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ABSTRACT 

Young-of-the-year (YOY) channel c a t f i s h  ( I c t a l u r u s  punctatus)  were 

c o l l e c t e d  from Navigat ion Pool 7 o f  the upper M i s s i s s i p p i  R i v e r  near 

La Crosse, Wisconsin, USA. The ob jec t i ves  o f  t h i s  study were t o  

descr ibe d i s t r i b u t i o n  and abundance pat te rns ,  i d e n t i f y  v a r i a t i o n s  i n  

growth, and determine food h a b i t s  o f  YOY over the e n t i  r e  pool.  Oto l  i t h  

aging technique was va l i da ted  i n  the  l abo ra to ry  and used t o  evaluate 

growth o f  w i l d  f i s h .  YOY were captured by o t t e r  t raw l  a t  n i g h t  i n  the  

navigable main channel dur ing  summer 1984 and 1985. A t o t a l  o f  296 YOY 

(15-83 mm SL) were c o l l e c t e d  i n  1984 and 183 YOY (15-68 mm SL) i n  1985. 

No s i g n i f i c a n t  d i  f ferences i n  catch were detected throughout t he  pool. 

YOY appeared i n  the  d r i f t  i n  mid-July, reached peak abundance i n  August, 

then decl ined sharply.  I n  general, l eng th  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  

throughout the  pool,  al though s t a t i o n s  associated w i t h  a l a r g e  backwater 

t r i b u t a r y  produced s i g n i f i c a n t l y  smal ler  f i s h  e a r l y  i n  both 

c o l l e c t i n g  seasons. No di f ferences i n  growth between s t a t i o n s  were 

detected. Smaller YOY appeared t o  feed i n  the water column on 

i n v e r t e b r a t e  d r i f t ,  then switched t o  benth ic  i nve r teb ra tes  a t  about 

50-mm SL. A l l  reaches of the main channel appear t o  be o f  equal nursery 

value f o r  channel ca t f i sh .  A l a rge  backwater area i n  t he  pool may 

represent  c r i t i c a l  spawning hab i ta t .  Changes i n  feeding behavior 

d ramat i ca l l y  a f f e c t  c a t c h a b i l i t y  o f  YOY. Discharge i s  the major f a c t o r  

i n f l u e n c i n g  a d u l t  spawning and YOY d i s t r i b u t i o n  pat terns.  D r i f t i n g  YOY 

cou ld  be s i g n i f i c a n t l y  impacted by hydropower development and commercial 

navigat ion.  O t t e r  t rawl  i ng represents a means o f  eva lua t i ng  channel 

c a t f i s h  year-c lass st rength.  Current  research gaps are presented. 

1 Wb. 
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INTRODUCTION 

Channel c a t f i s h  ( I c t a l u r u s  punctatus) i s  a  major commercial species 

i n  the upper M i s s i s s i p p i  River .  However, concern e x i s t s  over i t s  s ta tus  

i n  many areas o f  the r i v e r  p r i m a r i l y  due t o  poor recru i tment  and/or 

ove r -exp lo i t a t i on  (Holzer  and Von Ruden 1984). Few data e x i s t  t o  

evaluate recru i tment  o f  t h i s  species i n  the system. Consequently, t he  

development of a  long-term management p lan  f o r  the  f i s h e r y  based on 

f i r s t  yea r  su rv i va l  i s  no t  possib le.  

Young-of-the-year (YOY) channel c a t f i s h  have been s tud ied  

ex tens i ve l y  i n  pond c u l t u r e  s i t u a t i o n s  (e.g. Sandoz 1968, Simco and 

Cross 1966) and i n  small r i v e r i n e  systems (Armstrong and Brown 1983). 

However, l i t t l e  in fo rmat ion  i s  a v a i l a b l e  on YOY channel c a t f i s h  i n  l a rge  

r i v e r i n e  systems. YOY channel c a t f i s h  appear t o  use p r i m a r i l y  the main 

channel and main channel border  h a b i t a t s  o f  the  r i v e r  (LGL 1981, Ho l land 

and Sy lves ter  1983) making them more suscept ib le  t o  p o t e n t i a l  navi ga t ion  

impacts (Rasmussen 1983) than young o f  most o the r  e x p l o i t e d  species. 

Commercial barge t r a f f i c  i n  the  system i s  p ro jec ted  t o  double by the 

yea r  2010 (UMRBC 19821, however impacts o f  increased nav iga t i on  on 

recru i tment  of channel c a t f i s h  are unknown. 

Th i s  study was designed t o  i d e n t i f y  main channel nursery hab i ta t s  

o f  channel c a t f i s h  i n  Pool 7 o f  the upper M i s s i s s i p p i  R i v e r  and t o  

descr ibe the e a r l y  l i f e  h i s t o r y  o f  t h i s  species i n  a  l a r g e  r i v e r i n e  

system. The s p e c i f i c  ob jec t i ves  were t o  

(1)  descr ibe v a r i a t i o n s  i n  the  d i s t r i b u t i o n  o f  

YOY channel c a t f i s h  i n  the main channel froin 



upper t o  lower reaches o f  the pool,  

(2 )  i d e n t i f y  v a r i a t i o n s  i n  growth c h a r a c t e r i s t i c s  

i n  d i  f f e r e n t  reaches o f  the pool , and 

( 3 )  determine general feedi  ng pa t te rns  and 

s p a t i a l  /temporal v a r i a t i o n s  i n  those pat te rns .  

Add i t i ona l  ob jec t i ves  o f  t h i s  study were t o  v a l i d a t e  the  o t o l i t h  aging 

technique (see Beami sh and McFarland 1983, Campana and N e i l  son 1985) f o r  

YOY channel c a t f i s h  and t o  examine the e f f e c t s  o f  d i f f e r e n t  feeding 

regimes on the depos i t ion  o f  d a i l y  growth increments. 

STUDY SITE 

The upper M i s s i s s i p p i  R i ve r  has been mod i f i ed  by a  se r ies  o f  

l ow-head dams designed t o  regu la te  f lows and f a c i  1  i t a t e  commercial 

barge navigat ion.  The upper p o r t i o n  o f  each r e s u l t a n t  nav iga t i on  pool 

i s  genera l l y  c h a r a c t e r i s t i c  o f  the r i v e r  p r i o r  t o  impoundment ( i  .e. 

f a s t  f lowing,  bra ided channel), wh i l e  the lower p o r t i o n  i s  more l e n t i c  

i n  nature. Navigat ion Pool 7 extends 19 km upstream from Lock and Dam 

7 a t  Dresbach, Minnesota t o  Lock and Dam 6 a t  Trempealeau, Wisconsin 

and has a  surface area of 6295 ha (F ig.  1 ) .  Seasonal discharge 

pa t te rns  are  c h a r a c t e r i s t i c  o f  those throughout the system; h igh  sp r ing  

f lows r e l a t e d  t o  snow runo f f  and low discharge dur ing  summer (F ig.  2 ) .  

Pool e l e v a t i o n  a t  the dam face normal ly i s  maintained a t  194.6 + 0.3 m 

above sea l e v e l  , b u t  f l uc tua t i ons  occur dur ing  f l o o d  periods. 

F i v e  areas o f  the main nav iga t ion  channel were se lec ted  f o r  study 

i n  1984 and 1985, represent ing  a  gradat ion  o f  h a b i t a t  types from upper 



DRESBACH 

Figure  1. Locat ion  o f  YOY channel c a t f i s h  sampling s t a t i o n s  i n  the  
main channel o f  Nav iga t ion  Pool 7, upper M i s s i s s i p p i  River .  





pool t a i l w a t e r  reaches t o  lower pool l e n t i c  h a b i t a t s  (F ig.  1). S t a t i o n  

i I was loca ted  a t  the upper end o f  the pool i n  the  s w i f t  f l ow ing  
i 
t .  
i 

t a i l w a t e r s  below Lock and Darn 6. S t a t i o n  11, 3.2 km downstream, was 

adjacent  t o  a  l a r g e  backwater area. S t a t i o n  I 1 1  was l oca ted  about 

m i  d-pool a t  the  mouth o f  the B l  ack River ,  a  major t r i b u t a r y  t o  the  pool. 

S t a t i o n  I V  was l oca ted  next t o  Sommers Chute, the  pr imary source of 

water f l ow ing  i n t o  Lake Onalaska. I n  1985 sampling, S t a t i o n  I V  was 

moved upstream 1.6 km t o  a  c o n s t r i c t i o n  o f  the main channel because of 

washing i n  o f  snags dur ing  spring. S t a t i o n  V was l o c a t e d  on the  west 

s ide  of Dresbach I s l a n d  2.8 km upstream froin Lock and Dam 7. 

H i s t o r i c a l l y ,  t he  main channel f lowed along the  eas t  s ide  o f  the is land.  

However, channel maintenance e f f o r t s  have been focused on the  west 

channel render i  ng t h e  o l  d east  channel unnavi gable due t o  accumulation 

of dead t rees  and sediment. Bottom contours f o r  each s t a t i o n  are  h i g h l y  

i r r e g u l a r  w i t h  dunes p a r t i c u l a r l y  abundant (Appendix I). 



METHODS 

Nursery H a b i t a t  S tud ies  -- 
O r i g i n a l l y ,  a s i n g l e  y e a r  o f  sampling was intended; t h e r e f o r e  YOY 

channel c a t f i s h  were c o l l e c t e d  froin 8 August t o  5 October, 1984. 

Examinat ion of 1984 ca tch  data, however, suggested h i g h  wa te r  may have 

a f f e c t e d  severa l  aspects o f  YOY ecology. As a r e s u l t ,  an a d d i t i o n a l  

sampl ing season was designed f o r  1985 t o  answer severa l  ques t i ons  t h a t  

arose From 1984 data. S t a t i o n  I V  was moni tored t o  i d e n t i f y  when YOY 

f i r s t  appeared i n  the  d r i f t .  A l l  s t a t i o n s  were sampled 7 August and 

28 August t o  determine whether h i g h  v a r i a b i l i t y  i n  ca tch  was t y p i c a l  o f  

a l l  yea rs  o r  un ique t o  1984. I n  a d d i t i o n ,  a s tudy was i n i t i a t e d  t o  

determi ne whether gear avoidance cou l  d be mi n imized and t h e r e f  o r e  extend 

t h e  sampl ing season f u r t h e r  i n t o  t he  fa1 1. 

YOY were cap tu red  by o t t e r  t r aw l  (4.8-m semi b a l  l o o n  t r a w l ,  1.8-m 

v e r t i c a l  depth, 6.35-mm s t r e t c h  mesh codend 1 i ner )  d u r i n g  summer 1984 

and 1985. S ince Armstrong and Brown (1983) found t h a t  YOY channel 

c a t f i s h  were most a c t i v e  between dusk and dawn and appear t o  feed 

s t r i c t l y  d u r i n g  these per iods,  f i s h  were c o l l e c t e d  a t  n i g h t  between 2030 

and 0330 hours. Samples were c o l l e c t e d  i n  t r i p l i c a t e  a t  each s t a t i o n  i n  

a downstream d i r e c t i o n  w i t h i n  the nav igable main channel o f  t he  r i v e r .  

E f f o r t  was s tandard ized p e r  sample p r i m a r i l y  by tirne (10-mi nu te  t r a w l s )  

a t  a t r a w l  speed o f  approx imate ly  0.9 m/s. The ca t ch / t r aw l  f o r  each 

r e p l i c a t e  was recorded, and f i s h  f rom a1 1 t r a w l s  were then combined by 

s t a t i o n  and f i x e d  i n  10% fo rma l i n .  

A f t e r  r e t u r n  t o  the  l abo ra to r y ,  f o r ~ n a l i  n was decanted f rom samples, 

and E ish  were r i n s e d  i n  d i s t i l l e d  wa te r  and preserved i n  70% ethanol .  



Standard l e n g t h  i n  m i l l i m e t e r s  was recorded f o r  each f i s h .  Stomachs 

were removed and preserved i n  70% ethanol .  Food i tems were i d e n t i f i e d  

t o  the  l owes t  p r a c t i c a l  taxon and enumerated. Volume o f  food i tems was 

determined f o r  each taxon by wate r  displacement, and pe rcen t  volume was 

ca l cu la ted .  Sagi t t a e  ( t h e  l a r g e s t  o f  t h e  t h r e e  ca lcareous ear  stones o r  

o t o l  i t h s )  were d i  ssected from each f i s h  and g r e a t e s t  d i  ameter was 

measured t o  t he  neares t  0.01 mm w i t h  a microscope f i t t e d  w i t h  an ocu la r  

micrometer. O t o l i  ths  were then mounted i n  epoxy r e s i n  and ground i n  

s a g i t t a l  s e c t i o n  t o  expose t he  i n t e r n a l  c i r c u l i  f o r  coun t i ng  (Appendix 

1x1. Oto l  i ths  were examined f o r  growth increments and counted u n t i l  

t h r e e  c o n s i s t e n t  readings were obtained; t h a t  number Idas assigned as the  

es t imated  age. Ten percen t  o f  a l l  aged s t r u c t u r e s  f rom b o t h  l a b o r a t o r y  

and f i e l  d s t u d i  es were randomly se lec ted  and reexami ned. Qua1 i ty check 

age es t imates  were compared t o  o r i g i n a l  age es t imates  (Appendix 11).  

A p o s s i b l e  source of b i a s  i n  t h e  s p a t i a l  d i s t r i b u t i o n  p a t t e r n  of 

YOY channel c a t f i s h  was eva lua ted  i n  a s e r i e s  o f  c o l l e c t i o n s  on 30-31 

J u l y  1985. Armstrong and Brown (1983) found t h a t  d r i f t  o f  YOY channel 

c a t f i s h  v a r i e d  s i g n i f i c a n t l y  i n  a d ie1  p a t t e r n  w i t h  a peak p r i o r  t o  

m idn igh t  and another  p r i o r  t o  dawn. Du r i ng  t h e  p resen t  study, sampling 

t o  eva lua te  s p a t i a l  v a r i a t i o n s  i n  d i s t r i b u t i o n  i n  Pool 7 took about 

7 hours t o  complete on each date. S t a t i o n  I was always c o l l e c t e d  f i r s t  

(2030 hours)  f o l l owed  s e q u e n t i a l l y  by t he  o t h e r  s t a t i o n s  w i t h  S t a t i o n  V 

sampled a t  0300 hours. Therefore,  i f  the  d r i f t  behavior  observed by 

Armstrong and Brown (1983) he1 d t r u e  i n  t he  study area, sampl ing b i a s  

would a f f e c t  i d e n t i f i c a t i o n  o f  nursery  h a b i t a t s  i n  t he  pool .  A sampling 

sche~ne was designed t o  determine i f  a t ime - re l a ted  b i a s  e x i s t e d  i n  the  



ca tch  data (Table 1 ) .  The ac tua l  design was s l i g h t l y  d i f f e r e n t  due t o  

i n t e r f e r e n c e  f rom corn~nercial barge t r a f f i c  and equipment f a i l u r e .  

Age Val i d a t i  on S tud i  es - 
Channel c a t f i s h  were reared i n  the  l a b o r a t o r y  t o  v a l i d a t e  the  

o t o l  i t h  d a i l y  r i n g  ag ing  technique. Channel c a t f i s h  eggs were ob ta ined  

f ro in  F r a n k f u r t  Na t i ona l  F i s h  Hatchery (F rank fu r t ,  Kentucky) and hatched 

i n  t h e  l abo ra to r y .  F r y  were separated i n t o  t h ree  aqua r i a  and he1 d  a t  

21.6"C f o r  60 d. A 14L:lOD pho toper iod  was ma in ta ined  throughout  t he  

r e a r i n g  per iod .  Food was p rov ided  o n l y  d u r i n g  t h e  dark c y c l e  o f  t he  

pho toper iod  t o  s imu la te  t he  na tu ra l  f eed i  ng p a t t e r n  (Arms t r o n g  and Brown 

1983). Feed r a t i o s  f o r  r e a r i n g  channel c a t f i s h  were m o d i f i c a t i o n s  o f  

those adapted by Ward (personal  communication) f rom rainbow t r o u t  feed 

t ab les .  Three l e v e l s  o f  food a v a i l a b i l i t y  were es tab1 i shed ( l oo%,  502, 

and 10% o f  recommended r a t e s )  t o  deterrni ne i f  food  a v a i l a b i l i t y  i n  t he  

f i e l d  m igh t  a f f e c t  the  frequency o f  o t o l i t h  r i n g  d e p o s i t i o n  and, 

there fo re ,  b i a s  age est imates. Food amounts were determined as a  

percentage of body weight.  The mean we igh t  f o r  a l l  f i s h  i n  an aquarium 

was determined a t  10-d i n t e r v a l s  t o  account f o r  growth. Food supply  was 

ad jus ted  a p p r o p r i a t e l y  (Appendix 111). A  subsample o f  f i v e  f i s h  was 

removed d a i l y  f rom each t reatment  f o r  t he  f i r s t  th ree  weeks. F i s h  were 

f i x e d  and preserved, and o t o l  i ths  were removed as p r e v i o u s l y  descr ibed. 

A f t e r  the  f i r s t  t h ree  weeks, samples were c o l l e c t e d  every o t h e r  week 

u n t i l  the  end o f  the  study. A l l  l a b o r a t o r y  and f i e l d  samples were 

processed s i m i l a r l y .  

Data Analyses --- 
S t a t i s t i c a l  analyses were conducted on a l l  data. A s i g n i f i c a n c e  

l e v e l  o f  p  < 0.05 was se lec ted  a  p r i o r i  f o r  a1 1 analyses. D i f f e r e n c e s  
-, - ---- 
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i n  standard l eng th  and catch a t  each s t a t i o n  were s t a t i s t i c a l l y  

evaluated by one-way and two-way analyses o f  v a r i  ance (ANOVA) ( Sokal and 

Rohl f 1981). A Student-Newman-Keul ' s mu1 t i p l e  range t e s t  was performed 

i f  treatment d i f f e rences  were s i g n i f i c a n t  t o  i d e n t i f y  which s t a t i o n ( s )  

o r  da te(s )  were d i f f e r e n t  from the  others. Standard l eng th  was 

regressed on o t o l i  t h  diameter and a l e a s t  squares l i n e  was f i t t e d  t o  the 

data (SPSS Inc. 1983). O t o l i t h  increment counts were regressed on 

standard length.  The r e s u l t i n g  regression model was used t o  p r e d i c t  age 

o f  f i sh .  Date o f  spawn was back-calculated from age p r e d i c t i o n s  

(p red i c ted  age + 8 days egg development t ime [Can f ie ld  19471). Sums o f  

squares c l u s t e r  ana lys is  (Dixon and Brown 1979) were conducted on food 

h a b i t s  data t o  determine i f  composit ion o f  d i e t s  d i f f e r e d  between 

s t a t i o n s  w i t h i n  a sampling date. One-way ANOVA was conducted on t o t a l  

volume of food items consumed t o  determine food consumption va r ied  

s i g n i f i c a n t l y  between s ta t i ons  on any date. E f f e c t s  o f  feeding regime 

on o t o l i t h  increment counts o f  l abo ra to ry  f i s h  Nere analyzed by one-way 

ANOVA. 
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RESULTS 

D a i l y  growth increments were observed i n  o t o l i t h s  from labo ra to ry  

reared channel c a t f i s h .  Growth increments appeared t o  be i n i t i a t e d  a t  

ha tch ing  and preceded outward from two cen t ra l  p r imord ia  (F ig.  3A). The 

f i e l  d chosen f o r  the enumeration o f  growth increments s i g n i f i c a n t l y  

a f f e c t e d  the increment count (F ig.  3B). Subdaily r i n g s  were observed i n  

t he  p o s t e r i o r  and a n t e r i o r  f i e l  ds b u t  no t  i n  the  proximal f i e l  d. 

Therefore, t he  proximal f i e l d  was selected as the pr imary count ing 

f i e l d .  

Food a v a i l a b i l i t y  d i d  n o t  . a f f e c t  frequency o f  depos i t i on  o f  

increments (e > 0.05). Rat ion  d i d  a f f e c t  the w id th  o f  d iscont inuous o r  

opaque zones. O t o l i t h  increments f o r  f i s h  from a l l  feeding regimes 

became l e s s  reso l  vable a t  the  margi n a f t e r  18-d pos t-hatch, which 

r e s u l t e d  i n  conservat ive age est imates (Fig. 4). Th is  suggests t h a t  

food was no longer  a s u f f i c i e n t  cue a f f e c t i n g  increment deposit ion. 

Increments were deposited about once per  day (Fig. 4). Mean 

o t o l i t h  increment counts were used f o r  each sampling date because o f  

v a r i a t i o n s  i n  t he  dates of hatch w i t h i n  each treatment ( 7  2 d). The 

subda i ly  r i n g s  observed i n  the p o s t e r i o r  and a n t e r i o r  f i e l  ds were 

probably a r t i f a c t s  caused by i nadve r tan t  s t ress  dur ing  l abo ra to ry  tank 

maintenance; no subdai ly  r i n g s  were observed i n  w i l d  f i s h  o t o l i  ths. 

No s i g n i f i c a n t  d ie1 v a r i a t i o n s  i n  catch were observed dur ing the  

normal sampling p e r i o d  (2030-0330 hours). YOY appeared i n  the catch 

sometime a f t e r  dusk, i ncreased s l  i g h t l y  du r i  ng the  n i  ght, and decl i ned 

p r e c i p i t o u s l y  w i t h  the onset of dawn (Fig.  5).  No data were a v a i l a b l e  



3A, Photomicrograph o f  l abo ra to ry  reared channel 
c a t f i s h  s a g i t t a  d i s p l a y i n g  i n t e r n a l  features, 
CP- c e n t r a l  p r imord ia ;  P r -  proximal f i e l d ;  D- 
d i s t a l  f i e l d ;  A- a n t e r i o r  f i e l d ;  P- p o s t e r i o r  
f i e l d .  Heavy l i n e s  correspond t o  increment 
count ing  f i e 1  ds i n  38. (400X) . . . . . . . . . . . 

3B. Photomicrograph o f  sect ioned s a g i t t a  from 14 day- 
o l d  channel c a t f i s h  w i t h  increments marked i n  
t h r e e  f i e l d s .  Bold l i n e s  represent t r u e  d a i l y  
increments. F ine l i n e s  represent subdai l y  r i ngs .  
(1000X) . . . . . . . . * . . . e . . . e . e . . . e  





KNOWN AGE (DAYS) 

Figure 4. Regression relationship between known age 
of laboratory reared channel catf ish and 
mean o to l i th  increment counts. Open c i r c l e  
represents data not included in regression 
analysi s because rings were not resol vabl e 
to margin. 
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t o  eva lua te  catch p r i o r  t o  dusk. Gear avoidance data are i nconc lus i ve  

due t o  i n s u f f i c i e n t  sample size. 

A t o t a l  o f  296 YOY f i s h  were c o l l e c t e d  from 75 t r a w l s  taken i n  1984 

and 183 f i s h  from 30 t r a w l s  i n  1985. Overa l l ,  catch d i d  n o t  vary 

s i g n i f i c a n t l y  by s t a t i o n  i n  e i t h e r  year.  S i g n i f i c a n t  s t a t i o n  

d i  f fe rences  may n o t  have been detected because c o e f f i c i e n t s  o f  v a r i a t i o n  

were h igh  (13.3-175.8%, Ti = 69.3% [Appendix IV]). Upper s ta t i ons ,  

however, produced s i g n i f i c a n t l y  fewer f i s h  (E = 0.0049) i n  mi d-September 

1984. Catch per  e f f o r t  a t  upper s t a t i o n s  ranged from 0.67-1.33 

f i s h / t r a w l  as compared t o  4.00-6.67 f i s h / t r a w l  a t  lower pool s t a t i o n s  

(Table 2 ) .  

I n  general, catch peaked i n  August and then dec l ined  t o  a  few 

i n d i v i d u a l s  per  t r a w l  over t ime (F ig.  6 ) .  Catch i n  1984 was low 

throughout  t he  study pe r i od  (8.5-1.1 f i s h / t r a w l )  which extended i n t o  

October. Peak ca tch  occurred on 23 August (8.5 f i s h / t r a w l ) .  I n  1985, 

YOY f i r s t  appeared i n  the  d r i f t  i n  mid-July.  Catch peaked on 7  August 

(9.7 f i s h / t r a w l  ) and dec l ined  sharp ly  t o  i n s i g n i f i c a n t  catches by 

September. An except ion t o  t h i s  seasonal ca tch  p a t t e r n  r e s u l t e d  i n  a  

s i g n i f i c a n t  d a t e / s t a t i o n  i n t e r a c t i o n  (p  - = 0.034) i n  1984. S t a t i o n  I V  

d i d  no t  behave s i m i l a r  t o  o ther  s t a t i o n s  on 23 August. Whereas a l l  

o t h e r  s t a t i o n s  e x h i b i t e d  a  peak i n  catch on t h a t  date, t h e  ca tch  a t  

S t a t i o n  I V  decl  i ned cont inuously  throughout the  season. 

Overa l l ,  f i s h  tended t o  be more abundant adjacent  t o  and s l i g h t l y  

downstream f rom a  l a r g e  backwater t r i b u t a r y ,  p a r t i c u l a r l y  e a r l y  i n  t he  

season. As the season progressed, YOY appeared t o  become randomly 

d i  s  tri bu t e d  throughout the  pool . 
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The s i z e  of f i s h  captured throughout the  study area gene ra l l y  d i d  

n o t  vary s i g n i f i c a n t l y  (Table 3) .  Standard leng ths  ranged f rom 15-83 mm 

i n  1984 and 15-68 mm i n  1985. E a r l y  i n  1984 and 1985, s t a t i o n s  adjacent  

t o  o r  s l  i g h t l y  downstream f rom a backwater t r i b u t a r y  produced 

s i g n i f i c a n t l y  smal le r  f i s h  (X = 27.30 and Si; = 29.94 mm, r espec t i ve l y ) .  

The 1984 l e n g t h  frequency d i  s t r i b u t i o n s  were d i s t i n c t l y  bimodal 

(F ig.  7).  The modes were about 25-30-mm apar t .  Both cou ld  be 

i d e n t i f i e d  on each sampling date up t o  11 September, whereaf ter  catch 

was too  low t o  reso lve  peaks. I n  cont ras t ,  t h e  1985 l e n g t h  

f requencies were unimodal (F ig .  8).  Again, t he  mode became l e s s  

d i s t i n c t  over  t ime as catch decreased. 

Two-way ANOVA i n d i c a t e d  t h a t  s t a t i o n  and date i n t e r a c t e d  

s i g n i f i c a n t l y  (e = 0.016) i n  1984. General ly,  mean l eng th  decreased a t  

a l l  s t a t i o n s  on 23 August and 5 October. Mean l eng th  increased a t  

S t a t i o n  I V  throughout the  study. S ign i  f i c a n t  i n t e r a c t i o n s  (p = 0.051) - 
were observed between data and s t a t i o n  again i n  1985. Mean l e n g t h  

increased from 7 August t o  28 August a t  a l l  s t a t i o n s  except S t a t i o n  I V  

which decreased. 

Growth o f  YOY was uniform throughout t he  study area. F i s h  grew a t  

approximately 1.0 mm/d (Y = 2.0 + 0.96 P, R~ = 0.879, Fig. 9 ) .  

V a r i a b i l i t y  i n  growth increased as f i s h  aged, p a r t i c u l a r l y  a f t e r  50-d 

pos t-hatch. P red i c ted  age frequencies from t h e  age-length model c l o s e l y  

f o l  lowed t h e  observed l e n g t h  frequency d i  s t r i  bu t ions  f o r  both years 

(Appendix V) . 
Rack-calcu lated spawning a c t i v i t y  suggested t h a t  1984 spawning was 

i n t e r r u p t e d  (F ig .  10).  Spawning was i n i t i a t e d  5 June a t  a  water 
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F igure  7. Length frequency d i s t r i b u t i o n s  o f  YOY channel 
c a t f i s h  by date of o s l l e c t i o n  from Navigat ion 
Pool 7, upper M i s s i s s i p p i  River  i n  1984. 
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Figure  8. Length frequency d i s t r i b u t i o n s  o f  YOY channel c a t f i s h  
by da te  of  c o l l e c t i o n  f rom Nav iga t ion  Pool 7, upper 
M i s s i s s i p p i  R i ve r  i n  1985. 



STANDARD LENGTH (mm) 
Figure 9. Regression re1 ationship between estimated age 

and standard length of YOY channel catf ish 
collected from Navigation Pool 7 ,  upDer Mississippi 
River. Open c i r c l e  not included in analysis 
because o to l i th  was not readable to the margin. 
Dashed l ine  i s  95% prediction l imit .  



J U N E  J U L Y  A U G U S T  

DATE OF S P A W N  

Figure 10. Channel c a t f i s h  spawning a c t i v i t y  back-cal c u l  a ted  
from YOY channel c a t f i s h  c o l l e c t e d  f rom Nav iga t ion  
Pool 7 i n  1984 (upper) and 1985 ( l ower ) .  Mean 
d a i l y  discharge from Lock and Dam 7 i s  overlayed. 
Mean d a i l y  water  temperature i s  presented i n  upper r i g h t .  



temperature of about 21°C and cont inued i n t o  l a t e  August. On 17 June, 

spawning a c t i v i t y  began t o  decrease as discharge exceeded 2000 m3/s. 

When discharge re turned t o  l e v e l s  below 2000 m3/s on 9 Ju l y ,  spawning 

a c t i v i t y  increased again, peaking around mid-July. 

The 1985 discharge was more t y p i c a l  o f  summer f lows i n  Pool 7. 

Spawning a c t i v i t y  was s t rong ly  unimodal beginning 9 June a t  a water 

temperature of about 19°C. Spawning peaked i n  e a r l y  J u l y  and ended by 

27 Ju ly .  

Water temperature d i d  no t  appear t o  be an important  f a c t o r  

a f f e c t i n g  channel c a t f i s h  spawni ng. Water temperatures increased 

sharply  i n  e a r l y  June 1984 and l e v e l e d  a t  about 23°C. I n  1985, water 

temperatures were low (20°C) u n t i l  l a t e  June, whereupon they increased 

r a p i d l y  t o  about 24°C. The e f f e c t s  o f  temperature on spawning a c t i v i t y  

were no t  detectable,  however, low temperatures may have de1 ayed s p a m i  ng 

i n  1985 by about a week. 

The r e l a t i o n s h i p  between o t o l i t h  diameter and standard l e n g t h  

produced a s i g n i f i c a n t  l i n e a r  regression f i t  (Fig.  l l ) ,  therefore,  

back-calculat ions t o  length-at-age were possib le.  However, due t o  

v a r i  abi 1 i t y  i n  the plane exposed by g r i  ndi  ng, maxi mum o t o l i t h  d i  ameter 

was not  always in te rsec ted .  The r e s u l t a n t  back-cal cu la ted  lengths  would 

thus have been underestimated of t r u e  lengths  a t  s p e c i f i c  ages. 

Therefore, no at tempt was made t o  a r r i v e  a t  back-calculated length.  

YOY channel c a t f i s h  appeared t o  be very successfu1 i n  ob ta in ing  

food. O f  the  101 stornachs examined, 96% conta ined i d e n t i f i a b l e  

organisms (Appendix V I )  . Most food i tems were t y p i c a l  o f  f as t - f l ow ing  

environments (Mer r i  t and Cummins 1978) w i t h  occasional organisms common 
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t o  backwater (e.g. Hexagenia sp. ) and shore1 i ne (e.g. Carabidae) -- 

hab i ta t s .  Rased on qua1 i t a t i v e  observat ions from p lank ton  tows, YOY 

appeared t o  be feeding on i tems colnolon i n  the  d r i f t .  

Four taxa represented over 90% of food i tems consumed on any date 

(Appendix V I  I ) .  Tr ichoptera,  l a r g e l y  compri sed o f  - Hydropsyche sp., 

represented greater  than 83% o f  t o t a l  food volumes throughout the study 

(Fig, 12).  Cladocerans were important  d i e t a r y  i tems e a r l y  i n  the season 

b u t  decreased w i t h  t ime y i e l d i n g  t o  dipterans. Ephemeropterans, 

represented l a r g e l y  by Caenis sp. b u t  a l so  Hexagenia sp., were 

r e l a t i v e l y  cons i s ten t  b u t  no t  very important  food i tems ((1.5% o f  t o t a l  

food i t em volumes on any date).  No i d e n t i f i a b l e  d i f f e rences  i n  

composit ion o f  d i e t s  by s t a t i o n  were detected (F ig .  13).  

Furthermore, volumes o f  food consumed d i d  n o t  d i f f e r  s i g n i f i c a n t l y  

by s t a t i o n  on any date (Apendix V I I I ) .  There was, however, a no t iceab le  

change i n  feeding behavior as YOY grew. Pe lag ic  food i tems ( i  .e. 

c ladocerans) were common i n  d i e t s  o f  f i s h  i n  mid-summer b u t  became l e s s  

f requent  by l a t e  summer (Fig. 14). Conversely, frequency o f  occurrence 

o f  sand gra ins  (presumably i n c i d e n t a l l y  ingested dur ing  benth ic  feeding) 

i ncreased throughout the study. Th is  changeover occurred when YOY were 

about 50-55 mm i n  length. 
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DATE 

Figure 14. Seasonal change in food preference of YOY channel 
c a t f i sh  col lec ted from Navigation Pool 7 ,  1984. 
A. Percent frequency of occurrence of cladocerans 
( 0 )  and sand grains ( 0 )  in  stomachs. 0 .  Mean 
standard length of YOY channel c a t f i s h  examined f o r  
food habi ts .  Vertical bar- standard deviat ion;  
ver t ica l  1 i ne- range. 



DISCUSSION 

The l a r g e  backwater assoc ia ted  w i t h  the  Black R i v e r  d e l t a  may be an 

impo r tan t  spawning area f o r  channel c a t f i s h  i n  Nav iga t i on  Pool 7. I n  

b o t h  1984 and 1985, s t a t i o n s  ad jacen t  t o  o r  s l i g h t l y  downstream from 

t h i s  backwater area have produced s t a t i s t i c a l l y  smal l e r  f i s h  e a r l y  i n  

August. Perhaps t h i s  corresponds t o  a  mass exodus o f  YOY f rom n e s t  

s i t e s  w i t h i n  t he  backwater t o  t he  main channel. 

H igh v a r i a b i l i t y  i n  ca tch  i s  l a r g e l y  due t o  the clumped 

d i s t r i b u t i o n  o f  YOY d r i f t i n g  i n  the  water  colurnn. YC)Y move o u t  o f  dune 

t roughs t o  feed  on d r i f t i n g  i nve r teb ra tes .  As food  p re fe rence  changes 

t o  ben th i c  organisms, however, YOY become l e s s  suscep t i b l e  t o  t h e  gear. 

Recker (1983) s t a t e d  t h a t  YOY channel c a t f i s h  w i l l  f eed  ove r  sand 

ba rs  i n  s low f l o w i n g  areas of the r i v e r .  The r i v e r  i s  slow and wide 

w i t h  ex tens ive  sand bars  p r i o r  t o  c o t - s t r i c t i n g  a t  S t a t i o n  I V .  Th i s  

s t a t i o n ,  p a r t i c c l l a r l y  i n  1985, e x h i b i t e d  a h i gh  v a r i a b i l i t y  i n  catch. 

T h i s  v a r i a b i l i t y  c o u l d  have been a r e s u l t  o f  i n t e r m i t t e n t  outwash o f  YOY 

f r o ~ n  slow f l o w i n g  shoal areas i n t o  t he  main channel. Such v a r i a b i l i t y  

may r e q u i r e  inc reased  e f f o r t  by managers i n  o rde r  t o  reduce ca tch  

s tandard devi  a t ions .  

Discharge appears t o  be a major- f a c t o r  i n f l u e n c i n g  a d u l t  channel 

c a t f i s h  spawning and YOY d i s t r i b u t i o n a l  pa t te rns .  Discharge has been 

i d e n t i f i e d  as the  p r imary  v a r i a b l e  a f f e c t i n g  t h e  temporary d i s r u p t i o n  o f  

t h e  I 984  spawn. E t  i s  unc lea r  how ex tend ing  a spawn i n t o  l a t e  summer 

w i l l  a f f e c t  w i n t e r  s u r v i v a l  of  YOY. Cu r ren t  yea r - c l ass  est imates are 

based on da ta  from age I+ and o l d e r  i n d i v i d u a l s  (Holzer ,  personal 



corntnunication) ; the re fo re ,  es t imates  o f  the success o f  the 1984 

yea r - c l ass  may n o t  be a v a i l a b l e  f o r  a t  l e a s t  two years.  

YOY channel c a t f i s h  d i s t r i b u t i o n a l  p a t t e r n s  a re  c l e a r l y  a f f e c t e d  by 

discharge. Catch was r e l a t i v e l y  low and extended l a t e  i n t o  t h e  season 

because h i g h  d i  scharge i n t e r r u p t e d  spawni ng i n  1984, I n  con t ras t ,  ca tch  

i n  1985, a t y p i c a l  d ischarge year,  peaked r a p i d l y  and dec l i ned  

p r e c i p i t o u s l y .  Al though apparen t l y  comparable numbers o f  YOY were 

produced i n  each year ,  year -c lass  est imates based on a s i n g l e  sampli ng 

each y e a r  would be g ross l y  d i f f e r e n t .  Perhaps s i n g l e  samplings d u r i n g  

peak d r i f t  would produce reasonable es t imates  o f  year -c lass  s t r e n g t h  i n  

years  o f  cornparable discharge. I t  i s  apparent, however, t h a t  YOY should 

be mon i to red  p e r i o d i c a l  l y  throughout  t h e  d r i f t  p e r i o d  t o  a r r i v e  a t  an 

accura te  yea r - c l ass  est imate. 

A l l  areas o f  the main channel appear t o  be o f  equal nursery  va lue  

f o r  channel c a t f i s h .  S i g n i f i c a n t  d i f f e r e n c e s  i n  growth were n o t  

de tec tab le  among s t a t i o n s .  I n  add i t i on ,  food  h a b i t s  were n o t  d i  f f e r e n t  

throughout  the  pool .  Thus, f o r  m i  t i g a t i o n  purposes, t h e  e n t i r e  pool  

must be cons idered when e v a l u a t i n g  impacts on rec ru i tmen t  o f  YOY channel 

c a t f i s h .  

Hydropower impacts on d r i f t i n g  YOY c o u l d  be s i g n i f i c a n t .  The 

m a j o r i t y  o f  d r i f t  occurs i n  a r e l a t i v e l y  con f i ned  window o f  3-4 weeks 

which c o i  n c i  des w i t h  the  p r i  n c i  pa l  ope ra t i ona l  p e r i o d  o f  proposed 

hydropower i n s t a l  l a t i o n s  (Western Wisc. Mun ic ipa l  Power Group 1984). 

Du r i ng  t h i s  t ime, YOY a re  a c t i v e l y  feed ing  i n  t h e  wate r  column and a re  

p a s s i v e l y  c a r r i e d  through dams, when exceedi ng 50-mm SL , YOY become 

sedentary ( o r  a t  l e a s t  d r i f t  m i n i m a l l y )  and feed on ben th i c  organisms. 



I t  i s  u n c l e a r  whether n o n - d r i f t i n g  YOY would be suscep t i b l e  t o  t u r b i n e  

i mpacts. 
* 
I Commerci a1 barge t r a f f i c  can s i g n i f i c a n t l y  impact channel c a t f i s h  

popu la t ions ,  as we l l ,  because a l l  l i f e  stages occupy main channel and 

main channel bo rde r  hab i t a t s .  Wave a c t i o n  can wash a l e v i  n  f rom n e s t i n g  

s t r ~ r c t u r e s  (Harber  e t  a l .  1978). The e f f e c t s  o f  premature d i spe rsa l  a re  

unknown. 

Once i n  t h e  main channel, YOY a re  suscep t i b l e  t o  shear f o r ces  i n  

t h e  p rope l  l e r  wash, wash-out f rom main channel s t r u c t u r e s  ( l ogs ,  wood 

and she1 l debr is ,  i n t e r s t i c e s ) ,  and phys i ca l  abrasion. Fo r  example, 

ca t ch  d e c l i n e d  measurably f o l  l ow ing  barge passage, r e q u i r i n g  1 0 - 1 5 4  n  

r e d i s t r i b u t i o n  t ime be fo re  sampl i ng c o u l d  resume. 

No measure o f  nav iga t i on  r e l a t e d  m o r t a l i t y  i s  a v a i l a b l e  f o r  p resen t  

t r a f f i c  l e v e l s .  P r o j e c t e d  increases i n  commerci a1 barge t r a f f i c  could,  

however, have system-wi de consequences on t h e  channel c a t f i s h  f i s h e r y .  

Therefore,  i t  i s  essen t i a l  t h a t  nav iga t i on  r e l a t e d  m o r t a l i t y  o f  YOY be 

measured t o  m i t i g a t e  f u tu re  impacts on t h e  f i s h e r y .  

O t t e r  t r a w l i n g  represen ts  a means o f  e s t i m a t i n g  yea r - c l ass  s t r e n g t h  

o f  channel c a t f i s h ,  b u t  the  gear has c e r t a i n  l i m i t a t i o n s .  I n  t h e  UMR, 

t r a w l i n g  i s  r e s t r i c t e d  t o  t he  main channel where t he  p r o b a b i l i t y  o f  

e n t a n g l i n g  t h e  n e t  on submerged wing darns o r  snags i s  minimized. As a  

r e s u l t ,  p o t e n t i a l l y  p roduc t i ve  h a b i t a t s  such as the e a s t  s i de  of 

Dresbach I s l a n d  remain unevaluated. I n  a d d i t i o n ,  t h e  o t t e r  t r a w l  does 

n o t  e f f e c t i v e l y  sample uneven bottoms; there fo re ,  f i s h  a re  ab le  t o  

escape cap tu re  by descending i n t o  dune troughs. The gear w i l l  n o t  

f o l l o w  the  contours o f  duned bottoms common i n  t he  UMR. 
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I f  e f f o r t  i s  s tandard ized between years  and samples are c o l l e c t e d  

d u r i  nq uer iods  o f  oeak YOY d r i f t  ( e a r l y  Puac;st f o r  Pool 71,  o t t e r  

t r a w l i n g  c o u l d  produce reasonable year -c lass  est imates. Perhaps areas 

ad jacen t  t o  o r  s l i g h t l y  downstream f rom l a r g e  backwaters should be 

i d e n t i f i e d  as s tandard sampling s i t e s .  

A l thouqh t h i s  study prov ides i n s i g h t  i n t o  the  ecology of e a r l y  l i f e  

stages of channel c a t f i s h ,  severa l  areas o f  needed research have become 

apparent. I n  p a r t i c u l a r ,  I would recommend the  f o l l o w i n g  areas o f  

research : 

- te l eme t r y  s tud ies  o f  a d u l t  channel c a t f i s h  t o  i d e n t i f y  

spawni ng areas, 

- m o r t a l i t y  es t imates  o f  YOY f o r  m i t i g a t i o n  purposes, 

- d i spe rsa l  p a t t e r n s  o f  YOY t o  i d e n t i f y  w i n t e r  h a b i t a t s  

and t o  es t ima te  the  p r o p o r t i o n  o f  f i s h  d r i f t i n g  through 

dams, 

- improved o t o l i t h  s e c t i o n i n g  techniques t o  a r r i v e  a t  

more d e t a i l e d  lenath-at -age qrowth i n f o r n a t i o n ,  and 

- l a b o r a t o r v  s tud ies  t o  i d e n t i f y  cues a f f e c t i n g  

increment  depos i t i on  and when i n  t he  d ie1  c y c l e  

i ncrements a re  depos i ted. 



L ITERATURE C I  TED 

Armstrong, M. L., and A. V .  Brown. 1983. Die1 d r i f t  and feed i  ng o f  

channel c a t f i s h  a l e v i n s  i n  the  I 1  li n o i s  R iver ,  Arkansas. Trans. 

Amer. F ish .  Soc. 112:302-307. 

Beamish, R. J., and G. A. McFarland. 1983. V a l i d a t i o n  o f  age 

determi  n a t i o n  est imates:  t h e  f o r g o t t e n  requirement.  Trans. Am. 

F ish .  Soc. 112:735-743. 

Becker, G. C. 1983. F ishes o f  Wisconsin. Univ.  Wisc. Press, Hadison, 

Wisconsin, USA. 

Campana, S. E., and J .  D. Nelson. 1985. M i c r o s t r u c t u r e  o f  f i s h  

o t o l i t h s .  Can. J. F ish.  Aquat. Sci .  42:1014-1032. 

Can f i e l d ,  H. L .  1947. A r t i f i c i a l  p ropagat ion  o f  those channel cats .  

Prog. F ish -Cu l t .  9:27-30. 

Dixon, W. J., and M. B. Brown ( e d i t o r s ) .  1979, BMDP: Biomedical  

computer programs, P-ser ies.  Univ. Cal i f. Press, Berkeley,  

C a l i  f o r n i  a, USA. 

Harber, J. G., D. M. Kennedys and J .  D. L i t t l e j o h n .  1978. E f f e c t s  o f  

n a v i g a t i o n  and operat ion lmaintenance o f  t he  Upper M i s s i s s i p p i  R i v e r  

system n ine- foo t  channel on channel c a t f i s h .  Prepared f o r  UMR Basin 

Comm. by Environ. Work Team. 

Hol land,  L. E., and J .  R. Sy lves te r .  1983. Some e f f e c t s  of' cominercial 

barge t r a f  f i c e  on young-of- the-year f i s h e s  o f  t he  upper M i s s i s s i p p i  

R iver .  Prepared f o r  U.S. Army Corps o f  Engineers,  Rock I s l a n d  

D i s t r i c t ,  I 1  li nois,  USA. L e t t e r  Order No. NCR-LO-83-CO. 111 pp, 



Holzer,  J. A. (personal  communication). Wisc. Dept. Nat. Res., 

S t a t e  O f f i c e  Bldg., La  Crosse, Wisconsin, USA 54601. 

Ho lzer ,  J. A., and K. L. Von Ruden. 1984. Mon i t o r  changes i n  t he  

s i z e  s t r u c t u r e  of c a t f i s h  popu la t ions  i n  Pool 9 r e s u l t i n g  from 

implementat ion o f  t he  15 - i  nch commercial s i z e  l i m i t .  Pages 

55-67 - i n  Wisc. Dept. Nat.  Res., Miss. R i v e r  Work U n i t  Annual 

Rep. 1983-84. 

LGL Eco log i ca l  Research Associates,  I nc .  1981. Study o f  f i s h  i n  the  

main channel o f  t he  M i s s i s s i p p i  R i v e r  between R i v e r  m i l e s  500 

and 513.5. Prepared f o r  Grea t  I 1  F i s h  and W i l d l i f e  Management 

Work Group and U.S. A rmy  Corps o f  Engineers, Rock I s l a n d  

D i s t r i c t .  

M e r r i  tt, R. W., and K. W. Cummins ( e d i t o r s ) .  1978. An i n t r o d u c t i o n  

t o  t h e  aqua t i c  i n s e c t s  o f  N o r t h  America. Kendal l /Hunt  

P u b l i s h i n g  Co., Dubuque, Iowa, USA. 

Rasmussen, J. L. 1983. A summary o f  known n a v i g a t i o n  e f f e c t s  and a 

p r i o r i t y  l i s t  of da ta  gaps f o r  t h e  b i o l o g i c a l  e f f e c t s  o f  nav iga t i on  

on t h e  upper M i s s i s s i p p i  R iver .  Prepared f o r  U.S. Army Corps o f  

Engineers, Rock I s l a n d  D i s t r i c t ,  I l l i n o i s ,  USA. pp. 32-33. 

SPSS Inc.  1983. SPSSX Users Guide. McGraw-Hill Book Co. New York, 

New York, USA. 

Sandoz, O ' R e i l l y .  1968. Experimental  feed ing  and growth o f  channel 

c a t f i s h  i n  Oklahoma ha t che r i es  ( I c t a l u r u s  punc ta tus )  . Proc. Okla. 

Acad. Sc i  . 47 :414-421. 



Simco, 0 .  A., and F. 0 .  Cross. 1966. Fac to rs  a f f e c t i n g  growth and 

p roduc t i on  o f  channel c a t f i s h ,  I c t a l u r u s  punctatus. Univ.  Kans. 

P u b l i c a t i o n s  Mus. Nat. H i s t .  17(4):193-256. 

'Sokal ,  R. R., and F. J. Rohl f .  1981. Biometry.  2nd e d i t i o n .  W. H. 

Freeman and Co., San Franc isco,  C a l i f o r n i a ,  USA. 

UMRBC. 1982. Comprehensive. master  p l a n  f o r  t h e  management o f  the  upper 

M i s s i s s i p p i  R i v e r  system, Upper M i s s i s s i p p i  R i v e r  Bas in  Commission, 

Minneapol is ,  Minnesota, USA. 

Ward, N . (personal  communication). Ho tchk iss  Nat. F i s h  Hatchery,  RR2, 

Hotchk iss,  Colorado, USA 81419. 

Western Wisconsin Mun ic ipa l  Power Group. 1984. A p p l i c a t i o n  f o r  l i c e n s e  

f o r  major  p r o j e c t - - e x i  s t i n g  dam f o r  h y d r o e l e c t r i c  f a c i  1 i t i e s  a t  Lock 

and Dam No. 8, M i s s i s s i p p i  R i ve r ,  Genoa, Wisconsin. FERC P r o j e c t  

No. 6500. 



APPENDIX 



Appendix I. Longi tudinal  (upper) and transverse ( lower )  
bottom p r o f i l e s  f rom YOY channel c a t f i s h  
sampling s t a t i o n s ,  Navigat ion Pool 7, upper 
M iss i ss ipp i  R iver .  A- S t a t i o n  I ;  0- S t a t i o n  I1  ; 
C- S t a t i o n  111; 0- S t a t i o n  I V ;  E- S t a t i o n  V.  





'Appendix I I .  Qual  i ty assurance data from YOY channel c a t f i s h  o t o l i t h  
i ncrernent counts. 

Est imated Qua1 i ty D i f f e r e n c e  x 100 
F i s h  age check D i f f e r e n c e  es t ima ted  age 

F ie1  d samples 

i Labora to ry  samples 



Appendix 111. Feed r a t i o s  by d a t e  f o r  l a b o r a t o r y  r e a r e d  channel c a t f i s h  r a i s e d  under  t h r e e  
f e e d i n g  regimes, Regime A  = 100%; B = 50%; and C = 10% o f  recommended f e e d i n g  
r a t e s .  

FEEDING REGIME 

A B C 

DATE g  f i s h  g  f e e d  % body w t .  g  f i s h  g  f e e d  % body w t .  g f i s h  g  f e e d  % body w t .  P N 



Appendix I V .  C o e f f i c i e n t s  of v a r i a t i o n  (Soka l  and R o h l f  1981) by s t a t i o n  f o r  
YOY channel  c a t f i s h  c o l l e c t e d  f r o m  N a v i g a t i o n  Pool  7, upper  
M i s s i s s i p p i  R i v e r ,  1984 and 1985. 

DATE 

STAT1 ON 8/8/84 8/23/84 9/11/84 9/21/84 10/5/84 8/7/85 8/28/85 



PREDICTED AGE (DAYS) 

AUG 8 

5 

AUG 23  

STANDARD LENGTH (mm) 

Appendix V. P r e d i c t e d  age frequency and l e n g t h  frequency o f  YOY 
channel c a t f i s h  by da te  o f  c o l l e c t i o n  f rom Nav iga t i on  
Pool 7, 1984. 



PREDICTED AGE (DAYS) 

SEP 11  I 
9 
L 

U U U  : 2 :  
z 
W 6 -  
a: 
5 10 1 I I I I I I 
0 

I I 1 I I I I I- 
15 2 0  2 5  3 0  3 5  4 0  4 5  5 0  5 5  6 0  6 5  7 0  7 5  8 0  8 5  

0 
0 
lL 
0 
> 
0 15 20 2 5  3 0  3 5  4 0  4 5  5 0  5 5  6 0  6 5  7 0  75  8 0  8 5  
z 
W 10 1 1 1 1 1 I 1 I I 1 I 1 I 

3 4 
0 
W 6 -  SEP 2 1  

a: 
LL 2 - 

n 
U 

n' n " .- - 
2 - U U  - - 

STANDARD LENGTH (mm) 

Appendix V (cont inued) .  





Appendix V I .  Taxonomic l i s t  o f  food i tems i s o l a t e d  from stomachs o f  YOY 
channel c a t f i s h  co l  l e c t e d  f rom Nav iga t i on  Pool 7,  upper 
M i s s i s s i p p i  R i ve r ,  1984. 

TAXONOMIC LIST OF FOOD ITEMS 

Kingdom: Animal i a 
Phylum: Arthropoda 

Subphyl urn: Chel i ce ra ta  
Class: Arachnida 

Order: Araneae 
Subphylum: Crustacea 

Class:  Branchiopoda 
Class: Ostracoda 
Class: Copepoda 
Class: Malacostraca 

Subclass: Eumalocostraca 
Superorder: Peracar i  da 

Order: Amphipoda 
Class:  I nsec ta  

Subclass: P te rygo ta  
Order: Ephemeroptera 

Fami ly :  Ephemeri dae 
Genus : Hexageni a 

Fami l y  : Caeni dae 
Genus: Caenis 

Fami ly :  Bae t i sc i dae  
Genus: Baet i s ca  

Order:  Odonata 
Suborder: Zygoptera 

Order: Hemiptera 
Fami ly :  Co r i x i dae  

Order: Coleoptera 
Family:  Carabidae 

Order: T r i chop te ra  
Fami ly :  Hydropsychidae 

Genus : Hydropsyche 
Order: D ip te ra  

Fami l y :  Chi ronomidae 
Fami ly :  Ceratopogonidae 

Phyl  um: Bryozoa 
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Appendi x  I X  . Otol  i t h  g r i  ndi  ng procedure f o r  p repa r i  ng sec t ions  of 
channel c a t f i s h  sagi t t ae .  

Mater i  a1 s  

0.3 p alumina p o l i s h i n g  compound (F i she r  S c i e n t i f i c  Co., 
Fai r lawn,  NJ ) 

f e l t  p o l i s h i n g  c l o t h  (F i she r  S c i e n t i f i c  Co. ) 
g r i n d i n g  d iscs  (assor ted  g r i t s )  and c u t t i n g  wheel (E. C. Moore Co., 

Dearborn, M I )  
Dremel" v a r i a b l e  speed d r i l l  w i t h  d r i l l  press and accessories 

( Dremel, Raci ne, WI ) 
reos t a t  
thermoplast ic  r e s i n  (Buehler Ltd., Lake B l u f f ,  I L )  
epoxy r e s i n  (Buehler Ltd. )  
EM t i s s u e  molds (Ernest  F. Fullam, Inc., Latham, NY)  
g lass  microscope s l i d e s  
h o t  p l a t e  (0-300°C range) 
p a r a f f i n  oven 
d i  s e c t i  ng microscope 
compound 1  i g h t  microscope 
hand-he1 d  count ing inst rument  
d i s s e c t i n g  forceps ( f i n e  t ipped)  
d i  s s e c t i  ng need1 e  
watch g lass  
100% e t h y l  a lcohol  
immersion o i l  
g lass e t ch ing  pen 
scale envelopes 
sa fe ty  glasses 

Methods 

Otol  i ths  were d issected from f i s h  by removing g i l l  arches from 

underneath and exposing the  sacculus chamber. Bony t i ssues  were removed 

l e a v i n g  sagi t t a e  exposed and e a s i l y  accessible. Once sagi t t a e  were 

removed, t i s s u e  and debr is  were c a r e f u l l y  teased from the  o t o l i t h  w i t h  

d i  s e c t i  ng need1 e  and forceps. Too much pressure from forceps t y p i c a l  l y  

shat te red  the  o t o l i t h s .  O t o l i t h s  were t rans fe r red  t o  a  watch g lass  

f i l  l e d  w i t h  100% e t h y l  alcohol t o  remove grease and o the r  ma te r i a l s  

thatwhich might  hamper cu r ing  o f  epoxy around the  s t ruc tu re .  



Fol 1  owing wash i n  alcohol , o t o l  i ths  were a1 1  owed t o  dry and p laced 

i n  precast  EM t i s s u e  molds f i l l e d  h a l f - f u l l  w i t h  epoxy r e s i n  and 

hardened i n  p a r a f f i n  oven a t  60°C. The dorsal surface o f  the o t o l i t h  

was o r i en ted  w i t h  the squared edge o f  the mold under a  d i s s e c t i n g  

microscope. O t o l i t h s  were covered w i t h  f resh  epoxy r e s i n  and re turned 

t o  the  p a r a f f i n  oven t o  c l i m i n a t e  a i r  bubbles from res in .  Once cleared, 

molds were removed from the  oven and l a s t  minute adjustments o f  o t o l i t h  

o r i e n t a t i o n  were made. The r e s i n  was al lowed t o  cure a t  l e a s t  10 hours. 

Cured epoxy b locks were removed f rom molds, p laced i n  l abe led  scale 

envelopes, and s tored u n t i l  ready f o r  processing. 

Thermoplast ic r e s i n  was mel ted onto s l i d e s  warmed on a  h o t  p l a t e  a t  

270°C. Epoxy b locks were f i x e d  onto s l i d e s  w i t h  square edge down ( i  .e. 

dorsal surface of o t o l i t h  down) and s l i d e s  were a1 lowed t o  cool  f o r  a  

few minutes. S l i des  were l abe led  w i t h  a  g lass e tch ing  pen t o  i d e n t i f y  

samples. Safety glasses were worn t o  prevent  g lass ch ips  from e n t e r i n g  

eyes. 

Excess epoxy above the  o t o l i t h  was removed by c u t t i n g  across the 

block w i t h  a  Dremelm v a r i a b l e  spped d r i l l  p laced i n  the d r i l l  press 

accessory. The d r i l l  was f i t t e d  w i t h  a  c u t t i n g  wheel attachment. Cuts 

were made as c lose  t o  the o t o l i t h  as poss ib le  w i t h o u t  c u t t i n g  i n t o  the 

s t ruc tu re .  Samples were t y p i c a l  l y  processed i n batches o f  12-15 because 

of the number o f  t oo l  attachment changes necessary t o  o b t a i n  a  completed 

sect ion.  



Once excess epoxy was c u t  away, t he  Dremelm d r i  11 was f i t t e d  w i t h  

sanding d i sc  attachemnts. The upper surface o f  the epoxy b locks  was 

ground w i t h  a coarse g r i t  sanding d isc.  Progress was checked every few 

seconds of g r i n d i n g  under a magn i fes ta t ion  o f  l O O O X  u n t i l  t he  o t o l i t h  

was reached. A f i n e  sand g r i t  was then used t o  g r i n d  toward the  o t o l i t h  

nucleus, again, checking f requen t l y  under the microscope t o  evaluate 

progress. 

Once the nucleus was about t o  come i n t o  plane, t he  sur face was 

po l i shed  on a water soaked p o l i s h i n g  c l o t h  w i t h  a few drops o f  0.3-pm 

a1 umi na pol  i sh i  ng compound added. Progress Mas checked p e r i o d i c a l  l y  

u n t i l  the  nucleus was i n te rsec ted  and r i n g s  were reso lvab le  t o  the 

margi n. The e n t i r e  g r i n d i  ng and po l  i shing process was eventual l y  

reduced t o  5-10 min per  sample. 

A1 1 samples were viewed a t  l O O O X  o i l  immersion. Rings were t a l l i e d  

w i t h  a hand-held count ing instrument.  Each sample was counted 

repeatedly  u n t i l  three cons is ten t  counts were obtained. That number was 

assigned the  est imated age. 


