and an in crease  in  th e  number of in d iv id u a ls  a t  the  feed ing  s ta t io n .

There was a s ig n if ic a n t  d iffe ren c e  in  the  time of feed ing  fo r  a l l  

s iz e s  in  a population  of mixed s iz e s  stocked a t  6,000 f is h /h a  from June 

to  October. The e f fe c t  of s ize  on the  time of feed ing  i s  seen when the 

percentage of marked f is h  (n = 75 f o r  each s iz e )  feed ing  w ith in  30 min of 

a given tim e on successive days i s  compared to  the s iz e  of th e  f is h  as 

follow s :

25 cm -  35$ 36 cm -  73$

31 cm -  41$ 46 cm -  77$

INFLUENCE OF ENVIRONMENTAL FACTORS. Observations on marked channel 

c a tf is h  in d ica ted  se v e ra l environm ental fa c to rs ,  working s in g ly  or in  

com bination, were im portant in  d ire c tin g  feeding b ehav io r. Adverse 

conditions of tem perature and oxygen on a d a ily  and /o r seaso n a l b a s is  

re su lte d  in  changes in  th e  a c t iv i ty  and behavior of th e  f i s h .  Other 

fa c to rs  such a s  noises in te rru p te d  feeding but appeared to  be s ig n if ic a n t 

only when tem perature and oxygen had minimal in flu e n c es .

Temperature was monitored throughout the  day, and found to  in fluence 

the  r e g u la r i ty  of feeding and th e  tim e of day in d iv id u a ls  fe d . Minimal
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values of tem perature, as w ell as wide f lu c tu a tio n s  in  the d a i ly  range 

served to  in h ib i t  ind iv id u als  from feed ing .

Demand feeding was seasonal from March through October. Feeding began 

in  March when the  w ater tem perature reached 12 C and stopped in  mid-October 

follow ing an abrupt decrease (11 C) in  tem perature (F ig . 4 ) .  Throughout 

sp rin g , channel c a tf is h  usually  did not feed a t  tem peratures below th e  

lowest feeding tem perature of th e  previous week even though values 

appeared to  be accep tab le  fo r feed ing . As tem perature increased  in  th e  

spring  and decreased in  the f a l l ,  f is h  ad ju sted  th e i r  feeding periods 

accordingly  w ith the  r e s u l t  th a t  they  did no t feed a t  th e  same tim e in  

d if fe re n t  seasons (F ig . 5 ).

Sm aller f i s h ,  as a group, had feeding  periods throughout the  

tem perature range fo r  feeding , bu t d id  not g enera lly  feed a t  th e  same time 

as  la rg e  f i s h .  However, in  a pond stocked a t  2,000 f is h /h a ,  25- and 

31-cm f is h  had seasonal feeding periods comparable to  those  of 46-cm f is h  

in  a pond stocked a t  6,000 fish /h a  w ith  4 s iz e s  (F ig , 5 ) .

When tem peratures were m arginal fo r  feed ing , ind iv id u als  stayed in  

th e i r  home a reas  o r went to  the feeding  s ta t io n ,  but did not feed . Low 

tem peratures o ften  in h ib ited  in d iv id u a l f i s h  from feeding during  spring  

and f a l l  because of acclim ation  (as defined  by Polk, 1974) to  sp e c if ic  

ranges of tem perature (F igs. 6 and ? )•  When tem peratures were below 12 C 

the e n tire  population was in h ib ited  from feeding  (Table 4 ) .

Throughout th e  feeding season, la rg e  f is h  generally  fed a t  average 

d a ily  tem peratures from 1 to  3 degrees g re a te r  than the  average d a i ly  mean 

(Table 4 ) .  Small f i s h  generally  fed a t  tem peratures from 1 to  4 degrees 

lower than  la rg e  f i s h .  Day to  day v a r ia tio n s  in  tem perature a t  th e  time
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of feeding fo r  a l l  f is h  were approxim ately 1 degree during spring  and f a l l  

and from 1 to  2 degrees during summer. V aria tions u su a lly  increased  when 

feeding was in te rru p te d  fo r  one or more days.

High tem peratures during summer did not in h ib i t  feed ing , b u t th e  

hourly  r a te  of food d e liv e ry  was reduced during d a i ly  periods of high 

tem perature (F ig . 3 ) .  In  th e  f a l l  as  tem perature decreased , channel 

c a t f i s h ,  as  a group, d id  not a d ju s t to  e a r l i e r  periods of feeding  (F ig .

5 ) . A 11 degree (C) decrease in  w ater tem perature during f a l l ,  

accompanied by fu r th e r  f lu c tu a tio n s , stopped demand feeding  fo r  th e  season.

During sp rin g  and f a l l  oxygen concen tra tion  did not appear to  in fluence  

feed ing . However, during summer low values of oxygen concen tra tion  

reduced or in h ib ite d  feed ing . In th e  f a l l ,  as the d a i ly  low range of 

oxygen co n cen tra tio n  in creased , feeding  periods d id  no t include e a r ly  

morning.

Prom Ju ly  through September, the  d a i ly  low oxygen concen tra tion  was 

s u f f ic ie n t  to  prevent feeding fo r p a r t  o f th e  day (F ig . 8 ) .  In  the  1.6 

ha ponds, feed ing  was generally  lim ite d  a t  values below 5 mg/1, bu t sm all 

f is h  o ccasio n a lly  fed a t  values as low as 2 mg/1 (F ig . 9 ) . Small f i s h ,  as 

a group, had feeding  periods throughout th e  oxygen co n cen tra tio n  range fo r  

feed ing , b u t d id  not feed a t  the same tim e as  la rg e  f i s h .

The in flu en ce  of low oxygen concen tra tion  was s im ila r  to  th a t  of low 

tem peratu re , a s  in d iv id u a ls  stayed in  t h e i r  home area  or went to  the 

feeding  s ta t io n ,  but did not feed . Low oxygen concen tra tion  r a re ly  

prevented th e  e n t i r e  population frcsn feed ing ; in d iv id u a l f is h  were 

occasionally  in h ib ite d  from feeding on a d a i ly  b a s is  because of acclim ation  

to  values in  th e  upper range of oxygen concen tra tion  (F ig . 10),

Large and sm all f is h  acclim ated to  d if f e r e n t  ranges of oxygen
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concentration  fo r  fe ed in g , b u t had the  sane degree of v a r ia tio n  (Table 

5 ) . Large f is h  g en e ra lly  fed a t  d a ily  oxygen values from 1 to  4 mg/1 

g rea te r  than th e  average d a i ly  mean. Small f i s h  fed a t  values 

approxim ately 1 to  6 mg/1 le s s  than la rg e  f i s h .  Day to  day v a r ia tio n s  in  

th e  oxygen co n cen tra tio n  a t  th e  time of feeding  fo r  a l l  f is h  were from 1 

to  3 m g/l. In te rru p tio n s  in  feeding did not in c rease  the  degree of 

v a r ia tio n ,

INTERRELATIONS BETWEEN ENVIRONMENTAL FACTORS (TEMPERATURE AND OXYGEN), 

METABOLISM, AND SIZE, During sp rin g , the period between feeding bouts fo r  

in d iv id u a l f is h  in d ica te d  metabolism of th e  previous meal requ ired  from 28 

to  30 hr (P ig , 6 ) ,  T herefo re , marked f is h  d id  no t e a t a t  the same tim e on 

consecutive days. D aily  adjustm ents in  th e  tim e o f feed ing  tended to  

advance u n t i l  they  coincided  w ith tem peratures m arginal fo r  feed ing . As a 

r e s u l t ,  feeding during  sp rin g  fo r in d iv id u a ls  occurred every 3 out o f 5 

days (Table 4 ) ,  Furtherm ore, when d a i ly  feed ing  was in te r ru p te d , th e  time 

of feeding g en era lly  ad ju sted  from afternoon  to  forenoon periods (F ig , 6 ) ,  

When tem peratures increased  to  approxim ately 22 C, metabolism of the 

previous meal appeared to  be cm p le te  w ith in  24 h r s ince  f is h  fed on a 

d a ily  b a s is  during  the  summer (Table 4 ) ,

In  th e  sp rin g , both  sm all and la rg e  f is h  o ccas io n a lly  waited to  fe e d , 

b u t s iz e  g en era lly  d id  no t prevent in d iv id u a ls  from feeding (F ig . 6 ) ,

As the tem perature in c re a se d , food d e liv e ry  r a te s  and com petition fo r  

feeding in c reased . Thus, during summer and f a l l ,  w aiting  to  feed 

increased  fo r  a l l  s iz e s .

In te rru p tio n s  in  feed ing  fo r la rg e  f is h  during  summer were u su a lly  

a sso cia ted  w ith  acc lim atio n  to ,  and f lu c tu a tio n  o f ,  oxygen co n cen tra tio n .
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Apparently low oxygen decreased m etabolic ra te s  as la rg e  f is h  occasionally  

missed a day of feeding w ithout ad ju s tin g  th e i r  reg u la r time of feeding to  

an e a r l i e r  period (F ig , 10).

The establishm ent of feeding periods w ith in  a wide d a i ly  range of 

oxygen concen tra tion  values re su lte d  in  la rg e  and sm all f is h  acclim ating  

to  d if f e r e n t  ranges of th e  fa c to r  (Table 5)» As a r e s u l t  of acclim ation  

to  d if f e r e n t  ranges, la rg e  f is h  could not feed when sm all f is h  fe d , or 

v ice  v e rsa .

I so la t io n  to  sp e c if ic  oxygen concen tra tion  ranges and th e  in fluence of 

s iz e  o ften  prevented sm all f is h  from feeding d a ily . Thus, sm all f is h  

continued to  a d ju s t th e i r  feeding  periods during summer as th e y  had in  

re fe ren ce  to  tem perature f lu c tu a tio n s  during sp rin g .

OTHER FACTŒS. Pond cu ltu red  channel c a tf ish  were sub jec ted  to  many 

d istu rb an ces  which influenced t h e i r  d a i ly  ro u tin e . Common d istu rb an ces 

which in te rru p te d , reduced, or in h ib ite d  feeding were n o ise s , se in in g , and 

chem ical treatm ents fo r  d isea ses  and aquatic  v eg e ta tio n .

Noises which influenced feeding  were associated  w ith  se rv ic in g  of the 

feeding  s ta t io n ,  the landing and tak eo ff  of j e t  a i r c r a f t  a t  a nearby 

m il i ta ry  b ase , and shotgun b la s ts  during the  October duck season.

R eaction to  some no ises were p o s itiv e  and n egative , i . e . ,  sounds of the 

farm tru c k  a t tra c te d  f i s h  when th ey  were hungry, bu t d is tu rb ed  them when 

they  were s a tia te d .

D isturbances asso c ia ted  w ith  se in in g  or cropping g en e ra lly  reduced 

feed in g . Surrounding marked f is h  w ith a se ine  did not prevent those 

in d iv id u a ls  from feeding on th a t  d a te  i f  they  were not handled. Fish 

th a t  were handled did not feed from 1 to  3 days.
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As a r e s u l t  of th e  influence of d if f e r e n t  environmental f a c to rs ,  the  

ra te  of food d e liv e ry  varied on a d a i ly  and seasonal b a s is .  During th e  

sp ring , d e liv e ry  was from 1/3 to  1/2 th a t  of summer (F ig . 11). Peak 

seasonal periods of food d e liv ery  a re  seen in  May to  June and September 

to  October when th e  in fluence of tem perature and oxygen concentration  

appeared to  be minimal. F luctuations and reductions in  d e liv e ry  r a te s  

during summer re f le c te d  severa l f a c to rs ,  such as  cropping and chemical 

trea tm en ts . However, low oxygen concen tra tions appeared to  have been 

the most im portant fa c to r  in fluenc ing  feeding during summer.



DISCUSSION

The form ation of home a reas  and swimways re f le c te d  aggregation  or 

schooling of channel c a t f i s h  in  c u ltu re  ponds. A comparison of the  ponds 

showed the o v e ra ll e f fe c t  of stocking ra te s  and population s tru c tu re .  

D ifferences in  the s iz e  of f is h  tended to  s p l i t  the  aggregation in to  

groups and increase  the  number of home areas and swimways. S ize of the 

aggregation g en era lly  appeared to  be dependent upon th e  number of 

s im ila r  s iz e  f is h  in  th e  population . Harlan and Speaker (1956) reported  

th a t  channel c a tf is h  f ry  school during the f i r s t  weeks of th e i r  l iv e s ,  

but then break up. However, Brown e t  a l ,  (1970) noted strong  schooling 

and hiding tendencies in  f in g e rlin g  channel c a t f is h  4 to  10 months of 

age; in  my study i t  appeared th a t  schooling continues to  e x is t  fo r  s iz e s  

or year groups throughout the  l i f e  of the channel c a t f i s h .

I t  appeared th a t  the removal of s i l t  from home a reas  and swimways in  

the 1.6 ha ponds occurred over a considerable period of tim e. Observations 

on marked f is h  in d ica ted  th a t  the hard area o f swimways were not occupied 

as home a re a s . F ish  in  one sm all 0.1 ha pond never developed a swimway 

with hard area during a complete feeding season, even though home areas 

became estab lish ed  w ith in  a few weeks in  the same pond. Thus, th e  harder 

t r a i l s  under the  swimways developed long a f t e r  the  home a re a s .

Consequently, s ince  home areas were sc a tte re d , the hard t r a i l s  d id  not 

connect w ith a l l  of the  home a re a s .

In  home a re a s ,  th e  s i l t  was swept out f a s te r  because f is h  spen t more

25
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time in  these  a re a s . However* home areas  and swimways tended to  s i l t  in  

during periods o f abandonment. I f  ponds were com pletely harvested and 

restocked w ith sm all f i s h ,  many of th e  home areas d isappeared.

The harder swimways and home areas  developed f a s te r  w ith la rg e  f i s h .  

However, broader swimways occurred in  ponds where th e re  were g re a te r  

numbers of s im ila r  s ize  f i s h ,  which I  in te rp r e t  to  mean th a t  la rg e r  

numbers of in d iv id u a ls  were using th e  swimways a t  the same time»

The occupancy and/or use of home a reas  and swimways re f le c te d  th e  

in fluence of environmental fa c to rs . In  th e  case of home a re a s , i t  appeared 

th a t adverse co nd itions of tem perature and oxygen concen tra tion  increased 

the time f is h  spen t in  home a re a s . Colder tem peratures and lower oxygen 

concen tra tions probably reduced m etabolic r a te s  and f is h  responded by not 

moving about. The occupancy of home a reas  may a lso  have been re la te d  to  

su rv iv a l, s in ce  f is h  always retu rned  to  t h e i r  home areas during  periods 

of low v a lu es . However, such behavior appeared to  be lim ited  to  oxygen 

values above 2 m g/l. Below 2 mg/l f i s h  l e f t  th e i r  home areas and came to  

the  su rface  and swam about, ev en tu a lly  swimming to  th e  edge of th e  pond.

I t  appeared th ey  were attem pting to  be near the  surface of th e  pond and a t  

the same time to  r e s t  on the  b o tto n , thus se le c tin g  th e  s itu a t io n  providing 

th e  h ig h est a v a ila b le  oxygen and w ith  th e  low est output of energy.

Petrosky and Magnuson (1973) reported  th a t  th e  b lu e g i l l  (Lepomis 

m acrochirus) had s im ila r  responses to  low oxygen concen tra tion  and Hubbs 

e t  a l .  ( 1967) ,  a ls o  reported th e  a c t i v i t y  of k i l l i f i s h  (Crenichthys 

b a i le v i  and nevadae) in h ab itin g  warm sp rings to  be adversely  a ffec te d  

by values below 2 mg/l a t  32 C.

The use of perim eter routes was lim ited  to  periods of low tem perature 

and oxygen co n cen tra tio n . As a r e s u l t ,  th e  pond bottom under such rou tes
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was never hard . During sp rin g , many of th e  marked sm all f is h  used 

perim eter swimways in  going to  the  feeding  s ta t io n ,  b u t used d i r e c t  

swimways in  re tu rn in g  to  th e i r  home a re a s . The use of two d i f f e r e n t  ro u te s  

suggests th e  in fluence  of one or more f a c to r s .  Since sm all f is h  were in  

the  warmer w ater in  the shallow end of th e  pond, the use of perim eter 

ro u te s  may have allowed the  f is h  to  avoid th e  lower tem perature in  th e  

deep w ater between th e i r  home area and th e  feeding  s ta t io n .  However, 

in te rm itte n t  swimming and the  use of perim eter swimways by sm all f is h  

suggests grazing  on aquatic  in v e r te b ra te s  along the  shallow perim eter 

swimways. Consequently, marked sm all f i s h  who were su ccessfu l in  demand 

feeding  during  midday returned to  t h e i r  hone areas  by d ire c t  swimways and 

w ith  le s s  in te rm itte n t swimming. F ish  who were unsuccessful in  feed in g  by 

the  end of d a i ly  feeding periods g e n e ra lly  re tu rned  to  home a re a s  by 

perim eter swimways, probably because of decreasing  tem peratures o r fo r  

g razing .

Large f is h  a t  th is  time occupied shallow  b u t deeper home a re a s  than  

sm all f i s h .  T herefore , tem perature v a r ia t io n s  between th e i r  home a reas  and 

the  deep w ater of the d i r e c t  swimways may not have been s u f f ic ie n t  to  

encourage th e  use of perim eter ro u te s . However, la rg e  f is h  g e n e ra lly  fed 

a t  optimum tem peratures since  they  were th e  dominant f is h  and could leave 

fo r  the  feeding  s ta tio n  l a t e r  in  th e  day a t  warmer tem peratures. In  

a d d itio n , th e  ponds had few la rg e  aq u a tic  in v e r te b ra te s ; th e re fo re ,  i t  

would appear th a t  th ere  would be no p a r t ic u la r  advantage fo r  la rg e  f is h  

to  use perim eter swimways.

Perim eter swimways were a lso  used du ring  summer by sm all f i s h  leav ing  

th e  feeding  s ta t io n  a t  a time of low oxygen co n cen tra tio n . This was 

in te rp re te d  as  an avoidance of lower oxygen areas  in  th e  deeper p a r t  of
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th e  pond between th e  feeding s ta t io n  and th e i r  home a re a s . However, as 

in  the sp rin g , grazing may have been a f a c to r .  The d isco n tin u a tio n  in  

the use of swimways during la te  f a l l ,  follow ing re lo c a tio n  in to  shallow 

a reas of th e  pond, was probably re la te d  to  a decrease in  m etabolic ra te  

and the  prime con d itio n  of a f is h  ready fo r  w in te r.

The vigorous feeding a c t iv i ty  of groups of f is h  enhanced th e  d e liv e ry  

of food from the  demand fe ed e r. I so la te d  sm all f is h  in  aquaria  took 

almost tw ice as long as la rge  f is h  to  fe e d , 55 and 34 min re sp e c tiv e ly , 

bu t group feeding  in  th e  in ten siv e  c u ltu re  ponds was 15 and 12 min per 

f is h ,  Thusi group feeding enhanced th e  feeding time of both  s iz e s  of 

f is h .  I t  appeared th a t  f is h  fed more v igorously  in  groups and th e re fo re  

took le s s  tim e to  feed.

A ntagonistic  behavior between in d iv id u a ls  a t  the feed ing  s ta tio n s  

re su lted  in  the  development of feeding h ie ra rc h ie s  and subdominant f is h  

waited to  feed . Feeding h ie ra rch ie s  appeared to  be determ ined p rim arily  

by s ize  and r e la te d  to  feeding a t  optimum co n d itio n s . Large f is h  were the  

dominant f i s h  and they  tended to  concen tra te  th e i r  feed ing  in to  periods 

co incid ing  w ith  th e  d a ily  mean values o f tem perature o r oxygen. I f  

subdominant la rg e  in d iv id u a ls  w aited , i t  was near th e  feeding  s ta t io n ,  

where i t  would appear attem pts to  re -e n te r  th e  feeding chamber were 

unnecessary s in ce  they were c lo se  enough to  be aware of th e  departu re  of 

dominant f i s h .  When sm all f is h  were chased out of th e  feed ing  chamber, 

the  number of immediate attem pts to  re -e n te r  the chamber by them appeared 

to  be re la te d  to  the d is tan ce  they  had been chased. F ish  chased fo r  

sh o rt d is tan ce s  u su a lly  re tu rn ed . Those chased fo r  long d is ta n c e s , or w ith  

such v ig o r th a t  th e i r  marker disappeared below th e  s u rfa c e , waited to  

feed . T herefo re , i t  appears th a t  the  s iz e  or aggressiveness o f the  chaser
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g re a tly  influenced  the  feeding behavior of th e  one chased. This type of 

an tag o n istic  behavior was observed more in  populations w ith high stocking  

ra te s  and mixed s iz e s .

Konikoff and Lewis (197^) addressed th e  problem of v a r ia tio n  in  growth 

in  the cage c u ltu re  of channel c a tf ish  on th e  b a s is  th a t  v a r ia tio n  i s  a 

product of a n tag o n is tic  behavior. They in v estig a ted  th e  e ffe c ts  of two 

environmental v a r ia b le s :  (1) v a ria tio n  in  depth by w ater in  the cage and 

(2) escape a reas  fo r  sm all f is h .  They reported  th a t  h ie ra rch ie s  were 

more su ccessfu l in  deep w ater than shallow and th a t  antagonism was 

more ongoing in  shallow w ater and a t  lower d e n s i t ie s .  The d iffe ren ce  in  

re su lts  between the  cage and pond s tu d ies  l i e s  in  th e  f a c t  th a t  lim ited  

space in  th e  cages increased  the an tag o n is tic  b eh av io r, whereas in  pond 

c u ltu re , environm ental and metabolic fa c to rs  were o p era tiv e .

The r a te  of food d e liv e ry  and feeding a c t iv i ty  v aried  throughout 

the season and from pond to  pond; each pond was a c tu a l ly  a d if fe re n t 

e n t i ty .  S ince food d e liv e ry  was g re a te s t fo r  a l l  ponds during the la te  

spring and e a r ly  f a l l ,  i t  appears th a t  th e  in flu en ce  of lim itin g  

environmental fa c to rs  was minimal. During summer, the  g re a te s t d a ily  

feeding a c t iv i t y  f o r  a l l  of the populations was between 1800-2400 h r .

This appeared to  rep re sen t the period w ith  the  most favoràble tem perature 

and oxygen v a lu e s . During th is  tim e, peak hourly  periods were between 

2000-2300 h r .

Hastings e t  a l .  (1972) a lso  reported th e  period of g re a te s t  a c t iv i ty  

fo r  f in g e rlin g  channel c a tf ish  as occurring between 1800-2400 h r .  In 

my s tW y , la rg e  f is h  g enera lly  fed between 1800-2000 h r .  Consequently, 

peak hourly  feed ing  represented the feeding a c t iv i ty  fo r  the la rg e s t  group 

of s im ila r  s iz e  f is h  in  th e  populations ra th e r  th an  fo r  any p a r t ic u la r
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s ize  of f i s h .  When peak hourly  feeding a c t iv i ty  of d if f e re n t  s iz e  f is h  

in  pens was compared, a l l  f is h  had periods s im ila r  to  those of la rg e  f is h  

in  the 1,6 ha ponds. Thus, th e  feeding period fo r  la rg e  f is h  as  a  group 

probably represen ted  optlmun cond itions and time fo r  feeding  throughout 

the season.

While i t  was not in  the scope of th i s  study to  determ ine th e  e ffic ie n c y  

of food to  body weight conversion, th e  r a te  of food d e liv e ry  per in d iv id u a l 

decreased as the  stocking r a te  increased . Fish in  aquaria  may have tended 

to  overeat since optimum tem perature and oxygen concen tra tion  values were 

m aintained. However, s ince the te rm in a l demand fo r  food often  delivered  

more food than was ea ten , f is h  in  aquaria  who had sev e ra l bouts o f feeding 

probably wasted more food per in d iv id u a l than in d iv id u a ls  in  the  large  

ponds who fed once d a ily . There appear to  be sev e ra l fa c to rs  operating  

in  the  la rg e  ponds which would reduce the d a ily  d e liv e ry  of commercial 

food such as grazing on a pond's n a tu ra l food chain and the in fluence  of 

d a i ly  adverse conditions of tem perature or oxygen on m etabolic r a te .

Thus, the feeding a c t iv i ty  of channel c a tf is h  in  shallow c u ltu re  ponds 

was influenced by the environmental f a c to rs ,  e sp e c ia lly  tem perature and 

oxygen co n cen tra tio n . Temperature stim ulated  and in h ib ited  feeding in  

th e  spring  and f a l l  but during summer i t  appeared to  have l i t t l e  or no 

in fluence on feeding a c t iv i ty .  However, i t s  re la tio n sh ip  to  feeding 

a c t iv i ty  during summer may have been masked by the in fluence of oxygen 

co n cen tra tio n , which appeared to  be overrid ing ,

Channel c a t f i s h  did not use demand feeders when the w ater tem perature 

was below 12 C, However, when food was placed in  home a reas  and checked 

during w inter and e a r ly  sp rin g , they  a te  lim ited  amounts between 7 and 

12 C. B ailey  and H arrison (1948) reported  th a t  channel c a t f is h  in  the
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Des Moines River r a re ly  fed in  the  w in te r , but tem peratures between 10 

and 34 C d id  not seem to  in h ib i t  feed ing . Bulow (196?) a lso  found th a t  

channel c a t f is h  stocked in  s t r i p  mine p i ts  would not e a t  f lo a tin g  f is h  

food when the  w ater tem perature was below 10 C, In  c o n tra s t to  my 

observations, H astings e t  a l .  (1972) reported  reduced feeding from a 

demand feeder by la rg e  channel c a t f is h  in  a 0.25 ha pond during th e  w in te r . 

The in v e s tig a to rs  d id  not rep o rt w ater tem perature v a lu e s , bu t th e  w inter 

use of demand feeders  in  sm all ponds may have been re la te d  to  th e  nearness 

of the feeding s ta t io n  to  home a re a s . Thus, th e  type of food, manner of 

feeding , and lo c a tio n  of feeding s ta t io n  appear to  be fa c to rs  in flu en c in g  

w inter feed ing .

In  th e  sp rin g , in te rm itte n t feeding appeared to  be p rim arily  

tem perature r e la te d .  Colder tem perature apparen tly  decreased the  

m etabolic ra te  to  th e  point where th e  f is h  d id  not e a t every day. This 

does not appear re la te d  to  the r a te  of d ig e s tio n , but ra th e r  to  the  onset 

of hunger, Shrable e t  a l .  (1969) s tud ied  d ig e s tiv e  r a te s  in  channel 

c a tf is h  a t  various tem peratures. D igestion  tim es were w ell w ith in  24 hr 

between 10 and 29,4  C, bu t they  did not study th e  time between feed ings. 

F lu c tu a tio n s o f tem perature beyond th e  acclim ation  tem perature range of 

the c a tf is h  were a ls o  operative in  t h a t ,  i f  a  f is h  became hungry during a 

period of low tem perature, i t  d id  not go to  th e  fe e d e r, b u t stayed in  the 

home area  u n t i l  th e  tem perature rose or u n t i l  i t  had acclim ated to  the  

co ld er tem perature . Thus, during sp ring  and earlyrsummer in creasin g  

tem peratures and co n tin u a l acclim ation  to  h igher values re su lte d  in  

c a tf is h  g en e ra lly  not feeding a t  tem peratures lower than  those of the  

previous week.

The s h i f t  from midday to  evening feeding  as th e  feeding  season
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progressed i s  explained by th e  f is h  becoming acclim ated to  in c reasin g  

tem perature and s e le c tio n  fo r  warmer tem perature . Exceptions to  th i s  were 

found fo r  sm aller f is h  who had to  w ait u n t i l  the  la rg e r  f i s h  had fin ish ed  

feeding. Thus, the  in fluence of low tem perature and /o r oxygen concen tra tion  

often  acted to  in h ib i t  feeding a f t e r  they  had to  w a it. Such f is h  oame 

ea rly  to  feed th e  next day as soon as  tem perature and /o r oxygen were 

com patible.

In  the f a l l ,  channel c a tf is h  d id  not a d ju s t to  e a r l i e r  periods o f d a ily  

feeding. I t  appeared th a t  decreasing  tem perature prolonged m etabolic 

ra te s  and tended to  Influence f is h  to  feed l a t e r  on successive days. 

N onetheless, one would expect c a tf is h  to  a d ju s t  to  e a r l i e r  periods or a t  

le a s t  to  in te rm itte n t  days of feed in g , b u t in  the f a l l  of 1972, such was 

not th e  case .

As tem perature decreased through th e  months of September and October, 

channel c a t f i s h  d id  not acclim ate down bu t tended to  concen tra te  th e i r  

feeding in to  th e  h igher tem perature range. F in a lly  in  mid-October w ith 

an abrupt decrease in  tem perature of about 11 C, f i s h  stopped feeding  

a lto g e th e r and never again  used the demand fee d e r. I  assume th a t  the 

i"ate of tem perature change in h ib ite d  feed in g . Furtherm ore, th e  continuing 

tem perature f lu c tu a tio n s  follow ing th e  ab rup t decrease probably served to  

prolong acc lim atio n . When the f is h  f in a l ly  became acclim ated to  the 

co lder tem perature , they  were unable to  operate  th e  fe ed e r. B re tt  (19^4) 

reported th a t  f i s h  acclim ate to  decreasing  tem perature very  slow ly.

However, as mentioned e a r l i e r ,  prime co n d itio n  of channel c a t f i s h  

follow ing a season of feed ing , would a lso  appear to  be im portant in  

reducing feed ing  as tem peratures decreased during  f a l l .

During summer, low oxygen concen tra tio n  ev id en tly  had an adverse
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in fluence  on metabolism since c a tf is h  reduced food consumption. When 

c a tf is h  were prevented from feeding by low oxygen concen tra tion  th ey  did 

not feed a t  values below th e i r  acclim ation  range the follow ing day as  when 

In te rru p ted  from feeding  by low tem perature. This suggests th a t  c a tf is h  

were slower to  acclim ate  to  oxygen than tem perature which i s  expected since 

the  oxygen co n cen tra tio n  changed much f a s te r  and flu c tu a te d  more, and 

acclim ation  to  low oxygen must su re ly  involve such m etabolic changes as 

increased  hemoglobin, Stewart e t  a l ,  (196?) and Whitworth (1968) reported 

th a t  la rg e  mouth bass (M icropterus salm oides) and brook t ro u t  (S alve linus 

f o n t in a l i s ) exposed to  d iu rn a lly  f lu c tu a tin g  d isso lved  oxygen values 

showed a lower growth ra te  than  f is h  held a t  constan t le v e ls ,  b u t they  did 

not mention feed in g . However, i t  can be assumed th a t  f lu c tu a tin g  oxygen 

values reduced metabolism and, consequently , food consumption.

Sm aller c a t f i s h  fed a t  lower oxygen concen tra tions than  la rg e r  f is h  in  

th e  same popu la tion . In  the absence of la rg e r  f is h  they  fed a t  oxygen 

values comparable to  those fo r  la rg e  f i s h .  Thus, i t  appears th a t  feeding 

during  low oxygen re su lted  from the presence of la rg e r  f i s h .

Although th e  re la tio n sh ip  between environmental f a c to r s ,  metabolism 

(hunger), and feed ing  h ierarchy  would appear to  be in t r i c a te  a t  f i r s t  

g lance, i t  becomes apparent when a l l  of th e  fa c to rs  a re  considered on 

in d iv id u a l bases (F ig . 12). Hunger presumably brought f is h  to  th e  feeder 

every day and feed ing  h ie ra rch ie s  were e s ta b lish e d , m ainly a s  a  r e s u l t  of 

con tac t between d if f e r e n t  s iz e s  of f i s h .  In te rru p tio n s  of in d iv id u a l 

feeding ro u tin e  re su lte d  from adverse environmental co n d itio n s , such as 

low tem perature o r oxygen. Konikoff and Lewis (197^) add ressing  the 

problem of h ie ra rch y  on growth in  cage popu la tions, found i t  no t to  be a 

d e trim en ta l f a c to r  th a t  reduces growth when f is h  were fed an adequate
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amount. I t  appears th en , th a t  a missed day of feeding from adverse 

environmental conditions would be more In f lu e n c la l  In  reducing growth 

than the  r e s u l t  of a h ie ra rch y . U sually adverse environmental conditions 

a ffec ted  th e  low end of the  h ie ra rch y , bu t In  c e r ta in  In s tan ces , th e  high 

end of th e  h ie ra rch y  was a ffe c te d . For example, oxygen le v e l could drop 

to  a po in t where I t  would be outside of the  acclim ation  range fo r  la rge  

f is h  to  feed , bu t In side  the  acclim ation  range fo r  sm all f is h  to  feed .

When dominant f is h  were removed from populations of low stocking  r a te s  

In  the  pens, another f is h  became the  dominant In d iv id u a l w ithout any 

apparent Increase  in  an tag o n is tic  behavior. Thus, th e  h ie ra rch y  remained, 

bu t s ta tu s  of the in d iv id u a ls  In  the h ie ra rch y  changed. This was s im ila r  

to  S trin g e r  and Hoar (1955) observations on underyearling  t ro u t  (Salmo 

g a lrd n e rl) .  In  the pen population , com petition was probably lim ited  to  

f is h  attem pting  to  feed a t  the  same time and In  a w e ll es tab lish ed  

h ierarchy  a minimum of an tag o n is tic  behavior would be expected.

Since la rg e  f is h  were dominant In  feeding and p referred  th e  optimum 

co n d itio n , sm all f is h  became acclim atized  to  and fed a t  a lower range 

of environmental co n d itio n s. Consequently, the  I so la tio n  to  d if f e re n t  

ranges of environmental conditions would appear to  have reduced the  

p ressures In  feeding between la rge  and sm all f i s h .

The Influence of environmental fa c to rs  on feeding  behavior of channel 

c a tf is h  In  c u ltu re  ponds w ith  demand feeders re q u ire s  fu r th e r  

In v e s tig a tio n  before th e  s ig n ifican ce  of th e  re la tio n s h ip  on when, where, 

and how much to  feed can be fu l ly  evaluated . Furtherm ore, th e  use of 

demand feeders In  la rg e  ponds w ith high stock ing  r a te s  should be examined. 

Since channel c a tf is h  aggregate or schoo l, optimum production In  la rg e  

populations would appear to  be re la te d  to  e s ta b lish in g  feeding a t  sep ara te
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feeding s ta tio n s  to  reduce com petition and w aiting . Growth i s  not l ik e ly  

to  be maximum u n t i l  every in d iv id u a l can adequately feed .



LITERATURE CITED

A llen , K. 0 . ,  and K. Strawn, I 968, Heat to le ran ce  of channel c a t f is h  
( Ic ta lu ru s  punctatus) .  Proo. 21st Ann. Conf. ,  S ou theast, Assoc,
Game F ish  Comm,, 19^7, pp, 399-^H ,

Andrews, J ,  W., and R. R, S trickney , 1972, In te ra c tio n s  of feeding 
ra te s  and environmental tem perature on growth, food conversion, and 
body com position of channel c a t f i s h ,  Trans. Amer, F ish , Soc, 101(1):
94. 99.

B ailey , R. M,, and H. M. H arrison, J r .  1948, Food h ab its  of the  
southern  channel c a tf is h  ( Ic ta lu ru s  la c u s tr i s  punctatus) in  the  
Des Moines R iver, Iowa, Trans. Amer, F ish . Soc, 75: 110-138.

Bonnean, D, L , , J ,  W. McGuire, 0, W. T iem eier, and C, W, Deyoe, 1972, 
Food h a b its  and growth of channel c a t f is h  f r y ,  Ic ta lu ru s  p u n c ta tu s , 
Trans, Amer. F ish . Soc. 101(4): 613-619,

B re t t ,  J ,  R, 1944. Some le th a l  tem perature re la tio n s  of Algonquin 
Park f is h e s .  Univ. Toronto S tudies B io l, S er, 52: 1-49,

Brown, B. E , , I ,  Inman, and A. J e ra ld , 1970, Schooling and s h e lte r  
seeking tendencies in  f in g e rlin g  channel c a t f is h .  Trans. Amer,
F ish , Soc. 99(3): 540-546,

Bulow, F, J ,  1967, The s u i ta b i l i ty  of s trip -m ine  ponds fo r  producing 
m arketable channel c a t f is h .  Prog. F ish -C u lt. 29 (4 ): 222-228,

Busbee, R. L. I 968. P iscivorous a c t i v i t i e s  of th e  channel c a t f i s h .  
Prog, F ish -C u lt. 30(1): 32-34.

Chowdhury, A. Q. 1971, R espiratory  metabolism of channel c a tf is h  
Ic ta lu ru s  punctatus (R afinesque), w ith  respect to  tem perature and 
growth. Masters T hesis, The U n iversity  of Oklahoma, Norman,
49 p , (Unpublished)

Clemens, H, P . ,  and K. E, Sneed. 1957, The spawning behavior of the  
channel c a t f i s h ,  Ic ta lu ru s  puncta tu s, U, S, F ish  and W ild l, S e rv , , 
Spec, S c i, R ep t., F ish  No, 219. H  p.

Folk , G. E, 1974, Textbook of environm ental physiology,
G, Edgar F o lk , J r .  2d ed. Lea and F eb iger, P h ilad e lp h ia . 465 P.

H arlan, J .  R . , and E. B. Speaker, 1956. Iowa f is h  and f is h in g , Iowa 
S ta te  Consv. Comm., Des Moines, 377 p,

36



37

H asler, A. D ., and W, J .  Wisby. 1958. The re tu rn  of d isp laced  largejnouth 
bass and green su n fish  to  a "home" a re a . Ecology 39(2); 289-293.

H astings, W. H ., B, Hinson, D, T ackett, and B. Simco. 1972. M onitoring 
channel c a t f i s h  use of a demand feed er. Prog. F ish -C u lt. 34(4): 
204-206.

Hubbs, C . , R. C. B aird , and J .  W. Gerald. 1967. E ffec ts  of d isso lved  
oxygen co n cen tra tio n  and l ig h t  in te n s i ty  on a c t iv i ty  cycles of f is h e s  
in h ab itin g  warm sp rin g s . Amer. Midi. Nat. 77(1): 104-115.

Enable, A. E. 1972. E ffe c t of s ize  and sex upon food in tak e  of caged 
channel c a t f i s h  ( Ic ta lu ru s  punctatus) .  Ph. D. T hesis, Southern 
I l l i n o i s  U n iv e rs ity , Carbondale. 50 p. (Unpublished)

Konikoff, M., and W. M. Lewis. 1974. V aria tio n  in  weight of caged-reared  
channel c a t f i s h .  Prog. F ish -C u lt. 36(3): 138-144.

Ifethur, D. 1970. Food h ab its  and feeding chronology of channel c a t f i s h  
Ic ta lu ru s  punctatus (R afinesque), in  Conowingo R eservoir. Proc. Annu. 
Conf, S ou theast. Assoc, Game F ish Comm, 24: 377-386.

Petvosky, B. R . , and J .  J .  Magnuson. 1973. B ehavioral responses of 
northern  p ik e , yellow perch, and b lu e g i l l  to  oxygen concen tra tions 
under sim ulated w in te rk il l  co n d itio n s. Copeia 73(1): 124-133.

Shrable , J .  B ., 0 . W. Tiem eier, and C. W. Deyoe. 1969. E ffec ts  of 
tem perature on r a te  of d ig estio n  by channel c a t f is h .  Prog.
F ish -C u lt. 3 1 (3 ): 131-138.

Sokal, R. R . , and F. J ,  R ohlf. 1969. Biometry. W. H. Freeman and 
C o., San F rancisco . 776 p.

Spencer, W. P. 1939. D iurnal a c t iv i ty  rhythms in  freshw ater f is h e s .
Ohio J .  S c i .  39 (3 ): 119-132.

S tevens, E. D ., and 0. W. Tiem eier. I 96I .  D aily  movements of channel 
c a tf is h  Ic ta lu ru s  pwctotxis (R afinesque), in  a farm pond. Trans, 
Kansas Acad. S c i.  64^3): 218-244.

S tew art, N ., D. Shumway, and P. Doudoroff. 1967. In fluence of oxygen 
co n cen tra tio n  on th e  growth of ju v en ile  largemouth b a ss . J .  F ish .
Res. Board Can. 24: 475-494,

S tr in g e r , G. E . , and W. S. Hoar. 1955. Aggressive behavior of 
underyearling  Kamloops t r o u t .  Can. J .  Zool. 33: 148-160.

U. S. Department of th e  I n te r io r ,  Bureau of Sport F ish e rie s  and
W ild life . 19V3. Second Report to  th e  F ish  Farmers. Ü. S . Government 
P rin tin g  O ffic e , Washington. Resource P u b lica tio n  113. 124 p.

W hitworth, W. 1968. E ffec ts  of d iu rn a l f lu c tu a tio n s  of d isso lved  oxygen 
on th e  growth of brook t ro u t .  J .  F ish . Res, Board Can. 25: 579-584.



38

TABI£ 1 ,—Number and s iz e  
16,772 square meters

of home areas in  ponds A and B, each w ith

Number Size(ra) Area(sq m)

A C ircu lar 2 3.1 14.6
3 3.7 31.5
2 5.5 47 .3
1 6.7 35.3

Rectangular 1 3.1 X 9.1 28.2
1 4 .6  X 6.1 28.1
2 4 .9  X 10.7 104.8

6.1 X 9.1 223.0
1 6.1 X 12.2 94 .4
2 6.1 X 18.3 223.2
2 9.1 X 15.2 277.0
1 9.1 X 18.3 166.5
1 9.1  X 20.7 188.4

Total 23 1,442.3

B C ircu lar 79 0.9 51.2
47 1.2 54 .8
14 3.1 28.9
24 3.7 252.0

Rectangular 1 3.1  X 4.6 14.3
1 3.7 X 9.7 35.9
1 3 .7  X 10.7 39.6
1 5.5 X 7.6 41,8
1 6 .4  X 18.3 117.1
1 7.3 X 17.4 127.0
1 9.1 X 13.7 124.7
1 9.1 X 18.3 166.5

172 1 , 053.8
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TABI£ 2 . -S e a s o n a l v a r ia tio n  in  d a i ly  behavior ro u tin e s , based on ?2-hr 
observations, n = 15

Size
(cm) F M A M J J A S 0 N

Percent time in  home areas

25 100 68.8 62.5 45,8 22.9 16.7 18.8 25.0 37.5 100

31 100 70.8 66.7 54.2 28.1 24.0 32.3 40.6 40.6 100

36 100 83.3 82.9 81.4 85.6 83.5 85.6 84.8 85.0 100

46 100 87.5 87.5 91.9 94.6 94.9 94.3 94.6 94.1 100

Percent time in  swimways

25 0 14.6 12.5 8 .4 6 .7 6.2 6.2 6 .2 6 .2 0

31 0 12.5 10.4 8.3 5.2 5.2 5.2 5 .2 5 .2 0

36 0 8 .4 6.3 4 .2 1.9 1.9 1.9 1 .9 1 .9 0

46 0 4.2 4.2 1 .9 1.9 1.0 1.0 1.2 1.2 0

Percent time a t  feeding s ta t io n

25 0 16.6 25.0 45.8 70.4 77.1 75.0 68.8 56.3 0

31 0 16.7 22.9 37.5 66.7 70.8 62.5 54.2 54.2 0

36 0 8.3 10.8 14.4 12.5 14.6 12.5 13.3 13.1 0

46 0 8.3 8.3 6 .2 4.1 4.1 4.7 4 .2 4 .7 0
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TABI£ 3 .—The in fluence of stocking ra te  and s ize  of f is h  on in d iv id u a l 
feeding time a t  the demand feeder during  June, n = 30

Feeding time in  minutes (standard  dev ia tion)

No. f is h  in  population

Size (cm) 1 20 100* 3.000* 10.000*

25 55(4.0) 37(3.1) 32(3.5) 17(2.6) 15(2.3)

46 34(3.5) 33(3.2) 27(2 .3) 15(2.0) 13(1.7)

♦ Mixed s iz e s
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TABLE 4 . --Tem perature a t  feeding f o r  two marked (25 and 46 cm) channel 
c a t f i s h  f o r  14 consecutive days du ring  March, May, August, and 
October w ith  food d e liv e ry  r a te s  fo r  th e  population

Temperature ( C )

March May

D aily \
At feedine D aily At feed ine

Ranee Mean 46cn 25cm Food Ranee Mean 46cm 25cm Food

7 .6-11 .8 1 0 .0 ^ 0 17.8-22.8 20.0 21.5 22.2 200
8 .2 -13 .8 11.5 13.2 50 17.8-22.2 20.3 21.5 21.5 200

11.2-15.0 12.8 14.5 12.8 50 16.0-21.5 19.3 20.5 20.5 250
11.8-18.8 15.0 100 17.2-22.2 19.5 21.0 20.0 225
11.8-19.6 15.3 15.5 16.0 100 16.7-21.0 18.3 21.0 250
13.8-21.0 17.0 17.2 14.5 125 17.8-21.5 19.3 21.0 17.8 200
10. 0- 17.2 13.4 165 20.0-24 .5 22.8 23.4 20.0 300
10.0-13.3 11.8 0 21 . 5- 26.0 23.8 25 .0 21.5 200
11.8-16.0 14.0 15.5 15.0 150 20.5-25.6 23.0 25 .6 22.8 400
11.8-18.6 14.6 16.0 15.0 200 20.0-24.5 22.0 24.8 21.0 200
11.2-16.7 14.0 200 20.5-24.5 20.0 24.5 22.8 175
10.0-12.8 11.2 0 17.8-22.2 19.2 22.2 200
12.3-17.3 14.6 15.0 15.5 200 20.0-24.5 21.8 23.8 18.8 125
12.8-18.8 16.0 16.0 15.0 200 21.0-25.0 22.8 23.4 21.0 125

October

24.5-28.3 26.2 28.3 24.5 125 19.3-23.8 22.2 23.8 22.2 150
23.8-27 .8 25.9 27.2 24.5 100 21 . 0- 26 .0 23.4 24.5 22.2 125
24.5-30 .0 27.0 29.3 25.0 150 21.0-26 .7 23.8 25.6 22.8 185
22.8-27 .8 25.7 26.7 50 22.2-26 .7 24.7 25 .0 22.8 185
23.4-27 .2 25 .0 26 .0 26.7 100 20.5-26 .0 22.8 23.8 21.5 300
24.5-27 .2 25.8 26.0 26.0 275 21 . 0- 27.8 24.5 24.5 22.8 300
25.0-27 .8 26 .0 27.8 25.6 100 21.5-27 .2 24.5 25.6 24.5 250
25.0-28.3 26.7 27.3 25.0 150 22.2-26 .7 24.7 26.0 180
25.8-28 .9 27.4 28.9 27.3 150 22.2-26 .7 23.4 26.0 23.3 180
25.8-29.3 27.2 29.3 26.7 75 21.0-24.5 22.7 23.8 125
26.0-29.3 27.4 28.9 75 17 . 2 - 20.0 18.6 50
26 . 7- 30 .0 28.2 30 .0 26.7 75 15.5-18.8 17.4 25
26.0-31.2 28.3 28.3 50 15.5-18 .4 17.3 25
26.0-29.3 28.0 29.3 125 15.0-16.7 15.7
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TABLE 5»—Oxygen co n cen tra tio n  a t  feeding fo r  two marked (25 and 46 cm) 
channel c a tf is h  fo r  14 consecutive days during  Ju ly  and August w ith  
food d e liv e ry  ra te s  fo r  th e  population

Oxygen(me/l)

Ju ly August

Daily At feeding D aily At feeding

Range Mean 46cm 25cm Pood Range Mean 46cm 25cm Pood

3-9 6 .2 8 .0 5 .0 170 4-10 7 .0 8 .0 6 .0 125
4-11 7 .4 9 .0 6 .0 250 3-10 6 .2 8 .0 7 .0 100
4-14 9.0 12.0 8 .0 260 5-11 8 .0 9.0 8.0 150
2-11 6.3 10.0 5 .0 140 4-8 6 .0 8 .0 50
4-10 7 .0 9 .0 180 3-11 8 .0 11.0 8 .0 100
4-9 6.5 9 .0 6 .0 110 3-14 8.6 12.0 8.0 275
4-11 7.5 10.0 6 .0 140 4-9 6 .0 9 .0 5.0 100
4-12 8.2 10.0 7 .0 180 4-11 7 .5 10.0 6 .0 150
3-9 6 ,0 9 .0 5.0 120 4-12 8.3 11.0 5.0 150
4-10 7.2 9 .0 5.0 160 4-9 6 .6 8 .0 4 .0 75
4-8 5.5 4 .0 40 4-8 6 .0 8 .0 75
3-8 5.0 6 .0 50 4-8 6 .5 7 .0 7 .0 75
4-11 7 .0 10.0 170 3-8 5 .4 5 .0 50
4-10 7 .0 9 .0 6 .0 105 4-11 7.2 11.0 125
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FIGURE 1. —Platform-mounted demand feeder used In  cu ltu re  ponds.

FIGURE 2 . - - Seasonal v a r ia t io n  in  th e  occupancy of home areas  and use 
of swimways by channel c a tf is h  in  two 1,6 ha ponds stocked a t  6,000 
f is h /h a ,  A. 31- and 36-cm f is h ,  B, 2 5 - , 3 1 -, 36 -, and 46-cm f i s h .
Data co lle c ted  from ac tu a l measurements of th e  pond bottom a f t e r  
d ra in in g . The in term ediate and la rg e  a reas  a re  drawn to  s c a le , whereas 
th e  sm all areas rev ea l the lo c a tio n  only. Dark areas rep resen t th e  
e s tab lish ed  swimways, whereas th e  d o tted  a reas  in d ic a te  one or more 
possib le  connections w ith th e  home a re a s .

FIGURE 3 . --H ourly food d e liv e ry  fo r  channel c a tf is h  in  two 1 .6  ha 
ponds, June 1972.

FIGURE 4 .—Weekly range of tem perature a t  which channel c a t f i s h  fed 
in  1.6 ha ponds, 1972.

FIGURE 5«—Seasonal v a r ia tio n  in  time of feeding (72-hr observations) 
fo r channel c a tf is h  in  two 1.6 ha ponds, expressed as the  f i r s t  and l a s t  
of f iv e  marked f is h  to  feed , n = 15 .

FIGURE 6 .—D aily tem perature curves fo r  14 days in  March, 1972, w ith  
th e  time of a r r iv a l  and feeding fo r  two marked (25 a,nd 46 cm) channel 
c a tf is h  in  a 1 .6  ha pond stocked a t  6,000 f is h /h a .

FIGURE 7 .—D aily tem perature curves fo r  14 days in  October, 1972, 
w ith the  time of a r r iv a l  and feed ing  fo r  two marked (25 and 46 cm) 
channel c a t f is h  in  a 1.6 ha pond stocked a t  6,000 f is h /h a .

FIGURE 8 .—Weekly range of oxygen concen tra tion  a t  which channel 
c a tf is h  fed in  1.6 ha ponds, 1972.

FIGURE 9 .--Percentage of marked channel c a tf is h  feeding a t  various 
oxygen concen tra tions in  the  1.6 ha ponds during  June to  August (1972), 
reg a rd less  of tim e of day.

FIGURE 10,—D aily oxygen co n cen tra tio n  curves fo r  14 days in  August, 
1972, w ith the  time of a r r iv a l  and feeding fo r two marked (25 and 46 cm) 
channel c a t f is h  in  a 1,6 ha pond stocked a t  6,000 f ish /h a ,

FIGURE 11.—Mean weekly and monthly ra te s  of food d e liv e ry  fo r  a 
mixed population  of channel c a t f is h  stocked in  a 1 .6  ha pond a t  6,000 
f is h /h a ,  1972.

FIGURE 1 2 .—Factors in flu en c in g  d a i ly  ro u tin e s . Thickness of th e  
arrow in d ic a te s  the r e la t iv e  importance of th e  in fluence of a fa c to r  
on d a i ly  ro u tin e .
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FIGURE 1 ,--Platform-mounted demand feeder used in  c u ltu re  ponds.
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possible connections with the home areas.
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FIGURE 6 , --D aily  tem perature curves fo r  14 days in  March, 1972, w ith 
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FIGURE 7«—Daily tem perature cuirves fo r 14 days in  O ctober, 1972, 
w ith  th e  time of a r r iv a l  and feeding  fo r  two marked (25 and 46 cm) 
channel c a tf is h  in  a 1,6 ha pond stocked a t  6,000 f is h /h a .
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FIGURE 12 ,--F acto rs  influencing  d a ily  ro u tin e s . Thickness of the 
arrow in d ica te s  the r e la t iv e  importance of th e  influence of a fa c to r  
on d a ily  ro u tin e .


