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PREFACE 

The M i s s i s s i p p i  R i ve r  i s  a  resource t h a t  has m u l t i p l e  demands p laced  upon i t  f o r  
business and p leasure ,  r e c r e a t i o n ,  commerce, and b i o t i c  and a b i o t i c  uses. We a r e  be- 
coming aware o f  t he  v a r i e d  eco log i ca l  r e l a t i o n s h i p s  t h a t  govern t h e  f u n c t i o n i n g  o f  t h e  
r i v e r ,  b u t  many d e t a i l s  s t i  11 need t o  be addressed. It i s  t h e r e f o r e  o f  t h e  utmost i m -  
por tance t h a t  those who use t he  r i v e r ,  f o r  whatever purposes, have a  b e t t e r  understand- 
i n g  o f  what i s  t he re  and how t h e  va r i ous  components i n t e r a c t .  It i s  impe ra t i ve  t h a t  
increased e f f o r t s  be made t o  b e t t e r  understand t h e  r i v e r i n e  communities and, thus ,  t o  
cope w i t h  mu1 t i p l e - u s e  ph i losophy .  

The i n f o r m a t i o n  i n  t h i s  r e p o r t  w i l l  be b e n e f i c i a l  t o  a l l  those d e a l i n g  e i t h e r  d i -  
r e c t l y  o r  i n d i r e c t l y  w i t h  t h e  M i s s i s s i p p i  R i ve r  o r  o t h e r  l a r g e  r i v e r s .  T h i s  r e p o r t  
i n co rpo ra tes  h i s t o r i c a l ,  r ecen t ,  and on-going i n q u i r i e s  r ega rd i ng  t h e  e c o l o g i c a l  mecha- 
nisms t h a t  govern l i f e  processes. I t  should serve as a  re fe rence  f o r  neophytes, as 
w e l l  as exper ienced r i v e r  e c o l o g i s t s ,  f o r  i n f o r m a t i o n  about t he  r i v e r  community and how 
t h e  va r i ous  segments a f f e c t  one another .  The r e p o r t  w i l l  a l s o  be h e l p f u l  t o  those mak- 
i n g  budgetary  dec i s i ons  concern ing  r i v e r i n e  research  because i t  n o t  o n l y  p o i n t s  ou t  
what i s  known, b u t  a l s o  i n d i c a t e s  what needed knowledge i s  l a ck i ng .  

Any ques t ions  o r  comments about o r  requests  f o r  p u b l i c a t i o n s  shou ld  be d i r e c t e d  
to :  

I n f o r m a t i o n  T rans fe r  S p e c i a l i s t  
Na t i ona l  Wetlands Research Center 
U . S  F i s h  and W i l d l i f e  Serv ice  
NASA/Sl ide l l  Computer Complex 
1010 Gause Boulevard 
S l i d e l l ,  LA 70458. 

... 
ill 
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CHAPTER 1 

BACKGROUND AND CHARAGTEWISTlCS 0 6  POOLS 

1.1 POOL AND DAM DESCRIPTIONS 

The Upper Miss i ss ippi  River was 
o r i g i n a l l y  def ined  by t h e  Upper Missi s- 
s i pp i  River Conservation Commission t o  
extend from Has t ings ,  Minnesota t o  
Caruthersvi  11 e ,  Mi ssour i  (Rasmussen 1979). 
I t  p r e s e n t l y  inc ludes  a  s e r i e s  of naviga- 
t i o n  locks and dams cons t ruc ted  t o  permit  
navigat ion even during per iods  of low 
f  1 ow. Each dam, sequenti  a1 1 y numbered 
from north t o  south ,  c r ea t ed  a  pool 
between i t  and t h e  next dam, whose number 
a p p l i e s  t o  both t h e  dam and t h e  pool i t  
impounds. The pooled por t ion  extends from 
j u s t  upstream of S t .  Louis t o  Minnesota- 
S t .  Paul ,  a d i s t ance  of 651 r i v e r  miles  
(RM), with a r e s u l t a n t  e l e v a t i o n  change of 
395 f t  mean sea  l eve l  t o  723 f t  mean sea 
leve l  c r ea t ed  by t h e  s e r i e s  of dams. 
These dams s i g n i f i c a n t l y  a l t e r e d  the  
Upper Miss i ss ippi  River by reducing 
typ i ca l  r i v e r i n e  c h a r a c t e r i s t i c s  ( e .  g. , 
v a r i a b l e  f lows ,  product ive r i v e r  l akes ,  
and s i d e  channe l s ) ,  while increas ing  
l a k e l i k e  c h a r a c t e r i s t i c s  f o r  much of i t s  
1  ength. 

Two pools  t h a t  l i e  in  t h i s  a r ea  a r e  
Pools 19 and 20 (Figures 1 , 2 , 3 ) .  River 
mile  d i s t a n c e  i s  c a l c u l a t e d  from the  mouth 
of t h e  Ohio River going upstream. Some 
f e a t u r e s  of  each pool a r e  presented in 
Table 1 (da t a  from Nord 1964; Wright 1970; 
U .  S. Army Corps of Engineers ,  USACE, 
1974a, 1974b; Rasmussen 1979). 

The dams impounding water i n  Pools 19 
and 20 a r e  of  d i f f e r e n t  design and were 
cons t ruc ted  f o r  d i  ffei-ent piirposes. Dan 
19  was b u i l t  i n  1913 by Union E l e c t r i c  
Power Company (Figures  4a ,b  and 5a,b)  f o r  
genera t ion  of hyd roe l ec t r i c  power. I t  
was, a t  t h e  t ime,  t h e  second l a r g e s t  dam 

in t h e  country.  By i n s t a l l i n g  a  l ock ,  
navigat ion t r a f f i c  could more conven- 
i e n t l y  bypass t h e  s t r e t c h  of water from 
Keokuk t o  Montrose, Iowa, known o r i g i -  
n a l l y  a s  t h e  Des Moines or  Keokuk Rapids. 
The cont ro l  s ec t ion  of Dam 19 c o n s i s t s  
of 119 1 i f t  ga t e s  (USACE 1974a) operated 
by t h e  Union E l e c t r i c  Power Company. 
These ga t e s  a r e  opened v e r t i c a l l y  t o  
r e l e a s e  excess r i v e r  flow when t h e  flow 
exceeds t h e  capac i ty  of t u rb ines  f o r  
power genera t ion .  The pool -cont ro l l ing  
po in t  (used t o  provide t h e  e s t ab l i shed  
e l eva t ion  f o r  t h e  t h e o r e t i c a l  f l a t  pool 
s t a g e )  i s  loca ted  a t  t h e  dam. A 
110- x 1 ,200-f t  lock along t h e  Iowa shore  
was completed i n  1957 t o  accommodate 
l a r g e r  tows and c u r r e n t l y  i s  t h e  only  
one i n  use. The o r i g i n a l  lock ,  110 x 
400 f t ,  and dry dock have not operated 
s i n c e  t h e  new lock became func t iona l .  
A maximum v e r t i c a l  change of 19.4 t o  
38.2 f t  between upr iver  and downriver 
s i d e s  of t h e  dam i s  p o s s i b l e ,  depending 
on r i v e r  s t age .  

Dam 20 c o n s i s t s  of 3 r o l l e r  g a t e s  
and 40 t a i n t e r  ga t e s  with a  s h o r t  
150-f t  e a r t h f i l l  s ec t i on  t y i n g  t o  a  levee  
on t h e  I l l i n o i s  shore  (USACE 19746). 
I t  was placed i n  opera t ion  on June 9 ,  
1936. There a r e  t h r e e  c o n t r o l l i n g  
poi nts--Dam 20, Gregory Landi ng gauge, 
and Dam 19--so t h a t  the e s t a b l i s h e d  
f l a t  pool e l eva t ion  of 480.0 MSL can 
be maintained. Gates a r e  ad jus ted  t o  
maintain t h e  minimum 9 - f t  pool and 
minimum channel depth f o r  naviga t ion  
(USACE 1974's). A maximum v e r t i c a l  
change o f  10.0  t o  24.8 f t  i s  pos s ib l e  
on opposing s i d e s  of t h e  dam. The 
lock ,  loca ted  a long  t h e  Missouri shore ,  
i s  110 x 600 f t .  



Figure 1. The Upper M i s s i s s i p p i  R i ve r  n a v i g a t i o n  system i nc l udes  a l l  
o r  p a r t s  o f  t h e  Upper M i s s i s s i p p i ,  I l l i n o i s ,  Minnesota, St .  C ro i x ,  
B lack,  and Kaskaskia R ive rs .  

GEOLOGiC HISTORY i s  120-125 f t  below water  ( L e v e r e t t  1921). 
The v a l l e y  was deepest i n  p r e g l a c i a l  

There has been cons iderab le  change t imes.  Near F o r t  Madi son, pre-Kansan 
t h e  r i v e r  channel s i nce  i t s  i n i t i a l  d r i f t  f i l l s  t h e  o l d  v a l l e y  f rom t h e  l e v e l  
a t i o n ,  much of t h e  m o d i f i c a t i o n  o f  t h e  r ock  f l o o r  t o  about  75 f t  above t h e  
l t i n g  from g l a c i a l  a c t i v i t y .  The o l d  r i v e r ,  where a  b l a c k  s o i l  marks t h e  upper 

f l o o r  i n  t he  v a l l e y  a t  F o r t  Madison 1 i m i t .  From a few m i l e s  i n  t h e  southeast  
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corner of Iowa down t o  t h e  Iowa-Missouri 
border, the  channel near Keokuk was f i l l e d  
i n  completely w i t h  pre-Kansan (Nebraskan) 
and Kansan d r i f t .  The r e s u l t  was t h a t  
t h e  e n t i r e  f l o w  o f  g l a c i a l  lake  waters 
was d i ve r ted  from the  west s ide o f  Keokuk 
(where i t  f lowed p r i o r  t o  t h i s  time) t o  
t he  east s ide (present channel), o r  over 
what was the  Des Moines o r  Keokuk Rapids. 
Below the  mouth o f  t he  Des Moines River ,  
t h e  o l d  v a l l e y  was again occupied when i c e  
from the  Kansan stage melted. It i s  
l i k e l y  t h a t  near ly  a l l  e ros ion  o f  t he  
gorge a t  the Des Moines (Keokuk) Rapids 
has taken p lace s ince the  I l l i n o i s a n  
stage. The r i v e r  a t  t h e  head o f  t he  
rap ids  i s  50 t o  60 f t  lower than the  
sur face o f  Wisconsin deposi ts  o f  sandy 
gravel  immediately above them. 

The bedrock o f  Pool 19 cons is ts  o f  
Keokuk and Bur l i ng ton  l imestone o f  t he  
M i  s s i  ss i  pp i  an age (USACE 1974a). The r i  v- 
erbed deposi ts  are p r i m a r i l y  sand w i t h  
lesser  amounts o f  s i l t  and c lay  and small  
amounts o f  gravel .  A l l u v i a l  deposi ts  i n  
t he  f l oodp la in  are p r i m a r i l y  s i l t  and c l a y  
s o i l s ,  and deposi ts  above Dam 19 (some 
30-35 f t  deep above the  o l d  rapids)  are 
a l so  o f  these types. 

The substratum below t h e  dam i n  Pool 
20 was n o t  changed by cons t ruc t i on  (Coker 
1929); rock  and sand w i t h  a 1 i t t l e  gravel  
and c lay  remained near t h e  banks and the  
r e s t  was rock. The Des Moines Rapids has 
a s o l i d  rock  bottom a l l  the  way across the  
r i v e r  channel. The g rea tes t  depth o f  t he  
rap ids  was 15 f t  wh i l e  most o f  t h e  channel 
was 6 t o  7 f t  deep. From Montrose t o  
Bu r l i ng ton  the re  were some soundings o f  26 
ft, bu t  the  depth o f  the channel d i d  n o t  
average over 12 t o  15 ft. Once the  dam 
was i n  p lace,  t h e  o l d  rap ids  were 40 t o  50 
f t  deep w i thou t  any sediment. The o l d  
rap ids  descended gradua l ly  w i t h  a sur face 
v e l o c i t y  o f  2.88 f t / s  and were seamed by a 
narrow crooked channel o r  several 
channels, w i t h  patches o f  sand gravel  a t  
t he  upper end. U n t i l  Bur l ing ton,  t he  
bottom was near ly  a l l  sand w i t h  some rock  
and gravel  and scarcely any mud p r i o r  t o  
the dam being b u i l t .  By July ,  1817 (4 
years a f t e r  t h e  dam became opera t iona l  ) 
o n l y  mud was found 0.5 m i  above dam, 
except i n  areas c lose t o  t he  banks (Coker 
1929). 



Table 1. Features o f  Pools 19 and 20. 

Pool Town c l o s e s t  M i l e  above Ohio Length Est imated F l a t  pool  
No. t o  dam R iver  & l o c k  bank i n  m i l e s  acreage e l e v a t i o n  

19 Keokuk, I A  

20 Canton, MO 343.2R 21.0 6,993 480.0 

a R i s  r i g h t  bank, cons i de r i ng  boats  moving downriver.  

1.3 HISTORY OF NAVIGATION Years o f  low wate r  were e s p e c i a l l y  
impo r t an t  i n  k i n d l i n g  t h e  i dea  o f  modi- 

Nav iga t i on  has always been o f  utmost f y i n g  t h e  r i v e r  f o r  Purposes of nav iga-  
importance on t h e  M i s s i s s i p p i  R i ve r .  The t i o n .  I t  was d u r i n g  low water  years  t h a t  
h i s t o r y  of  n a v i g a t i o n  on t he  r i v e r  has t h e  need t o  min imize annlral wa te r  l e v e l  
been descr ibed  by Brunet  (1977) and Tweet f l u c t u a t i o n s  was dramatized. 
(1983) and i s  summarized i n  Table 2 .  
A d d i t i o n a l  h i s t o r i c a l  no tes  r evea l  t h a t  Dur ing  pe r i ods  o f  low wate r  i n  1852, 
d u r i n g  t h e  1820 's  t r a d i n g  posts were boats  w i t h  d r a f t s  deeper than 24 inches 

at the mouth o f  the Skunk cou ld  n o t  pass t h e  Des Moines Rapids. The 
River and at most major t r i b u t a r y  channel a long  t h e  Iowa shore had o n l y  a 10 
nor thward t o  c o l l e c t  f u r s .  The sh i pp i ng  to 12-inch depth so l t l  ighters~~--smal 1 
o f  l ead  was a l s o  important during the horse-drawn boats--were used t o  t r a n s f e r  

18001s. Between and 18482 200 cargo from t h e  packe t  boats .  L i g h t e r s  
o f  365 boats  t h a t  s a i l e d  above t h e  Des took 6 to go from Keokuk to Montrose 
Moines Rapids were p r i m a r i l y  i n  t h e  l e a d  with llluck and eight horses. 11 This extra 
t r a d e  and handled l e a d  shipments f rom inconvenience and cost prompted an 
Galena, I l l i n o i s .  However, by 1848 o n l y  interest in making the river more effi- 
30 boats  were sh ipp ing  l e a d  e x c l u s i v e l y ,  cient for goods and people. 
and by 1859 t h e  Galena and Chicago R a i l -  
road  had taken over l ead  t r a n s p o r t a t i o n ,  
e l  i m i n a t i n g  b o a t  t r a f f i c k i n g  o f  t h i s  ore.  CLASSIFICATION OF HABITAT~ 

Rai l roads  a l s o  competed f o r  o t h e r  The F i s h  Technica l  Committee o f  t h e  
goods and passengers i n g  t h e  Upper M i  s s i s s i p p i  R i ve r  Conservat ion Corn- 

River. I n  1830, Joseph mission has de f ined  t h e  va r i ous  f i s h  hab i -  
Throckmarton opera ted  keel  boats above and tats in the Mississippi River according to 
below t h e  Des Moines Rapids, h a u l i n g  b o t h  (or on the basis o f )  an area,s physical 
goads and passengers around the r ap i ds .  c h a r a c t e r i  s t i  cs. These categories w j  11 
He a t t r a c t e d  bus iness by i n s t i t u t i n g  w e l l -  help in various ecological 
ma in ta ined  schedules. I n  1842, t h e  St .  relationships discussed later. The 
Lou is  and Keokuk Packet L i ne  a l s o  began following is taken directly from 
ope ra t i ng  on a r e g u l a r  schedule, w i t h  a (1967; Figure 6).  separate 1 i n e  t o  Qu incy ,  I 1  1 i n o i s  i n  1852. 
Several  mergers took  p l ace  u n t i  1, i n  1873, 
t h e  Keokuk and Nor thern  L ine  Packet 1 . 4 . 1  Ma inchanne l  
Company runn ing  from St .  Lou is  t o  St .  Paul 
became known as t he  " t i g h t e s t  monopoly i n  The main channel i n c l u d e s  o n l y  t h e  
t h e  h i s t o r y  o f  western steamboating." A p o r t i o n  o f  t h e  r i v e r  th rough  which l a r g e  
y e a r  a f t e r  t h i s ,  however, t he  f i r m  was commercial c r a f t  can operate.  It i s  de- 
bankrupt ,  because t h e  r a i l r o a d s  were f i n e d  by  combinat ions o f  c o n t r a c t i o n  works 
expanding and competing e f f e c t i v e l y  w i t h  (wing dams and r i p r a p ) ,  r i v e r  banks, i s -  
r i v e r b o a t s .  lands,  and buoys and o t h e r  markers. It 
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Figure 4a. Sinking l a s t  c r i b s  on upper l e g  of c o f f e r  dam, 22 July 1912. 

Figure 4b. I l l i n o i s  view of dam from Iowa s i d e  showing progress on f i n a l  
s ec t ion  of c o f f e r  dam, 6 August 1912. 



Table 2. Major events r e l a t i n g  t o  nav iga t iona l  h i s t o r y  o f  Pools 19 and 20 
(Brunet 1977; Tweet 1983). 

Year Event 
. 

1820 F i r s t  steamboat above St. Louis, Western Engineer, commanded by Major 
Long, reached Keokuk a t  f o o t  o f  Des Moines Rapids. 

1823 F i r s t  steamboat above Keokuk, V i r g i n i a ,  c a r r y i n g  m i  1 i t a r y  suppl ies t o  
F o r t  St.  Anthony. 

1828 L t .  Buford examined Des Moines Rapids w i t h  i c e  12 f t  t h i c k  t o  deter-  
mine how the  11.25-mile s t r e t c h  cou ld  be passed. 

1829 F i r s t  government survey o f  Des Moines Rapids. 
1837 Robert E. Lee and M.C. Meigs surveyed and began improvements a t  Des 

Moi nes Rapids. 
1839 During t h i s  low-water year a 5 0 - f t  by 4 - f t  deep c u t  was made through 

two chains o f  the  lower rapids.  
1843 Logs were f l o a t e d  t o  St. Louis from S t .  Croix,  W I ,  through the  area. 
1852 Renewed attempts t o  improve Des Moines Rapids a f t e r  S t .  Paul became 

the  c a p i t a l  o f  the new T e r r i t o r y  o f  Minnesota i n  1849. 
1864 A l l  t ime low-water mark was reached; r i v e r  t r a f f i c  ceased f o r  e n t i r e  

shipping season. Level became the  mark by which subsequent 
measurements are  s t i l l  made. 

1866 Beginning o f  t h e  Rock I s l a n d  D i s t r i c t  o f  Corps o f  Engineers. Concept 
o f  a 4 - f t  channel establ ished.  

1868 F i r s t  channel markers, 5- t o  6 - f t 2  wh i te  boards w i t h  l a r g e  red  cross 
i n  center ,  were establ ished;  f i r s t  r i d i c u l e d ,  then much respected by 
r i v e r  boatmen. 

185&-72 Removal o f  over 1,700 snags, 700 stumps, and 3,000 t rees  t h a t  were 
leaning towards the channel. 

1873-76 Only 8 1  snags and 1 3  stumps removed; o f  3,300 t rees  removed, 80% were 
l ess  than 8 inches i n  diameter. 
L i f t s  w i t h  chambers 78 by 291 f t  establ ished a t  Des Moines Rapids. 
Des Moines Rapids Canal was opened (a lso c losed f o r  shor t  per iods  f o r  
repa i r s )  t o  navigat ion.  

878-79 4 . 5 - f t  channel author ized by Congress t o  be created by dredging and 
wing and c l o s i n g  dams; wing dams constructed o f  w i l l o w  and stone 
layers,  w i t h  revetments on opposi te shores. 
6 - f t  channel author ized using wing dam construct ion;  new locks a t  Des 

f 27 locks and dams nor th  o f  St.  Louis. 

110 by 1,200 f t ,  became opera t iona l .  

i River Conservation Commission. 



Figure 5a. General view of work on i c e  f ende r  t o  t he  r i g h t ,  26 June 1912. 
Old canal i s  toward t op  of p i c t u r e .  

Figure 5b. F i r s t  boa ts  t o  go through t h e  new lock. 
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has a  minimum depth o f  9 f t  and a  minimum 
w id th  o f  400 f t .  The main channel always 
has a  cu r ren t ,  vary ing  i n  v e l o c i t y  w i t h  
water stages. The bottom type i s  most ly  a  
func t ion  o f  t h e  cur ren t .  W i th in  the  upper 
sec t ion  a  pool usua l l y  has a  sand bottom, 
changing t o  s i l t  over sand i n  the  lower 
sect ion.  A few areas have occasional 
patches o f  g rave l .  Most o f  the main 
channel i s  sub jec t  t o  scour ing dur ing  
per iods o f  r a p i d  water f l ow  and when 
towboats pass i n  t h e  shal lower st retches.  
No roo ted aquat ic  vegetat ion i s  present. 

1.4.2 Main Channel Border 

The main channel border i s  the  zone 
between the 9 - f t  channel and the main 
r i v e r  bank, i s 1  ands, o r  submerged d e f i  n i -  
t i o n s  o f  t he  o l d  main r i v e r  channel. It 
inc ludes a1 1  areas i n  which wing dams 
occur along t h e  main channel. This area 
i s  commonly thought o f  as p a r t  o f  the main 
channel , bu t  f o r  f i s h e r y  purposes, i t  i s  
considered a  separate hab i ta t .  Buoys 
o f t e n  mark the  channel edge o f  t h i s  zone. 
Where t h e  main channel i s  def ined o n l y  by 
t h e  bank, a  narrow border s t i l l  occurs, 
and o f t e n  the  banks have r i p r a p  and f a i r  
t o  good f i s h  hab i ta t .  Dredge s p o i l  has 
been placed i n  some sect ions o f  t h i s  zone 
and sometimes covers the  wing dams. The 
bottom i s  most ly  sand i n  the upper sec- 
t i o n s  o f  t he  pool and s i l t  i n  the  lower. 
L i t t l e  o r  no roo ted aquat ic  vegeta t ion  i s  
present. Th is  zone provides some o f  the 
b e t t e r  f i s h i n g  along the  r i v e r  a t  c e r t a i n  
times o f  the year. 

1.4.3 Ta i lwaters  

Tai  lwaters  inc lude the  main channel, 
main channel border, and the  areas immedi- 
a t e l y  below t h e  dams t h a t  are a f f e c t e d  by 
turbulence from the  passage o f  water 
through the gates o f  t he  dams and o u t  o f  
t h e  locks.  Because these areas change i n  
s i ze  according t o  water stage, an a r b i -  
t r a r y  1  ower boundary f o r  f i s h e r y  purposes 
has been se t  a t  a  d is tance o f  0.5 m i  below 
the  dams. The bottom i s  most ly  sand and 
has no rooted aquat ic  vegetat ion.  

1.4.4 Side Channels 

gradations i n  t h i s  category are wide- 
spread, ranging from f a s t - f  1  owing water- 
courses w i t h  h igh  banks t o  s lugg ish  
streams winding through marshy areas. 
Unless s ide  channels are former main 
channels (a s i t u a t i o n  occur r ing  i n  a  few 
places on the  M iss i ss ipp i ) ,  t he  banks are 
usua l l y  unprotected. Undercut o r  eroded 
banks are common along s ide channels near 
t h e i r  departure from the  main channel. 
Such banks occur main ly i n  the upper 
sect ions o f  the  pools where banks are  
h ighest  and the  cu r ren t  i s  s w i f t e s t .  
Closing, o r  d i ve rs ion  dams, are usua l l y  
present  where the  s ide channel leaves the  
main channel and, i n f requen t l y ,  a t  o ther  
loca t ions .  I n  t h e  r i v e r ' s  impounded sec- 
t i o n ,  these dams are most ly  submerged. 
The bottom type usua l l y  va r i es  from sand 
i n  t h e  upper reaches t o  s i l t  i n  the lower. 
I n  waters w i t h  s w i f t  cu r ren t  there  i s  no 
roo ted aquat ic  vegetat ion,  b u t  vegetat ion 
i s  common i n  t h e  shal lower waters w i t h  
s i l t y  bottoms and moderate t o  s l i g h t  
cu r ren t .  

Other terms t h a t  have been used f o r  
t h i s  h a b i t a t  are sloughs, running 
sloughs, chutes, cuts,  c u t o f f s ,  and 
canal s. 

1.4.5 River  Lakes and Ponds 

Most lakes and ponds i n  the Miss is -  
s i p p i  River  bottoms are adequately de f ined 
i n  t he  1  i t e r a t u r e .  W i th in  t h i s  category 
are waters fo rmer ly  c a l l e d  "backwaters," a  
term no longer used f o r  s c i e n t i f i c  pur- 
poses. Some backwaters are a l so  inc luded 
i n  t h e  slough category. Fo l lowing are  
types o f  lakes and ponds, t h e i r  d e f i n i -  
t i o n s ,  and examples found along t h e  
M iss i ss ipp i  . 

Lakes o f  format ion due t o  f l u v i a t i l e  
dams : 

Type 49 - Lakes o f  mature f l o o d  p l a i n s  
(Lake Pepi n, between M i  nne- 
sota and Wisconsin) 

Type 55 - Oxbows o r  i s o l a t e d  loops of 
meanders (poss i bf y  Spr ing 
Lake near B u f f a l o  C i t y ,  
Wisconsin) 

Side channels inc lude a1 1  departures Type 56 - Lakes i n  depressions formed 
from t h e  main channel i n  which the re  i s  on f l oodp la ins  (Sturgeon 
cu r ren t  dur ing  normal r i v e r  stage. The Lake i n  Minnesota) 



Type 57 - Lakes between na tu ra l  levee 
and scarp (Goose Lake i n  
W i  scons i n). 

Lakes due t o  behavior  of h igher organisms: 

Type 73 - Dams bu i  1  t by humans 
(Keokuk Lake between Iowa 
and I l l i n o i s .  Large, open 
areas, usua l l y  n o t  named, 
o f f  t h e  main channel and 
main channel borders j u s t  
above many o f  t he  dams). 

UMRCC h a b i t a t  categor ies (Table 3). 
T e r r e s t r i a l  changes i n  areas immediately 
adjacent t o  the r i v e r  i n  f l oodp la in  areas 
were a lso  evaluated (Tab1 e  4). 

Overal l ,  a  net  loss  i n  aquat ic  habi- 
t a t  i n  Pool 19 has taken place; about 
two- th i rds  o f  the  loss  has been a t  the  
expense o f  main channel border areas. I n  
Pool 20 a  s l i g h t  ove ra l l  loss  has 
occurred; losses i n  main channel borders 
have been near ly  o f f s e t  by add i t i ons  o f  
s ide channels and marshes. 

I n  r i v e r  s tud ies  on the  M iss i ss ipp i ,  Land ownership i n  general terms o f  
o n l y  those lakes having some connection shore l ine  and is lands was i d e n t i f i e d  i n  
w i t h  the  r i v e r  d u r i n g  normal water stage GREAT (1980a). There are no f e d e r a l l y  
a r e  usua l l y  considered. River  lakes and owned is lands i n  e i t h e r  pool (Table 5). 
ponds may o r  may no t  have a  cur ren t ,  F loodpla in land use acreages were i d e n t i -  
depending on t h e i r  l oca t i on .  Type 49, f o r  f i e d  i n  GREAT (1980a), which emphasized 
example, has some cu r ren t ,  espec ia l l y  i n  the  in f luence landuse may have on r i v e r i n e  
t h e  upper and lower ex t remi t ies .  Most of communities. 
t h e  bottoms a r e  mud o r  s i l t ,  2 o r  more f t  
t h i c k .  Many o f  these waters have abundant 
roo ted  vegetat ion, bo th  submerged and 1.6 STRUCTURAL IVlODlFlCATlONS 
emergent. They a re  o f ten  surrounded by 
marshland. Besides the  modi f i ca t ions  due t o  

na tura l  phenomena, several kinds o f  a r t i  - 
1.4.6 Sloughs f i c i a l  s t ruc tures  have i n f l  uenced the  

r i v e r ,  p r i m a r i l y  i n  s t a b i l i z i n g  banks, 
Sloughs, a lso  c a l l e d  "dead sloughs," increasing water depths i n  the  nav iga t ion  

i nc lude  a l l  o f  the remaining aquat ic  habi-  channel, and reducing f l ood ing  i n  the  
t a t  found i n  the  r i v e r .  Sloughs o f t e n  f loodp la in .  Wing dams (d ike  dams) con- 
border  on the  " l ake  o r  pond" category on s t ruc ted  o f  rock and brush were b u i l t  t o  
t h e  one side and on the "s ide  channel" d i r e c t  water toward t h e  main channel 
category on t h e  o ther .  They may be. former (Figure 7; Boland 1980). For those 
s i d e  channels t h a t  have been c u t  o f f  o r  border ing Iowa on Pool 19, t he  mean depth 
t h a t  have on ly  i n t e r m i t t e n t  f lows. They i s  8.8 f t  below the  sur face w i t h  maximums 
may be r e l a t i v e l y  narrow branches o r  o f  13.8 t o  19.5 f t ,  depending on conf ig-  
o f f shoo ts  o f  o the r  bodies o f  water. u r a t i o n  and placement (Boland 1980). 
Sloughs are charac ter ized by having no Because o f  t h e i r  o r i e n t a t i o n  w i t h  respect  
c u r r e n t  a t  normal water stage, muck bot -  t o  t he  cu r ren t  and shorel ine,  scour ing may 
toms, and an abundance o f  submerged and take place upstream and downstream from 
emergent aquat ic  vegetat ion.  The sloughs, them, r e s u l t i n g  i n  average maximum depths 
and some o f  the  ponds and smal ler  lakes,  o f  15.2 and 16.8 f t  upstream and down- 
a re  o f ten  most representa t ive  o f  the  stream, respect ive ly .  There i s  a lso  the  
eco log i ca l  succession tak ing  p lace i n  the tendency f o r  them t o  accumulate s i l t  
r i v e r  bottoms, from aquat ic  t o  marsh and debr is .  O f  39 wing dams o r i g i n a l l y  
h a b i t a t .  constructed along the  Iowa shore i n  

Pool 19, 27 have e i t h e r  become covered 
o r  eroded and 1 has been removed. The 

1.5 SIGNIFICANT FEATURES AND USES t o t a l  footage o f  wing and c l o s i n g  dams 
has been reduced by two- th i rds  from 

Hab i ta t  cond i t ions  before and a f t e r  34,033 ( l i n e a r )  f t  t o  11,300 f t  i n  1979. 
t h e  cons t ruc t i on  of the  9 - f t  nav iga t ion  S i l t  and sand make up 85% of t he  
channel, Upper M i s s i s s i p p i  River ,  were substrate above and below the dams. 
examined by McDonald and Konefes (1977). The con f i gu ra t i on  o f  t he  dams a f fec ts  
Areal  changes were expressed according t o  deposi t ion and thus these dams have 
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Table 3. Pre- and post-aquat ic  cond i t i ons  r e s u l t i n g  from the  9 - f t  nav iga t i on  
channel, Upper M iss i ss ipp i  River ,  on Pools 19 and 20 (McDonald and Konefes 
1977). 

Category 
Acres 

1927 1975 D i  f fe rence Pool 

Main Channel 

Main channel border 

Side channel 

Sloughs 

R iver  l ake ,  pond 

Ta i lwa te rs  

Marsh 

To ta l  aquat ic  

Willow Mats 

Current Flow 

Figure 7. Cross sec t i on  of a  rock  and brush wing dam on t h e  Upper M i s s i s s i p p i  R i ve r  
( from Boland 1980). 
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Table 4. Pre- and p o s t - t e r r e s t r i a l  condit ions r e su l t i ng  from t h e  9 - f t  naviga- 
t i o n  channel,  Upper Mississippi  River ,  on Pools 19 and 20 (McDonald and Konefes 
1977). 

Acres 
Category Pool 1927 1975 D i  f fe rence  

Forest  

Brush 

Meadow 

Sand 

Mud f l a t  

Agricul ture 

Developed 
- - -< - . " 

Total t e r r e s t r i a l  19 33.320.5 

Table 5. Land ownership i n  terms of shore l ine  and i s lands  
(UMRCBS 1972). 

Pool 
Ownership - 19 20 

Shore1 ine 
Total miles  246 9 3 
Federa 1 l y owned 1 5 .2  
Non- federa l  245 87.8 

Ssl ands ( ac re s )  
ToLa 7 - - 1,943 
Non- federa l  All 1 ,943 

Mi 1 eage 364-410 343- 364 
Total a c r e s  34,242 57,523 
Crops and pas ture  30,472 50,380 
Other 3,770 7,143 
Urban a r ea  sub jec t  Burl i ngton, Keokuk, IA 

t o  f looding  Ft.  Madison, IA; 
Dallas  City, 

Pon tooso~ ,  
Nota, IL 

72 
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a l t e r e d  areas, espec ia l l y  those associated 
w i t h  is lands and chutes, by reducing f lows 
i n t o  r i v e r  lakes. Rock revetments he lp  
r e s t r i c t  movement o f  t he  r i v e r  channel by 
reducing bank erosion. Levees have 
markedly i n f  1 uenced the  f l o o d p l a i n  by 
prevent ing  h igh water dur ing  f l ood ing  t o  
expand i n t o  otherwise ava i l ab le  r i v e r ,  
lake,  pond, and slough areas. 

whi l e  d isso lved oxygen and plankton 
numbers decreased. A i r  temperature was 
s t r o n g l y  1 inked w i t h  water temperature 
and water temperature va r i ed  l i ttl e 
w i t h  depth, i n d i c a t i n g  thorough mix ing  o f  
t h e  water column i n  the  th ree loca t ions  
sampled i n  Pool 20. Ranges o f  values 
obta ined by the  USGS (1982) are g iven i n  
Table 6 f o r  t he  1982 water year. 

A l l  b i o t a  i n  t he  M iss i ss ipp i  River ,  
a 10 th  order stream (Cole 1983), depend 
on water q u a l i t y  f o r  t h e i r  s u r v i v a l ,  
e i t h e r  d i r e c t l y  o r  i n d i r e c t l y .  Physical  
and chemical water qua1 i t y  var iab les  are  
moni to r ied  by the  USGS a t  b imonthly 
i n t e r v a l s  0.2 m i  below Dam 19 and Keokuk. 
Records from t h e  104-year pe r i od  up t o  
water year 1982 (October 1981-September 
1982) i nd i ca ted  discharge has averaged 
62,880 f3/s, o r  45,560 acre f t / y r  dur ing  
the pe r iod  (USGS 1982). A maximum 
discharge o f  344,000 f3 / s ,  recorded on 
A p r i l  24, 1973, caused a r i v e r  stage o f  
23.35 f t  o r  7 f t  above the  techn ica l  f l o o d  
stage o f  16.0 f t  a t  the  USGS s ta t i ons .  
Minimum discharge dur ing  t h e  pe r iod  was 
5,000 f3 / s ,  recorded on December 27, 1933. 
Discharge apparent ly  i n f  1 uences chemical 
parameters i n  t h e  r i v e r .  I n  a study o f  
Pool 20, H e f f e l f i n g e r  (1973) noted t h a t  
per iods o f  increased stream discharge 
resu7 t e d  i n  increases i n  c u r r e n t  v e l o c i t y ,  
s e t t l e a b l e  so l  i d s ,  and carbon d iox ide ,  

Annual average p r e c i p i t a t i o n  dur ing  
1910-63 recorded a t  Bu r l  i ngton, Iowa, 
was 35.23 inches (Upper M iss i ss ipp i  R iver  
Comprehensive Basin Study 1970b) w i t h  a 
maximum record p o i n t  r a i n f a l l  f o r  a 24-h 
pe r iod  o f  6.28 inches (June 1953) and 5.88 
inches (June 1933) f o r  Bu r l i ng ton  and 
Keokuk, respect ive ly .  Average high and 
low monthly temperatures a t  Bu r l  i ng ton  
over t he  62 years o f  records were 87.7 O F  

(Ju ly )  and 15.7 O F  (January), r e s u l t i n g  i n  
an average annual temperature o f  51.7 O F .  

Highest m i l e  winds (73 mph) occur i n  A p r i l  
and August from the  west and nor th ,  
respect ive ly ;  t h i s  f i g u r e  i n teg ra tes  gusts 
and F u l l s  dur ing  each m i l e  o f  a i r  which 
passes t h e  record ing  s t a t i o n .  The mean 
annual number o f  days o f  temperatures 
over 90 O F  recorded from 1931 t o  1952 
was more than 30 wh i l e  t h e  mean annual 
number o f  days below 32 O F  was more than 
120. Mean f a l l  f r o s t  date i s  October 
20 and mean l a s t  sp r i ng  f r o s t  date i s  
A p r i l  22. 



Table 6. Ranges of variables for water year 1982 (Oct. 1981- 
Sept. 1982) taken at Station KO4 (Keokuk) in tailwaters of 
Pool 19 (USGS 1982). 

Variable Value range 

A1  kal i ni ty, total, mg/l 137-190 

Ammonia, mg/l 0.06-0.64 

Chloride, mg/l 12-26 

Conductivity, pmhos 375-505 

Copper, pg/l recoverabl e 4- 26 

COD, mg/l 36-88 



CHAPTER 2 

COMMUNITY STRUCTURE 

2.1 SUCCESSION AND HABITAT 
DEVELOPMENT 

The normal process o f  success ion and 
h a b i t a t  development i n  a  r i v e r  system 
would i n v o l v e  t h e  e ros i ona l  and deposi -  
t i o n a l  zones a long  a  cont inuum w i t h i n  t h e  
r i v e r  course and i t s  assoc ia ted  f lood-  

< Keokuk RM 364.9 
1.9 KM > 

p l a i n .  The c o n s t r u c t i o n  o f  t he  l o c k  and 
dam system on t h e  Upper M i s s i s s i p p i  R i v e r  Figure 8. Bot tom p r o f i l e  o f  t h e  M i ss i s -  
i n t e r r u p t s  t h i s  rap ids -poo l  sequence, s i p p i  R i ve r  a t  RM 364.9, j u s t  above Lock 
c r e a t i n g  r i v e r  lakes.  These n a v i g a t i o n  and Dam 19. 
poo l s  can u s u a l l y  be d i v i d e d  i n t o  a  
l a c u s t r i n e  reach t h a t  occupies t h e  lower  
end of t h e  n a v i g a t i o n  pool  and a  r i v e r i n e  
reach w i t h  i s l a n d  b r a i d i n g  and f l ow  con- o f  Pool 19 now have expanding macrophyte 
t r o l  s t r u c t u r e s  i n  t h e  upstream reach o f  beds. The i n v e r t e b r a t e  community i n  areas 
t h e  poo l .  Each l o c k  and dam a l s o  has a  o f  mud bot tom channel  bo rder  a re  d i s t i n c t -  
t a i l w a t e r  area s i m i l a r  t o  a  r a p i d s  t y p e  l y  d i f f e r e n t  f r o m  those found i n  these 
h a b i t a t .  Successional processes w i t h i n  macrophyte beds (Anderson and Day, i n  
each of these broad areas have somewhat p ress ,  and S e c t i o n  2.7). Wi th  a  f u r t h e r  
un ique  c h a r a c t e r i s t i c s .  The l a c u s t r i  ne decrease i n  dep th ,  t h e  macrophyte communi- 
areas of t h e  poo l s  a re  s u b j e c t  t o  sediment t y  a l s o  changes spec ies  compos i t i on  from 
accumulat ion.  Depending on t h e  t ype  of those p l a n t s  w i t h  submerged growth forms 
dam s t r u c t u r e  and t he  l o c a t i o n  o f  t h e  nav- t o  those which a r e  emergent. The change 
i g a t i o n  l ock ,  t h e  amount and r a t e  o f  sed i -  i n  bo th  i n v e r t e b r a t e s  and macrophytes 
rnent and accumulat ion a f f e c t  t h e  t ypes  and a l t e r s  use by f i s h  and o t h e r  ve r t eb ra tes ,  
success ion of h a b i t a t s  i n  t h i s  area. depending on t h e  h a b i t a t  p re fe rence  o f  

these  organisms (Day 1984). Thus d i v i n g  
Lock and Dam 19, w i t h  su r f ace  l i f t  ducks feed i n  s h a l l o w  mud-bottomed areas 

ga tes ,  have produced a  r i v e r  l a ke  t h a t  has w i t h  some submerged vege ta t i on ,  where t hey  
ac ted  as a  sediment t r a p  w i t h  t h e  bot tom f i n d  p r e f e r r e d  f o o d  i tems, and carp use 
p r o f  i l e  becoming i n c r e a s i n g l y  shal  l ow over  areas between submerged and emergent 
t h e  p a s t  70 years  (F i gu re  8). Coker vege ta t i on  f o r  f e e d i n g  and spawning. The 
(1929) no ted  t h e  water  depth above Lock spec ies assemblages u s u a l l y  found i n  t h e  
and Dam 19 was 7 f t ;  i n  1985 t h e  dep th  was l a c u s t r i n e  a rea  o f  Pool 19 i nc l udes  a 
3 f t  o r  l e s s  over  much o f  t h e  a rea  above depauperate m i xed  fauna i n  t h e  main 
t h e  l o c k  and dam (Anderson e t  a l . ,  i n  channel,  sphae r i i d -bu r row ing  mayf ly  fauna 
prep.  ) .  The gradual  accumulat ion o f  sed i -  i n  t h e  mud-bottomed channel border ,  a  
rnents produces d i s t i n c t  h a b i t a t s .  When t r a n s i t i o n a l  community of  sphaer r ids ,  
t h e  depth i s  sha l low enough (1.5 m o r  gast ropods,  and i n s e c t s  i n  sha l low areas 
'less) a sequence o f  rnacrophytes develops. w i t h  submerged vege ta t i on ,  and a  1  it- 
Extens ive  areas i n  t h e  l a c u s t r i n e  reach t o r a l  annel i d - c rus tacean - i nsec t  community 
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Predicted Bottom Profile 
i3lSs;ociated w i t h  emergent vegetat ion i n  158 
a r e a s  w i t h  l ess  than 1 m o f  water (see 
S e c t i o n s  2.3 and 2.7 f o r  s p e c i f i c  species 
campasi t i o n  o f  these communities). 

The r a t e  o f  development o f  these 
h a b i t a t s  and associated communi t i e s  i s  
a f f e c t e d  not on ly  by sediment t rapping 
c h a ~ a c t e r i s t i c s  o f  the  l ock  and dam b u t  w 
also by annual flow regimes. Sparks and 
Anderson ( i n  prep.) i nd i ca te  t h a t  an a 
e v e n t ,  such as a drought w i t h  low f l ow  
elhar*acter i s t i c s  , increases water c l a r i t y  fr, Is4 
and the development o f  macrophytes. Once t- 

e s t a b l  ished. the  macrophytes f u r t h e r  i 
a f f e c t  f l ow  regimes by reducing cur ren t  = Actual sottom Protile 
v e l o c i t i e s  and consequently increase $ 158 
sediment  and organic matter accumulation. 
T h i s  accumulation produces a change i n  Iff 
i n v e r t e b r a t e  communities and re la ted  w 157 

h a b i t a t  use by ver tebrates and represerrts a 
an increase i n  the r a t e  o f  succession o r  
h a b i t a t  development (Figure 9; Sparks and 3 
As~derson, i n  prep. ). Such an event 
o c c u r r e d  i n  1975-76 and was r e f l e c t e d  by a 
r a p i d  expansion o f  macrophytes f n  Pool 19 155 

( F i g u r e  10). h e r e  was a lso  an associated 
redticti on i n  the S~haer ium Muscul iuin- 154 
dami nated bentttl'c i nvertebrate communi t y  1880 1 9 0 0  1920  1940 1960 1980 2 0 0 0  
( F i g u r e  10; Sparks and Anderson, i n  prep. ) 
The i r l ver tebra te  biomass d i d  no t  recover 
af ter  t he  draught and the p l a n t  beds Figure 9. Changes i n  bottom p r o f i l e ,  
eunt i r lued t o  expand i n  most areas o f  Pool comparing the predicted p r o f i l e  t o  the 
21.9. the apposite o f  t h i s  accelerated actual p r o f i  l e  produced because o f  drought 
successiort can occur dur ing extremely h igh  and development o f  macrophytes. 
f l o w  and f loads o f  record, when many o r  
d l  l af  the gates on a dam--sometimes even 
t h e  locks--are opened, res i l l  t i n g  i n  sub- 
s t r a t e  scouring. This occurs both above area i s  adapted t o  t h i s  wet t ing-dry ing  
and belaw the dam. Under these condi - sequence. Consequently, h a b i t a t  a1 te ra-  
C h s n s ,  the accirmu1ated s o f t  substrate t i o n  and successional changes due t o  
behitld t he  dam Ss resuspended and washed f lood ing  o r  drought are not  as marked as 
duwnstr*eam, pa r3 t i cu la r l y  i n  the spr ing  o r  i n  the lower end o f  the  pools. These 
&he late fa1 1 when macrophytes are not  reaches o f  both pools, however, are 
greser-tt t o  decrease cur ren t  v e l o c i t i e s .  subject  t o  human-induced h a b i t a t  changes. 
 his i s  usua l ly  when extrmely h i g t ~  f low The changes are a r e s u l t  o f  ma in ta in ing  a 
p e r i o d s  Occur. The scouring increases 9 - f t  navigat ion channel, which requ i res  
w a t e r  depth,  which i n h i b i t s  the growth of the dredging o f  sand from t h e  channel, 
macraplryles. These e f fec t s ,  however, are construct ion of rock wing dams t o  d i r e c t  
~ s u a  l l y  infrequent, sirlce the pools a c t  water f low, rocky bank erosion p ro tec t i on ,  
p ~ i m a r i  l y  as sediment t raps  t o  increase and, i n  the t a i  ]waters of Lock and Dam 1 9 ,  

area and expand macrophyte beds. the b las t i ng  and removing o f  rock. These 
a c t i v i t i e s  create sand o r  rock is lands and 

The upper end of the navigat ion pool banks t h a t  go through a primary succes- 
i s  more rlver*ine and not  punctuated by s ional  process. 
t hese  sharp, environmental 9y mediated 
h a b i t a t  changes. While f l ood ing  may be nowe (1979) studied these types o f  
m0r-e f R x p e n t  in t he  r i v e r i n e  area, t h i s  h a b i t a t  i n  Pool 20 aqd found t h a t  t h ree  
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Figure 10. The s h i f t  i n  i nve r teb ra te  community composi t i o n  and development o f  
macrophyte beds as a  r e s u l t  o f  a  drought which increased water c l a r i t y .  

d i s t i n c t  p l a n t  communities developed. 
Dredge sand which had been placed on 
e x i s t i n g  f l o o d p l a i n  f o r e s t  became covered 
w i t h  vines unless the  canopy was k i l l e d .  
If the  canopy was k i  1  1  ed, herbaceous 
vegetat ion charac ter ized t h e  h a b i t a t  
(F igure 11). This vegetat ion developed 
r a p i d l y  and p e r s i s t e d  f o r  25 years. New 
sand is lands o r  banks were colonized by 
we t - so i l  species, p a r t i c u l a r l y  sandbar 
wi 1  low, w i t h  some herbaceous growth i n  
d r i e r  areas (Figure 11). Th is  succes- 
s iona l  sequence i s  dependent on depth o f  
the  sand s o i l .  F loodp la in  f o r e s t  i s  
usua l l y  destroyed when s p o i l  depth i s  

between 2 and 3 m; and unless f l ood ing  
occurs t o  produce a  s i l t  lense, revegeta- 
t i o n  i s  much more slow (an order o f  
magnitude) than shown i n  Figure 11. Most 
spoi 1  s i t e s  (except those above Gul f p o r t ,  
I l l i n o i s ,  on Pools 19 and 201, are low 
s i t e s  inundated dur ing  f l ood ing ;  thus 
p l a n t  succession usua l l y  occurs r a p i d l y  i n  
these areas. Rock is lands and banks were 
colonized by a  v a r i e t y  o f  p l a n t  types, 
depending on the  ma t r i x  mater ia l  between 
the rocks. Areas w i t h  s i l t  developed 
covers o f  forbs and graminoids. A  sand 
ma t r i x  r e s u l t e d  i n  herbaceous species 
w i t h  community d i v e r s i t y  (Figure 121, 



adn5 ylaced on exist-  fo res t  newly created sand baras and is land extensions 

/ 
s a d  deep, t r e e s  mostly 

\L 
sand shallow, t r e e s  

/' s s t  lenses a re  \ 
moist s a d  present, herb d ive r s i ty  sand 
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Figure 11. Plant succession on sand placed on exist ing floodplain fores t  o r  on newly 
created sand banks or islands (from Howe 1979). 

increasing as moisture decreased. Sub- the islands are large and elevated, none 
communities of plants dependent on so i l  have t i  1 led areas. Some logging has 
moisture developed, but the i n i t i a l  colo- occurred on islands and the floodplain. 
nizers in  a l l  communties pe r s i s t  for  long General descriptions of island and flood- 
periods (25 years).  plain vegetation of both pools are  

contained in the environmental impact 
statements for  operation and maintenance 

2.2 FLOODPLAIN VEGETATION of the 9 - f t  navigation channel (USACE 
1974a, b) and in the long-term resource 

The floodplain i s  a re la t ive ly  f l a t  monitoring plan for  the Upper Mississippi 
expanse of land bordering the  r ive r  and River (Jackson e t  a l .  1981). 
may occasionally be flooded. Along both 
pools the floodpiain may be c lass i f i ed  as  While local conditions or nutr ients  
palustrine forested wetland habitat  may cause some var ia t ion,  soi l  type and 
(Cowardin e t  a ? .  1979). Much of the  area ,  water ref ationships primarily determine 
par t i cu la r ly  along Pool 20 and the Iowa vegetation. Though there are  few detailed 
s ide  of Pool 19, has been leveed and i s  studies of the floodplain vegetation in 
now in agr icul tural  use. There are 35 e i the r  Pools 19 and 20, those of Kunshek 
large islands scat tered along the length (1971) and Wells (1977) are probably 
of Pool 20 and about 60 large islands i n  applicable t a  most of these areas along 
Pool 19, a l l  located in the  upper island- both pools and are the sources for  the 
braided reach of the  pool. With few following descriptions. In newly 
exceptions, these is1 ands a r e  covered w i t h  established lowlands where soi 1 s are 
lowlar~d woody vegetation. Though many of usually poorly developed and wetted, a 
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NEWLY CREATED HOCK SANKS AND I S L A N D  
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Figure 12. P l a n t  success ion on newly c r e a t e d  rock  banks and i s l a n d s  

sandbar w i l l o w  ( S a l i x  i n t e r i o r ) - co t t onwood  
(Populus de1 tb i ds ) - b l ack  w i  1 low (5. 
n ~ g r a )  p ioneer  community e x i s t s  (F i gu re  
13a ,b) ; s i  1 ve r  maple (Acer saccharium) 
becomes e s t a b l i s h e d  and dominant a f t e r  t h e  
w i l l o w s  and cottonwood s t a b i l i z e  t h e  

w h i t e  mu1 b e r r y  (Morus a1 ba), r ed  mu1 b e r r y  -- 
rubra )  , hackberry  (Cel ti s occ identa-  (M- - 

1 i s )  , box e l d e r  (Acer negundo), green ash - - 
(Frax inus  pennsy lvania) ,  and American elm 
(Ulmus americanus). The American elm once 
was abundant i n  t h i s  area,  b u t  as a r e s u l t  

s o i  1s. The herbac ious l a y e r  i n  t h i s  area o f  Dutch elm disease, o n l y  a few i n d i v i d -  
i s  dominated by t he  common cock lebur  u a l s  o r  smal l  groves remain. The com- 
(Xanth i  um) , hedge- hy ssop ( G r a t i o l a  m u n i t y  does have a more d i ve r se  shrub and 
neg lec ta ) ,  and a v a r i e t y  o f  grasses and herbaceous l a y e r ,  p a r t i c u l a r l y  when i t  
mo i s t  s o i l  p l a n t s .  I n  areas where s i l v e r  occu rs  on i s l a n d s ,  b u t  i t i s  s t i l l  sparse 
maple i s  abundant, wood n e t t l e  (Lapor tea because o f  scour ing  and b u r i a l  r e s u l t i n g  
canadensis),  fa1 se n e t t l e  (Boehmeria from f l ood ing .  Impo r t an t  v i n e s  and 
c y l  i n d r i c a )  , and s ku l  1 cap (Scu te l  l a r i a  herbaceous spec ies i n c l u d e  bur-cucumber 
l a t e r i  f l o r a )  b e g i n  t o  occur.  L ianas,  (S i cyos  angul a t us ) ,  r i v e r b a n k  grape 
p a r t i c u l a r l y  grape ( V i t i s  spp. ) and ( V i t i s  r i p a r i a ) ,  w i n t e r  grape (11. 
American bindweed (Convolvulus ameri-  c n e r a ) ,  po ison  i v y  (Rhus rad icans) ,  - 
canus), a re  a l s o  p resen t  i n  some areas. c reepe r  (Par thenocissus qu inque fo l  i a )  , 

dogbane (Apocynum cannabi num) , t a l  l 
The wi  1 lows and cottonwood seed1 ings  go1 denrod (Sol idago a1 t i s s i m a ) ,  a s t e r  

a re  u s u a l l y  n o t  shade t o l e r a n t ;  w i t h  t he  ( A s t e r  o n t a r i o n i s ) ,  swamp milkweed 
development o f  a s i l v e r  maple canopy, (Asc l ep i a  incarna ta )  , common pigweed 
mesic spec ies w i t h  shade- to le ran t  seed- (Amaranthus hybr idus ) ,  rough pigweed 
l i n g s  beg in  t o  occur  i n  t h e  unde rs to r y  and (A. r e t r o f l e x u s ) ,  s t i c k - t i g h t  (Bidens 
t o  a l i m i t e d  degree i n  t h e  canopy. Though cernua),  rush  (Carex sartwelli), and 
occas iona l  l y  f looded,  these  areas t end  t o  l a d y ' s  thumb (Polygonum p e r s i c a r i a ) ,  as 
be s l i g h t l y  h i g h e r  and d r i e r  and have a we1 1 as spec ies found i n  wi l low-cot tonwood 
more developed s o i l .  These mesic t r e e  areas.  Many o f  these herbaceous spec ies 
spec ies i n c l u d e  s l i p p e r y  elm (Ulmus rubo) ,  become more abundant a long  bank c u t s  o f  -- 
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Figure 13a. I s  land vegetat ion.  

sho res  and head ( o r  leading)  edges o f  Species d i v e r s i t y  i n  f l o o d p l a i n  
i s l a n d s  where more sun1 i g h t  reaches t h i s  fo res ts  i s  u s u a l l y  h i g h  because of 
s t r a t u m ,  environmental he te rogene i t y  and an over1 ap 

between t he  r i ~ a r i a n  and c l imax  communi- 

A t e r r a c e  communi t y  e x i s t s  above t h e  t i e s .  As i n d i i a t e d  i n  Table 7, s t a b i l i t y  

no rmd l  FIood l e v e l  (which i s  less  mesic), i s  a l so  a f a c t o r  i n  i n c reas i ng  d i v e r s i t y .  

and  where mare developed s o i  I w i t h  1 i t t e r  The t e r r ace  community , hav ing fewer f 1 ood 

layer' i s  found. The t r e e  community i n  events and more mature s o i l s ,  con ta i ns  a 

t h i s  a rea  i b  u s u a l l y  s t i l l  dominated by much l a r g e r  number o f  species. D i s t r i b u -  

s i  1 ver maple; b u t  hackberry ,  box e l de r ,  t i o n  and dens i t y  of t r e e  spec ies inc reases  

ash ,  anti mulberry  increase,  and as condi-  w i t h  l and  e l e v a t i o n  above normal poo l  

tizano becvrne d r i e r ,  a few o the r  species l e v e l  (Table 8). Th is  i n  t u r n  a f f e c t s  

occu r :  b l ack  walnut, (jh~Ii n i g r a ) ,  oaks canopy coverage (Table 9) and l i g h t  
rpp.  ) , and 11 tckorby (Caqa  spp.  ). penetration. These in part, 

Even w h i t e  oak (Q. a iba )  and p i n  oaks (9. determine dens i t y  and d i s t r i b u t i o n  o f  
--". 

nlacracam) have bee,, repor ted  on some herbaceous and v i ne  spec ies-  The v i n e  ----- matllre rtle cl for this community va r i es  i n  species composi t ion,  

p e g i o n  i s  dn odk-h ickory  f o r e s t .  W i  t t ~  a  O"'Y grape at 311 canopy 
more mature so i  1 and l e s s  Flood scour ing,  d e n s i t i e s  (Table 10). Herbaceous d i v e r -  

shrub herbaceous layers  become s  it^ is greatest where canopy density is 
more deve loped and v a r i a b l e  depending on moderately high--50%-74% (Table ll), b u t  
l o c a l  n t i t r i e n t ,  water ,  and shading (see is ''SO high at very low 
f a b l e  7 f a r  3 t o t a l  list of species i n  with on l y  
te r race  area). developed t r e e  communities o r  areas where 

t h e  canopy has been removed th rough  
l ogg ing  w i l l  a l so  be d i ve r se  (Table 11). 

i n  areas d i s t u r b e d  by logging,  sap- 
l i n g s  o f  s i l v e r  maple dominate snial l  
cl l i s t e r s  of crther mesic species. Lianas 2.3 MACRQPHYTES 
and herbaceous spec ies become more ev i den t  

these  areas because s u n l i g h t  i s  ab le  t o  Aquat ic  p l a n t  beds a re  h a b i t a t s  
t o  the f o r e s t  f l oo r .  Grape, dominated by vascular  p l a n t s  t h a t  grow 

~ o i s o n  i v y ,  g reenb r i a r  (smilax h i sp i da ) ,  p r i n c i p a l l y  on o r  below t h e  water  su r face  
~mer  i c a n  bindweed, and bur-cucumber become (F igure 14). The macrophytes i ncludqd 
$0 abundant t h a t  they cover t he  sapl ings.  may be d i v i d e d  i n t o  major  growth forms: 
I n  t h e  herbaceous l a y e r  grasses, n e t u e s ,  (1) submerged p l an t s ,  which may o r  may 
~ ~ e a r w e e d s ,  and f l owe r i ng  species a l s o  n o t  be roo ted  and a re  u s u a l l y  submersed occur f r equen t l y ,  b u t  may have f l o a t i n g  leaves and a e r i a l  
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Figure 13b. Undergrowth, i n c l u d i n g  herb and v i ne  vege ta t i on  o f  t h e  
f l o o d p l a i n  f o r e s t .  

r ep roduc t i ve  s t r u c t u r e s  ; (2) f l o a t i n g  
p l a n t s  t h a t  have t r u e  r o o t s  and leaves 
and occur  on o r  i n  t h e  wa te r  column; 
(3) emergent p l a n t s ,  whose r o o t s  and 
shoots a re  i n  sha l l ow  water ,  b u t  whose 
f o l i a g e  i s  above t he  water  su r face .  
These a e r i a l  p a r t s ,  may be e i t h e r  per -  
s i s t e n t  ( though senescent),  s u r v i v i n g  t o  
t h e  n e x t  growing season, o r  nonper- 
s i s t e n t ,  f a1  l i n g  t o  t h e  su r f ace  a t  t h e  
end o f  t h e  growing season (Cowardin e t  
a l .  1979). Senescent emergents a re  
o f t en  removed by i c e  movement d u r i n g  t h e  
w in te r .  

Ex tens ive  beds o f  a q u a t i c  vege ta t i on  
occupy about 25,000 ha o f  r i v e r i n e  h a b i t a t  
i n  Pools 2  t o  26 (Minor e t  a l .  1977). 
These macrophytes p resen t  a  p o t e n t i  a1 l y  
impo r t an t  source o f  p r imary  p r o d u c t i v i t y  
i n  t h e  Upper M i s s i s s i p p i  R i ve r  and serve 
as a  d i r e c t  (g razer  pathway) food  source 
f o r  f i s h  (K ing  and Hunt,  1967; Gasaway and 
Drda 1977), m i g r a t o r y  wa te r fow l  (Thompson 
1973; Paveg l i o  and S te f f eck  1978) and 
o t h e r  ve r t eb ra tes  (Clay 1983) and as an 
i n d i r e c t  (decomposer pathway) f ood  source 

f o r  i n v e r t e b r a t e s  (Cummi ns 1973; Anderson 
and Sede l l  1979; Wal lace and M e r r i t t  1980; 
Rounick e t  a l .  1982). 

2.3.1 Pool 19 

As a  r e s u l t  o f  success ional  processes 
and sed imenta t ion  accompanying r i v e r  
impoundment by Lock and Dam 19, a  l a r g e  
area o f  Pool 19 i s  occupied by aqua t i c  
macrophytes. Accord ing t o  a e r i a l  surveys 
i n  1983 (Day 1984), about  6,800 ha o f  t h e  
t o t a l  pool  su r f ace  a rea  have macrophytes. 
Th i s  area i s  more t han  27% o f  t h e  t o t a l  
es t imated  f o r  t h e  Upper M i s s i s s i p p i  R i v e r  
system by Minor  e t  a l .  (1977). Th i s  area 
a1 so represen ts  a  s u b s t a n t i a l  i nc rease  
from e a r l i e r  r e p o r t s  o f  Thompson (1973) 
and Paveg l io  and S t e f f e c k  (11978) and i s  
b e l i e v e d  t o  be due t o  a  decrease i n  water  
depth r e s u l t i n g  f rom sediment accumula- 
t i o n .  T u r b i d i t y  i n  t h i s  a rea  o f  t h e  
M i s s i s s i p p i  R i v e r  has been found t o  
p reven t  development o f  macrophytes i n  
water  depths g r e a t e r  than  about 1 .5  m; 
most o f  t h e  beds occur  i n  l e s s  than I m o f  



Table 7. Vegeta t ion  which may be found on i s l ands  and f l oodp la i ns  o f  Pools 19 and 
20, M i s s i s s i p p i  R ive r .  Based p r i m a r i l y  on da ta  from Wel ls (1977) and Kunshek 
C 197L), 

Fami t y  Species name Common name Probable occurrence 
I s 1  and Low1 and Terrace 

Aceraceae Acer negurrtfo Box e lder  X X X 
A .  sacchar i r ~ r i r n  S i l v e r  maple X X X 

A i  zoaceae M O Z  zttyo V P L  t r c i l  r a t a  Carpetweed X 
Amaran Thaceae hcrr idd  a1 t issimri T a l l  water hemp X 

Anfar ~ I I  t lilts B I b11.s Tumbleweed X X 
A .  hybrzdus Common pigweed X 
A .  PowelZii Pi  gweed X 
A .  re t ra f zexus  Rough p i  gweed X X X 

Anacard i aceae ~ k t c 1 . 7  rad icans  Poi son i v y  X X X 
Apocynaceae Ayc~c~yrrnrn carlrtabintrm Dogbane X 

A .  medium Dogbane X 
Araceae Arisdcrna dracontium Green dragon X 
Asc lepfadaceae Asclepias incarnata Swamp milkweed X X 

A ,  pulptrrascens Purple m i  1 kweed X 
A .  ve i  t i c i X I e t a  Horsetai  1 

mi 1 kweed X 
Ga l  samlnaceae rmpdt i e n s  b i f t o r a  Spotted touch- 

me-nots X 
I. pir l l i c iu l  Pale touch-me- 

no ts  X 
81 gnaniaceae ~~rrnp.5 i s  rsri i cdns Trumpet-creeper X 
B ~ r a g i n a e e a e  H<+rkdXia v i r g i n i a n a  Beggar's 1 i ce  X 
Campafluj a t@d@ ( : l ~ f ? l f d r l l l l l  l a  zinlr+( i c a r ~ a  Be 1 1 f l ower  x 
C a p r i  Fa1 i &cede s~zrrt~~ttc-us cirr1eiciensi.s Common e l de r  X X 

s yaptior L cArprss Coral b e r r y  
orbicrrlat~rs X 

C t g e n ~ p ~ d  / aceae Chenopctrl, l rm a z bum Lamb's quar te rs  X X 
Conline 1 i naceae cnmrnc~ r 1 n , ~  conrm~tr~is Dayf 1 ower X 
Campos l tae Ambr osi 3 

a r f< * r s i s i i f s j l  ia Common ragweed X 
A .  trrfida Giant  ragweed X 
AI. ct i r r rn rnir~cas Common burdock X 
~x f emia 1 CI ~lrtnua Annual wormwood X 
As ter  L a t e c l f  Zor us x 
A . r ~ r ~  t ,rr i O I I  I s x 
A ,  p i l o s u s  White heath a s t e r  X 
A .  sirriplcx Panic led as te r  X 
B~lde t~s  b ~ p i  t~nnt,  ci Spani sh needles X 
0. cerrrua S t i c k - t i g h t  X X X 
n .  conto.s.a X X 
B . coflx~at-a Swamp beggar t icks X X 
B .  fror~dosrl x x 

(cont inued) 
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Table 7. (Continued) 

Family Species name Common name Probable occurrence 
Is1 and Low1 and Terrace 

3. polyepis 
5. vulgata 
Cirsium discdor 
Eclipta alba 
Erigeron annuus 
E . carladensis 
E. strigosus 

Ti ckseed-sunf lower 
Common beggarti cks 
Field thistle 
Yerba de Tajo X 
Whi tetop 
Horseweed X 
Daisy fleabane 

Eupatorium 
a1 tissinum 

E. rugosum 
Tall thoroughwort 
White snakeroot 

E. serotinum 
Galinsoga ciliata 
Helenium autumnale 

Lateboneset 
Qui ckweed 
Thi n-1 eaved sun- 

flower 
Woodland lettuce 
Bl ack-eyed Susan 
Brown-eyed Susan 
Tall go1 denrod X 
Late go1 denrod 
Elm-leaved 

go1 denrod 
Ironweed 
American bindweed X 
Ivy-leaved morning 

g 1 ory 
Rough-1 eaved 

dog wood 
X 

Yellow cress X 
Bur-cucumber X 

X 
X 
X 

Spike rush 
Yam 
Common three-seeded 

mercury 
Noddi ng spurge 
Bur oak 

X 
X 

Barnyard grass X 

Lactuca floridana 
Rudbeckia hirta 
R. triloba 
Solidago altissima 
S. gigantea 
S. ulmifolia 

Vernonia altissima 
Convolulus americanus 
Ipomoea heberacea 

Convol vul aceae 

Cornaceae Cornus drr~mmondi 

Cruci ferae Rorippa islandica 
R. sessiliflora 
Sicyos angulatus 
Carex sartwellii 
Cyperns ery throrhizos 
C. Eerruginescens 
Eleocharis calva 
Dioscorea villosa 
Acalypha rhomboidea 

Cucurbi taceae 
Cyperaceae 

Dioscoreaceae 
Euphorbi aceae 

Chamaesyce macuIata 
Quercus macrocarpa 
Digitaria ischaem~tm 
D. sanguinalis 
Echirlochloa crusgal Z i  
Eragrostis frankii 

Fagaceae 
Grami neae 

(continued) 
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Table 7. (Continued). 

Fami 1y Species name Common name Probable occurrence 
I s l a n d  Lowland Terrace 

E .  h y p n o i d e s  Pony grass X X 
L e e r s i a  o r y z o i d e s  Cut grass x x 
Mrzhlenbergia f r o n d o s a  Wirestem muhly x 
M .  s u l v a t i c a  Woodland muhly X 
Pan ic~ tm  a g r o s t o i d e s  Munro grass X X 
P .  c a p i l l a r e  Witch grass X 
P .  depauperatum x x 
P. d i c h o t o m i f l o r u m  F a l l  panicum x X 
Paspalum f l u i t a n s  x 
S e t a r i a  f a b e r i i  Giant f o x t a i  1 X X X 
S .  l u t e s c e n s  Ye1 low fox ta i  1 X X X 

Jug1 andaceae J u g l a r ~ s  n i g r a  Black walnut X 
Labiatae Agas tache  n e p e t o i d e s  Giant hyssop X 

L e o r ~ u r u s  c a r d i  aca  Motherwor-t X 
Lycopcts amer i canus  X X 
L .  v i r g i n i c u s  x x 
Monarda f i s t u l o s a  W i  1 d  bergamot X 
Neoeta  c a t a r i a  Catnip x 
P r u n e l l a  v u l g a r i a  Carpen ter-weed X 
Pycar~therlurn p i  losum Mountain mint X 
S c r ~ t e l  Lar ia  

I a t e r i  f l o r a  Mad-dog sku1 lcap X X X 
S t a c h y s  tenrr i E O Z  i a  Smooth hedge- 

n e t t l e  X X X 
Tecicrium car ladcrrs~  x 
Amorpha f r u t  i c o s a  Ind igo  bush X 
Amphi carpa  comosa Hog-peanut X 
D e s r n o d i ~ ~ m g l r ~ t i r ~ o s u m  Tick-clover X 
D. l o n g i  E O Z  iirrn Tick-c lover  X 
G l e d i  t s i a  t r i a c a r l t h o s  Honey 1 O C U S ~  X 
M e l i l o t u s  a7ba White sweet c lover  X 
S m i l a x  h i s p i d a  Greenbriar X X X 
S .  l a s i o n e u r a  Carrion f lower X 
Ammarlla c o c c i n e a  x x 
R o t a l a  r a m o s i o  X X 

Ceae Mer~isperrnum canadense  Moon seed X X X 
MacZura p o m i f e r a  Osage orange X 
Morus a l b a  Whi te  mu1 berry X X X 
M. r u b r a  Red mu1 berry X X X 
Fraxinczs amer i  carla White ash X X X 
F .  perlnsyl varlia Green ash X X X 

i r c a e a  l a t i f o l i a  Enchanter's 
nightshade X 



Table 7. (Cont i nued) . 

Fami l y  Species name Common name P robab le  occurrence 
I s l a n d  Lowland Ter race  

Oenothera biennis Common even i ng- 
p r  i mrose X 

Oxal i daceae OxaZis stricta U p r i g h t  wood- 
s o r r e l  X 

Penthoraceae Penthorum sedo ides D i t c h  s tonecrop X X 
Phrymaceae Phryma leptostachya Lopseed X 
Phytoloccaceae Phytolacca americana Pokeweed X 
Plantaginaceae Plantago ruqelii Common p l a n t a i n  X 
Platanaceae Platanus occidentalis Sycamore X 
Pol ygonaceae Polyqonum convolvulus Black bindweed X 

P. lapathifolium Pale smartweed X 
P. pensy~vanicum Pennsyl vani a 

smar tweed X X X 
P. persicaria Lady 's  thumb X 
P. pr~nctatum Dot ted  smartweed X 
P. scandens Cl imb ing  f a1  se 

buckwheat X 
P. virqinianum V i r g i n i a  knotweed X 

Pr i mu 1 aceae Lysimachia ciliata Fr inged  l o o s e s t r i f e  X 
L . numrnuzaria Moneywor t X 

Rosaceae Geum canadense White avens X 
Potentilla 
monspeliensis Rough c i n q u e f o i l  X 

P. recta U p r i g h t  c i  nque fo i  1 X 
Rosa ca ro 1 i na Pasture rose X 

Rubi aceae Cephalanthus 
occidentalis Buttonbush X X X 

Gal ium aparine Goose-grass X 
Sal i caceae P O ~ L I ~ U S  deltoides Eastern 

cottonwood X X X 
SaZix interior Sandbar w i  1 low X X 
S. nigra Black w i  1 low X X 

Saxi fragaceae Heuchera richardsonii A1umroot x 
Scrophular iaceae Geatiola neylecta Hedge-hyssop X X 

Mimulus rinyens Monkey-flower X 
Lindernia dubia Fa1 se p impernel  X 
Scrophu laria 
marilandica F i  gwort  X 

Verbascum thapsus Common mu 1 1 e i n X 
Solanaceae PhysaLis heterophy7la Ground che r r y  X X 

P. subqlabrata Smooth ground 
che r r y  X 

SoZanum niyrum Black n ightshade X X X 

( con t inued)  
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Farni ly  Species name Common name Probabf e occurrence 
Is1 and Lowland Terrace 

-"- ~ ~ s * ~ * _ _ _ " . . - I I - - *  

hi1 maceae ~ e ~ t i s  r ~ c c i d ~ r ~ t a l  i s  Hackberry X X X 
t~~rrtl~s americarrus American elm X X X 

W .  rtrbc Slippery elm X X X 

Umbel 1 ifera62 Dauctrs car oC d W"xd carrot X 

Ur t 'l caceae f3oehrrrira C ~ I  irrdr icsr Fa1 se nettle X X X 
~ ~ s p n r  C P ~  C ~ T I Z Z ~ I B ~ Y S  iii: Hood nett 1 X X X 

Pax i c ~ t a r  iri 

prsrrrr.ly lvdrr i cd Pellltory X 
P i  lea  pumi l a  C l  earweed X X X 
urt  l c ~  qracr 1 t s  Common nettle X X X 

Verbenacede V~*~Escarrn str't'ctir Hoary vervain X 
V ,  t l r - t t c ik"o1in  White vervain X 

Vlolaceae v i a l a  missour i c * r ~ d i s .  Violet X 
v . p;4p r l i o r t i l ~ ~ ~ d  Butterfly violet X 

Vl taeeae Amp~alnil& it, r c ~ s J ~ i t a  Raccoon- grape X 
f X c i r  thorlijc*i ! S ~ J S  

q 1 . 1  r nr~rrraf n I i A Virginia creeper X X 
V A  6 i a  cinor a Hinter grape X X 
V ,  rrpixr i s  Riverbank grape X X X 
V .  vrllpirtar frost grdge x 

--" ---- - ------*-msA - "- -"-------- -- 

FLOATING 

Ouckwesd 
Big Duckweed 

> *y,- -.~i>d&--=,. - ., - 

W l S T  80lL 
Wsntrnrrhramp 
Swrtmp Mitkwetlad "? 

Waterdock B b g ~ a r t k k s  
Coontail W~tlt@r*@ Millrat Duck Potato 

- - ,. 
Waterweed ".-?",...> . , 

Wiea Culgra%$ -., !:$ -, ' 
Slender Naiad , ,.* "- ,. ., ', 

W~rtbr Sn'reftwrnrrd . ... - .J . . 
Brittle Naiad Swdmp Qmortwsc$d 

Briantrt Smeftwesd Bushy Pondweed 

Ocattsd Srnerrtwardd Small Spiny Naiad 
R I v w  ButruSh Wild Celery 

Softstem Bulrush Horned Pondweed 
Bur reed Water Stargrass 

csttsiri 
Rctsamer!Jaw 

Flgurs 14. Growth forms and hab i t a t  re la t ionships  i n  aquat ic  rnacrophyte beds o f  Pool 
13. 
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Table 8. Re la t i ve  d i s t r i b u t i o n  o f  major t r e e  species i n  r e l a t i o n  t o  normal pool  
l e v e l  (32-38 dm) Pools 19 and 20; dm=decimeters (adapted from Wells 1977). 

Species Below 32 dm 32-38 dm Above 38 dm 

S i l v e r  maple 44% 
Red elm - 
White Mu1 b e r r y  - 
American elm - 
Hac kber ry  5 0% 
To ta l ,  miscel laneous 7% 

Table 9. Re la t i ve  c o n t r i b u t i o n  o f  major t r e e  species t o  t h e  canopy o f  the  f lood-  
p l a i n  f o r e s t ,  Pools 19 and 20, M i s s i s s i p p i  River  (adapted from Wel ls  1977). 

Speci es 
Tree canopy dens i t y  

0-24% 25%-49% 50%- 74% 75%- 100% 

S i l v e r  maple 9% 
Red elm 13% 
American elm - 
White mu1 b e r r y  - 
Hackberry - 
Tota l  , m i  sce l  1 aneous 7% 

Table 10. D i s t r i b u t i o n  o f  v ine  species i n  r e l a t i o n  t o  t r e e  canopy dens i t y  i n  
f l o o d p l a i n  f o r e s t s ,  Pools 19 and 20, M i s s i s s i p p i  R i ve r  (adapted from Wells 1977). 

Species 
Tree canopy dens i t y  

0-24% 0 75%- 100% 

Grape 3% 14% 9% 48% 
Poison i v y  - 83% 17% - 
Greenbriar - 3 3% - 67% 
Tota l ,  woody 14% 49% 12% 26% 
American bindweed 98% - - 2% 
U n i d e n t i f i e d  

Convolvul aceae 100% - - - 
Tota l ,  herbaceous 98% - - 2% 



Table 11. Dist r ibut ion of herbaceous species in r e la t ion  t o  t r e e  canopy density in  
f loodplain f o r e s t s ,  Pools 19 and 20, Mississippi River (adapted from Wells 1977). 

Species 
Tree canopy density 

0-24% 25%-49% 50%-74% 75%-100% 

Nett1 e f  ami 1y 
seed1 ings 9% - 9 0% 1% 

Wood n e t t l e  53% 3% 16% 2 8% 
False n e t t l e  70% 6% 24% - 
Cl earweed 7% - 79% 14% 

f ota l  , nett1 e 
fami ly  3 0% I% 61% 7% 

White grass - - 100% - - - 100% Pony grass - 
Unjdenti f  ied grass ,  

wide and smooth leaves 100% - - - 
Unidentified grass ,  

wide and rough leaves - - 100% - 
Unidentified grass 

narrow leaves 43% - 57% - 
Unidentified grass 

c l  umps - - 100% - 
Tota l ,  grass 

fami ly  14% - 86% - 
Hedge- hyssop - 18% 8 2% - 
S ku1 l  cap - - 2 5% 75% 

water. The 1976-77 drought and low water most through American lo tus  (Nelumbo 
l e v e l s  in  1983-84 a r e  be1 ieved t o  have lu tea )  and duck potato o r  arrowhead 
resu l t ed  in  an increase of macrophytes (Sagi t t a r i a  l a t i  fol  i a )  , a1 so expanded 
which remain even a f t e r  typical  flow along shorelines and a t  Nauvoo f l a t s .  
regimes return (Pavegl i o  and, Steffeck 
1978; Sparks and Anderson, i n  prep. ). 
Aquatic vegetation had occurred i n  shallow 
backwater areas of Pool 19 f o r  many years. 
However, the increased water - c i a r i  ty 
during the  low flow years  resul ted  in 
expansion of macrophytes in the  lower 
l a c u s t r i n e  area  of the  pool. Three not- 
a b l e  areas  of expansion were j u s t  above 
Lock and Dam 19 and the areas  of Nauvoo 
and Montrase f l a t s  (Figure 15). Two of 
these  a reas ,  above the  Lock and Dam and a t  
Montrose, a r e  in  open-water, shallow 
channel border areas  not associated with 
shorel ine .  The macrophyte area  has more 
than doubled i n  these  beds; add i t iona l ly ,  - 
most shorel ines  a r e  now vegetated and even 
small creek d e l t a s  have macrophytes. The 
submerged growth form has increased the 

Figure 15. Macrophyte bed, Nauvoo , 
I l l i n o i s ,  Pool 19,  Mississippi River, 
American l  otus in background. 



The morphontetry o f  a pool  i s  sirch water f e r n  ( A z o l l a  mexicarla) occurs -- 
t h a t  i t  can be d i v i d e d  i n t o  sec t i ons  i n  s p o r a d i c a l l y ,  p r i m a r i l y  i n  t h e  lower  
r - e l a t i on  t o  macrophytes (F i gu re  15) .  The reaches o f  t he  pool  where i t  may be 
upper reach o f  t h e  r i v e r  f rom B u r l  i na ton  abundant d u r i n g  some years.  
i s l a n d  n o r t h  has almost no macrophytes. 
The i s l a n d  b r a i d i n g ,  water  l e v e l  flirct,ua- 
t ion,  h i ghe r  c u r r e n t  v e l o c i t y ,  and 
subs t r a t e  a re  n o t  conducive t o  t he  estab-  
l ishment  o f  aqua t i c  p l a n t s .  From the  head 
o f  B u r l i n g t o n  I s l a n d  t o  j u s t  below F o r t  
Madison, Iowa, backwaters and i n t r a - i s l a n d  
poo ls  have ex tens ive  macrophyte beds. 
These a re  t h e  backwater areas t h a t  have 
had macrophytes f o r  many years .  U n l i k e  
t h e  lower  l a c u s t r i n e  reaches, however, 
these areas have decreased s ince  1977 
(Schuyler  1980). The sha l low channel 
border  area o f  t he  lower l a c u s t r i n e  reach 
has developed ex tens ive  macvophyte beds 
s i m i l a r  t o  l i t t o r a l  areas o f  lakes bo th  
a long  t h e  shore and i n  pen insu las  o r  
i s l ands  of vege ta t i on  which occur  w e l l  ou t  
i n t o  t h e  r i v e r .  

Species 1 i s t s  compi l e d  by  Pavegl i o  
and S t e f f e c k  (1978), Schuyler  (1980), 
and Henvy (1982) appear i n  Table 12. 
Schuyler and Henry a l s o  i n d i c a t e d  growth 
form. The submerged vege ta t i on  i s  dom- 
i na ted  by sago pondweed (Potamogeton 
c r i  spus) and water  s t a rg rass  ( Z o s t e r e l l  a 
dubia) ;  some coon ta i  1 (Ceratophyl  lum 
demersunj) , w i l d  c e l e r y  (Val 1 i s n e r i a  
americana) and na iads (Najas spp.) a re  
a l s o  p resen t .  The l a t t e r  i s  sometimes 
l o c a l  l y  abundant. Fewer submergents a re  
p resen t  i n  t h e  macrophyte bhds o f  t h e  
m idd le  s e c t i o n  o f  t he  r i v e r .  The sub- 
merged vege ta t i on  i s  u s u a l l y  t he  t ype  
which occurs f i r s t  i n  a new macrophyte 
bed. I t  develops i n  clumps t h a t  inc rease  
i n  s i z e  as t h e  bed matures. Because o f  
t h e  clumped growth p a t t e r n ,  coverage i n  
these beds i s  o f t e n  l ess ,  i n  some cases 
as much as 50% l ess ,  than i n  t h e  area o f  
t h e  bed as de f i ned  from a e r i a l  photographs 
(Day 1984). The f l o a t i n g  vege ta t i on  i s  
dominated by duck weed (Lenina minor)  and 
Columbia watermeal (Wo l f f  i a  columbiana).  
Duckweed and watermeal may be found a lmost  
anywhere i n  t h e  poo l .  They develop from 
e a r l y  s p r i n g  and l a s t  through f a l l  b u t  a re  
u s u a l l y  most dense j u s t  a f t e r  r oo ted  
rnacrophytes have become senescent. They 
then cover  t h e  water  su r face  i n  t he  area 
o f  t he  beds. They a l s o  may be found i n  
wind rows moving down t h e  poo l  channel and 
nonvegetated channel bo rder  area. The 

The emergent vege ta t i on  usual l y  de- 
ve lops i n  a sequence dependent on wate r  
depth. The American l o t u s ,  sometimes con- 
s i de red  a f l o a t i n g  form, grows i n  deeper 
water and i s  abundant i n  most o f  t h e  
macrophyte beds and a long  t h e  s h o r e l i n e  
throughout  the  poo l .  The two except ions 
t o  i t s  presence a re  t h e  beds above Lock 
and Dam 19 and Montrose f l a t s ,  b o t h  r e l a -  
t i  v e l y  r e c e n t l y  developed beds domi rlated 
by submerged vege ta t ion .  Two smal l clumps 
o f  l o t u s  were observed i n  t h e  bed above 
Lock and Dam 19 d u r i n g  t h e  summer o f  1984. 
Thus i t  i s  l i k e l y  t h a t  l o t u s  w i l l  become a 
dominant p a r t  o f  t h i s  bed i n  t h e  n e x t  few 
years.  Duck p o t a t o  i s  found i n  sha l lower  
areas a long  shore l  ines and marks t h e  i n n e r  
edge o f  t h e  niacrophyte beds. I n  low mo i s t  
areas, t h e r e  may be a v a r i e t y  o f  mo i s t  
we t land  p l a n t s  (Schulyer  1980). Thus most 
macrophyt ic  beds i n  t h i s  reach o f  t h e  
r i v e r  can be def ined as water  s ta rg rass -  
pondweed/lotus/duck po ta to  beds i n  terms 
o f  t h e  sequence f rom deep water  (1 .5  m) t o  
t h e  sho re l i ne .  

2 .3 .2  Pool 20 

Compared t o  Pool 19, Pool 20 has few 
macrophytes. Fewer than  50 ha o f  aqua t i c  
vege ta t i on  have been de f i ned  from a e r i a l  
photographs. Duckweed and watermeal a re  
seasonal ly  abundant, b u t  whether these 
f l o a t i n g  p l a n t s  have developed i n  Pool 20 
o r  a re  j u s t  washed downstream from Pool 19 
i s  n o t  known. I t  does appear t h a t  down- 
stream movement o f  t h e  p l a n t s  may be t he  
p r imary  source i n  Pool 20. The backwater 
areas o f  t h i s  poo l  on bo th  s ides  o f  t he  
r i v e r  have been leveed, t hus  l i m i t i n g  
areas f o r  development o f  macrophytes t o  
sha l low shore l ines .  Because few o f  these 
areas e x i s t  on t h e  poo l ,  few macrophytes 
a re  p resen t .  Most o f  t he  macrophytes 
p resen t  a re  o f  t h e  submerged form, p r imar -  
i l y  sago pondweed. A few smal l  areas o f  
duck p o t a t o  a re  p resen t  a long  some 
i s o l a t e d  shore l  i nes  where t he  banks are 
n o t  eroded. 

2.4 PHYTOPLANKTON 

The p o t e n t i a l  s i g n i f i c a n c e  o f  phyto-  
p l ank ton  i s  s u b s t a n t i a l  because o f  t h e i r  



Table 12. Aquat i c  macrophytes from Pool 13. The l i s t  i s  a composite from 
Pavegl i o  and S t e f f e c k  (19781, Henry (1982) ,  and Schuyler  (1980). Only  
Henry and Schuyler  i n c l u d e  a few wet land  p l a n t s ;  E=Emergent, F=Float ing,  
S=Submergent, X=Present i n  sample. Designat ions a re  based on a u t h o r ' s  
ca tegor ies ;  thus some d i f f e r e n c e s  occur .  

Sources 
Pavegl i o 

Species and common names & S t e f f e c k  Henry Schuyler  

Amaranthus t u b e r c u l a t u s  - Waterhemp 
A s c l e p i a s  i n c a r n a t a  - Swamp milkweed 
Azo2la  mexicana - Begga r t i c ks  
B i d e n s  ce rnua  - Begga r t i c ks  
C e r a t o p h y l l u m  demersum - C o o n t a i l  
Ech inoch loa  w a l t e r i  - Hal t e r  ' s m i  1 l e t  
Elodea c a n a d e n s i s  - Ameri can e lodea 
Elodea n u t t a l l i i  - Waterweed 
H i b i s c u s  m i l i t a r i s  - Rose ma1 ]OW 
L e e r s i a  o r y z o i d e s  - Rice c u t g r a s s  
Lemna minor  - Duckweed 
Najas  f l e x i l i s  - Slender n a i a d  
Najas  g r a c i l l i m a  - B r i t t l e  n a i a d  
Najas  g t r a d a l u p e r ~ s i s  - Bushy pondweed 
Najas  m inor  - Small s p i n y  n a i a d  
Nelurnbo Zu tea  - American l o t u s  
Polygonrlm amphibirzm - Water smartweed 
Polygonum h y d r o p i p e r o i d e s  - Swamp smartweed 
Polygonurn o r i e r ~ t a l e  - O r i e n t a l  smartweed 
Polygonurn puncta tum - D o t t e d  smartweed 
Potamogeton c r i s p u s  - C u r l y l e a f  pondweed X 
~ o t a m o g e t o n  f o Z i o s u s  - L e a f y  pondweed X 
Potamogeton nodosus  - Long lea f  pondweed X 
Potamageton p e c t i n a t u s  - Sago pondweed X 
Potamogeton pus i  ZZus - Sma 1 1 pondweed 
Rurnex v e r t i c i l i a t u s  - Waterduck 
S a g i t t a r i a  J a t i f o L i a  - Duck p o t a t o  X 
S c i r p u s  f Z u v i a t i l i s  - R i v e r  bu l r ush  
S c i r p u s  t aber rmemon tan i i  - Sof ts tem bu l r ush  
Spargani~rrn eurycarpcrm - Bur  reed  
Sp i radeZa  p o l y r h i z a  - B i g  duckweed 
~ v p t ~ ~  spp. - C a t t a i l  
V a i l i s n e r i a  amer icana - W i  1 d eel e r y  X 
W o l f f ~ a  co lumb lana  - Columbia watermeal 
W o l f C ~ a  p n p u i i f e c a  - Papi 1 1  a r y  watermeal 
W o Z f f i a  p u n c t a t a  - Do t t ed  watermeal 
Z a ~ ~ n i c h e l  t is .  p a l u s t r - i s  - Horned pondweed 
Z o s t e r e l l a  d u b r a  - Water s t a r g r a s s  X 

( E l  
( E l  

(S) 
(S l 
(E> 
( E )  
( E l  
( E )  
(E) 
(S) 

( E l  
( E )  
( E l  
(E) 
( E )  
( F )  
( E )  
(S> 



r o l e  as pr imary producers i n  aquat ic  
systems. They may be t h e  base o f  t h e  food 
web i n  l a r g e  r i v e r  systems where phyto- 
p lankton product ion  i s  theor ized t o  be 
h igh (Vannote e t  a l .  1980). Un l ike  small 
streams i n  which benth ic  a1 gae c o n s t i t u t e  
the major p o r t i o n  o f  t h e  p lankton (mero- 
p lankton o r  tychoplankton) , 1 arge, slow- 
moving r i v e r s  have plankton communities 
dominated by t r u e  p lank ton i c  species 
(eupl ankton). Th is  i s  p a r t i  cu l  a ry  t r u e  
when dams impede the normal p a t t e r n  o f  
f l ow  and c reate  l a rge  pooled areas where 
dense plankton populat ions may develop. 
Large r i v e r s  i n  both North America and 
Europe have been found t o  be dominated by 
small c e n t r i c  diatoms, usual l y  cyc lo te l  1; 
and Stephanodiscus (Swale 1969; Lack 1971; 
Wi l l iams 1972; Benson-Evans e t  a l .  1975; 
Aykulu 1978; Baker and Baker 1979, 1981). 
Phytoplankton dens i t y  has ranged from 10 
t o  1,000 organisms per m i l l i l i t e r  i n  North 
American r i v e r s .  Dens i t ies  i n  t he  Miss is -  
s i p p i  River  tend toward the upper end o f  
t h i s  range (Palmer 1964). 

2.4.1 Pool 19 

Most o f  the e a r l y  records o f  phyto- 
p lank ton i n  Pool 19, M iss i ss ipp i  River, 
are based on co l  1 e c t i  ons made by Gal t s o f  f 
(1924) a t  several l oca t i ons  on the pool.  
These qua1 i t a t i v e  samples i nd i ca ted  t h a t  
diatoms were the  dominant a l g a l  groups 
more than 50 years ago, j u s t  15 years 
a f t e r  Dam 19 was completed. The diatom 
community was again examined i n  the  e a r l y  
1960's ( W i l l  iams 1964, 1972) a t  Bu r l  ing-  
ton,  Iowa. Monthly samples were c o l l e c t e d  
f o r  18 months. A seasonal s h i f t  i n  dom- 
inance was reported: t h e  small c e n t r i c  
diatom 
m i  nu tu l  a 
Me1 os i  r a  
and f a l l  

~ t e p h a n o d i  scus 
was abundant 

amobi a abundant 
seasonal ~ e a k s  

astraea var. 
i n  spr ina,  and " .  
i n  f a l l .  Spr ing 
f o r  t o t a l  diatom 

dens i t i es  were al;o reported.  Plankton 
were a1 so sampled i n  1967-68 from an area 
o f  t h e  r i v e r  below F o r t  Madison, Iowa 
(Gale and Lowe 1971). These samples were 
taken as p a r t  o f  a study i n v e s t i g a t i n g  
feeding a c t i v i t i e s  o f  f i n g e r n a i l  clams a t  
Devi 1 ' s Is land.  I nves t i qa t i ons  found the 
diatom Stephanodiscus han tzch i i  t o  be the  
dominant species. A maximum o f  38 
phytoplankton genera was present  i n  the  
water column du r ing  J u l y  and August, 
when d i v e r s i t y  was the highest. These 
s tud ies  a l l  i nd i ca ted  a seasonal s h i f t  

i n  phytoplankton community compasi t ion 
as we1 1 as some changes w i t h i n  t he  
pool ,  poss ib l y  r e f l e c t i n g  h a b i t a t  associa- 
t i o n s .  

The most comprehensive study on Pool 
19 was conducted i n  1982-83 by Engman 
(1984). T h i r t y - f i v e  s i t e s  a long t h e  
e n t i r e  l eng th  o f  t h e  pool  were sampled 
monthly o r  so between October 1982 and 
August 1983. S i t e s  were l oca ted  t o  
eval uate e f fec ts  o f  bo th  h a b i t a t  and 
l o g i t u d i n a l  changes down t h e  l eng th  o f  t he  
pool .  Dur ing t h i s  s tudy 269 species o f  
phytoplankton were c o l l e c t e d  i n  Pool 19 
(Table 13) .  Mean d e n s i t i e s  ranged from a 
maximum o f  20,18O/ml i n  A p r i l  t o  2,213/m1 
i n  Ju l y .  About 40% o f  these were diatoms 
and 33% green algae. 

D i s t i n c t  seasonal d i s t r i b u t i o n  pa t -  
t e rns  i n  these two groups and t h e  o ther  
major group (blue-green algae 1l%) were 
found (Figure 16) w i t h  sp r i ng  and l a t e  
summer maxima. an a l g a l  bloom o f  t he  
b l  ue-green a1 gae M i  c r o c y s t i  s was f requent-  
l y  noted i n  September. Blue-greens were 
usua l l y  abundant i n  t h e  summer and e a r l y  
f a l l .  I n  a d d i t i o n  t o  t h i s  seasona l i ty ,  
s p e c i f i c  h a b i t a t  assoc ia t ions  were found 
i n  areas o f  macrophyte development , back- 
waters, and t r i b u t a r y  confluences (Figure 
17). I n  the vegetated areas pennate 
diatom d e n s i t i e s  (700/ml) and d i v e r s i t y  
were the  h ighest ,  and the  community was 
dominated by Achnanthese (Figure 17). The 
channel and channel border adjacent  t o  
these macrophyte beds had lower d e n s i t i e s  
(270/ml) and d i v e r s i t y  and were dominated 
by Cocconeis. Backwater a l s o  supported a 
h igher d i v e r s i t y  o f  p lank ton  than d i d  s ide  
channels o r  the  main channel (F igure 17). 
Again, a unique assemblage o f  phytoplank- 
ton  was found, w i t h  Ankistrodesmus, 
Euglena, and N i t zsch ia  occur r ing  a t  h igh  
dens i t i es  (4950/ml) i n  the  backwater habi- 
t a t .  Euglena and Trachelomonas found i n  
t h i s  area are i n d i c a t i v e  of o r g a n i c a l l y  
enriched cond i t ions .  Both the  vegetated 
areas and the backwaters a re  more s tab le  
hab i ta t s  w i t h  lower cu r ren t  v e l o c i t i e s  and 
l a c u s t r i n e  cond i t ions  which may favo r  t h e  
development of h igher  d e n s i t i e s  and 
d i v e r s i t i e s  of phytoplankton. When tri- 
butary  i n p u t  was high, h igher  d e n s i t i e s  
(770/ml versus 230/ml) of the  benth ic  
diatom N i t zsch ia  occurred below t h e  tri- 
butary  confluence (Figure 171, r e f  1 e c t i  ng 



recru i tment  of a lga l  species from those 
streams. Algal  d i v e r s i t y  tended t o  be 
h ighest  i n  the  spr ing  and lowest i n  
w i  n te r .  I n  terms o f  l o n g i t u d i n a l  
changes down the length  of t he  p o o l ,  
d i v e r s i t y  was usua l l y  t he  h ighest  i n  
the  upper reaches o f  the pool,  p o s s i b l y  
due t o  input  from the  l a c u s t r i n e  areas 
j u s t  above Lock and Dam 18, which d r a i n  
i n t o  Pool 19. Though there  were some 
seasonal changes, d e n s i t i e s  were a1 so 
o f t e n  h igher i n  t h e  upper end o f  t h e  
Pool . 

2.4.2 Pool 20 

Fewer studies o f  phytoplankton have 
been conducted i n  Pool 20. The major  
study was completed i n  1973 by 
H e f f e l f  inger (1973). Dur ing her study,  
weekly samples were c o l l e c t e d  a t  t h r e e  
s i t e s ,  one j u s t  below Lock and Dam 19, a 
second 9 km above Lock and Dam 20, and a 
t h i r d  5 km above l o c k  arid Dam 20. 
Orgarzi sms i n  t he  planktorr were i d e n t i  f i e d  
according t o  genus. Th i r t y - th ree  o f  t h e  
51 genera found were phytoplankton 
(Table 13). Again, diatoms were fourid t o  
be the dominant phytoplankton, w i t h  
Stephanodiscus and Q c l o t e l  l a  occu r r i ng  
G n d a n t l y  i n  the  spr ing  and slimmer, 
and As te r i one l l a ,  , and 
r being abundant i n  t he  f a l l .  
Phv to~ lank ton  i n  o ther  d i v i s i o n s  which - .  
were seasonal 1 y abundant i nc l  uded 
T r i  bonema, Microcys t i  s , Y i a s t r u m ,  and 
Sunura. Va r ia t i on  i n  p lank ton abundance - 
was found t o  c o r r e l a t e  p o s t i v e l y  t o  
oxygen b u t  negat ive ly  t o  stream discharge, 
cu r ren t  v e l o c i t y ,  and t u r b i d i t y .  These 
re la t f onsh ips  are s i m i l a r  t o  those found 
by Gal t s o f f  (19241, though he d i d  r e p o r t  
h igher  phytoplankton dens i t i es  than 
Hef f e l  f i nger (1973). 

2 . 4 , 3  Pool Comparisons 

Both d i v e r s i t y  and dens i ty  o f  
phytoplankton are h igher i n  Pool 19 than 
Pool 20, no t  s u r p r i s i n g  since h a b i t a t  
d i v e r s i t y  i s  much g rea te r  i n  Pool 19. 
Note, f o r  example, the d i v e r s i t y  which 
backwaters add t o  community composi t ion 
(Figure 17). In add i t i on ,  the  more 
l a c u s t r i n e  nature o f  Pool 19, compared t o  
the narrower more r i v e r i n e  cond i t ions  o f  
Pool 20, may favor t he  development of 
high dens i t i es  of phytoplankton. I n  bo th  

poo l  s the  c e n t r i c  diatom Stephanodi scus, 
i n d i c a t i v e  of l a rge  r i v e r s ,  was prevalent .  
However, species composit ion o f  dominant 
diatoms was d i f f e r e n t  between the  pools i n  
t h e  f a l l ,  Me los i ra  occur r ing  i n  Pool 19 
and F r a g i l l a r i a  and Aster ione l  l a  i n  Pool 
20. This seasonal d i f f e rence  may again 
r e f  1 e c t  important  h a b i t a t  i n f  1 uence and 
t h e  d i f f e r e n t  morphometric cha rac te r i s t i cs  
of t h e  pools. These d i f fe rences may 
become more pronounced dur ing  d i f f e r e n t  
seasons because o f  s p e c i f i c  inputs from 
h a b i t a t s .  

2.5 ZOOPLANKTON 

As one o f  t h e  d i r e c t  l i n k s  t o  the 
t r o p h i c  resource i n  phytoplankton and 
p a r t i c u l a t e  organic matter ,  zooplankton 
communities are a dominant component o f  
many freshwater ecosystems. Most s tudies 
o f  t h e  species composit ion and dens i ty  o f  
zoopl ankton have deal t w i t h  l acus t r i  ne 
systems. The o r i g i n  and composition o f  
zooplankton i n  r i v e r i n e  systems are 
complex, and an apparent s h i f t  i n  organism 
composit ion occurs l o n g i t u d i n a l l y  down the 
r i v e r .  system (Cummins 1979). Plankton o f  
smal l e r  r i v e r s  o r i g i n a t e  i n  drainage basin 
lakes  and ponds wh i l e  l a rge  r i v e r s  have 
t h e i r  own p lank ton communities (L ind  
1979). Only a few studies o f  zooplankton 
i n  l a rge  r i v e r s  have been done. Notable 
among them are t h e  s tud ies  o f  Forbes 
(1882) and Kofo id  (1903, 1908), the l a t t e r  
o f  whom found r o t i  f e r s  t o  be the  dominant 
zooplankter  o f  t h e  I l l i n o i s  River. The 
dominance of r o t i f e r s  i s  found i n  most 
r i v e r i n e  systems ( W i  11 iams 1966). 
G a l t s o f f  (1924), Wiebe (1927), and 
Reinhard (1931) described zooplankton on 
t h e  Upper M iss i ss ipp i ,  most ly  f o r  areas 
near Rock I s l and ,  I l l i n o i s .  Colber t  e t  
a1. (1975) i n  a U. S. Army Corps o f  
Engineers study o f  M iss i ss ipp i  River  
Nav iga t ion  Pools 24, 25, and 26 i d e n t i f i e d  
major  zooplankton and i nd i ca ted  t h a t  
d e n s i t i e s  were h ighest  i n  l a t e  summer. 

2.5.1 Pool 19 

Although the  common occurrence o f  
r o t i f e r s  was i nd i ca ted  i n  e a r l y  s tudies of 
Pool 19, most of t h e  work concentrated on 
t h e  copepod and cladoceran crustaceans 
(Gal t s o f f  1924). Gal t s o f f ' s  s tudies found 
much higher dens i t i es  o f  crustaceans i n  
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Figure 16. Seasonal d i s t r i b u t i o n  of phyt.oplankton by major growth 
forms i n  Pool 19 ,  Mississippi  River (Engman 1984) .  

t h e  r i v e r  reaches above Lock and Dam 19.  
In t h e  r i v e r  reach from Burl ington,  Iowa, 
t o  Nauvoo, I l l i n o i s ,  only 0-0.4 c rus t a -  
ceans/]  occurred ,  while i n  t h e  reach from 
Nauvoo, I l l i n o i s ,  t o  Keokuk, Iowa, 0.7-38 
crus taceans / l  were col lec ted .  Copepods, 
dominated by Diaptomus and Cyclops, were 
a t  l e a s t  twice a s  abundant a s  cladocerzns.  
In add i t i on ,  Gal t s o f f  ind ica ted  some 
v e r t i c a l  v a r i a b i l i t y  in  crustacean densi-  
t i e s  throughout the sample which may be 
dependent on r i v e r  s t age  and t h e  " f lush-  
ing" e f f e c t s  on the  r i v e r  lake.  

In his  inves t iga t ion  of rutifers 
i n  major U .  S .  waterways, W i  I 1  i m s  
(1966) sampled in P Q O I  19 nedr Be~rl {ny- 
t on ,  Iov~a. Roti f e r s  t a r  ontnunrbered 
a1 1 o the r  srnal i pldnktonic i 11vc f .L~-  
bra tes .  Kera te l la  was the  n ~ o s t  ---- 
abundant genus wS t h  an aver d y ~  dens i ty 
of 47 / i .  i i ther anundant qenerd were 
Brachionus, Po Iyarythra, 5yr\c,hae?a 
and Trichocerca i n  order  of  decreaslny 
average dens i t i e s .  Ihe h l y h e s t  densi- 
t i e s  usual ly occurred i n  l a t e  sirmraler. 
o r  f a l l .  
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Figure 17. Major phytoplankton taxa in various habitats in Pool 19, Mississippi R i v e r .  
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Table 13. P h y t o p l a n k t o n  r e p o r t e d  i n  P o o l s  19 and 20, M i s s i s s i p p i  
R i v e r .  

Spec ies  Pool  19 Poo l  20 

BACILLARIOPHYCOPHYTA (Diatoms) 

Achnanthes affinis Grun. 
Achnanthes exilis K e u t z .  
Achnanthes lanceolata (B reb . )  Grun.  
Achnanthes linearis (Nm. Sm.)  Grun.  
Achrlanthes mir~utissima K e u t z .  
Achnanthes Sp. 
Amphicampa mi rabi 1 is 

Ehr. e x  R a l f s  
Arnphora Sp. 
Anomoeoneis follis ( E h r . )  C1 .  
Anomoeoneis seriarls (B reb .  > C1. 
Anomoeorleis S p . 
Asterionella formosa Hass. 
Asterionella formosa Vargracillima 

(Hantzsch)  Grun.  
Caloneis bacillaris (Greg . )  C l .  
Caloneis S p .  
Campylodiscus Sp. 
Campylodiscus noricus ( B r e b . )  Hm. Sm. 
Cocconeis pediculus Ehr .  
Cocconeis pzacentula Ehr .  
Cocconeis Sp. 
Cyclotel la chaetoceros Lemm. 
Cyclotella glomerata Bachmann 
Cyclotella Kuetzingiar~a Thw. 
Cyclotella melosiroides ( K i  r chn .  ) Lemm. 
Cyclotella meneghinidna K e u t z .  
Cyclotella Sp. 
Cymbella affinis K e u t z .  
Cymbella angustatd (Wm.Sm.) C1. 
Cymbell a parva (WM. Sm. ) C1 . 
Cyrnbel la tuwida Breb . 
Cyrbella S p .  
Cymatopleura eliptica ( B r e g . )  Wm.Sm 
Cymatopleura solea ( B r e b .  ) Nm.Sm. 
Diatom vulgare Bory  
Diatoma Sp. 
Eunotia pectinalis v a r .  m i  n o r  ( K e u t z . )  Rabh. 
Eunotia rostellata Hus t .  ex  P a t r .  
Eur~otia Sp. 
Fragilaria cap~zcina Desrn. 
Fragilaria crotoner~sis K o t t o n  
Fragilaria Sp. 
Frustulia rhomboides ( E h r . )  DeT. 

( c o n t i n u e d )  



Table 13. (Con t inued) .  

Species 

Gomphonema Sp. 
Gomphonema acuminatum Ehr .  
Gomphonema constrictum Ehr .  
Gomphonema geminatum (Lyngb. )  C.A. Agardh 
Gomphonema olivaceum (Lyngb . )  K e u t z .  
Gomphonema parvulum ( K e u t z . 1  Grun. 
Gomphonema truncatu~n Ehr . 
Gyrosigma acuminatrlm Ehr . 
Gyrosigma spencerii ( G r u . )  C1. 
Gyrosigma scalproides (Rabh.) C1. 
Gyrosigma spencerii (Querk . )  G r i g g  & H e n f r .  
Gyrosigma wormleyi ( S ~ l l i v . 1  Boyer 
Hantzschia amphioxys ( E h r . )  Grun. 
Hantzschia amphioxys f. capitata M u l l .  
Melosira italica ( E h r . )  K e u t z .  
Melosira granulata ( E h r . )  R a l f s  
Melosira varians C.A. Agardh 
Melosird SP. 
Meridion circrllare ( G r e v . )  C.A. Ag. 
Navicula anglica R a l f s .  
Navicula cryptocephdla K e u t z .  
Navicula cuspidat& K e u t z .  
Navicula elginerlsis (Greg. ) Ral  f s . 
Navicula exigua Gred. ex Grun.  
Navicula tripur~ctata (0.F. Mu1 1 .  ) Bory  
Navicclla protracts Grun.  
Navicrila pupula Keu tz .  
Navic~zla rhyrlchocephala Keu t z .  
Navicula sentinuZum Grun.  
Navicula sp.  ( i n  shea th )  
Navicula Sp. 
Nitzschia acicularis ( K e u t z . )  Wm. Sm. 
Nit~schia der~ticula Grun. 
Nitzschia linearis (Ag . )  Wm.Sm. 
Nitzschia longissirn~i (Breb.  R a l f s  
Nitzschia palea ( K e u t z . )  Wm.Sm. 
Nitzschia sigmoidea ( N i  t 2 .  ) Wm.Sm. 
Nitzschia vermicularis ( K e u t z . )  Hantzsch 
Nitzschia Sp. ( r a d i a t e  c o l o n y )  
Nitzschia Sp. 
Pinnularia appendicrllata (Agh. ) C1 .  
  in nu la ria brebissonii ( K e u t z . )  Rabh. 
Pinnularia Sp. 
Rhoicospherlia curvata ( K e u t z . )  Grun.  
Starrrorleis anceps Ehr . 

Pool  19 Pool  20 

(continued) 



Tabre 13. (Cont inued).  

Species Pool 19 Pool 20 

Stauror~eis smithii Grun. 
Stauroneis Sp. 
Stephanodiscus astraea (Ehr . )  Grun. 
Stephanodiscus astraea Var. minrztula 

(Keu tz . )  Grun. 
Stephanodiscus hantzschii Grun. 
Stephanodiscus niagarae Ehr.  
Stephanodiscus Sp. 
Surirella angusta Keutz .  
Surirella didyma Keutz .  
Surirella linearis Wm.Sm. 
Surirella minuta Breb. 
Surirella ovata Keutz.  
Surirella Sp. 
Synedra acus Keutz.  
Synedra delicatissima Wm. Sm. 
Synedra pulchella R a l f s .  ex. Keutz .  
Synedra radians Keutz. 
Synedra rumpens Keutz.  
Syr~edra tenera Wm. Sm. 
Synedra ulna ( N i t 2 . 1  Ehr .  
Synedra Sp. 
Tabellaria fenestrata (Lyngb.)  Keu tz .  
Tabellaria Sp. 

CHLOROPHYSOPHYTA (Green algae) 

Actinastrum hantzschii Lag. 
Actinastrum hantzschii Vat-. fluviatile Schroed 
Ankistrodesmus braunii (Naeg.) Brunn. 
Ankist rodesm~ts cor~vol u tczs Corda 
Ankisfrodesmus falcatus (Corda) R a l f s  
Ankistrodesmus spiralis (Tu rn . )  Lemrn. 
Ankyra judayi ( G . M .  S.M.) F o t t  
Carteria multifilis (F resh . )  D i l l  
Carteria Sp. 
Chlamydomonas Sp. 
Chodatella ciliata (Lag. )  Chodat 
Chodatella quadriseta (Lernrn.) G.M.  S.M. 
Closteriopsis longissima Lemm. 
Closterium dianae Ehr. 
Closteriurn ehrenbergii Meneth. 
Closterium gracile Breb. 
Closterium intermedium R a l f s .  
Closterium Sp. 

(cont inued)  
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Table 13. (Cont inued).  

Species Pool 19 Pool 20 

Coezastrum cambricum Arch.  
Coelastrum microporum Naeg. 
Cosmarium formulosum H 0 f f m .  
Cosmarium subcrenatum Hantzsch 
Cosmarium S p . 
Crucigenia quadrata Morren 
Crucigenia tetrapedia (K i r chn . )  West & West 
Dictyosphaerium ehrenbergianum Naeg. 
Dictyosphaerium pulchellum Wood 
Dispora crucigenioides P r i n t 2  
Echinosphaerella limnetica G.M. S.M. 
Eudorina elegans Ehr . 
Gloeocystis gigas (Keutz .  ) Lag. 
Gloeocystis planctonica (West & West) Lemm. 
Gloeocystis SP. 
Golenkinia radiata (Chad. ) W i  1 1  e 
Gonium formosum Pascher 
Gonium pectorale M u l l .  
Gonium sociale ( D u ~  . ) Warm. 
Kirchneriella elongata G.M. S . M .  
Kirchneriella lunaris ( K i r c h n . )  Moeb. 
Kirchneriella S p .  
Micractinium pusillum Fres .  
Micractinium quadriseturn (Lernm. ) G . M .  S .M. 
Nephrocy tium agardhiarlurn Naeg . 
Nephrocytium S p .  
Oocystis borgei Snow 
Oocystis parva West & West 
Pandorina morum Bory 
Pediastrum boryanum (Turp . )  Menegh. 
Pediastrum boryanum v a r .  longicorne Rac iborsk i  
Pediastrum duplex Meyen 
Pediastrum simplex (Meyen) Lemm. 
Pediastrum simplex Var . drlr~odcr~arium (Ba i  1 ey) 

Rabh. 
Pediastrum tetras ( E h r . )  R a l f s  
Pediastrum tetras Var.  tetraodon (Corda) Hansg. 
Phacotus lenticularis (Ehr . )  S t e i n  
Pleurotaenium coronaturn (Breb. )  Rabh. 
Pleurotaenium SP. 
Polyedriopsis spinulosa Schmidle 
Pteromonas aculeata Lellllll. 
Quadrigul a SP . 
Scenedesmus armatus ( C h ~ d . )  G.M. S.M 
Scenedesmus arcuatus Lemm 

(con t inued)  
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Table 13. (Continued) . 

Species Pool 19 Pool 20 

Scenedesmus bijuga (Turp.) Lag. 
Scenedesmus brasiliensis Bohlin 
Scenedesmus denticulatus Lag. 
Scenedesmus dimorphus (Turp.1 Keutz. 
Scenedesmus opoliensis P. Richter 
Scenedesmus quadricauda (Turp.) Breg. 
Schroederia setigera (Schroed.) Lemm. 
Selenastrum westii G.M. S.J. 
Selenastrum Sp . 
Sphaerocystis schroeteri Chod. 
Staurastrum cuspidatum Breb. 
Staurastrum gracile Ralfs 
Staurastrum leptocladum N o r d ~ t  . 
Staurastrum oxyacanthum Archer 
Staurastrum Sp. 
Tetradesmus Sp . 
Tetraedon caudatum (Corda) Hansg. 
Tetraedon minimum (A. Br.) Hansg. 
Tetraedon muticum (A. Br.) Hansg. 
Tetraedon pentaedricum West & We s t  
Tetraedon regulare Keutz. 
Tetraedon trigonum (Naeg.) Hansg. 
Tetraedon trigonum var. gracile (Reinsch) DeT. 
Tetrastrum staurogeniaforme (Schroed.) Lemm. 
Treubaria crassipina G.M. S.M. 
Treubaria setigerum (Arch.) G.M. S.M. 
Unidentified branched filament 

CHRYSOPHYCOPHYTA 

Centritractus belanorphus Lemm. 
Dinobryon divergens Imh. 
Dinobryon sociale Ehr. 
Dinobryon sertularia Ehr . 
Kybotion SP. 
Mallomonas acaroides Perty 
Synura Sp. 

CRYPTOPHYCOPHYTA 

Cryptomonas erosa Ehr. 
Cryptomonas Sp . 
Rhodomonas Sp. 

(continued) 
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Table 13. (Cont i nued). 

Species Pool 19 Pool 20 

CYANOPHYCOPHYTA (B l  ue-green a1 gae) 

Anabaena circinalis (Keu t z . )  Rabh. 
Anabaena spiroides K leb .  
Anabaena Sp. 
Anacystis incerta Dr .  & D a i l y  
Anacystis marina (Hansg.) D r .  & D a i l y  
Anacystis montana ( L i g h t f . )  D r .  & D a i l y  
Anacystis thermalis (Menegh.) Dr. & D a i l y  
Anacystis thermalis f. major (Lagerh. )  Dr .  & D a i l y  
Anacystis Sp. 
Aphanizomenmor~ f 10s-aquae Born e t  . F l  ah. 
Coccochloris stagnina Spreng. 
Coelosphaerium collinsii Dr .  & D a i l y  
Gloeothece rupestris (Lyngb.) Bornet  
Gloeothece Sp. 
Gloeocapsa S p .  
Gomphosphaeria lacustris Chod. 
Marssoniella elegans LelTlm. 
Merismopedia glauca (Ehrenb. 1 Naeg . 
Merismopedia gudruplicata Trev.  
Merismopedia Sp. 
Microcoleus lyngbyaceus (Keu tz . )  Crouan 
Microcoleus SP. 
Microcystis Sp. 
Rhaphidiopsis curvata F r i t s c h  & R i ch  
Oscillatoria curviceps C.A.  Agardh 
Oscillatoria ornata Keutz .  
Oscillatoria Sp. 
Schizothrix calcicola Gom. 
Schizothrix SP. 
Spirul irla subsala Oers t .  
Synechocystis aquatilis SauV. 

EUGLENOPHYCOPHYTA (Euqlenoids) 

Euglena acus Ehr. X 
Euglena acutissima ~elTlm. x 
Euglena elastica P r e s c o t t  x 
Euglena sp. ( encys t i ng )  X 
Euglena SP. x 
~hacus acuminata Stokes X 
Phacus anqustatum L@mm. x 
~hacus longicauda ( Ehr . ) DU j . X 
Phacus pleuronectes ( M u l l >  Du j .  X 
Phacus pyrum (Ehr .  S t e i n  X 
Phacus tortus (Lemrn.) Skvorfzow X 
Phacus Sp . x x 
Trachelomonas creba ( K e l l . 1  De f l .  
Trachelomonas hispida ( P e r t y )  S t e i n  x 
Trachelomonas pulcherrima P l  ayf a i r x 

(cont inued)  
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Table 13. (Concl uded). 

Species Pool 19 Pool 20 

Trachelomonas schauinslandii LeIilm. 
Trachelomonas simi lis Stokes 
Trachelomonas volvocina Ehr. 
Trachelomonas sp. (smooth w i t h  neck) 
Trachelomonas Sp. (spines)  

PYRRHOPHYCOPHYTA (Dinoflagellates) 

Ceratium hirundinella (0.F.M.) Shrank X 
Glenodinium quadridens (S te in )  S c h i l l e r  x 
Glenodinium Sp. x 
Gymnodinium Sp. x 
Peridinium cinctum (Mu l l )  Ehr. X 
Peridinium Sp. x x 

XANTHOPHYCOPHYTA 

Ophiocytium capitatum W0lle x 
Ophiocytium capitaturn var.  longispinum (Moeb.) X 

Lemm. 
Ophiocytium cochleare (Eichw.) A. Br. X 
Tribonema S p . x x 

An extensive study o f  both r o t i f e r  D i v e r s i t y ,  p a r t i c u l a r y  f o r  r o t i f e r s ,  
and crustacean zooplankton i n  Pool 19 was was greates t  i n  May-June and lowest i n  
done between May 1982 and January 1983 October-November. Periods o f  mean peak 
( P i l l a r d  1983). S i t es  were se lec ted so zooplankton dens i ty  i n  t h e  pool  changed, 
t h a t  a l l  h a b i t a t  types, i n c l u d i n g  channel, however, depending on h a b i t a t  (F igure 18). 
s ide channel, nonvegetated channel border, I n  the nav iga t ion  channel and channel 
vegetated channel border, and backwaters border, r o t i f e r  dens i t i es  peaked i n  May- 
were sampled. These samples were quant i -  June and those o f  crustaceans i n  August 
t a t i v e  and c o l l e c t e d  monthly. (Figure 18). Rot? f e r  dens i t i es  were 

usua l l y  much h igher  than crustacean densi- 
Throughout t he  pool ,  a t o t a l  o f  36 t i e s .  The h ighest  dens i t i es  o f  bo th  

taxa were i d e n t i f i e d  (Table 14). R o t i f e r s  r o t i f e r s  and crustaceans were found i n  the  
were usua l l y  dominant and inc luded the  shal low nonvegetated channel border 
g reater  d i v e r s i t y ,  21  o f  the  taxa. While (F igure 18), where crustacean dens i t y  was 
copepods were seasonal o r  s i t e  s p e c i f i c  i n  g reater  than r o t i f e r  dens i ty  i n  August. 
abundance, on l y  2 taxa were found, b u t  13 Dev ia t ing  from t h i s  p a t t e r n  were zooplank- 
taxa o f  cladocerans were co l l ec ted .  t o n  populat ions i n  s ide  channels and 
Maximum d e n s i t i e s  o f  r o t i f e r  species backwaters. Dens i t i es  i n  s ide channels 
ranged from 0.01/1 ( T r i c h o t r i a )  t o  were genera l ly  low (Figure la ) ,  and 
337.29/1 (Branchionus c a l y c i  f lo rus)  w i t h  crustaceans s t i  17 peaked i n  December. 
g reates t  species peaks occu r r i ng  i n  August Mean annual d e n s i t i e s  o f  r o t i f e r s  and 
(50%) and May (27%). Species peak densi- crustaceans i n  t h i s  h a b i t a t  were about 
t i e s  a l so  occurred i n  August (47%) f o r  equal. I n  backwaters, zooplankton den- 
crustaceans and ranged from 0.01/1 s i  t i e s  peaked i n  December, and crustacean 
(Polyphemus ped icu l  us) t o  29.35/1 d e n s i t i e s  (27.3/1) were h igher than those 
(Da hn ia  re t rocurva)  f o r  cladocera and o f  r o t i f e r s  (7.3/1) (Figure 18). I n  
24.15 -9- 1 f o r  Cyclops, general, dens i t y  peaks and low l e v e l s  i n  
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Table 14. Zooplankton taxa co l l ec ted  from Pools 19 and 20. 
Re la t ive  maximum i s  abundance indicated. A=100/1, C=10-99/1, 
U=10/1. 

Taxa Pool 19 Pool 20 

Roti f e r a  
Asplanchna SPP. u U 
Brachionus angularis u 
B. calyciforus A 
B. caudatus U U 
B. quadridentata c U 
Conochiliodes SP. u 
Euchlanis SPP. c 
Filinia longiseta u 
Kellicottia longispina u 
Reratella cochlearis c 
K. quadrata u 
Lecane SPP. U 
Mniobia Spp. U 
Notholca striata U 
Platyias patulus u 
P. quadricornis u 

Polyarthra Spp. u 
Synchaeta Spp. u 
Testudinella SPP. u 
Trichocerca u 
Trichotria SPP. U 

Ar thropoda 
Crustacea 
Cl adocera 

Alona costata U 
A. rectangula u 

Bosmina longirostris c u 
Ceriodaphnia reticulata u u 
Daphnia parvula u U 

D. pulex U 
D. retrocurva c U 

Diaphanosoma brachyurum u U 
Eurycercus lamellatus u 
Leptodora kindtii u U 
Macrothrix SPP. u 
Polyphemus pediculus u 

Copepoda 
Cyclops spp. C C 
Diaptomus Spp. U U 

U U 
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Figure 18. Seasonal d i s t r i b u t i o n  o f  r o t i f e r s  and crustacean zooplankton i n  various 
hab i ta t s  o f  Pool 19, M iss i ss ipp i  River  (from P i l l a r d  1983). 

backwaters were j u s t  opposite o f  those 
found i n  channel and adjacent channel 
border hab i ta ts .  

The genera l ly  h igh  dens i t i es  and 
d i v e r s i t y  o f  r o t i f e r s  and crustaceans from 
the channel and channel border areas i n  
May-June samples correspond t o  the r e s u l t s  
o f  s tudies on o ther  areas o f  the Missis-  
s i p p i  River  (Reinhard 1931) o r  o ther  la rge 
r i v e r s  (Kofoid 1908). Areas o f  shal low 
water w i t h  lower cu r ren t  v e l o c i t i e s  tend 
t o  have an area o f  g reater  development o f  
zooplankton populat ions. Gal t s o f f  (1924) 
ind ica ted higher crustacean dens i t i es  i n  
lower, l a c u s t r i n e l  i ke reaches o f  Pool 19. 
S i m i l a r l y ,  i n  P i l l a r d '  s study (1983), 
dens i t i es  o f  zooplankton were h igh i n  
backwater areas and shallow, sparsely 
vegetated channel borders where cur rent  
v e l o c i t i e s  are  low. These areas, as we1 1 
as other upstream pools, con t r i bu te  
zooplankton t o  the  main channel and 
adjacent channel border areas. Aquatic 

macrophytes seem t o  1 i m i  t zooplankton 
product ion;  b u t  t he  macrophyte growing 
season (June through August) i s  shor t  and 
these shal low areas have abundant zoo- 
p lankton populat ions i n  the  f a l l  a f t e r  
p l a n t  senescence. 

2.5.2 Pool 20 

Though a few samples o f  zooplank- 
ton  from Pool 20 have been co l lec ted,  
on l y  two systematic studies have been 
reported. I n  1972-73, Hef f e l  f i nger 
(1973) c o l  l ec ted  zooplankton from three 
Pool 20 s i t e s  as p a r t  o f  an eva luat ion  
o f  p lankton and water q u a l i t y  i n  t h i s  
pool (see Section 2.4 f o r  desc r ip t i on  
o f  sample s i t es ) .  Ten years l a t e r  
P i  1 1 ard (1983) examined zooplankton 
communities i n  the  upper reaches o f  
Pool 20. I n  P i l l a r d ' s  study q u a n t i t a t i v e  
samples were c o l l e c t e d  a t  19 s i t e s  i n  
t a i l w a t e r ,  channel, and channel border 
areas below Lock and Dam 19. 



Between t h e  two s tud ies ,  18 taxa were 
c o l l e c t e d  i n  Pool 20 (Table 14). Densi- 
t i e s  ranged from 7.59 zooplankton/l  t o  
44.84/1, depending on 1 o c a t i  on o f  sample 
s i t e s .  The zooplankton community was 
usual l y  dominated by r o t i f e r s ,  p a r t i c u -  
l a r l y  Brachionus c a l y c i f  l o r u s  i n  t he  upper 
end of- and Tr ichocera sp. i n  the  
lower reaches. The copepod Cyclops was 
a1 so abundant, o f t e n  equal i ng the  dens i t y  
o f  t h e  dominant r o t i f e r .  A dec l i ne  i n  
zooplankton dens i t y  was noted down the  
l eng th  o f  t h e  poo l ,  w i t h  peak d e n s i t i e s  
u s u a l l y  occu r r i ng  i n  t h e  t a i l w a t e r s  o f  
Lock and Dam 19. Seasonally, d e n s i t i e s  o f  
zooplankton were low i n  t h e  w i n t e r  w i t h  
peak populat ions i n  t h e  f a l l .  S i m i l a r  
pa t te rns  were ev ident  a t  a l l  sampling 
s t a t i o n s  down t h e  l eng th  o f  the  pool .  
Wi th  the  except ion o f  t he  t a i l w a t e r s ,  
1 i ttl e v a r i a t i o n  was observed between 
h a b i t a t s  i n  Pool 20. The t a i l w a t e r s ,  
though having lower d e n s i t i e s  than Pool 
19, s t i l l  had t h e  h ighest  d i v e r s i t y  and 
dens i t y  o f  samples from Pool 20. I n  the  
t a i  lwaters, d i v e r s i t y  and dens i t y  
were lower near t he  Iowa shore, w i t h  a 
progress ive  increase toward t h e  I 1  1 i noi  s 
shore. 

Changes i n  d i v e r s i t y  and dens i t y  i n  
t h e  t a i l w a t e r s  may be due t o  feed ing  by 
f i s h  o r  ben th i c  inver tebra tes  on zoopl ank- 
t o n  passing from the  l a c u s t r i n e  h a b i t a t  
above Lock and Dam 19. The dens i t y  
d i s t r i b u t i o n  suggests t h i s  cause s ince 
d e n s i t i e s  decrease w i t h  downstream 
sampling s t a t i o n s .  The l a c k  o f  h a b i t a t  
d i v e r s i t y  i n  Pool 20 i s  evidenced by the  
s i m i l a r i t y  i n  d i v e r s i t y  and dens i t y  o f  
zooplankton communities a t  s i t e s  
pos i t i oned  across the pool a t  t h e  same 
r i v e r  mi le .  These t rends are  s i m i l a r  t o  
those observed f o r  phytoplankton i n  t h i s  
pool . 
2.5.3 Pool Comparisons 

I n  bo th  poo ls  r o t i f e r s  were found t o  
be t h e  dominant zooplankter ,  fo l lowed by 
copepods and cladocerans. The r o t i  f e r  
Brachi  onus c a l y c i  f l o r u s  was dominant i n 
both pools and was the  on ly  abundant zoo- 
p lank te r  ( d e n s i t i e s  g rea te r  than 100/1) 
i n  Pool 19 (Table 14). These f i n d i n g s  are  
a change from those o f  Wi l l iams (1966), 
who found t h e  r o t i f e r  K e r a t e l l a  sp. t o  be 
the  most abundant zooplankter  i n  Pool 19. 

Also, i n  Pool 20 H e f f e l f i n g e r  (1973) 
i n d i c a t e d  tha t ,  a t  l e a s t  i n  November, t he  
r o t i f e r  Tr ichocerca was the  most abundant. 
These d i f fe rences.  however. are usual l v  
on ly  seasonal, and ~ r a c h i o n u s  i s  con= 
s i  dered t h e  dominant r i v e r i n e  species f o r  
these reaches o f  t he  M iss i ss ipp i  River .  

The major d i f f e rences  between Pool 19 
and Pool 20 are i n  species d i v e r s i t y  and 
dens i ty .  Pool 19 has a f a r  h igher  d i ve r -  
s i t y  and densi ty .  As w i t h  phytoplankton, 
t h i s  d i f f e rence  apparent ly  r e f l e c t s  t h e  
g rea te r  h a b i t a t  d i v e r s i t y  i n  Pool 19, 
which has extensive backwaters, vegetated 
channel borders, and i s l a n d  b r a i d i n g  w i t h  
associated s ide  channels. The h igh  habi- 
t a t  d i v e r s i t y  r e s u l t s  i n  a v a r i e t y  o f  
environmental condi t ions- -e .  g. , lower 
c u r r e n t  v e l o c i t i e s ,  va r i ab le  d isso lved 
oxygen, and v a r i a b l e  temperature--which 
s t imu l  a te  o r  depress zoopl ankton popul a- 
t i o n s  and increase d i v e r s i t y .  D i v e r s i t y  
does decrease downstream on Pool 20 
(He f fe l  f i nger 1973; P i  11 a rd  1983). Whi 1 e 
g rea tes t  dens i t i es  and d i v e r s i t y  do occur 
i n  t h e  lower reaches o f  Pool 19, Ga l t so f f  
(1924) i nd i ca ted  increased dens i t y  i n  
cladocerans and copepods i n  t he  upper 
reaches o f  t he  M i s s i s s i p p i  R iver  near 
Minneapol i s ,  Minnesota. The areas 
examined by Gal t s o f f  were more l a c u s t r i  ne, 
such as Lake Pepin, o r  were extensive 
backwaters w i t h  1 ow cu r ren t  v e l o c i t i e s .  

Meiofauna i nc lude  those benth ic  
i nve r teb ra tes  t h a t  can pass through a 
500-micron sieve. I n  most aquat ic  systems 
ben th i c  meiofauna inc lude r o t i f e r s ,  
ta rd ig rades , nematodes, and gas t ro t r i chs .  
These organisms may occur i n  very  h igh  
d e n s i t i e s  i n  some environments and they 
have been shown t o  be important  i n  main- 
t a i  n i  ng the  dynamics o f  decomposer-based 
n u t r i e n t  cyc les.  However, on l y  one study 
has been conducted i n  the  r i v e r  reach from 
Lock and Dam 20 t o  Lock and Dam 18. 
Anderson ( i n  prep. ) used a corer  t o  
c o l l e c t  meiofauna from e i g h t  l oca t i ons  
down the  l eng th  o f  Pool 19. Three h a b i t a t  
types were sampled: main channel, 
unvegetated channel border, and vegetated 
channel border. The vegetated h a b i t a t  was 
subdiv ided i n t o  emergent, f l o a t i n g ,  and 
submerged areas. 



The most abundant meiofauna found 
were nematodes w i t h  d e n s i t i e s  ranging from 
128 ,000/m2 i n  emergent vegetat ion t o  about 
11,000/m2 i n  t h e  main channel (Table 15). 
D i v e r s i t y  was g rea tes t  i n  h a b i t a t s  w i t h  
f l o a t i n g  vegeta t ion  i n  which 23 genera o f  
nematodes sampled down the  l eng th  o f  Pool 
19 showed a l o n g i t u d i n a l  change i n  den- 
s i t y .  Dens i t ies  i n  t h i s  h a b i t a t  were 
h ighest  i n  the lower l a c u s t r i n e  areas o f  
the pool (90,000/m2) and dec l ined a t  
upstream s t a t i o n s  (9, 000/m2) w i t h  sandy 
substrates. The most common genera, i n  
terms o f  bo th  d i s t r i b u t i o n  between habi-  
t a t s  and dens i t y  was T rob i l us  (maximum 
dens i ty  = 40,800/m2), a bace r ia l - f eed ing  
nematode. Other abundant genera i nc lude  
another b a c t e r i a l  feeder, Plectus (maximum 
dens i ty  = 37,000/m2), and the  s t y l e t -  
ba r i ng  form, a p l a n t  feeder, I ronus 
(maximum dens i t y  = 43 ,000/m2). Nematodes 

evaluated the  most f o r  t h e  macroinverte- 
b r a t e  taxa, p a r t l y ,  because o f  t he  l i n k  
between i nve r teb ra te  product ion  and the  
use of t h e  area by migra tory  water fowl 
(Thompson and Sparks 1978; Sparks 1984; 
Day 1984) and f i s h  (Hoopes 1960; Jude 
1973). I n  add i t i on ,  the  extreme dens i t i es  
o f  the mass emergences o f  c a d d i s f l i e s  and 
burrowing mayf 1 i e s  have a t t r a c t e d  'conti nu- 
i n g  i n t e r e s t .  Pool 19 was a l so  designated 
as a l ong  term eco log ica l  research s i t e  by 
t h e  Nat ional  Science Foundation through a 
g r a n t  t o  the  I l l i n o i s  Natural  H i s t o r y  Sur- 
vey. As a r e s u l t ,  i n tens i ve  sampling o f  
macroinvertebrates was s t a r t e d  i n  1980 and 
i s  expected t o  cont inue i n t o  the  21st  
century. 

2.7.1 Pool 19 

I n  Pool 19, 144 macroinvertebrate 
w i t h  s t y l e t s  were usua l l y  more abundant i n  taxa have been repor ted  (Table 16). The 
vegetated areas, where they c o n s t i t u t e d  m a j o r i t y  o f  these taxa  are insects.  Three 
50% o r  more o f  t h e  taxa  present  i n  t h e  i n s e c t  orders con t r i bu te  s u b s t a n t i a l l y  t o  
hab i ta t .  t h i s  d i v e r s i t y  and inc lude midge l a rvae  

(Chi ronomi dae) , mayf ly  nymphs 
Benthic r o t i f e r s  were repor ted  t o  be (Ephemeroptera), and c a d d i s f l y  l a r vae  

about h a l f  as abundant as nematodes i n  a l l  (Tr ichoptera) .  The d i v e r s i t y  o f  mussels 
bu t  t he  main channel h a b i t a t .  I n  t h e  (Unionidae) and s n a i l s  (Gastropoda) i s  
channel, d e n s i t i e s  o f  both groups were a l s o  h igh  i n  the  pool.  However, t he  
very low f o r  nematodes. Other types o f  g rea tes t  dens i t i es  and biomass i nvo l ve  
meiofauna occurred on l y  spo rad i ca l l y  and o n l y  a few species i n c l u d i n g  t h e  f i nge r -  
never a t  l e v e l  s  of s i g n i f i c a n t  dens i t i es .  na i  1 clam (Muscul i um transversum) , caddis- 

f l y  l a r v a  (Hydropsyche o r r i s )  , and burrow- 
i ng mayf 1y nymph (Hexageni a 1 imbata) . 

2.7 MACROINVERTEBRATES Because o f  t he  h igh  dens i t y  and produc- 
t i o n  o f  these th ree  organisms, t h e i r  

Macroinvertebrates are usua l l y  de- autecology i n  Pool 19 has been examined 
f i n e d  by s i z e  and i nc l  ude those organi sms by several researchers (Freml i ng 1960b, 
t h a t  cannot pass through a U. S.  standard 1964a, 19646, 1973; Carlander e t  a l .  1967; 
No. 30 s ieve (mesh s i ze  500 pm). They are  Gale 1969, 1971, 1973a, 1973b, 1976, 
probably t h e  most d iverse  group o f  animal 1977). 
b i o t a  found i n  t h e  r i v e r ,  w i t h  representa- 
t i v e s  from a t  l e a s t  5 phy la  and w e l l  over The communi ty-domi n a t i  ng f i ngernai 1 
100 genera present  (Table 16). Not o n l y  clam (M. transversum; F igure  19) l i v e s  i n  
are they a d iverse  group o f  organisms, b u t  nonveggtated channel border areas having 
they a l so  occur i n  very h igh  d e n s i t i e s  and s o f t  s i l t - s a n d  substrates (Carlson 1968; 
biomass i n  some hab i ta ts .  While these Gale 1971, 1975; B u t t s  and Sparks 1982; 
h igh dens i t i es  are  sometimes considered a Anderson and Day, i n  press). Though 
hinderance t o  human a c t i v i t y  a long t h e  dens i t i es  o f  t h i s  species have been 
r i v e r  (Freml i ng 1960b), they do represent  repor ted  t o  exceed 100 ,000/m2 (Gale 1969), 
the h igh  p r o d u c t i v i t y  p o t e n t i a l  o f  t h e  t h e i r  d e n s i t i e s  usua l l y  range between 
r i v e r  and a v i t a l  t r o p h i c  l i n k  f o r  h igher  100/m2 and 10,000/m2 (But ts  and Sparks 
organisms i n  and along t h e  r i v e r  (see 1982; Anderson e t  a l . ,  i n  prep.). The 
Section 3.3). c lam's l i f e  cyc le  may be 3 t o  12 months, 

depending on when an i n d i v i d u a l  clam was 
With t h e  except ion o f  the  t a i l -  produced. There a r e  apparent ly  two 

water area o f  Pool 20, Pool 19 has been per iods o f  peak reproduct ive  a c t i v i t y  i n  
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Tabre 16. Macroinver tebrates c o l l e c t e d  from Pools 19 and 20, Upper M i s s i s s i p p i  River .  

Pool 20 Pool 19 
Teska (1979) Car lson (1968) Gale (1969) Anderson 

Taxa Anderson (Unpubl.) (Unpubl. ) 

Nematomorpha (Horsehai r worms) 
Gordius Sp. 

Bryozoa (Moss an imals)  
Plumatella Spp 

Anne1 i da 
01 i gochaeta (Aqua t i c  worms) 

Aeolosoma Spp. 
Chaetogaster limnaei 
Chaetogaster Sp. x 
Dero Sp. x 
Pristina Sp. 
Nais Spp. x 
Branchiura sowerbyi x 
Limnodrilus SP. x 
Limnodrilus hoffmeisteri 
Tubifex tubifex x 

H i r u d i  nea (Leeches) 
Erpobdella punctata 
Glossiphonia complanata 
Haemopis marmorata 
Helobdella Fusca 
H. nepheloidea 
H. stagnalis 
Illinobdella Sp. 
Nephelopsis obscura 
Placobdella montifera 
P. parasi tica 

Ar thropoda 
Isopoda (Aqua t i c  sow bugs) 

Asellus brevicaudus 
Asellus intermedius x 

Amphipoda (Sideswimmers) 
Hyalella azteca x 

Decapoda ( C r a y f i s h  & shr imp) 
Palaemonetes Kadiakensis 
Cambarus diogenes 
Orconectes virilis x 

(continued) 
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Table 16. (Continued). 

Pool 20 Pool 19 
Teska (1979) Carlson (1968) Gale (1969) Anderson 

Taxa Anderson (Unpubl . ) (Unpubl . ) 

Insec ta  
Collembola ( S p r i n g t a i l s )  

Hypogastrura 
Isotomurus palustris X 

Plecoptera (Stonef l  i e s )  
Isoperla bilirleata x 
Allocapnia Sp. x 

Ephemeroptera (May f l i es )  
Potamanthus verticis X 
Pentagenia vitt igera X 
Hexagenia bi 1 ineata X 
H. limbata X 
Tricorythodes atratus X 
Caenis hilaris X 
C. simulans 
Isonychia sicca x 
Baetis Spp. X 
Ephoron album X 
Pseudiron centralis 
Stenacron interpunctatum X 
Stenonema integrum X 
S. bipunctatum X 
S. terminatum X 
Heptagenia inconspicua X 
H. hebe X 
H. maculipennis X 
Anepeorus simplex X 

Odonata 
Ani soptera (Dragonfl  i e s )  

Gomphus SPP. X 
Anax junius 
Aeschna Sp. 
Macromia Sp. 
Somatochlora SPP. 
Libellula S P .  
Sympetrum S P .  
Pachydiplax S P .  

Zygoptera (Damsel f l ies)  
Agrion Sp. 
Lestes Sp. 
Argia SPP. 
Ischnura Sp. X 
Enallagma SP. 

Hemiptera (True bugs) 
~ e f o r i d a e  f Velvet  water bugs) 

(continued) 
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Table 16. (Continued). 

Taxa 

Pool 20 Pool 19 
Teska (1979) Carlson (1968) Gale (1969) Anderson 
~nderson (unpubl. ) (Unpubl . ) 

Hebrus 
Mesoveliidae (Water 

treaders)mesovelia 
Gerridae (Water strider) 

Gerris x 
Veliidae (Broad-shouldered 

water strider)~icrovelia 
Notonectidae (Backswimrners) 

Notonecta 
Buerloa 

Pleidae (Pigmy backswimmers) 
Neoplea 

Nepidae (Water scorpions) 
Ranatra 

Belostornatidae (Giant 
water b~g~)~elostorna Fluminea 

Corixidae (Water boatmen) 
Trichocorixa Sp. 
Palmacorixa SP. 
Hesperocorixa Sp. 
Sigara Spp. 

Megaloptera (Alderfl ies) 
Sialis Sp. 

Trichoptera (Caddi sf1 ies) 
Cheumatopsyche Spp, 
C. Campyla 
Hydropsyche bidens 
H. orris 
H. valanis 
H. phalerata 
Hydroptila ajax 
H. waubesiana 
Mayatrichia ayama 
Orchotrichia Sp. x 
0. tarsal is 
Athriposodes falvus 
A. transversus 
Oecetis inconspicua 
Nectopsyche Sp . x 
Cyrnellus marginalis x 
Neureclipsis crepuscularis 

Lepidoptera (Aquatic caterpillers) 
Neocataclysta 
Acentropus 

(continued) 
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Table 16. (Continued). 

Taxa 

Pool 20 Pool 19 
Teska (1979) Carl son (1968) Gale (1969) Anderson 
Anderson (Unpubl . ) (Unpubl . ) 

Coleoptera (Beet1 es) 
Hal ipl idae (Crawling water 

beetles) 
Peltodytes Sp. 
Haliplus Sp. 

Dytiscidae (Predaceous 
diving beetles) 
Hydroporus SP. 
Laccophi lus SP . 
Agabus S p . 
Dytiscus Sp. 
Cybister Sp. 

Gyrinidae (Whirligig 
beet1es)~ineutus sp. 
Gyrinus Sp. 

Hydrophilidae (Water 
scavenger Beetles) 
Helophorus SP. 
Borosus Sp . 
Tropisternus Sp. 
Laccobius SP. 

Elmidae (Riffle beetles) 
Stenelmis Sp. 

Diptera (Flies) 
Tipulidae (Crane flies) 

Helius SP. 
Tipuza SP. 

Culicidae (Mosquitoes) 
Aedes SPP. 

Chaoboridae (Phantom midge) 
Chaoborus Sp. 

Simul idae (Black fl ies) 
Prosimulium SP. 

Heleidae (Biting midges) 
Palpomyia SP. 
Bezzia SP. 

Stratiomyiidae (Soldier 
flie~)~dontorn~ia Sp. 

Tabanidae (Horseflies) 
Chrysops Sp. 
Tabanus Sp. 

Anthomyiidae (Anthomyiids) 
Limnophora SP. 

Chironomidae (Midges) 



Tablie 16. (Continued). 

Pool 20 Pool 19 
Teska (1979) Car l  son (1968) Gale (1969) Anderson 
Anderson (Unpubl . ) (Unpubl . ) Taxa 

Ablabesmyia 
Anatopyni a 
Clinotanypus 
Coelotanypus 
Pentaneura 
Procladius 
Tanypus 
Chi ronomus 
Cryptochironomus 
Dicrotendipes 
Microtendipes 
Parachi ronomus 
Paracladopelma 
Paratendipes 
Phaenospectra 
Polypedilum 
Eukiefferiella 
Cri cotopus 
Rheotanytarsus 
Stenochironomus 
Corynoneura 

Mol l  usca 
Gastropoda (Snai 1s) 

Physa SP. 
P. anatina 
P. gyrina 
Helisoma trivolvis 
Laevapex Sp. 
L . Fuscus 
Amnicola binneyana 
A. lustrica 
A. sayana 
Fon tigens nick1 iniana 
Somatogyrus depressus 
S. isogonus 
S. subglobosus 
Campeloma crassula 
C. decisum 
Lioplax subcarinata 
L. subculosa 
Viviparus intertextus 
V . georgi anus 
Pleurocera acuta 

(continued) 



Table 16. (Concluded) 

Pool 20 Pool 19 
Teska (1979) Car l  son (1968) Gale (1969) Anderson 

Taxa Anderson (Unpubl . ) (Unpubl . ) 

Pelecypoda (Clams and mussels) 
Sphaer i idae (F i nge rna i l  clams) 

P ~ s i d i u m  SP. X 
P .  contpre.\~urn 
P .  r l t  t rdr~rn 
P. varrabllc 
Sphiic.2~ lulrt l r 1 r 1 1 . 5 t ~  e 
S ,  s r r r t r  l r  
5 .  st1 l a t  tnnrrr x 
MLZSCU 1 1 rrm t r  , i r~aver  s r t m  X 

Corb fcu l idae  ( A s i a t i c  clam) 
C'or bic.riIa f ltrrn~ltea 

M a r g a r i t i f e r i d a e  (Mussels) 
Cumbr b r  I nl~rl ia morrudorr t ~i x X 

Unlonidae (Mussels) 
No. of species 20 10 2  2  2 6 
(see Sec t ion  2 .8 ,  
Table 19 fo r  species l i s t )  

- - --- -- 

To ta l  no. o f  taxa 9 8 50 6 8  172 

- - 

r e d u c t  i on  o f  t he  nymphs by 80%-85% by commence i n  May and con t inue  t o  August 
- J J ~  Popu la t ions  recover  i n  t he  f a l l  (Fremling 1960b). I n  r ecen t  years  t h e  
when rtymphs aga in  beg in  t o  burrow and peak emergence i s  u s u a l l y  f rom e a r l y  t o  
i n c r e a s e  i n  s i z e  (Car lson 1960). mid June and c o n s t i t u t e d  p r i m a r i l y  of 

H. o r r i s  (Anderson e t  a1 . , i n  prep.  ). - -  
A s i m i l a r  s i t u a t i o n  i s  found w i t h  t he  

c a d d i s f l y  la rvae .  Whi le severa l  species Besides t h e  prevalence o f  these t a x a  
of hydrogsychi i d  cadd-isfl i e s  a re  found on i n  t h e  poo l ,  t he re  i s  a  d i s t i n c t  l o n g i t u -  
hard  subs t ra tes  o f  t h e  poo l ,  &drogsyche d i n a l  and l a t i t u d i n a l  g r a d i e n t  i n  t h e  
or-r i s  i s  t he  nunrclrical ly  dominant species, macro inver tebrate community's composi t ion.  
7 

o c c u r i n g  a t  d e n s i t i e s  of 10,000/m2. Th is  Down t h e  l e n g t h  o f  t h e  poo l  t h e  community 
spec ies ,  as we1 l as most hydropsychi i d  s h i f t s  f rom one dominated by i n s e c t s  t o  
c a d d i s f  l i e s ,  i s  most abundant i n  t a i  1- one dominated by mol lusks (F i gu re  21). 
w a t e r s  b u t  occurs as a  dense mat on any I n  eva l ua t i ng  t he  l o n g i t u d i n a l  community 
s o l i d  s u b s t r a t e  i n  f l o w i n g  water .  These s t r u c t u r e ,  care must be taken  i n  t h e  
ma ts ,  composed o f  l a r v a l  r e t r e a t s  con- choice o f  sampl ing method s i nce  some 
s t r *uc ted  o f  sma l l  p i t s  of  sand, may became s e l e c t i v i t y  i s  p resen t ,  depending on 
50 dense t h a t  they  fou l  mooring l i n e s  and method used. S o l i d  subs t ra tes ,  excep t  
f i s h  ne ts .  The l a r v a e  a re  c a l l e d  sand- those i n  arpas o f  low c u r r e n t  v e l o c i t y  
worms by l o c a l  f ishermen and are con- t h a t  become f o u l e d  w i t h  s i l t ,  a t t r a c t  
si dered  a nuisance. A d u l t  emergence, nonburrowi ng i n s e c t s  which a t t a c h  t o  t h e  
c o m p l e t i n g  an annual l i f e  cyc le ,  may surface o r  crawl a long  i t  (F i gu re  21, 
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Figure 19. Burrowing mayf 1 i es (Hexageni a) 
and f ingernai  1 clams (Muscul ium) i n  
channel border substrate,  Pool 19, Miss is -  RIVER MlLE 

Multiplates 
s i p p i  River. 'OoO 3 L 

SPHAERIIDAE 
- - 

LENGTH (mm) 

360 3 yo 380 390 460 4 io  
RIVER MILE 

Figure 21. E f f e c t s  o f  sampling technique 
on d i s t r i b u t i o n  and dens i ty  o f  i n s e c t  and 
noninsect fauna down the l eng th  o f  Pool 
19, M iss i ss ipp i  River. 

Figure 20. Seasonal d i s t r i b u t i o n  o f  s i ze  L a t i t u d i n a l l y ,  macroinvertebrate com- 
classes i n  f i ngernai 1 clam popu la t ions  i n muni t y  s t r u c t u r e  can be def ined accordi ng 
Pool 19, M iss i ss ipp i  River .  t o  h a b i t a t  (Table 17; Anderson and Day, i n  

press). Most sect ions across t h e  r i v e r  
have a t  l e a s t  two d i s t i n c t  hab i ta t s  and 
some may have as many as f i v e .  The main 

mu1 ti pl  ates). Dredging does no t  channel usua l l y  has a comparatively 
adequately sample areas o r  hab i ta t s  w i t h  depauperate fauna composed p r i n c i p a l l y  
s o l i d  substrates (Figure 21, dredge) o f  organisms washed i n t o  the  channel. 
because the dredge w i l l  not  c lose around There are  few res iden t  species i n  t h i s  
la rge  s o l i d  substrates.  Using a dredge t o  hab i ta t .  As mentioned prev ious ly ,  t h e  
sample r e s u l t s  i n  an underestimate o f  channel border area i s  dominated by 
at tached o r  sur face-dwel l ing  organisms. f i n g e r n a i l  clams and burrowing mayfl ies, 
Thus, a combination o f  techniques such as bu t  as many as 84 o the r  species are a l s o  
implementing a r t i f i c i a l  substrates, found (Table 17). Hab i ta ts  w i t h  t he  
d iv ing ,  and dredging may be needed t o  ex- g reates t  number o f  taxa  are  areas w i t h  
amine 1 ongi t u d i n a l  macroinvertebrate com- macrophytes. I n  these areas macroinver- 
muni t y  s t r u c t u r e  as substrates and habi- t eb ra te  composit ion var ies ,  depending 
t a t s  change down the  l eng th  o f  the  pool. on whether the h a b i t a t  contains emergent, 

53 



f l o a t i n g ,  o r  submerged vegetation. The 20. He found t h a t  hydropsychi i d  caddis- 
composit ion changes from a  submerged f l i e s  were the  most abundant organisms i n  
vegetat ion,  t o  one w i t h  searching h i s  study area, fo l lowed by nonburrowing 
predators (1  i ke damsel f 1  i es )  i n  f l o a t -  mayf l ies and midges (Chi ronomi dae). Chan- 
i n g  vegetat ion,  t o  1  i tter-processing nel border areas w i t h  s o f t  substrates d i d  
forms such as Asel l u s  i n  areas o f  have burrowing mayf l ies  b u t  no f ingerna i  1  
emergent vegetat ion (Anderson and Day, clams. Frendrei s  (1982) examined hab i ta t s  
i n  press) .  Slough and backwater lakes w i t h  r i p r a p  (wing dams) and sand sub- 
have a  s i m i l a r  b u t  less  d iverse taxa s t ra tes  adjacent t o  and j u s t  downstream o f  
than vegetated areas. This d i f fe rence the mouth o f  the Des Moines River. The 
i n  d i v e r s i t y  i s  probably due t o  an r i p r a p  was again dominated by hydro- 
increase i n  organic matter i n  the psych i id  cadd is f l i es ,  and few organisms 
sloughs and lakes and associated reduc- were found i n  the sand substrate. 
t i o n  i n  d issolved oxygen, factors which Neuswanger (1980) and Neuswanger e t  a l .  
have been shown t o  reduce community (1982) examined s ide  channel hab i ta t s  i n  
d ive!*s i ty .  the lower reaches o f  Pool 20. The mud 

substrates of these areas were dominated 
Superimposed on t h i s  h a b i t a t  associa- by burrowing mayf l ies  and ol igochaetes. 

t i o n  i s  substrate preference. Many When a r t i f i c i a l  substrates were i n t r o -  
macroi nver tebrate taxa have a  spec i f i c  duced i n t o  the h a b i t a t ,  o the r  mayf 1  i e s  
subst ra te  requirement (Table 18). The and cadd is f l  i es  colonized these so l  i d  
g rea tes t  number of taxa were associated substrates. These studies a l l  i n d i -  
w i t h  s o f t  substrates and macrophytes. cated a  st rong assoc ia t ion  between 
Both had a  l a rge  v a r i e t y  o f  t r ue  f l  ies macroinvertebrate community composition 
(D ip tera) .  Mud substrates a l so  contained and substrate type i n  t h i s  pool (Table 
a  d i ve rse  un ion id  mussel community. Hard 18). 
substrates were dominated by cadd is f l i es  
(Tr ichoptera)  and mayf l ies  (Ephemeroptera) Ni nety-e ight  taxa have been repor ted  
b u t  a  species d i f f e r e n t  from the  burrowing from Pool 20 (Table 16). Because o f  the  
form (Table 18). As a  r e s u l t  of these presence o f  the un ion id  mussels there,  the  
associat ions,  Anderson and Day ( i n  press) greatest  number o f  d i f f e r e n t  taxa was 
descr ibed four  d i s t i n c t  macroi rrvertebrate found i n  the channel (Table 17). Hab i ta ts  
communities i n  Pool 19: (1) A community w i th  macrophytes were e i t h e r  n o t  present  
found i n  the channel w i t h  a  low densi ty  o r  occupied such a  small area t h a t  they 
and l a c k i  rlg key organisn~s, (2)  communities were not  examined. Channel borders and 
i n  areas w i t h  hard substrates ( t a i lwa te rs ,  side channels o f t e n  had s o f t  substrates 
r iprap,  r i v e r i  ne areas w i t h  coarse bed and burrowing macroi nver tebrate communi - 
mater i  a I ) and character ized by hydro- t i e s .  
p s y c h i i d  c a d d i s f l i e s ,  (3) communities w i t h  
h igh  dens i t i es  of f i nge rna i l  clams and 2.7.3 Comparison o f  Pools 19 and 20 
burrowing mayf l ies  found i n  s o f t  sub- 
s t r a t e s  a f  nonvegetated channel border There are major d i f fe rences between 
areas, and (4) a  mixed, h igh l y  d iverse Pools 19 and 20 regarding macroinverte- 
commilni ty of i rtsects, crustaceans, and brates.  F i r s t ,  t a i  ]water d e n s i t i e s  and 
gastropods ifi hab i ta t s  w i t h  macrophytes. d i v e r s i t y  were much higher i n  Pool 20, i n  
The l a r g e s t  of these communities i n  Pool t a i lwa te rs  of Lock and Dam 19, and i n  the  
19 i s  t h e  f i n g e r n a i l  clam-burrowing mayfly t a i lwa te rs  o f  Lock and Dam 18. Coarser 
~ommuni ty  which accurs i n  about 60% o f  the substrates--rock and cobble--are found 
pool area. below Lock and Dam 19 than below Lock and 

Dam 18 where much o f  the subst ra te  i s  
2.7.2 Pool 20 sand. The more s tab le  substrate i s  con- 

ducive t o  the  development o f  h igher densi- 
Though macroi nvertebrates are d i  s- t i e s  and d i v e r s i t y .  I n  add i t ion ,  t h e  

persed along much o f  t he  length of Pool duct ion o f  p a r t i c u l a t e  organic ma 
20, few studies have been conducted on phytoplankton and zooplankton, i s  h  
them. Teska (1979) examined the macro- i n  t he  l a rge  l acus t r i ne  area jmmedia te ly  
i nve r teb ra tes  of t h e  t a i l w a t e r s  of Lock above Lock and Dam 19. D r i f t  of  t h i s  
and Dam 19 atld the  upper po r t i ons  of Po01 mater ia l  may provide an abundant food 
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Table 17. Number of macroi nvertebrate taxa associated w i t h  p a r t i c u l a r  hab i t a t  types 
(as defined in Section 1 .4 )  in  Pools 19 and 20, Upper Mississippi River. TWtai l -  
waters, C=channel, CB=channel border, SC=side channel, VCB=vegetated channel border, 
S-L=sloughs or  lakes. 

Taxa 

Habitats i n  Pools 19 and 20 . 
TW C C B SC VCB S- L 

19 20 19 20 19 20 19 20 19 20 19 20 

Nematomorpha (1) 
Bryozoa (1) 
Anne1 ida 

Oligochaeta (10) 
Hi rudi nea (10) 

Arthropoda 
Isopoda (1) 
Amphipoda (1) 
Decapoda (3) 
Insecta 

Collembola (2)  
Pl ecoptera (2) 
Ephemeroptera (19) 
Odonata 

Ani soptera (8) 
Zygoptera ( 5 )  

Hemiptera (13) 
Mega1 optera (1)  
Trichoptera (17) 
Lepidoptera (2) 
Coleoptera (14) 
Diptera (33) 

Moll usca 
Gastropoda (20) 
Pelecypoda 

Sphaeri i dae (8) 
Corb i  cul i  dae (1)  
Unionidae (26) 

Totals  27 36 45 47 84 34 52 36 95 68 

source f o r  f i  I ter-feeding macroinverte- 
bra tes  attached t o  the  subst ra tes  below 
the dam ( P i l l a r d  1983). Though t a i l -  
waters in Pool 20 support a high densi ty  
of organisms, the  channel border area  
of Pool 19 supports a much g rea te r  
density and d i v e r s i t y  than found any- 
where i n  Pool 20. The complex hab i t a t s  
i n  Pool 1 9 ,  abundance of potent ia l  food 
items, su i t ab le  subs t ra tes ,  and r e l a t i v e l y  
s t a b l e  pool l eve l s  a l l  contribute t o  t h i s  
high density and d ive r s i ty .  Additionally, 
the large  macrophyte beds may provide an 

abundant food source in  Pool 19  during 
the  summer, a period of peak growth f o r  
many organisms. By comparison, Pool 
20 has nei ther  the large  shallow channel 
border areas  nor the  expansive macro- 
phytic beds t o  provide hab i t a t  and food 
needed t o  support high population 
dens i t i e s .  Pool 20 a l s o  lacks ex- 
tens ive  populations of f i ngernai l 
clams, possibly the  most dominant 
s ing le  species found i n  Pool 19. 
Again, t h i s  may be due t o  food 
avai labi  1 i ty.  



Table 18. Number of macroinvertebrate taxa associated with particular substrate types 
in Pools 19 and 20, Upper Mississippi River. 

Substrate types 
Rock- Gravel Sand- Macro- 

Taxa Rock gravel Gravel sand Sand mud Mud phytes 
-- 

Nematomorpha (1) 
Bryozoa (1) 
Annel ida 

Oligochaeta (10) 
Hirudinea (10) 

Arthropoda 
Isapoda (I) 
Amphipoda (1) 
Decapoda (3) 
lnsecta 
Col lembola (2) 
Plecoptera (2) 
Ephemeroptera (19) 
Odonata 
Ani soptera (8) 
Zygoptera (5) 

Wemiptera (13) 
Megaloptera (1) 
irichoptera (17) 
Lepidoptera (2) 
Coleoptera (14) 
Oiptera (33) 

Mol lusca 
Gastropods (20) 
Pel ecypoda 
Sphaeri i dae (8) 
Corbicul idae (1) 
Unianidae (26) 

Totals 

Similarities between the pools do 
occur for same key !ypecies. Burrowing 
mayflies are present in both pools and 
are a dominant organism in areas with 
soft, mud-silt substrates. Hydropsychiid 
caddisfl ies, particularly Hydropsyche 
orris are abundant on any solid sub- -* 
strate in the pools. Their similarities 
reflect the strong association between 
substrate and macroinvertebrates, whi le 
the generally lower densities in Pool 
20 may reflect food availability or 
sequence of its avai labi 1 ity. Similar 
unionid communities are found in both 

pools and will be discussed in Section 
2.8. 

It is probable that many other spe- 
cies exist in both pools. Identification 
of several groups, aquatic worms (Oligo- 
chaeta) and midges (Chi ronomidae) in 
particular, is poorly known. Low densi- 
ties of many species may be either widely 
distributed or restricted to specialized 
macrohabitats and thus not collected in 
the reported surveys. Increased research 
and study on these pools should produce 
an expanding taxa 1 ist. 



Devil's Isfend (River Mile 3 78.0 ) 

< > 

3 A T O T A L  DRIFT 

Figure 22a. D r i f t  across the w id th  of 
Pool 19, M iss i ss ipp i  River, showing 
e f f e c t s  o f  hab i ta t .  

opposed t o  zoopl ankton--found suspended i n  
and t ransported through the  water column. 
Because o f  behavioral o r  ca tas t roph ic  
events, these organisms have become 
detached from the substrate on o r  i n  which 
they normal ly  occur. Behavioral d r i f t  i s  
o f t e n  synchronous, r e s u l t i n g  i n  d iu rna l  
and seasonal changes (Figure 22) i n  d r i f t  
densi ty .  Catastrophic d r i f t  occurs as a 
r e s u l t  o f  a b i o t i c  events such as h igh 
cu r ren t  v e l o c i t i e s  due t o  f looding.  
These two types o f  d r i f t  may r e s u l t  i n  a 
r e l a t i v e l y  constant d r i f t  community i n  
both Pools 19 and 20. I n  s p i t e  o f  low 
dens i t i es  (0.001/1 t o  3/1) d r i f t  organisms 
have been shown t o  be a major food source 
f o r  f i s h .  D r i f t  makes macroi nvertebrates 
more ava i l ab le  t o  f i s h  and thus increases 
f i s h  production. 

The macroinvertebrate d r i f t  commun- 
i t y  i s  s i m i l a r  i n  species composition 
i n  both pools (Table 19). This composi- 
t i o n  general l y  r e f l e c t s  benthic 
macroi nvertebrate communities o f t e n  
dominated by cadd is f l y  la rvae and mayf ly  
nymphs. Some community elements not  
c o l l e c t e d  i n  benth ic  samples have been 
found, p a r t i c u l a r l y  members o f  the 
i nsect fami l y  Chi ronomi dae (compare 
Tables 16 and 19). According t o  data 
presented by Frendreis (1982), a more 
d iverse community was found i n  Pool 

Figure 22b. Seasonal d i s t r i b u t i o n  o f  20 than t h a t  reported from Pool 19. 
major d r i f t  taxa i n  Pool 20, Miss iss ipp i  Most of the samples obtained from Pool 
River. 20 were co l l ec ted  j u s t  below the t a i l -  

waters o f  Lock and Dam 19. Consequently, 
d r i f t  samples conta in  species from both  
the  hard substrates below the dam and the 

2.8 SPECIAL COMMUNITIES s o f t  substrates immediately above the 
dam. Frendreis (1982) noted 1 i t t l e  

I n  a d d i t i o n  t o  the inver tebra te  s i m i l a r i t y  between substrate samples from 
communities p rev ious l y  described, there  the  immediate v i c i n i t y  o f  d r i f t  samples 
are three spec ia l ized communities occur- and the species found i n  the  d r i f t .  This 
r i n g  i n  both  Pools. These communities i nd i ca tes  t h a t  d r i f t  organisms o r i g i n a t e  
are macroinvertebrate d r i f t ,  mussels, from the  v a r i e t y  o f  upstream hab i ta ts .  
and parasi tes.  They a re  important  
because o f  t h e i r  e f f e c t s  on the  community Greater dens i ty  o f  d r i f t  organisms 
s t ruc tu re  o r  economics of the  pools. were found i n  the channel border h a b i t a t  
Several researchers have examined var ious as compared t o  o ther  hab i ta t s  (Figure 22, 
aspects o f  these communities i n  re la -  t o t a l  d r i f t ) .  L i t t l e  o r  no d r i f t  com- 
t i o n  t o  species composition, associat ions,  muni t y  was present i n  vegetated hab i ta t .  
and loca t i ons  w i t h i n  the  pool .  Current v e l o c i t i e s  i n  vegetated areas are 

extremely low and no t  conducive t o  
2.8.1 Macroi nvertebrate D r i f t  product ion o f  a d r i f t  community. The 

higher dens i ty  i n  t h e  channel border area 
The macroinvertebrate d r i f t  community probably represents i npu t  from both 

i s  composed o f  macroinvertebrates--as inver tebra tes  o f  the  vegetated h a b i t a t  and 

57 



Table 19. Macroinvertebrates found in the drift community of Pools 19 and 
20, Mississippi River. 

Pool 19 Pool 20 
Anderson Frendrei s 

Taxa (in prep. ) (1982) 

Coel enterata 
Hydra americana 

Anne1 i da 
01 i gochaeta(Aquati c worms) 

Branchiura sowerbyi 
Limnodrilus SP. 
Naias sp. 

Hirudinea (Leeches) 
Erpobdella punctata 
Helobdella Sp. 

Ar thropoda 
Amphipoda (Sideswimmers) 

Hyalella azteca 
Insecta 

Plecoptera (Stone flies) 
Isoperla bilineata 

Ephemeroptera CMayf 1 ies) 
Potamanthus verticis 
Hexagenia limbata 
H. bil ineata 
Ephoron Sp. 
Caenis Sp. 
Stenonema Sp. 
Baetis Sp. 
Early instars 

Odonata 
Zygoptera (Damselfi les) 

Lestes Sp. 
Lepidoptera (Aquatic caterpiller) 

Neocataclystra SP. 
Trichoptera (Caddisfl ies) 

Cheumatopsyche SP. 
Hydropsyche SP. 
Potamyia £lava 
Oecetis Sp. 
Hydroptila SP. 
Early instars 

Col eoptera 
Stcnel mis 



Table 19. (Concluded). 

Pool 19 Pool 20 
Anderson Frendrei s  

Taxa ( i n  prep.) (1982) 

D i  p te ra  
Cu l ic idae (Mosquitoes) 

Pupae 
Chaoboridae (Phantom midge) 

Chaoborus Sp. 
Heleidae ( B i t i n g  midge) 

Bezzia Sp. 
Chi ronomi dae (Midges) 

Abl abesmyia 
Polypedilum 
Cryp tochi ronomus 
Proc 1 adi us 
Eukief Eeriella 
Paracladopelma 
Cricotopus 
Pupae 

Mol lusca 
Gastropoda (Sna i ls )  

Campelorna Sp. 
Pel ecypoda 
Sphaeri i dae 

Musculium transversum 

Tota l  

burrowing forms found i n  the  channel 
border area. Though water movement i s  
toward the  channel, some organisms may 
s e t t l e  out before reaching t h e  channel o r  
be eaten; such l oss  may reduce densi-  
t i e s  i n  the channel i n  con junc t ion  
w i t h  the d i l u t i n g  e f f e c t  caused by t h e  
greater  volume o f  water c a r r i e d  i n  t h e  
channel. 

Marked seasonal t rends e x i s t  i n  t h e  
community composit ion (Figure 22, sea- 
sonal d r i f t )  and dens i t y  o f  d r i f t  i n  b o t h  
pools. Much of t h i s  seasonal i ty  i s  a 
r e s u l t  o f  emergence pa t te rns  o f  p a r t i c u l a r  
i n s e c t  species. Burrowing forms, such 
as Hexagenia l imbata,  occur most f r e -  
-quent ly  i n  the  d r i f t  j u s t  p r i o r  t o  and 

fo1  lowing emergence. Apparently t he  
nymphs leave the  burrow j u s t  p r i o r  t o  
ecdysis t o  a d u l t  forms and are subject  
t o  d r i f t  dur ing  t h a t  per iod.  Once eggs 
o f  the mayf ly  hatch, t h e  very small 
nymphs a l s o  occur f requen t l y  i n  t h e  d r i f t  
u n t i l  they become es tab l ished i n  the  
channel border substrate.  Caddi s f  l y  
larvae,  such as the  dominant Hydropsyche 
o r r i s  occur a t  a comparatively constant -, 
frequency, though a s l i g h t  increase does 
occur dur ing  emergence (Figure 22). 
These c a d d i s f l i e s  are found on hard sub- 
s t r a t e s  i n  areas o f  h igher cu r ren t  
v e l o c i t i e s  and some i n d i v i d u a l s  may be 
expected t o  be washed i n t o  t h e  water 
co l  umn p e r i o d i c a l l y .  They a l so  pupate 
on the  hard substrate,  and u n l i k e  the  



burrowing mayf l ies ,  do not  leave t h e i r  and q u a n t i t a t i v e ,  i s  r e s t r i c t e d  t o  shal low 
l a r v a l  r e t r e a t s  p r i o r  to t h i s  process. areas where mussel dens i t i es  are o f t e n  
Consequently, t h e  c a d d i s f l i e s  are no t  as low. While examination o f  f o s s i l  s h e l l s  
sub jec t  t o  d r i f t .  and middens may g i ve  some h i s t o p i c  i n f o r -  

mation, i t  does not  p rov ide  in fo rmat ion  on 
Some organisms are very seasonal dens i t y  o r  present l o c a t i o n  and d i s t r i -  

i n  t h e i r  appearance i n  t he  d r i f t .  For but ion.  E f f e c t i v e  sampling requ i res  a 
example, t he  c o e l e n t e r a t e  Hydra ameri- combination o f  techniques t a i l o r e d  t o  
cana was on ly  p r e s e n t  i n  l a t e  May o r  i n d i v i d u a l  hab i ta t s .  - 
e a r l y  June, when i t  was f requen t l y  
found a t  h igh  d e n s i t i e s  i n  samples. Mussels are important  i n  t he  ecology 
Most organisms, however, occurred spo- o f  the r i v e r .  They are a food source f o r  
r a d i c a l l y  i n  t h e  i nve r teb ra te  d r i f t  many ver tebrates and a c t  as a 1 i n k  i n  the 
communi t y .  food web by consuming t h e  pr imary pro- 

ducers (phytoplankton) o f  t h e  system. 
2.8.2 Mussels Because o f  t h e i r  s ize,  re1  a t i v e l y  sess i l e  

l i f e  s t y l e ,  and a b i l i t y  t o  main ta in  spe- 
Mussels, o f t e n  c a l l e d  clams, a re  c i f i c  o r i e n t a t i o n  a t  t he  water-substrate 

found i n  bo th  P o o l s  19 and 20. They a re  i n te r face ,  t h e i r  s h e l l s  serve as a stable,  
no t  t r u e  clams (subc lass  Heterodonta) b u t  hard subst ra te  i n  h a b i t a t s  w i t h  s o f t  o r  
belong t o  t h e  subc lass  Palaeoheterodonta. s h i f t i n g  substrates (Anderson and V i n i  kour 
Mussels are  a m a j o r  segment o f  t he  benth ic  1984). Several species o f  inver tebra tes  
i nve r teb ra te  community because of t h e i r  a t t ach  to ,  and depos i t  eggs on, the  
s i ze  and mass. They are  the  l a r g e s t  exposed surface o f  mussel she l l s .  
inver tebra tes  f o u n d  i n  the pools and t h e  
on l y  group commerc ia l l y  harvested. There Mussel beds are  areas i d e n t i f i e d  as 
i s  a long h i s t o r y  o f  mussel f i s h i n g  i n  the  conta in ing  " la rge"  numbers o f  mussels. 
r i v e r  reaches c o n t a i n i n g  Pools 19 and 20 Based j u s t  on the  presence o f  l i v e  mus- 
(See sec t i on  4.1.3). Use of harvested se l  s, t he re  are  about 15 such beds i n  Pool 
mussels has v a r i e d  f rom a source o f  pea r l s  19 (Table 20) (Peterson 1984). These beds 
t o  bu t ton  m a t e r i a l  t o  cores f o r  c u l t u r e d  ( l oca t i ons  i d e n t i f i e d  by commercial mus- 
pea r l  s. se l  f ishermen and s c i e n t i f i c  researchers) 

vary g r e a t l y  i n  species d i v e r s i t y  and i n  
Special techn iques are requ i red  t o  the  type o f  h a b i t a t  occupied. Reported 

sample t h e  mussel community. Because they  d i v e r s i t y  i n  t he  Pool 19 beds ranged from 
are l a r g e r  than o t h e r  inver tebra tes ,  they  a low o f  9 t o  a h igh  o f  22 species 
cannot be q u a n t i t a t i v e l y  sampled by us ing  (Peterson 1984). The r e l a t i v e  s i z e  o f  
small dredges a r  a r t i f i c i a l  substrates.  these beds a l so  va r i es  g r e a t l y  and does 
The best  q u a n t i t a t i v e  method f o r  Sam- no t  correspond t o  the  species r ichness. 
p l i n g  mussels i s  d i v i n g ,  b u t  poor v i s i b i l -  
i t y  and h igh  c u r r e n t  v e l o c i t i e s  i n  t h e  By comparison, on l y  two beds were 
M iss i ss ipp i  R i v e r  make t h i s  technique i d e n t i f i e d  i n  Pool 20 (Table 20). The 
a v a i l a b l e  t o  o n l y  a few h i g h l y  t r a i n e d  most d iverse  bed (20 species) i s  loca ted 
researchers. j u s t  below the  t a i l w a t e r s  o f  Lock and 

Dam 19 and has been i d e n t i f i e d  by 
The most common technique used i s  o ther  i nves t i ga to rs  ( F u l l e r  1978; 

b r a i l  ing, o r  t h e  use of a crowfoot bar ,  Anderson e t  a l . ,  i n  prep. ) as a dense, 
which i s  i n e f f i c i e n t ,  and c o l l e c t s  o n l y  r i c h  bed. The second bed i n  Pool 20 i s  
about 0.6% of a v a i l a b l e  clams (Sparks and i n  t he  lower reaches o f  t h e  pool  and has 
B lodge t t  1983). Resu l t s  a re  d i f f i c u l t  t o  a lower d i v e r s i t y  (9 species; Peterson 
q u a n t i f y  i n  t e rms  o f  area sampled. I n  1984). 
add i t i on ,  because o f  i t  
b r a i l i n g  i s  o n l y  e f f e c t i  While these beds may represent  the  
the  inussels are  dense -  c a t i o n  o f  mussel communities o f  h igh  

n s i t y  o r  commercial value, they do not  
Basket dredges and rakes tend t o  represent  t h e  ex tent  o f  mussel d i s t r i b u -  

damage she1 1s and  may become snagged an t i o n  w i t h i n  the  pools.  Several co l l ec -  
bottom debr is .  Wading% w h i l e  e f f e c t i v e  t i o n s  have been made i n  channel border 
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Table 20. Locat ion of mussel beds i n  Pools 19 and 20, Upper Miss is -  
s i p p i  River  (from Peterson 1984). 

River  mi les  on Descr ip t ion  o f  
pool  l o c a t i o n  

No. o f  
species 

Pool 19 

410.3-410.4 Located on the Iowa s ide  o f  
channel j u s t  Lock and Dam 18 and 
the  head o f  Mercer I s l a n d  

Located i n  O'Connell Slough on r i g h t  
bank 

Located on the r i g h t  s ide o f  the  
channel; t h i s  bed i s  commercially 
f i s h e d  

Located on the Iowa shore; the  bed 
i s  commercially f i shed  

Located i n  Shokokon Slough on l e f t  
s ide  o f  r i v e r ,  commercial 

Commercially valuable bed 18 

Located on the l e f t  s i de  o f  the  channel 18 

A h igh  q u a l i t y  bed i s  along the  l e f t  
shore 

Located i n  the channel 22 

Commercially f i shed  bed i n  Lead I s l a n d  Chute 

Located a long t h e  Iowa shore; t h i s  i s  a 
commercially f i shed  bed 

Located a long t h e  l e f t  edge o f  t he  channel 20 

382.2-382.6 Located a long t h e  Iowa shore 

378.3-379.5 Located a long t h e  I 1  1 i n o i s  shore; 
commercially f i shed  bed 

373.0-374.4 Commercially f i shed  bed along the  Iowa shore 

Pool 20 

360.0-363.0 Mussel bed located a long the  l e f t  s ide o f  20 
the  channel 

349-0-349.7 Bed located a long r i g h t  s ide  o f  channel 9 
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areas i n  bo th  poo ls  (Sparks and B lodget t  
1983; Anderson and V in ikour  1984; Anderson 
e t  a1 . , i n  prep. ; Holm and Anderson, i n  
prep.).  These s tud ies  have found low 
d e n s i t i e s ,  fewer than 10/m2, i n  t he  non- 
vegetated channel border areas throughout 
t he  pools. Hab i ta t s  are a lso  occupied by 
the  h i g h l y  p roduct ive  f i  ngernai 1 clam- 
burrowing mayf ly  community. Frequent ly ,  
these low dens i t y  beds occur a t  the 
margins of macrophyte beds. Because o f  
the  s i z e  frequency d i s t r i b u t i o n  of mussel 
l eng th  and movement pa t te rns ,  Anderson e t  
a l .  ( i n  prep.) have suggested t h a t  the  
shal low channel border areas may serve as 
nurser ies  f o r  t he  mussel popu la t ions  o f  
t h e  r i v e r .  Juven i le  mussels may burrow 
i n t o  t h e  s o f t  substrates o f  t h i s  area t o  
avo id  p reda t i on  and adverse environmental 
f a c t o r s  u n t i l  they mature enough t o  be 
1 ess suscept ib le  t o  these condi tons. This 
i s  apparent ly  what j u v e n i l e  f ingerna i  1 
clams do when released from t h e  female's 
marsupi um (Gale 1969). 

These channel border areas, however, 
do no t  conta in  as d iverse  a community as 
found i n  mussel beds a long t h e  channel 
thalweg. Some mussel species such as the 
b u t t e r f l y  (El  l i p s a r i a  1 i neo la ta )  , pocket- 
book (Lampsi t is  ovata ventr icosa),  and 
h i cko ry  n u t  (Obovari a 01 i v a r i  a) are 
r e s t r i c t e d  t o  areas w i t h  h igher  c u r r e n t  
v e l o c i t i e s  o r  coarser substrates.  The 
mussel communities i n  t h e  shal low channel 
border areas a l so  d i f f e r  from t h e  bed 
communities i n  t h a t  they may be dominated 
by d i f f e r e n t  species. I n  Pools 19 and 20 
t h e  th ree - r i dge  (Amblema p l  i c a t a )  i s  f re-  
quen t l y  one o f  t h e  dominant species i n  
bo th  communi t i e s .  However, t h e  community 
i n  t he  shal low channel border u s u a l l y  has 
a codominant, the s tou t  f l o a t e r  (Anodonta 
grand is  corpulenta) .  I n  the  channel beds, 
if there  i s  a codominant, i t i s  u s u a l l y  
one o f  t he  Quadrula group, e i t h e r  t he  
p imple back (Q1 pustu losa) o r  the  maple 
1 ea f  (& quadrul a). 

I n  one of t h e  few t r u l y  q u a n t i t a t i v e  
s tud ies  on a mussel bed i n  these pools, 
Sparks and B lodget t  (1983; RM 386.5- 
390.3), us ing  d ivers ,  found d e n s i t i e s  i n  
t h e  bed rang ing from about 10. 5/m2 t o  
60. 5/m2. Mussel populat ions have been 
examined i n  Pools 19 and 20 f o r  about 50 
years (Table 21). Though d e n s i t i e s  were 
u s u a l l y  n o t  reported,  frequency o f  species 

occurrence can be determined from number 
per sampling e f f o r t  r e p o r t e d  by inves t iga-  
t o r s .  O f  the 30 species o f  mussels 
repor ted  by e i t h e r  E l l i s ' s  1930-31 study 
(van der Schal ie and van der Schal i e  1950) 
o r  Perry i n  1975 (Rasmussen 1979), 26 were 
c o l l e c t e d  i n  Pool 19, and 20 i n  Pool 20 
(Table 21). F i f t y  years ago t h e  
th ree- r idge was the most  f requent ly  c o l -  
l e c t e d  species and i t has remained so 
i n  a l l  subsequent samples. The second 
most abundant species i n  the 1930-31 
survey, t h e  maple l e a f ,  though s t i l l  
present  i n  a l l  subsequent surveys, was 
not  as abundant as t h e  conspec i f i c  pimple 
back. I n  recent  s tud ies  i n  Pool 19, 
the  s t o u t  f l o a t e r  has a l s o  been f r e -  
quent ly  c o l l e c t e d  (8.9%). Pool 20, 
p r i m a r i l y  because o f  t h e  mussel bed i n  
the  upper end o f  t h e  pool,  had a h igh  
frequency o f  t he  b u t t e r f l y  mussel i n  most 
samples. 

Recent sampling i n  both pools,  
(Anderson and Sparks 1982-84) has revealed 
more taxa than t h e  p rev ious  studies,  pro- 
bably because o f  t h e  l a r g e r  number o f  
hab i ta t s  and areas o f  t h e  poo ls  sampled i n  
the recent  surveys. With more in tense 
sampling, o ther  species may y e t  be found, 
however, i t  i s  apparent t h a t  some species 
occur on l y  r a r e l y  i n  samples. Rare 
s ~ e c i e s  i n  Pools 19 and 20 inc lude t h e  
spectacle case (Cumber1 andi a monodonta) , 
b lack  sand s h e l l  (L igumia rec ta) ,  and 
monkey face (Quadrul a metanevra). 

H i s t o r i c a l  data i n d i c a t e  the re  i s  a 
t r e n d  toward reduc t i on  o f  t h e  number o f  
species present  and r e d u c t i o n  o f  dens i ty  
o f  mussels i n  t h e  M i s s i s s i p p i  R iver  ( E l l i s  
1936; Carlander 1954). Aside from 
overzealous commerci a1 harvesters of 
mussels, several  o t h e r  fac tors  have been 
imp l i ca ted  i n  t h i s  dec l i ne .  They inc lude 
b u r i a l  due t o  e r o s i o n  s i l t  o r  dredge 
a c t i v i t y  as w e l l  as chemical and organic 
p o l l u t a n t s .  Both a r e  suggested as pos- 
s i b l e  causes f o r  t he  reduc t i on  i n  mussel 
beds i n  Pool 20 below the  confluence of 
t he  Des Moines R iver  ( F u l l e r  1978). I n  
recent  years t h e  A s i a t i c  clam (Corbicula 
fluminea) has invaded t h e  pools,  and, i n  
some areas p r e v i o u s l y  occupied by low 
dens i t y  mussel communities, occurs a t  
dens i t i es  i n  excess of 100 ,000/m2 (Figure 
23) (Holm and Anderson, i n  prep. ). It i s  
no t  known fo r  c e r t a i n  whether t he  A s i a t i c  



Figure 23. Sample con ta in ing  h igh  dens i ty  o f  A s i a t i c  clams and one mussel 
from area around D e v i l ' s  Is land,  RM 378.0, Pool 19, M iss i ss ipp i  River .  

clams compete d i r e c t l y  w i t h  the  mussels 
o r  occupy a  n iche vacated by mussels. 
Nevertheless, the  presence o f  clams 
represents a  p o t e n t i a l  dec l i ne  i n  t h e  
mussel community. Mussels s t i  11 present  
i n  the  samples c o l l e c t e d  by Holm and 
Anderson ( i n  prep. ) were usual l y  on l y  
l a r g e r  i n d i v i d u a l s .  

2.8.3 Parasi tes 

Parasi tes are a specia l  group o f  
inver tebra tes  t h a t  have been i d e n t i f i e d  as 
p o t e n t i a l l y  de t r imenta l  t o  many o ther  
groups o f  organisms i n  bo th  pools (Meyer 
1960; Wenke 1968; Gale 1973b; Robinson 
1979; Robinson and Jahn 1980; Holm and 
Anderson, i n  prep. ; P i1  l a r d  and Anderson, 
i n  prep. b). When the dens i t y  o f  a  
pa ras i t e  i s  high, t he  host  may d ie ,  and 
even a t  low dens i t i es ,  the  h o s t ' s  growth 
and reproduct ion may be g r e a t l y  decreased. 

t h e  g i l l s ,  f i n s ,  and scales o f  f i s h ,  where 
they mature t o  a  j u v e n i l e  stage before 
detaching and dropping t o  t h e  r i v e r  
bottom. Whi l e  they are p a r a s i t i c ,  they 
are  a l so  r e l a t i v e l y  host  s p e c i f i c .  Some 
common species are even known t o  i n f e c t  
on l y  one species o f  f i s h .  Examples from 
Pools 19 and 20 inc lude the  f r a g i l e  paper 
s h e l l  (Leptodea f r a g i l i s ) ,  maple l e a f ,  and 
p i n k  heel s p l i t t e r  (Proptera a l a t a )  (Table 
22). Others, such as the  th ree- r idge,  
appear t o  be genera l i s t s  known t o  i n f e c t  
33 species o f  f i s h ,  a t  l e a s t  15 o f  which 
occur i n  Pools 19 and 20. This could 
account f o r  t he  dominance o f  t he  three-  
r i d a e  i n  t h e  mussel communitv. The 
f re ihwa te r  drum (Aplodinotus grunniens) 
harbors the  most d iverse  a l o c h i d i a  taxa. 
11 species, fo l lowed by bl;egill (L.epomi; 
macrochi rus)  and largemouth bass 
(Micropterus salmoides) w i t h  9  and 7 
species, respect ive ly .  

Mo 
stage , 
mussel 

l l uscan  paras i tes  are  the  l a r v a l  The occurrence o f  f i s h  pa ras i t es  has 
g loch id ia ,  of many freshwater been s tud ied  i n  Pool 19 (Wenke 1968) and 

species. The g loch id ia  a t tach  t o  Pool 20 (Robinson 1979 and Robinson and 



Table 21. Mussel taxa found in Pools 19 & 20 by various investigators over approximately 50 years. 

Ellis 1930-31a Perry 1975 b Esolagical Analysis 1979-8oC Anderson-Sparks 1982-84 d 

Zones ViII $ iX Presence % o f  ttoal 
% of total 2001 19 Pool 20 Pool 19 Pool 20 

x o f  _total 
Pool 19 Po0 t 20 

Actinonmas carl~zata {Wucket; 
Ambiema p 1 i c G  (Three riclge) - 
Anodonta grdndSs corpulenta -- 

{itout floater) 
A .  imbecitis (Paper pond Shetl) 
A. sub~rbiculata (Heel splitter) 

Arcldens confragosus (Rock pocketbook) 
Carunculina parvus (Lilliput shell) 
Cumberlandia monodonta (Spectacle case) 
Ellipsaria lineolata (Butterfly) 
Fusconaia ebena (Ebony shell) 

F.  ftava (Pig toe) 
Lampsilis f a l l a c i o ~  

(Slouqh sand shell) 
L. ovata ventricosa (Pocketbook) 
L. teres (Yellow sand shell) -- 

Lasmigona complanata (White heel 
sol itterl 

~eptodea fragi 1 is (Fragile paper : 
Ligumia recta (Black sand shell) 
Megalonaids gigantea (Washboard) 
Obovaria olivaria (Hickory nut) 
Obliquaria reflexa (Three-horned 

wartv back) 

No. of species 29 21 18 11 20 14 26 20 

Ellis samples were not separated into pools, data from van der Schalie and van der Schalie (1952). 

C 
Data from tables found in Rasmussen (1979). 
Data from Ecological Analysts, Inc. (1981). 
Unpublished data from multiple samples over time period by R.V. Anderson and R. E. Sparks (1982-1984). 



Jahn 1980). The l a t t e r  study found 
nematodes t o  be t h e  most common, w i t h  non- 
mol l  uscan pa ras i t es  occu r r i ng  i n  over 50% 
o f  t he  i n f e c t e d  hos ts  (Table 22). The 
nematode Camal 1  anus oxycephal us occurred 
i n  the  l a r g e s t  number o f  species (15). 
The r i v e r  carpsucker (Carpiodes carp io )  
and go1 deye ( H i  odon a1 osoi des) contained 
the l a r g e s t  v a r i e t y  o f  paras i tes ,  each 
w i t h  seven nonmoll uscan pa ras i t e  species. 
Paras i te  i nfes ta t i ons  were most ly  moderate 
and d i d  no t  appear t o  be a f f e c t i n g  t h e  
f i s h .  

Inver tebra tes  a re  a1 so a f fec ted  by 
paras i tes .  While some are  p a r a s i t i z e d  
s p e c i f i c a l l y .  e. a. , i n f e s t a t i o n  o f  t h e  
zboplankterW,' ~ r a c h i o n u s  c a l y c i f l o r u s  by 
the  protozoa P l  i s tophora ,  ( P i  l l a r d  and 
Anderson, i n  prep. b) ,  most are interme- 
d i a t e  hosts f o r .  t h e  immature stages o f  
ver tebra te  pa ras i t es  (Tab1 e  23). Gale 
(1973b) suggested t h a t  these secondary 
i n f e s t a t i o n s  may be severe enough t o  
reduce the  i n v e r t e b r a t e  hos t  popu la t ion ,  . . 
as i n  Crepidostomum ce rca r ia  i n f e c t i n g  
f inqerna i  1  clams i n  Pool 19. Whether 
s p e c i f i c  assoc ia t ions  of some inve r te -  
b ra tes  are p a r a s i t i c  o r  i n q u i  1  i n i  s t i c  has 
s t i l l  no t  been determined. I n  Pool 19, 
the o l igochaete Chaetogaster has been 
found i n  f i n g e r n a i l  clams (Gale 1973b), 
A s i a t i c  clams, and mussels (Holm and 
Anderson, i n  prep.) .  But whether t h e  
presence o f  t h i s  worm has caused t h e  l a rge  
reduct ion  i n  mol lusk populat ions i s  no t  
c l e a r  and i s  an area f o r  more research. 

2.9 FISHES 

The M i s s i s s i p p i  River  was important  
as a  f i she ry  resource w e l l  before t h e  
locks and dams were constructed. Even i n  
the 1870's there  was much concern over t h e  
disappearance of f i shery resources i n  t h e  
Uni ted States and t h e  Upper M iss i ss ipp i  
River  Val l e y  (Carlander 1954). I n  1872 
the du t i es  of t h e  U.S. Commissioner o f  
F ish  and F i she r ies  inc luded a r t i f i c i a l  
propagation of f i s h .  Stocking o f  Ameri- 
can shad (Alosa sapidissima) was o f  h i g h  
p r i o r i t y ,  as was A t l a n t i c  salmon (Salmo 
sa lar ) ,  because the re  were no dams t o  - 
prevent t h e  f i s h  f rom running upstream 
great  distances. Ne i ther  species was 
successful i n  es tab l  i s h i n g  populat ions.  
But s tock ing  of carp (Cyprinus carp io )  

i n  1879 was so successful t h a t  s ince 
1900 t h i s  f i s h  has exceeded a l l  o thers 
i n  pounds landed. Many na t i ve  f i shes  
were a l so  p lanted,  i n c l u d i n g  var ious 
cent rarch ids ,  freshwater drum (Aplodinotus 
grunniens), ca t f i shes ,  b u f f a l o  f i shes  and 
others (Carlander 1954). 

Along w i t h  stocking,  a  h igh  p r i o r i t y  
was " f ish-rescue" work from overf lows i n t o  
shal low areas dur ing  f lood ing .  This was 
deemed cheaper than propagation and was 
done from 1876 t o  1930. F i sh  were seined 
and returned t o  the  r i v e r  proper o r  taken 
by r a i l  t o  o ther  i n land  waters o f  o ther  
States. Such work was described as un- 
heal thy,  r e q u i r i n g  men t o  work i n  a  hot  
sun i n  mud holes and sleep i n  the r i v e r  
bottoms a t  n i g h t ,  which was s a i d  t o  pro- 
duce ma la r i a l  fevers. A r e p o r t  o f  the  
Missour i  F i sh  Commission (1887) commented, 
"Good men cannot be h i r e d  t o  do such work 
f o r  cheap wages" ( c i t e d  by Carl  ander 1954, 
p. 30). Rescue work was abandoned when the 
9 - f t  channel was completed, r e s u l t i n g  i n  
more s tab le  water l eve l s .  

Both s tock ing  and rescue work 
probably d i d  l i t t l e  t o  enhance the  f i s h  
populat ions i n  t he  M iss i ss ipp i  River ,  
except f o r  carp. While sportsmen and 
conservat ion is ts  d i d  no t  1  i ke carp, those 
i n t e r e s t e d  i n  food product ion thought i t  
would be h i g h l y  b e n e f i c i a l .  A species 
s h i f t  due t o  carp i n t r o d u c t i o n  was evident  
i n  the e a r l y  1900's and b u f f a l o  decreases 
"probably were the r e s u l t  o f  compet i t ion 
from the  int roduced carp and o f  changes i n  
t he  envi ronment" (Carlander 1954). 

Dams were f e l t  by many t o  have had a  
major e f f e c t  on t h e  f i shes  i n  t he  r i v e r .  
Coker (1929, 1930) ex tens ive ly  s tud ied  the  
f i s h  i n  t he  v i c i n i t y  o f  Lock and Dam 19 
a f t e r  t he  dam was completed. He recog- 
n i  zed t h a t  s h a l l  ows were important  f o r  
reproduct ion and s t rand ing  when water 
l e v e l s  dropped. He determined t h a t  the 
dam was more o f  a  b a r r i e r  t o  f i s h  passage 
upstream than downstream by s e t t i n g  a  
trammel ne t  on the upper gate o f  the l ock  
and count ing the  f i s h  caught from each 
s ide  o f  the ne t  a f t e r  94 l ock ing  opera- 
t i ons .  He be l ieved t h a t  the l o c k  was not 
an e f f e c t i v e  fishway, b u t  i t  d i d  a l l o w  
f i s h  t o  pass through. The v e r t i c a l  pool 
change and t h e  design o f  the Keokuk dam 
may produce a  greater  negative e f f e c t  on 



Table 22. A c h e c k l i s t  of  p a r a s i t e s  w i t h  number o f  f i s h  spec ies found i n f e c t e d  by t h e  
pa ras i t es .  

P a r a s i t e  No. P a r a s i t e  No. 

NEMATODA : 

Camallanus oxycephalus 
Camallanus ancylodirus 
Cystidicola stigmatura 
Rhabdochona cascadilla 
Contracaecurn spiculiyerum 
Spinitectus gracilis 
Dacnitoides Spp. 

TREMATODA: (Digenea) 

Acetodextrs ameiuri 
Azygia acuminata 
Allacanthochasmus varius 
Alloqlossidiurn corti 
Caecincola parvulus 
Cl inostorrmm mat-ginatum 
Cr-epidastornrrm cooperi 
Lissorchis S P .  
P. minimurn centrarchi 

TREMATODA: (Monogenea) 

Lampsilis ovata 
L. teres 
Leptodea fragilis 
Liqurnia recta 
Megalonaias qigantea 
Obovaria olivaria 
Proptera alata 
P. laevissima 
Quadrula metanevra 
Q. nodulata 
Q. pustulosa 
Q. quadrula 
Trunci 11 a donaci formis 
T, truncata 

CESTODA : 

Bothriocephalus cuspidatus 4 
Corallobothriurn fimbriatum 1 
Haplobothriun globuliforme 1 
Marsipometra hastata 1 
Proteocephalus macrocephalus 
Proteocephalus larvae 4 
Proteocephalus pleurocercoids 
Hypocaryophyllaeus paratarius 
Khawia iowensis 

HIRUDINEA: 

Illinobdella rnoorei 
Placobdella Sp. 
Placobdella S p .  

Diclybothrium hdnlulatun~ 1 
Dactylogyrus S p .  2 
Cleidodiscus f lor idanus 1 
Mazoccaeoides Sp. 1 
Miccocotyle spirzicirrirs 1 
Myzatrema cyclepti 1 
Octornacrurn lartcea turn 1 

MOL.1 USCA : 

UNLQNIDAE ( g l o c h l d i a )  

Amblema pl iuata 15 
Anodponta grandis corpulenta 12 
A. imbecilis 8 
Arcidens conf ragosa 5 
Caruncirl ina parava 5 
Ellipsaria lineolata 3 
Fusconaia £lava 3 

(cont inued)  
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Table 22. (Concl uded). 

Parasi t e  No. Paras i te  No. 

COPEPODA: 

Argulus SP. 2 
Eryasilus arthrosis 1 
Ergasi lus S P  . 2 

ACANTHOCEPHALA: 

Acanthocephalus Sp. 1 
Leptorhynchoides thecatum 3  
Echinorhynchus Sp. 1 
Neoechi norhynchi dae 1 

Table 23. Inver tebra tes  which harbor cercar iae,  metacerciae, and 1 arvae o f  var ious . 
groups o f  paras i tes .  

I nve r teb ra te  Paras i te  taxa 
host  Protozoa Trematoda Nematoda Cestoda Acanthocephala Oligochaeta 

Snai 1  s  X X 

F i  ngernai 1  clams X 

Large crustaceans 

Zoop 1 ank ton  X X 

D r  agonf 1 y  nymphs 

Mayf 1 y  nymphs X 

Cadd is f ly  larvae X 

f i s h  passage than o ther  dams such as Dam 
20. He be l ieved t h a t  the i n f l uence  o f  t h e  
dam on the  important  groups o f  f i shes  were 
i n  some cases minimal , whi l e  i n  others i t  
had a  profound negative e f f e c t .  Coker 
(1930) examined 60 species w i t h i n  10 m i  
below the  dam i n  Pool 20 and found the  
f o l  lowing: 

paddlef ish:  Decl ine on the  whole from 
1888 t o  1908 bu t  somewhat shovelnose 
i nconsi s ten t .  F i  shermen sturgeon: 
above the  dam were unani- 
mous i n  t h e i r  op in ion  t h a t  
t he  f i s h  were becoming de- 
c ided l y  more numerous i n  
t h e  lake.  

gar: 
lake  sturgeon: Dec l i n ing  a t  l e a s t  5 years 

before dam const ruc t ion .  mooneye, 
However, 20 years be fore  go1 deye: 

the dam was completed, 
40-50 sturgeon, each weigh- 
i n g  50-100 l b  were caught; 
now (1930) a t  A l t on  on ly  
about 5 o r  6 sturgeon 
weighing over 10 l b  are 
seen. Humans are t h e i r  
main enemy and the  c h i e f  
cause f o r  t h e i r  decrease. 

More common between Keokuk 
and Warsaw a f t e r  dam con- 
s t r u c t i o n  than before. 
i ess  abundant on Keokuk 
Lake now. 

No change noted. 

Not a f f e c t e d  by dam. 



h e r r  i ng: Sk ip jack  ( r j v e r )  n e r r i n g  
much reduced above t h e  dam 
a f t e r  complet ion.  Otrio 
shad s e r i o u s l y  d f f e c t e d .  

ee l  : 

b l ue  c a t f i s h :  

c  trarlrle 1 
c a t f i s h :  

c a t f i s h e s  
i n  genera l :  

For  a t  l e a s t  30 years they 
have been dec l  i n i n g  from 
t he  whole bas in .  

Keokuk was about  t h e  nor- 
mal no r t he rn  range 1 i n t i  t, 
so l i t t l e  e f f e c t  noted. 

No e f f e c t  ~ x c e p t  'local 
m i g r a t i o n .  

No e f f e c t  caused by the  
dam because t he  f i s } )  i s  n o t  
mi g  rsl t o r y .  

No evidence o f  specids 
abttndailce a t  Keokuk. I t  is ,  
prlobaln l e t h a t  they tend  t o  
move up$ tream dur  i ng warmer 
weather t o  ccltnpensate f o r  
riowr~s t r e a n ~  dr'i f t i n g  i n  c o l d  
weather. 

Lake i s  favor,able, b u t  
d rd inaye  d i s t r i c t s  w i t h  
levees and rec lamat ion  a re  
u r~ favorab fe  f o r  these f i s h .  

perch: Decl i ne  i n  general  due t o  
changed environmental  con- 
d i  t i o n s  throughout  t he  
coun t ry .  Dam d i d  n o t  a f -  
f e c t  wa l leye  o r  sauger, b u t  
sauger a re  no t  abundant. 
There a re  few ye1 low pe rch  
above t he  dam a t  t h i s  t ime.  

temperate 
l 3a~s :  White bass more common 

than y e l l o w  bass. It i s  
n o t  be l i e ved  t h a t  t he  de- 
velopment o f  power p l a n t s  
caused i n j u r y  t o  t h e  bass 
becduse there  has been an 
un i n te r r up ted  dec l  i ne i n  
these f o r  30 years.  

drum: Appear t o  be h o l d i n g  t h e i r  
own; no ser ious  i n j u r y  t o  

drum by t h e  dam. Drum have 
n o t  d im in ished  over  t h e  
p a s t  30 years. 

suckerns: Gerlerxl clecl i n e  between Barn icko 1 arid S t a r r e t t  (1951) agreed t h a t ,  
I899 arld I904 t h a t  i s  con- whi l e  t he  b l ue  sucker markedly dec l i ned  
t inui r rg.  Dam n o t  r*esponsi- i n  Pools 19 and 20 once t h e  Des Moines 
b t e  ex~:eirt; p o s s i b l y  t o r  the Rapids were e l  iminated,  they had a l s o  
blue sucker.  Th is  f i s h  dec l i ned  much f a r t h e r  south, below t h e  
dnc l ifred i r1 tm th  the  lower irnpoiirided sec t  ions,  thus i n d i c a t i n g  o t h e r  
r i v e r  (kin impoundecl) as we l l cduses. Car lander  (1954) i n d i c a t e d  t h e  
as above d f t e r  dam con- chanye i n  the  r i v e r  cu rven t  p robab ly  had 
s t t -uc t ion .  been more impor tan t  i n  a f f e c t i n g  t h e  f i s h  

and f i s h i n y  than  had the  increase and 
l i u f fd io :  tdrge ( t o  40 Ib)  now in -  s t a b i l i ~ a t i o i r  o f  the water area. I t  i s  

f requent ,  pr'otaahly due t o  d i f f i c u l t ,  however, t o  separate t h i s  
~ n t e r t s i v e  f i shc r y  o r  corrdi- e f f e c t  From the  e f f e c t  o f  t h e  dam as t h e  
L ions aT fec t i ng  foc)d sup- causa t i ve  agent f o r  t h e  r educ t i on  i n  cu r -  
ply. Orainage d i s t r i c t s  r e n t .  I t  i s  probable t h a t  a  whole s e r i e s  
p i  115 wdve-act ion c lest roy ing a f  f a c t o r s ,  when taken toge ther ,  (i . e. , 
nests on submerqed i s  1 ands dam, c u r r e n t ,  snag removal, s t a b i  1 i z a t i o n  
mdy be a f f e c t i n g  t h e i  r s t r u c t u r e s )  have had impor tan t  a d d i t i v e  
r~urnbers. nega t i ve  e f f e c t s  on t h e  f i s h  fauna as a  

whole. But  i t  a l s o  seems c l e a r  t h a t  de- 
ca rp  arrd The dame probdb ly  bene f i t ed  c l i n e s  o f  a number o f  species were ev i den t  

m i  nncswt; : t he  carp. Ghangirig breed- we l l  be fo re  c o n s t r u c t i o n  o f  t h e  dams. The 
i ng cond i t i o n s ,  nut f ood carp  i r i t r o d u c t i o n  and subsequent b u i l d u p  
supply ,  perflap3 caused ab- co inc ided  n i c e l y  w i t h  dec l i t l es  o f  b u f f a l o  
S P ~ V P C J  d e c l  iiles. dnd other f i sh and may have beett one major* 

in f luence on t h e  f i s h e r i e s .  Development 
sentrar+chicis:  Uam n u t  at) o b s t r l r c t i v e  fac- o f  c i v i l i z a t i o n ,  removal o f  snags f o r  

t o r  f o r  sun f i sh  and bass. con~mercial  boat  t r a f f i c ,  f i s h i n g  pressure,  
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and changes i n  t h e  r i v e r i n e  environment 
were probably a1 1 working together and 
sub j e c t i  ng t h e  f i s h  t o  here to fore  unknown 
pressures f o r  su rv i va l  and f o r  mainta in ing 
t h e i  r numbers. 

The M iss i ss ipp i  r i v e r  today supports 
a r i c h  f i s h  fauna and good populat ions o f  
most of i t s  na t i ve  species (Smith e t  a l .  
1971). F ish l i s t s  i n d i c a t i n g  species by 
pool have been compiled (Nord 1967; 
Rasmussen 1979; Van Vooren 1983). Addi- 
t i o n a l  in fo rmat ion  comes from 1 i s t s  gener- 
ated from c lass  c o l l e c t i o n s  a t  the Kibbe 
L i f e  Sciences S ta t i on  operated by Western 
I 1  1 i n o i s  Un ive rs i t y ,  E l  1  i s  (1978), and 
Gut reuter  (1980). Each pool contains 
about 65 species (Table 24), b u t  some f i s h  
are  s t rays  from t r i b u t a r i e s  and others 
have n o t  been co l l ec ted  since 1973. No 
indigenous f i s h  i n  these pools have become 
e x t i r p a t e d  i n  the past  (Smith e t  a l .  
1971). However, where observable changes 
i n  numbers o r  d i s t r i b u t i o n  are seen, the 
causal agents have been drainage o f  
marginal lakes and sloughs, e rec t i on  o f  
f 1 ood c o n t r o l  dams, des t ruc t i on  o r  
mod i f i ca t i on  o f  hab i ta t s  through e f f o r t s  
t o  main ta in  a navigable channel, and 
excessive s i l t a t i o n  (Smith e t  a l .  1971). 

D i f f e ren t  hab i ta t s  are important f o r  
d i f f e r e n t  species o f  f i s h ,  and one study 
a p t l y  demonstrated t h i s  i n  Pool 19. 
Ber t rand and Russel l  (1973) surveyed the 
popu la t ion  by using UMRCC h a b i t a t  types 
as sampling areas and e l e c t r o f i s h i n g  and 
sein ing.  The i r  data make an important 
p o i n t :  a combination o f  h a b i t a t  types 
( h a b i t a t  d i v e r s i t y )  i s  important  t o  a 
d iverse  f i s h e r y .  

b lueg i  11 were a1 so we1 1 represented. 
Forage species comprised t h e  greates t  
p r o p o r t i  on o f  f i shes  i n  t a i  lwa te r  h a b i t a t  
below Dam 19 f o r  b o t h  years. Commercial 
o r  forage species comprised the  h ighest  
p ropor t ion  below Dam 18. Ta i lwater  areas 
probably are impor tan t  due t o  t h e i r  water 
cur ren t ,  c o n t r i b u t i n g  food from u p r i v e r  
pool areas, ma in ta in ing  h igh  d isso lved 
oxygen, and keeping subst ra ta  r e l a t i v e l y  
s i l t  f ree.  

Side channels were found t o  be o f  
utmost importance i n Missour i  by E l  1 i s  
e t  a l .  (1979) because o f  t h e  l ake  o f  
other  kinds o f  backwaters f o r  nursery 
areas f o r  j u v e n i l e  f i shes .  I n  examining 
a r i v e r i n e ,  l a c u s t r i n e ,  and t r a n s i -  
t i o n a l  s ide channel i n  Pools 20 t o  22, 
i nves t i ga to rs  found t h a t  d i f f e r e n t  
species were dominant, depending on 
the successional s tage o f  the  s ide  
channel. The authors  i nd i ca ted  t h a t  
a r t i f i c i a l  openings o f  t r a n s i t i o n a l  s ide 
channels may reduce losses o f  r i v e r i n e  
side channels s ince the re  i s  no longer a 
na tura l  gain and l o s s  o f  s ide  channels i n  
the Upper M i s s i s s i p p i  River. There i s  
on ly  a continued l oss .  Lack o f  any 
m i  t i g a t i o n  would r e s u l t  i n  t he  continued 
loss  o f  r i v e r i n e  h a b i t a t s  and t h e i r  f i s h  
communities. 

Species composi t ion may a l s o  be 
a f fec ted  by r e v e t t e d  (sustained w i t h  
la rge rocks) banks intended t o  s t a b i l i z e  
shore1 ines. I n  comparing two na tu ra l  
and two reve t ted  banks o f  the  lower 
Miss iss ipp i ,  Pennington e t  a1. (1983) 
found 24 species a long  na tu ra l  banks, 
i nc lud ing  greater  abundance o f  f resh-  - - 

water drum, f l a t h e a d  c a t f i s h ,  b l u e f i l l ,  
Tai lwater ,  slough, and lake hab i ta t s  and skipjack herring. There were 27 

were most valuable t o  commercial f ishery,  species along banks, including 
as ind i ca ted  by seines, wh i l e  spo r t  f i sh -  a greater abundance of shovelnose 
jng  was rated best in 'lough and sturgeon, carp, channel ca t f i sh ,  sauger, 
h a b i t a t s -  YOung-Of-the-~ear and b lue  sucker, and r i v e r  carpsucker. 
~ ~ m m e r c i a l  f i s h  were caught most Farabee (1984) conc1 uded from a study 
o f t e n  i n  t a i l w a t e r s  and sloughs (Table in Pool 24 that loosely placed 
25). laraer-diameter s tone would be o f  - 

Ta i lwaters  below Locks and Dams 18 super io r  value f o r  f i s h  h a b i t a t  than 
and 19 (Table 26) were an important t i g h t l y  placed smal ler-d iameter  stone. 
h a b i t a t  sampled by Dunham (1970, 1971). Large stone revetment y ie lded  h ighest  
A summary of these two pools f o r  the  2 cons is ten t  catch per e f f o r t  i n  almost 
years f o l  1 ows. a l l  seasons. 

Gizzard shad, freshwater drum, and There must be a v a r i e t y  o f  hab- 
carp were most abundant; whi te bass and i t a t s  present So t h a t  f i s h  of a 
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Table 24. R e l a t i v e  abundance o f  Upper M i s s i s s i p p i  R ive r  f i s h  spec ies 
(mod i f ied  f r o m  Van Vooren 1983). 

Species 
Abundance i n  poo lsd  
Pool 19 Pool 20 

Chestnut lamprey (Lchthyomyzor~ castai1eti.5) u 
S i  l v e r  lamprey ( ~ c h t h y o m y z o n  un~c-n . sprs )  0 
Lake s  t u rgec~n  ( A c l p e n s e r  EuZ v e s c e n s )  H 
Pa l  1 i d  s t u rgeon  (Scaph i rhyr~chus  a1 b u s )  - - 
Shovel nose s tu rgeon  ( S c a p h i r h y i ~ c h u s  p l a t c ~ r y r ~ c h u a )  0 
Paddlef  i sh { ~ o ~ y o t ~ o r ~  s p a t f i u l a )  0 
L0rlgn0~e gar ( L e p i s o s t e u s  usaeus  1 c 
Shortnose g a r  ( L e p r s o s t e u s  platostorntis)  C 
Bowfin (Amla c d l v a )  c 
Sk ip jack  h e r r i n g  ( ~ l o s d  C I I L  y.sochlor 1s) H 
Gizzard shad (norosomd cepedrar~nrn) A 
Thread f in  shad ( D O L O . S O ~ ~  p e t e n e r ~ s e )  A 
Go1 deye ( ~ r o d o i ~  a l o s o i d e s )  0 
Mooneye (Hrodor~ t e r - q i s n s )  c 
Northe -n p i k e  ( E S O X  ~ t l c r c r s )  0 
C0mm0tl Carp (Cypr ~r1u.s car p i o )  A 
S i  1 Very mi nn0w (litlborlr~athus n r l c h a l ~ s )  - 
Speck1 ed chub ( ~ y b o ~  r2.s a c s t ~ v a l r s )  C 
Si  l v e r  chub ( H r , ~ b o p s ~ s  s tor  r r  r d i ~ d )  C 
Go1 den shiner- ( N O ~ C % I I I I ( J O I I L I S  C I ~ S O I P U C L L ~ )  0 
Emerald s h i n e r  (n ; r~rrop i s  dther i i ~ o ~ d e s )  A 
River  sh iner  (Notrot jrs  b l e r ~ r ~ ~ u s )  A 
Ghost sh i ne r  ( ~ o t r  oprs  b u c l ~ d o ~ i r ~ i )  C 
Co~nmon s h i n e r  ( N O ~ L O ~ ~ S  corr~ttt-ccs) - 
Bigniouth sh i  net- ( N o t  ropi.'"s d o t s d l i s )  0 
Pugnose minnow (Nutr o p r s  c m ~  Z r d c , )  - 
Spo t t a i  1 sh i ne r  ( b i u t r o p ~ s  hr idcot~r~r .~)  C 
Red sh iner  ( N o t r o p l s  Z r c t ~ c i ~ s i s )  C 
Spo t f i n  s h i n e r  (N t~ t top1 . s  s p i l o p t e r ~ s )  0 
Sand sh iner  C ~ o t l o p r  c s t r - a m r r ~ e ~ ~ s )  0 
Weed shiner- (?iott u p ~ s  texarlus)  - 
Mimic shiner- ( N r ~ t r o p ~ s  v o l t r c e l l u s )  - 
Bluntnose minnow (P~inepha lea  r ~ o t d t t i s )  0 
Fathead minnow (Prmephales  promelas) U 
B u l l  head minnow (Plrnephdles v r y s l a x )  A 
River  carpsucker  (Carpiot ies  c a r p r o )  C 
Q u i l l b a c k  ( C c ~ r p i o d e s  c y p r ~ n u s )  C 
H i g h f i n  carpsucker  ( C a r p ~ o d e s  ve l r f c>r  ) U 
White sucker jCritu~ton1~1s C ~ ~ I ~ ~ L - S O I I L )  X 
Smallmouth b u f f a l o  ( I c t i o b r r s  bubalrrs) C 
Br g ~ u  t h  bu f f  d 1 0  ( i c t  robtrs cyprrliel1rr.s) C 
Black b u f f a l o  ( I r t  iobt1.5 r l ~ y e r  ) H 
Spot ted sucker  (Mlrlytrema meIanop.5) U 
S i  l ver redhor s e  iL%.)xostom,i ai~rsiir~irn) R 
Goi den r e d h ~ r - s e  ( M o ~ ~ a t c ~ i n d  e t y t h r ~ i r   ill^^) R 

(cont inued)  



fable 24. (Concluded). 

Species 
Abundance i n  pool sa  
Pool 19 Pool 20 

Shorthead redhorse (Moxostorna macrolepidot -  
Black bullhead ( I c t a l u r u s  rnezas) 
Yellow bullhead ( I c t a l u r u s  n a t a l i s )  
Brown bullhead ( I c t a l u r u s  n e b u l o s u s )  
Channel ca t f i sh  ( I c t a l u r u s  p u n c t a t u s )  
Flathead ca t f i sh  ( P y l o d i c t i s  o l i v a r i s )  
Pira te  perch ( A p h r e d o d e r u s  s a y a n u s )  
Trout perch ( P e r c o p s i s  omiscornaycus)  
Burbot ( L o t a  I o t a )  
Blackstripe topminnow ( F u n d u l u s  n o t a t u s )  
Brook s i lve r s ide  ( L a b i d e s t h e s  s i c c u l u s )  
Wh i t e  bass (Morone c h r y s o p s )  
Yellow bass (Morone m i s s i s s i p p i e n s i s )  
Rock bass ( A m b l o p l i t e s  r u p e s t r i s )  
Green sunfish ( L e p o m i s  c y a n e l l u s )  
Pumpkinseed (Lepornis  g i b b o s u s )  
Warmouth ( L e p o m i s  g u l o s u s )  
Orangespotted sunfish ( L e p o m i s  h u r n i l i s )  
Bluegill (Lepornis  m a c r o c h i r u s )  
Smallmouth bass ( M i c r o p t e r u s  d o l o r n i e u i )  
Largemouth bass ( M i c r o p t e r u s  s a l m o i d e s )  
White crappie (Pornoxis  a n n u l a r i s )  
Black crappie (Pornoxis  n i g r o r n a c u l a t u s )  
Western sand da r te r  (Ammocrypta c l a r a )  
Mud dar te r  ( E t h e o s t o m a  a s p r i y e n e )  
Johnny dar ter  ( E t h e o s t o m a  n i g r u m )  
Yellow perch ( P e r c a  f l a v e s c e n s )  
Logperch ( P e r c i n a  c a p r o d e s )  
River da r t e r  ( P e r c i n a  s h u m h a r d i )  
Sduger ( S t i z o s t e d i o n  c a n a d e n s e )  
Wall eye ( S t i z o s t e d i o n  v i t r e u m )  
Freshwater drum ( A p l o d i n o t u s  g r u n n i e n s )  

urn) 0 
0 
0 
R 
C 
0 
H 
- 
- 
U 
0 
C 
0 
R 
0 
U 
0 
C 
A 
U 
C 
C 

Probably occurs only as a s t r a y  from a t r i b u t a r y  or inland 
stocking. 

H Records of occurrences a r e  avai 1 able ,  but no col 1 e c t i  ons have 
been documented in the  l a s t  10 years.  

R Considered t o  be ra re .  Some species i n  t h i s  category may be 
on the verge of ext i rpat ion.  

U Uncommon, does not usual ly  appear in  sample col l ec t ions ,  
populations a r e  small,  but the species in  t h i s  category do not 
appear t o  be on the verge of ex t i rpa t ion .  

0 Occasionally co l l ec ted ,  not general l y  d i s t r ibu ted ,  but local 
concentrations may 

C Commonly taken in  p l e  co l l ec t ions ;  can make up a large  
portion of some samples, 

A Abundantly taken i n  a1 1 r i v e r  surveys. 
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Table 25. Comparison of f i s h  captured f rom severa l  h a b i t a t  types.  

Main Side 
T a i  l w a t e r  Border  channel Lake Slough 

F i s h  caught/h 174 (77-321) 85 (59-108) 79 (26-128) 95 (36-128) 142 (4-258) 

Spo r t  f i s h  %a 3 9 23 2 5 3  6  54 

Channel c a t f i s h  % 10 - - - - 2 7 - - 

-- 
a e x c l u d i n g  drum, i n c l u d i n g  c a t f i s h .  

Table 26. H a b i t a t  s tudy  of t he  t a i  lwa te rs  below Locks and Dams 18 and 19 
(Dunham 1970, 1971). 

1970 1971 
Ta i lwa te r s  below Tai  l w a t e r s  below 

Lock and Dam 
18 19 

Lock and Dam 
18  19 

No. o f  f i s h  caught /h  164 141  
No. spec ies 15 14 
% game 33.5 2.8 
% Forage 17.7 7 8 
% comn~erc ia l  48.8 19.2 
Depth, maximum ( f t )  32 15 
Depth, acreage ( f t )  18 5 

g i v e n  spec ies can f i n d  p roper  condi -  
t i o n s  t o  su r v i ve ,  grow, and reproduce. 
These h a b i t a t s  a re  n o t  n e c e s s a r i l y  t h e  
same th roughou t  a  g i v e n  spec ies '  1  i f e  
h i s t o r y .  Non-nest b u i l d e r s  may s imp ly  
s c a t t e r  eggs i n  t h e  r i v e r ,  which upon 
ha tch ing ,  become p a r t  o f  t h e  p lank ton .  
The 1 i t e r a t u r e  on i ch thyop l  ankton has 
been examined by Ho l l and  and Huston 
(1983) f o r  f i s h e s  common t o  t h e  Upper 
M i s s i s s i p p i  R i ve r ,  S tud ies  a re  i n  
p rogress  on Pool 19  by D r .  Lub insk i  
( I  1 1  i no i  s Na tu ra l  H i  s t o r y  Survey) b u t  
none a re  c u r r e n t l y  i n  p rogress  f o r  Pool 
20. S tud ies  o f  t h i s  t ype  a re  e s s e n t i a l  
t o  the unders tand ing  o f  f i s h  popu la t i ons  ; 
more work needs t o  be done, e s p e c i a l l y  
on i d e n t i f i c a t i o n  and t i m i n g  o f  c o l -  
l e c t i o n .  The l a t t e r  i s  c r u c i a l  i n  
h e l p i n g  t o  i d e n t i f y  spawning season 
and g i v i n g  f i r s t  es t ima tes  o f  yea r - c l ass  
s t r eng ths .  

Because o f  t h e  v a r i e t y  o f  f i s h e s  i n  
Pools 19 and 20, t h e i r  foods va r y  w i d e l y  
as w e l l .  Many a r e  p reda to r s ,  (ga rs ,  
bowf in ,  temperate bass, some c e n t r a r c h i d s ,  
sauger, and w a l l  eye) consuming o t h e r  
f i shes .  Many o the r s  (suckers,  carp,  
f reshwate r  drum) r e l y  on aqua t i c  i n v e r t e -  
b ra tes  arid e s p e c i a l l y  on bot tom-dwel l  i n g  
immature i nsec t s  d u r i n g  p a r t ,  i f  n o t  a l l ,  
o f  t h e i r  l i f e t i m e s .  M a y f l i e s  and caddis-  
f l  i e s  a r e  ex t reme ly  impo r t an t  (espec ia l  l y  
Hexagenia). They c o n s t i t u t e d  over  50% by 
volume o f  t h e  food  o f  channel c a t f i s h ,  
f reshwate r  drum, mooneyes, goldeyes, and 
wh i t e  bass. They comprised over  40% o f  
t h e  food of p a d d l e f i s h  and w h i t e  c rapp ie  
(Hoopes 1960). A l a r v a l  c a d d i s f l y  
(Potamyia f l a v a )  comprised over 60% o f  t h e  
f ood  f o r  shovelnose s turgeon.  F ingerna i  1 
clams p r o v i d e  food f o r  a  v a r i e t y o f  f i s h ,  
e s p e c i a l l y  g i z z a r d  shad over  6 inches l ong  
i n  deeper water  (Jude 1973), channel 



c a t f i s h ,  and freshwater drum. Blue 2.11 BIRDS 
suckers r e l y  heav i l y  on c a d d i s f l y  la rvae 
and midge la rvae (Rupprecht and Jahn 2.11.1 Waterfowl 
1980). A de ta i  1 ed eco log ica l  r e l a t i o n -  
sh ip  o f  these organisms i s  presented i n  The M iss i ss ipp i  R iver  i s  an impor- 
Chapter 3. t a n t  duck m ig ra t i on  c o r r i d o r  (Be1 l r o s e  

1976) along which a t  l e a s t  5 m i l l i o n  
ducks f l y  each year (F igure 24). Thompson 

2.10 AMPHIBIANS AND REPTILES (1973) est imated t h a t  20 m i l l i o n  d i v i n g  
duck days were spent on Keokuk Pool each 

The herpetofauna o f  Pools 19 and 20 of 3 years from 1966 t o  1968. Thornberg 
have apparent ly  no t  been i n t e n s i v e l y  (1973) s ta ted  t h a t  probably no o ther  
inves t iga ted.  Table 27 l i s t s  those sus- i n l a n d  area i n  North America i s  more 
pected o r  known t o  occur i n  the  immediate important  t o  m ig ra t i ng  d i v i n g  ducks than 
area o f  t he  two pools. I t  i s  based on i s  Keokuk Pool. Important  species o f  
Smith (1961), USACE (1974c), and Morr is  e t  d i v i n g  ducks t h a t  use Pools 19 and 20 are 
a l .  (1983) and 1 i s t s  made from observa- l esse r  scaup, canvasback, r ingnecks, 
t i o n s  s ince 1964 a t  t he  Kibbe L i f e  goldeneye, ruddy ducks, common mergansers, 
Sciences Sta t ion ,  Western I 1  1 i n o i s  and red-breasted mergansers. O f  these, 
U n i v e r s i t y  (adjacent t o  Pool 20). Some t h e  scaup and canvasback are the  most 
herpetofauna a re  common whi le  others numerous. Dur ing the f a l l  m igra t ion ,  
are r a r e  o r  o n l y  occasional l y  observed. Be1 l r o s e  and Crompton conduct a e r i a l  
A t  l e a s t  4 salamanders, 12 f rogs  and censuses. Since 1950 they have tabu la ted  
toads, 3 l i z a r d  o r  sk inks,  14 t u r t l e s ,  peak numbers o f  ducks and used these as 
and 22 snakes are  poss ib le  res idents  i n  i n d i c a t o r s  of popu la t ion  t rends.  Unpub- 
the immediate v i c i n i t y  o f  t h e  two pools. l i s h e d  data supp l ied  by the I l l i n o i s  
Amphibians are general l y  found i n  Natural  H i s to ry  Survey's Havana Labo- 
shal low water areas, wh i l e  t a i l w a t e r s ,  r a t o r y  show a comparison o f  t he  impor- 
sloughs, lakes,  ponds, main channels, tance of Pools 19 and 20 (Table 28). 
and s ide  channels have sk inks,  l i z a r d s ,  Scaup numbers were h igher i n  t he  
and box t u r t l e s .  Marshy areas are  mid-19701s, bu t  f l u c t u a t i o n s  occur 
important  breeding ground f o r  amphibians i n  con t i nen ta l  popu la t ion  numbers 
and o f f e r  g reates t  h a b i t a t  d i v e r s i t y  because o f  vary ing  food suppl i e s  and 
f o r  r e p t i l e s  and amphibians. Grassy reproduct ive  success. 
areas are important  t o  c e r t a i n  snakes 
and frogs. W i th in  Pool 19, the  Bu r l i ng ton  t o  

F o r t  Madison s t r e t c h  i s  more important  t o  
The most severe d is turbance t o  d i v i n g  ducks. The F o r t  Madison t o  Keokuk 

amphibians and r e p t i l e s  i s  t he  des t ruc t i on  s t r e t c h  i s  more important  t o  dabbl ing 
o f  marshes (USACE 1 9 7 4 ~ ) .  Conversion o f  ducks. Dabblers are no t  as r e s t r i c t e d  t o  
wet hab i ta t s  t o  d ry  favors c e r t a i n  t he  r i v e r  because adjacent  hab i ta t s  are 
r e p t i l e s  and adversely a f f e c t s  amphibians. ava i l ab le  which they w i l l  use i n  p re fe r -  
Prolonged h igh  water cond i t ions  have the  ence t o  t h e  main r i v e r .  
opposi te e f f e c t .  

An examination o f  canvasback peak 
Herpetofauna p lay  a valuable eco- numbers s ince 1950 reveals an i n t e r e s t i n g  

l o g i c a l  r o l e  i n  warm months only,  when and spectacular  change i n  t h e i r  use o f  
they prov ide  food fo r  a v a r i e t y  o f  pre- bo th  the  I l l i n o i s  R iver  Va l ley  and Pool 19 
dators ( b i r d s  o f  prey, wading b i rds ,  and (Table 29). Numbers o f  canvasbacks 
some mammal s). Some r e p t i  1 es prey  on dramati c a l  l y  decreased du r ing  the  
o ther  r e p t i l e s  and amphibians, thus mid-1960is, and these numbers have n o t  
forming essen t i a l  l i n k s  i n  c e r t a i n  food f a l l e n  as low since. Apparently one im- 
webs. p o r t a n t  reason f o r  t he  change was environ- 

en ta l  degradation o f  c e r t a i n  c r i t i c a l  
areas i n  the  I l l i n o i s  River  ( M i l l s  e t  a l .  

determining abundances, 1 ocal h a b i t a t s  o f  1966), especi a1 1 y i n  Peor ia Lake, where a 
importance, and the  general ecology o f  the  degradation i n  food supply caused these 
amphibians and r e p t i l e s .  ducks t o  look e l  sewhere (i. e. , Pool 19) 
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Table 27. Amphibians and reptiles suspected or known to occur in the 
environs of Pools 19 and 20 (revised from USACE 1974 a,b). 

Common name Scientific name 

Mudpuppy 
Eastern tf ger salamander 
Smal lmuth salamander 
Western lesser siren 
Northern Blanchard's cricket frog 
Spring peeper 
Gray treefrog 
Striped chorus frog 
Bul lfrog 
Green frog 
Northern leopard frog 
PIckerel frog 
Northern crawftsh frog 
Amer f can toad 
Fowler's toad 
Ornate box turtle 
Eastern box turtle 
Map turtle 
False map turtle 
Snapping turtle 
Painted turtle 
Smooth sof tshel 1 turtle 
Eastern spfny softshell turtle 
Hestern spfny softshell turtle 
Red earred sl lder 
Stlnkpot turtle 
Ye1 low mud turtle 
A 1  1 lgator snapping turtle 
Sl x- f  i ned racerunner 
Broadhead ski nk 
Ff ve-1 lned sklnk 
Graham's crayf i sh snake 
Eastern garter snake 
Eastern plains garter snake 
Red-si ded garter snake 
Eastern r 1 bbon snake 
€as tern hognass snake 
Praf rie rlngneck snake 
Blue racer 
Black rat snake 
Bu 1 l snake 
Eastern milk snake 
Red mi 1 k snake 
Prairie kingsnake 
Western worm snake 

Necturus maculosus 
Ambystoma tigrinum 
Ambystoma texanum 
Siren intermedia nettingi 
Acris crepitans blanchardi 
Hyla crucifer 
Hyla versicolor 
Pseudacris ttiseriata tciseriata 
Rana catesbeiana 
Rana clamitans melanota 
Rana pipiens 
Rana palustris 
Rana areolata circulosa 
Bufo americanus 
BuEo woodhousei fowLeri 
Terrapene ornata ornata 
Terrapene carolina carolina 
Graptemys geoqraphica 
Graptemys pseudoqeoyraphica 
Chelydra serpentina 
Chrysemys picta 
Trionyx muticus 
Trionyx spiniferus spiniferus 
Trionyx spiniferus hartwegi 
Chrysemys seripta 
Sternotherus odoratus 
Kinosternon flavescens 
Macroclemys temmincki 
Cnemidophorus sexlineatus sexlineatus 
Eumeces laticeps 
Eumeces Pasciatus 
Regina grahami 
Thamnophis sirtalis sirtalis 
Thamnophis radix radix 
Thamnophis sirtalis parietalis 
Xhamnophis sauritus 
Heterodon platyrhinos 
Diadophis punctatus arnyi 
Coluber constrictor foxi 
Elaphe obsoleta obsoleta 
Pituophis melanoleucus sayi 
Lampropeltis triangulum triangulum 
Lampropeltis triangulum syspila 
Lampropeltis calliyaster calligaster 
Carphophis amoenus vermis 

(continued) 



Table 27. (Concluded). 

Common name S c i e n t i f i c  name 

Western s ~ t h  green snake Opheodrys vernalis blanchardi 
M i  d l  and brown snake Storeria dekayi wrightorum 
Northern water snake Nerodia sipedon sipedon 
D i  amondback water snake Nerodia rhombifera rhombifera 
Massasauga (swamp ra t t l esnake )  Sistrurus catenatus catenatus 
Timber ra t t l esnake  Crotalus horridus horridus 
Copperhead Agkistrodon contortrix 

f o r  food. A recent  study by Day (1984) 
summarized food hab i t s  o f  e a r l i e r  s tudies.  
Canvasbacks' d i e t s  conta i  ned over 50% 
p l a n t  ma te r i a l  (Potamogeton spp., 
pondweeds; V a l l i s n e r i a  spp., w i l d  ce le ry ;  
and Sagi t t a r i a  spp. , duck pota to)  o r  a  
greater  volume than animal ma te r i a l  
(Ephermeroptera spp., mayf l ies ;  and 
Pelecypoda spp. , clams, especia l  l y  
Muscul ium and Sphaerium). More recent  
work, being conducted by personnel a t  t h e  
I 1  1  i noi  s  Natural  Hi  s t o r y  Survey Laboratory 
a t  Havana, i nd i ca tes  ducks now r e l y  heavi- 
l y  on animal ma te r i a l  ( i . e .  , f i n g e r n a i l  
c l  ams). Thompson (1973) i nd i ca ted  t h a t  
heavy concentrat ions o f  d i v i n g  ducks pos- 
s i b l y  harvest  25% o f  t he  benth ic  standing 
crop du r ing  f a l l .  Scaup feed p r i m a r i l y  on 
animal ma te r i a l  (Pelec oda spp., clams, 
as above) w i t h  l ess  --5 than 100 p l a n t  mater i -  
a l .  One reason why Pool 20 i s  used l ess  
by d i v i n g  ducks than Pool 19 i s  i t s  l a c k  
o f  s u i  tab1 e h a b i t a t .  

Studies o f  d i s t r i b u t i o n  o f  ducks on 
Pool 19 (Thompson 1973; Thornberg 1973) 
showed t h a t  human disturbance (such as 
hunt ing,  recreat ion ,  navigat ion)  was a  
major f a c t o r  inducing mass movements and 
governed the  duck d i s t r i b u t i o n .  Without 
d is turbance t h e i r  d i s t r i b u t i o n s ,  i n  
general,  were co r re la ted  w i t h  t h e  
greates t  abundance o f  benth ic  organisms. 
Dur ing t h e  day, 60% o f  the  d i v i n g  ducks 
us ing  the  pool showed d iu rna l  movements, 
l o a f i n g  i n  l ess  d is tu rbed sect ions,  and 
a t  dusk r e t u r n i n g  t o  choice feeding 
areas (Thornberg 1973) u p r i v e r  from 
Niota,  t o  Da l las  City, I l l i n o i s  
(F igure 24). 

Concern i s  growing among b i o l o g i s t s  
f a m i l i a r  w i t h  the  M iss i ss ipp i  River  t h a t  
an e x o t i c  species o f  A s i a t i c  clam 
(Corbicula mani lensis)  may a l t e r  the  web 
o f  l i f e  as i t  now e x i s t s .  e s ~ e c i a l l v  i n  
Pool 19. One reason concerns' t he  n i t r i -  
t i o n a l  value o f  t he  A s i a t i c  clam compared 
t o  t h a t  o f  t h e  f i nge rna i  1  clam (Muscul ium 
transversum) (Table 30). Thompson and 
Sparks (1978) i nves t i ga ted  these n u t r i -  
t i o n a l  values and concluded the re  was no 
advantage t o  t h e  heavier ,  she1 l e d  A s i a t i c  
clam s ince the  ducks' calc ium requirements 
are met anyway regardless o f  which i s  
eaten. However, l esse r  scaup may have t o  
spend more t ime and energy d iges t i ng  
Corbicula t o  o b t a i n  an equal amount o f  
ca lo r i es .  I f  n a t i v e  clams are d isplaced 
by t h i s  in t roduced species, r e s u l t s  cou ld  
be catastrophic.  

Since numbers o f  d i v i n g  ducks can be 
expected t o  f 1  uctuate,  depending on 
weather pa t te rns ,  food cond i t ions ,  and the  
reproduct ive success o r  f a i l u r e  o f  con- 
t i n e n t a l  populat ions,  continued v ig i l ance  
f o r  the care o f  t h i s  and o ther  na tu ra l  
resources i s  imperat ive t o  i n s u r i n g  t h a t  
na tu ra l  causes remain the  1 one c o n t r o l  1 i ng 
agents o f  populat ion.  

2.11.2 Other B i rds  

Colonia l  nesters (such as g rea t  b lue  
heron and great  eg re t )  have been located 
on Pool 3.9 b u t  no t  on Pool 20. Colonies 
a t  RM 396 near Lomax, I 1  1  i n o i s ,  and RM 408 
on O t t e r  I s l a n d  were examined by Kleen 
(1983). A t  t he  former, about 100 g rea t  
b lue  heron nests and about 30 g rea t  eg re t  



Figure 24. Dkick migrat ion corr-idors (Bellrose :9 
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Table 28. Comparison o f  canvasback and scaup numbers and t h e i r  use of Pools 
1 Y  and 20 from 1980 t o  1983. 

Canvasback Scaup 
Pools Pools 

19 2 0  19 2  0 
Year Peak No. Date Peak No. Date Peak No. Date Peak No. Date 

nests were counted by a e r i a l  survey. Only source o f  d is turbance o r  re loca te  
the O t t e r  I s l a n d  colony was noted i n  May c lose by. 
o f  1977 by Thompson and Landin (1978). I t  9. The need f o r  p r o t e c t i o n  from the wind 
inc luded 40 p a i r s  o f  g rea t  b lue  herons and was demonstrated by b i r d s  nes t ing  
8 p a i r s  o f  g rea t  egrets,  w i t h  average ne i the r  on h igh  b l u f f s  nor on small 
numbers o f  young i n  June being 2.8 pe r  i s lands surrounded by expanses o f  
successful nest.  Nests loca ted h igh  i n  open water. 
t r ees  were l a t e r  ground checked by us ing  10. I n te rspec i  f i c  associat ions showed 
binoculars.  t h a t  g rea t  b lue  herons a r r i v e d  f i r s t  

a t  c o l o n i a l  s i t e s  fo l lowed by g rea t  
Thompson and Landi n  (1978) i nd i ca ted  egrets.  Great egrets o f t e n  selected 

10 important  f ac to rs  i n f l u e n c i n g  colony s i t e s  where g rea t  b lue  herons were 
and nest  s i t e  se lec t i on  f o r  these two al ready nes t ing ,  b u t  no t  always. 
species. 

Thompson and Landi n  (1978) a1 so i nd i ca ted  
1. Pre fer red  p l a n t  communities and t h a t  bo th  species were poss ib l y  d e c l i n i n g  

nes t ing  t rees  were s i l v e r  maple o v e r a l l .  As s ta ted  before,  h a b i t a t  
(Acer - saccharinum) and elm (Ulmus changes and human in f luences are  i n  need 
americana); sycamore (Platanus of constant  eva lua t ion  i n  order t o  
occidental  i s) and cottonwood main ta in  species i n t e g r i t y .  
(Populus de l  to ides)  were a1 so used. 

2. Pre fer red  nes t i ng  he igh t  was u s u a l l y  About 250 b i r d  species (Table 31) 
w i t h i n  10 f t  o f  t a l l e s t  t rees.  have been s igh ted i n  areas o f  Pools 19 and 

3. Prox imi ty  t o  dams was w i t h i n  10 m i  20 (E. Franks, Western I l l i n o i s  Univer- 
downstream, where f o r e s t s  are  bes t  s i t y ,  pers.  comm. ; V. Kleen, I l l i n o i s  
preserved and l e a s t  flooded. Department o f  Conservation, pers. comm. ). 

4. Prox imi ty  t o  feeding areas was most ly  Many are migrants, b u t  about 75 species 
near shal low oxbow lakes and sloughs have been i d e n t i f i e d  as breeding. 
and a l so  w i t h i n  several mi les  o f  
extensive marshland. One migrant  r e s i d i n g  i n  the  area from 

5. Prox imi ty  t o  water was most ly  w i t h i n  October through March i s  t he  b a l d  eagle. 
100 yd. F ischer (1982) and Jonen (1973) described 

6. Prox imi ty  t o  r i v e r  junc t ions  and dams the  ba ld  eag le 's  w i n t e r  a c t i v i t i e s  i n  t he  
w i t h i n  2 . 5  m i ,  al though co lon ies  were v i c i n i t y  o f  the  Kibbe L i f e  Sciences 
not  always associated w i t h  them. S ta t i on  operated by Western I11  i no is  

7. Pre fer red  s ide  o f  nav iga t ion  channel Un ive rs i t y .  A t  t h i s  l o c a t i o n  the  Cedar 
tended toward the east  side. Glen i s  heav i l y  u t i l i z e d  by w i n t e r i n g  

8. B a r r i e r s  t o  human disturbance va r i ed  eagles. Other s tud ies  concerning b i r d s  
w i t h  t he  colony, stage o f  breeding, done near o r  a t  t he  Kibbe S t a t i o n  inc lude 
and age. A l l  co lon ies  were over those o f  Franks (1967), Baima (1971), 
175 y d  from t rave led  roads. B i rds  Pace (1971), and Dunstan (1974, 1975, 
may gradual l y  move away from t h e  1978, 1979). 

n 



Table 29. Canvasback peak f l i gh t s  in the  I1 1 inois and Mississippi Valleys, 1950-1983 
(aer ia l  census f l i gh t s  by Frank C .  Bellrose and Robert Crompton). 

I1 l inois  Valley Mississippi Valley 

Year Peak Date Peak-Entire valley Peak-Keokuk poola Date 

1950 81,090 11/13 2,710 2,675 11/21 
1951 17,525 11/15 31,100 31,100 12/8 
1952 106,350 10/29 15,160 15,050 11/5 
1953 116,050 11/12 6,200 6,000 11/23 
1954 65,425 10/25 23,970 23,900 11/15 
1955 15,240 11/1 10,810 9,700 11/22 
1956 2,500 11/14 16,390 15,700 11/23 
1957 2,285 11/6 17,250 15,750 11/26 
1958 1,960 10/29 14,775 11,000 11/29 
1959 1,990 11/14 7,750 7,100 11/14 
1960 2,320 11/23 22,075 21,100 12/1 
1961 1,450 11/24 12,760 12,700 12/5 
1962 2,760 11/30 18,175 17,700 11/29 
1963 1,630 11/7 36,395 32,400 12/3 
1964 1,975 11/17 36,300 32,500 11/24 
1965 1,205 11/16 51,000 51,000 12/21 
1966 925 11/15 74,840 74,700 11/23-24 
1967 590 11/14 57,235 56,585 12/8 
1968 300 11/4 56,035 55,760 12/3 
1969 455 11/5 149,170 148,500 11/20 
1970 770 11/5 168,335 168,000 12/2 
1971 450 11/30 156,900 156,900 11/30 
1972 589 10/30 84,200 83,800 11/20 
1973 490 11/28 & 12/3 64,090 63,300 11/12 
1974 870 11/19 75,478 75,045 11/5 
1975 1,225 11/4 105,780 103,800 12/8- 9 
1976 1,005 11/8 54,225 43,400 11/15 
1977 4,825 11/17 111,170 97,800 11/17 
1978 5,285 1117 153,895 134,400 11/20 
1979 6,240 11/7 188,195 182,300 11/7 
1980 2,895 10/28 147,190 143,850 11/3 
1981 2,330 11/17 113,470 112,500 12/1  
1982 2,290 12/13 81,410 79,450 12/6 
1983 1,555 11/1 66,550 65,200 11/29 
P 

a Keokuk Pool = Burl ington to  Keokuk. 

2.12 MAMMALS (1975), and l i s t s  from the Kibbe Life 
Sciences Station near Warsaw, I l l i n o i s  

Investigations of mammals inhabiting (Table 32). 
s pec i f i c  areas .in the vic ini ty  of Pools 
19 and 20 have not been exhaustive, Mammals in  the study area may be 
pa r t i cu l a r l y  concerning nongame species. herbivores, carnivores, or insectivores,  
However, the  following are  the best  representatives of which occupy nearly 
ex t an t  sources of mammals suspected or  every t e r r e s t r i a l  habitat .  Some, espe- 
known to  occur i n  the immediate area: c i a l l y  the smaller species,  may serve as  
schwartz and Schwartz (1964), Hof fmei s tep prey for  birds,  repti  1 e s ,  o r  other mammals 
and Mohr (1972). USACE (19741% Bowles and are thus important i n  converting 
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Table 30. Comparison o f  n u t r i t i o n a l  values of t he  f i n g e r n a i l  clam and A s i a t i c  clam 
(Thompson and Sparks 1978). 

N u t r i t i o n a l  Values 
F inge rna i l  clam A s i a t i c  clam 

(Muscul i u m  transversum) ( ~ o r b i c u l a  mani l e n s i s )  

Fresh weight bas is  moisture 

Crude p r o t e i n  (%) 

Crude f a t  (%) 

Crude f i b e r  (%) 

Ash (%) 

N i  t rogen-free e x t r a c t  % 

Kcal Ig 

HCL and t ime f o r  95% d i g e s t i o n  

vegetat ion o r  inver tebra tes  i n t o  usable 
energy forms. High water cond i t ions  may 
adversely a f f e c t  some prey species, b u t  
many have h igh  reproduct ive ra tes  t h a t  
o f f s e t  losses. 

Marshes, lakes,  and ponds are impor- 
t a n t  t o  semi-aquatic species, such as 
muskrat and beaver. The l a t t e r  o f t e n  
b u i l d  lodges o f  s t i c k s  o r  excavate dens i n  
the  banks o f  the  r i v e r  bu t  gene ra l l y  do 
not  b u i l d  dams. Populat ion f l u c t u a t i o n s  
o f  semi-aquatic mammals may be r e l a t e d  
more t o  f l o o d i n g  than t rapp ing  since 
l i t t l e  t r app ing  i s  c u r r e n t l y  done. A 
s i ng le  specimen o f  a  seldom seen r i v e r  
o t t e r ,  found caught and drowned i n  the  
net  o f  a  commercial f isherman about 1 m i  
no r th  o f  Dam 19, i s  on d i sp lay  a t  Western 
I l l i n o i s  U n i v e r s i t y .  

The b a t  species are i nsec t i vo res  
and usua l l y  seek prey a t  n i g h t ,  p r e f e r -  
r i n g  t o  be i n a c t i v e  dur ing  the  day. 
Even though bats  are r e l a t i v e l y  free 
from predators,  removal of t imber t o  
c reate  farmland o r  r e s i d e n t i a l  areas 
and human disturbances o f  cave areas 

where the  bats  r o o s t  have adversely 
a f fec ted  the bats and continue t o  
th reaten the  remaining hea l thy  and 
v iab le  populat ions.  Many bats migrate 
dur ing  w in te r ,  bu t  some, i n c l u d i n g  the  
endangered Indiana ba t ,  Myot is  soda l is ,  
may hibernate i n  caves dur ing  c o l d  
weather. 

2.13 FEDERAL AND STATE ENDANGERED 
AND THREATENED SPECiES 

The Federal government and States 
border ing Pools 19 and 20 d i f f e r  con- 
s iderab ly  on des ignat ing  threatened and 
endangered species (Tab1 e  33). These 
d i f fe rences probably are p a r t l y  due t o  
the more regional  concerns o f  h a b i t a t  
l oss  associated w i t h  var ious species 
and the e f f e c t  o f  t h a t  l oss  on s p e c i f i c  
species. I n  add i t i on ,  some species have 
i nte res ta te  d i s t r i b u t i o n s  whi 1e o thers  
do not .  Many o f  those l i s t e d  are  r a r e l y  
seen, b u t  some may be l o c a l l y  o r  sea- 
sona l l y  abundant dur ing  migra t ions  o r  
dur ing  w in ter .  



Tabla 31. Bi rds  suspected and known from Pools 19 and 20 w i t h i n  2 m i  
i n l a n d  o f  the  M iss i ss ipp i  R iver  (E.C. Franks, Western I 1  1 i n o i s  Univer- 
s i t y ,  pers. comm. ; V.M. Kleen, I 1  l i n o i s  Department of Conservation; 
pers. comm. ). 

Loons D iv ing  ducks 
Red-throated loon Barrows go1 deneye 
Common loon Common goldeneye 

Grebes Black scoter  
P ied -b i l l ed  grebe Surf scoter  
Horned grebe Whi te-winged scoter  
Red-necked grebe Ba f f  1 ehead 
Eared grebe Canvasback 
Western grebe Common merganser 

Pel icans Hooded merganser 
American wh i te  pe l i can  Red-breasted merganser 

Cormorants Redhead 
Doubl e-crested cormorant Greater scaup 

B i t t e r n s  Lesser scaup 
American b i t t e r n  Harlequin duck 
Least b i t t e r n  Oldsquaw 

Egrets Ruddy duck 
Great egre t  Vultures 
Snowy egre t  Black v u l t u r e  
C a t t l e  egre t  Turkey v u l t u r e  

Herons Eagles , k i t e s ,  and osprey 
Great b lue  heron Bald eagle 
L i t t l e  b lue heron Golden eagle 
T r i co lo red  heron Miss iss ipp i  k i t e  
Green-backed heron Osprey 

Night-Herons Hawks and fa lcons 
B l  ack-crowned night-heron American kes t re l  
Yellow-crowned night-heron Broad-wi nged hawk 

Swans Cooper ' s hawk 
Tundra swan Merl i n  
Mute swan Northern h a r r i e r  

Geese Northern goshawk 
Greater whi t e - f ron ted  goose Peregrine fa lcon 
Snow goose Red-shouldered hawk 
Canada goose Red- t a i  1 ed hawk 

Puddle Ducks Rough-legged hawk 
American b lack  duck Sharp-shinned hawk 
American wigeon Swai nson ' s hawk 
Blue-winged t e a l  Pheasants, par t r idges ,  turkeys, 
C i nnamon t e a l  and q u a i l  
Gadwal l Gray p a r t r i d g e  
Green-wi nged t e a l  Greater p r a i  r ie -ch icken 
Ma1 l a r d  Northern bobwhite 
Northern p i n t a i l  R i  ng-neck pheasant 
Northern shoveler Wi ld tu rkey  
R i  ng- nec ked duck Coots, gal 1 i nu1 es , and r a i  1 s 
Wood duck American coot 
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Table 31. (Continued). 

Common moorhen 
Purple gal 1 i  nu1 e 
Sora 
Yellow r a i l  
Black r a i l  
King r a i l  
V i rg in i a  r a i  1 

Cranes 
Sandhil l  c rane  

P lovers ,  ki 11 d e a r ,  and avocets  
Black-be1 1 i ed  plover  
Lesser golden p lover  
Pi ping p lover  
Semipalmated p lover  
Ki 1 1 dee r  
American avocet  

Sandpipers and a1 1 i e s  
Ba i rd ' s  sandpiper  
Buff-breasted sandpiper  
Least sandpiper  
Pectoral  sandpiper  
Purple sandpiper  
Semipalmated sandpiper  
S o l i t a r y  sandpiper  
Spotted sandpiper  
S t i  1 t sandpiper  
Upland sandpiper 
Western sandpiper 
Whi te-rumped sandpiper  
Shor t -b i l l ed  dowitcher 
Long-bi 1 led  dowitcher 
Dun1 i n  
Hudsonian godwit 
Marbled godwi t 
Red knot 
Wi 1 son' s phalarope 
Red-necked phalarope 
Ruff 
Sander1 i  ng 
Common sn ipe  
Ruddy tu rns tone  
Wi l l e t  
American woodcock 
Grea ter  ye1 1 owlegs 
Lesser ye1 low1 egs 

Skuas, j a ege r s ,  g u l l s ,  and t e r n s  
Black-legged k i t t iwake  
Bonaparte'  s g u l l  

Frank1 i n ' s  gu l l  
Glaucous g u l l  
Great  black-backed gul l  
Herring gu l l  
Ice land  gu l l  
Laughing g u l l  
L i t t l e  gu l l  
Thayer' s g u l l  
P a r a s i t i c  jaeger  
Black t e r n  
Caspian t e r n  
Common t e r n  
F o r s t e r ' s  t e r n  
Least t e r n  

Doves 
Rock dove 
Mourning dove 

Cuckoos 
Black-bi l led cuckoo 
Yellow-billed cuckoo 

Owl s 
Snowy owl 
Barred owl 
Long-eared owl 
Short-eared owl 
Saw-whet owl 

Nighthawks and n i g h t j a r s  
Common nighthawk 
Chuck-wi 11 ' s-widow 
Whip-poor-wi 11 

Swi f t s  and hummi ngbi r d s  
Chimney s w i f t  
Ruby-throated hummingbird 

Ki ngf i she r s  
Be1 t e d  k ingf i sher  

Woodpeckers and a l l i e s  
Downy woodpecker 
P i l e a t e d  woodpecker 
Red- headed woodpecker 
Red-bellied woodpecker 
Northern f 1 i c k e r  
Yellow-be1 1 i ed  sapsucker 

F lyca tchers  
Acadian f l yca t che r  
Alder f l y c a t c h e r  
Eastern wood-pewee 
Olive-sided f l y c a t c h e r  
Ye1 low-be1 1 i e d  f l y c a t c h e r  

(continued) 



Table 31. (Conc l uded) , 

--- 
Warblers 

Bay-breasted warbler 
Blackbi~rnian war% 1 e r  
Blackpoll warbler 
Black-and-white warbler 
Black-throated blue warbler 
Black-throated green warbler 
Canada warb 1 e r  
Cape May warbler 
Chestnut-s ided warbler 
Connecticut wdrbier 
Cerirleati warbl e r  
Wooded war% l e r  
Ker~tucky warb l e r  
Magno l id warbler 
Mour-ni clg warb lets 
Palm warVtt1c?r. 
Parula warbler  
P i n e  warbler 
P r a i r i e  warbler  
Prothol~otary warbler 
Swdinsan's wdrb le r  
W i  lsorj 's war i l l~r .  
Wor*m-eating wdrb lev 
Ye1 low war.ktliar 
Ye1 low-rumpcd wdrbler 
Ye l low- t;t~r*tta t ed  warb 1 e r  
American reds t a r t  
Csrt~mun yr: l lowt.hrodt 
tau i s i dnd waterthrush 
Norkftern water~thrusbi 
Ye 1 low-breasted cha t  

Carcf i i~a ls ,  grosbeaks, ancf a l l i e s  
Even illy yrosbedk 
P i  r\e grosbeak 
Nor3ttser.n carcli rla 1 
Hose-breasted grosbeak 
Blue grosbeak 
Dickcis?;et 
Indigo attintiny 

Blaekbir*ds and a l l  i e s  
Brewer's bldckbi t>d 
Red- wi rqed h 1 ac kb i r d  
Rusty blacklai rd 

Ye1 low- headcd blackbird 
Common qrackl e 
~ rown-  headed cowb i r d  
Eastern meadowlark 
Western meadowlark 

Carduel i n e  Finches 
Pine s i s k i n  
Redpo 1 l 
RuFnus-sided towhee 
Dark-eyed junco 
Lapland longspur 
Smith 's  longspur 
Snow bunting 
Bobol ink 
Orchard o r i o l e  
Norther11 o r i o l e  
Purple f inch  
House f inch 
Red crossb i  11 
White-w inged cr'osstii 11 
American goldfinch 
Summer tanager  
Sca r l e t  tanager  

!)par rows 
Mouse sparrow 
Euras i nri t r e e  sparrow 
Backman's sparrow 
American t r e e  sparrow 
Chipping sparrow 
C l  ay-col ared sparrow 
f i e l d  sparbrow 
Vesper sparr-ow 
Lark sparrow 
Savarlriah sparrow 
Grasshopper sparrow 
Mtlnsluw' s sparrow 
t e  C o ~ i t e ' s  sparrow 
Sharp- t a i  led sparrow 
Fox sparrxow 
Song sparrow 
birrcol n'  s sparrow 
Swamp sparrow 
Whi t e - t t ~ r o a t e d  sparrow 
Wh i kt.-crowned sparrow 
Mawi s sparrow 



Table 32. Mammals suspected o r  known t o  occur  i n  t h e  env i rons  o f  Pools  19 
and 20 Key: C=common; U=uncommon; R=rare; E=endangered. No l e t t e r  i n d i c a t e s  
t h a t  a  p a r t i c u l a r  spec ies had n o t  been recorded.  

Region - 
Pools Pools 

Common name Sc i  ent i  f i c name 11-15 16-22 

Whi te- footed mouse 
Southern bog lemmi ng 
Meadow vo l e  
P r a i r i e  v o l e  
Pine vo le  
Muskrat 
Norway r a t  
House mouse 
Meadow jumpi ng mouse 
Coyote 
Red f o x  
Gray f ox  
Racoon 
Sho r t - t a i  1 ed weasel 
Mink 
Least weasel 
Long- ta i led  weasel 
Badger 
Spot ted skunk 
S t r i p e d  skunk 
R iver  o t t e r  
Bobcat 
Whi t e - t a i  1 ed deer 
V i r g i n i a  opossum 
S h o r t - t a i l e d  shrew 
Least shrew 
Southeastern shrew 
Eastern mole 
Star-nosed mole 
L i t t l e  brown ba t  
Keen's ba t  
S i l v e r - h a i r e d  b a t  
Gray ba t  
Eastern p i  p i  s t r e l  ( b a t )  
B i g  brown b a t  
Red b a t  
Hoary ba t  
I nd i ana  b a t  
Even i ng b a t  
Whi t e - t a i  l e d  j ack rabb i  t 
Eastern c o t t o n t a i l  r a b b i t  
Woodchuck 

Peromyscus leucopus 
Synaptomys cooper i 
Microtus pennsylvanicus 
Microtus ochroqaster 
Microtus pinetorum 
Ondatra zibethicus 
Rattus norvegicus 
Mus muscul us 
Zapus hudsonius 
Canis latrans 
Vulpes fulva 
Urocyon cir~eroargen teus 
Procyon lotor 
Mustela ermina 
Mustela vison 
Mustela nivalis 
Mustela frer~ata 
Taxida taxus 
Spilogale putorius 
Mephitis mephitis 
Lutra canadensis 
Lynx rufus 
Dama Virginianus 
Didefphis marsupialis 
Blarina brevicauda 
Cryptotis parva 
Sorex longirostris 
Scalopus aquat i cus 
CondyZura cristata 
Myotis lucifugus 
Myotis keenii 
Lasiorzycteris noctivaqans 
Myotis grisescens 
Pipistrellus subflavus 
Eptesi cus fuscus 
Nycteris boreal is 
Nycteris cinereus 
Myotis sodalis 
Nycticeus humeralis 
Lepus townsendii 
Sylvilagus floridanus 
Marmota monax 

( con t inued)  



Table 32. (Concluded). 

S c i e n t i f i c  name 11- 1 5  16-22 

T h i  rteen-1 i ned ground 
squi trel 

Franklin's ground squirrel 
€as tern chipmunk 
Eastern gray squirrel 
Eastern fox squirrel 
Southern Flying squirrel 
Plains pocket gopher 
Beaver 
Western harvest mouse 
Deer mouse 

S p e r m o p h i l i s  
t r i d c c e m l  i n e a t u s  

Sperrnophi  l is f r a r ~ k l i n i  i 
Tamias s t r i a t t r s  
S c i n t  us car ol irri.r.rsis 
S c i n r ~ ~ s  r l i g e r  
G1aucomy.s v o Z a r ~ s  
Geumys bursaz ius 
C a s t o r  c a r ~ a d c n s i s  
Kctth~ odr~11t.uniy n i e g a l o t i s  
P c r o m y s c u s  manicu l a t u s  



Table 33. Federal and State endangered (E )  or threatened (1) species, Pools 19 and 20 (GREAT I1  
1980b). 

Federal Iowa I l l i n o i s  

B i  rds  

Mammal s  

POOL 19 
Inver tebrates  Higgi  ns '  eye pear ly  mussel (E) 
F ish Western sand d a r t e r  (T) Lake sturgeon (T) 

P a l l i d  sturgeon (E) 
Lake sturgeon (E) 
Skipjack h e r r i n g  (T) 

Repti 1  es F ive- l ined sk ink  ( T )  
Western slender g lass  l i z a r d  (E) 
B land ing 's  t u r t l e  (T)  
Red-eared t u r t l e  (T)  
St inkpot  ( T )  
Ornate box t u r t l e  ( T I  
Black r a t  snake (1) 
Graham's water snake (T) 
Diamondback water snake (T) 
Massasauga (T) 
Copperhead (E) 

A r c t i c  peregr ine fa lcon (E) Cooper's hawk (T)  Cooper's hawk (E) 
American peregr ine fa l con  (E) Red-shouldered hawk (E) Red-shouldered hawk (E) 
Bald eagle Marsh hawk (E) Marsh hawk (E) 

Peregr ine fa l con  (E) Peregr ine fa1 con (E) 
Broad-wi nged hawk ( T) Bald eagle (E) 
Long-eared owl (T) Osprey (E) 
Upland sandpiper (E) Long-eared owl (E) 
B1 ue-winged warbler ( T )  Short-eared owl (E) 

Common gal 1  i nu1 e  ( T) 
Yellow r a i l  ( E )  
Black r a i l  (E) 
Black-crowned n i  ght-heron ( E )  
Great egre t  ( E )  
Double-crested cormorant (E) 
Upland sandpi per (E) 
Fo rs te r ' s  t e r n  ( E )  
Veery (T)  
Brown creeper (E) 
Ind iana ba t  (E) 
R iver  o t t e r  (T) 

Indiana Bat ( E )  Ind iana ba t  ( E )  
Keen's myot is ( T )  
Evening bat  ( T )  
R iver  o t t e r  ( T )  
Woodland vo le  (E) 



Table 33. (Concl uded) . 

Federa3 Iowa I l l i n o i s  
-I 

Missouri 

POOL 20 

Invertebrates Higgins' eye pearly mussel ( E )  
F T  sh Western sand dar te r  ( T )  Lake sturgeon ( T )  Lake sturgeon ( E )  

Chestnut lamprey ( T I  
take sturgeon (€1 
Skipjack herring (T) 
Five-lined skink ( T )  
Western slender glass  l i za rd  ( E )  
Red-eared t v r t l  e (T) 
Stinkpot ( T )  
Ornate box t u r t l e  ( T )  
Black r a t  snake ( T )  
Speckled ki ngsnake (E) 
Graham's water snake ( T )  
Massasauga ( T )  
Copperhead (E) 

Arctic peregrine falcon(E) Cooper's hawk [T) Cooper's hawk ( E )  Cooper's hawk ( E )  
American peregrine falcon (€1 Red-shouldered hawk ( E )  Red-shouldered hawk ( E )  Marsh hawk ( E )  
Bald eagle ( E )  Marsh hawk ( E )  Marsh hawk (€1 Peregrine falcon ( E )  

Peregrine fa1 con ( E )  Peregrine falcon (El Osprey ( E )  
Broad-winged hawk ( T )  Bald eagle ( E )  Sharp-shinned hawk ( E l  

8 Long-eared owl ( T I  Osprey (€1  Double-crested cormorant ( E )  
Upland sandpi per ( E )  Long-eared owl ( E )  Least tern ( E )  
Least tern ( E )  Short-eared owl (El 
Blue-winged warbler ( T )  Common ga l l inu le  ( T )  

Yellow r a i l  ( E )  
Black r a i l  ( E )  
Bl ack-crowned ni ght-heron ( E )  
Great egret  ( E )  
Double-crested cormorant (E) 
Upland sandpi per ( E )  
Fors te r ' s  tern ( E )  
Veery ( T )  
Brown creeper ( E )  

Mammal s Indiana bat ( E )  
Gray bat ( E )  

Indiana bat ( E )  
Keen's myotis ( T )  
Evening Sat ( T )  
River o t t e r  ( T )  
Woodland vole ( E )  

Henslow's sparrow ( T )  
Indiana Bat ( E )  Indiana Bat ( E )  
Gray Bat ( E )  Gray Bat ( E )  
River Otter  ( T )  River Otter  (E) 



CHAPTER 3 

3.1 PRODUCTION AND BIOMASS OF 
AUTOTROPHS Besides phytoplankton, a second auto- 

chthonous source o f  biomass i n  t h e  pools 
I n  t h e  poo ls  the  autotrophs i nc lude  i s  the  aquat ic  macrophytes. Macrophytes 

both algae and macrophytes. Phytoplank- occur seasonal ly i n  t he  pools from about 
ton, t he  major a l g a l  form, occurs i n  t he  June t o  November (Figure 25). Growth r a t e s  
water column throughout the  pools. Other f o r  the dominant species found i n  most 
a lga l  forms, f o r  example per iphyton,  a re  pool beds i s  h ighest  between J u l y  and Au- 
no t  abundant s ince l i g h t  does n o t  pene- gust: 4.87 g ash f r e e  d ry  weight (AFDW)/ 
t r a t e  t o  substrates i n  most hab i ta t s  o f  m2/day f o r  l o t u s  and 9.69 AFDW /m2/ day 
the pools. The h ighest  phytoplankton b io -  f o r  arrowhead (Grubaugh e t  a l .  i n  prep. ). 
mass occurs i n  t h e  sp r i ng  i n  channel habi- Grubaugh e t  a l .  determined t h a t  annual ne t  
t a t  (Table 34). However, the  h ighest  p roduct ion  f o r  these species would be 724 
standing crop occurs i n  l a t e  summer, 0.42 g AFDW/m2 i n  arrowhead and 452 g AFDW/m2 
g d r y  weight  ( w t )  x 10-8/l/day compared t o  f o r  l o tus .  These values a re  h igher  than 
0.37 g dry wt x 10-8/l/day i n  the  spr ing.  those o f  the  na tu ra l  vegetat ion o f  many 
Though product ion  i s  about t h e  same i n  t h e  t e r r e s t r i a l  ecosystems and approach pro- 
channel border hab i ta t ,  biomass i s  gener- duc t ion  value ra tes  i n  some agro- 
a l l y  lower. These biomass and product ion  ecosystems (Grubaugh e t  a l .  i n  prep.). As 
est imates are probably low i n  terms o f  w i t h  phytoplankton, turnover may cause 
energy f i x e d  because o f  tu rnover  and values t o  be underestimated. Sloughing o f  
leakiness. These two f a c t o r s  may account leaves throughout t he  growing season may 
fo r  an underestimate o f  25% t o  80%. I f  r e s u l t  i n  as much as a 2- t o  4 - f o l d  i n -  
these underestimates are  considered, t he  crease i n  product ion estimates. However, 
annual biomass product ion  by phytoplank- i n  s p i t e  o f  t h i s  p o t e n t i a l  sloughing, and 
ton  i n  Pool 19 would be approximately even w i t h  the f a l l  senescence, subs t ra te  
11.9 m i l l i o n  g o f  carbon and Pool 20 concentrat ions o f  organic mat te r  do n o t  
would conta in  about 20% o f  t h i s  amount. increase (Figure 25). This f a c t  i nd i ca tes  
Even though phytoplankton are  abundant t h a t  the  organic mat te r  i s  being e i t h e r  
(see Sect ion 2.4) and product ive  i n  used i n  t h e  beds o r  t ranspor ted  o u t  o f  t h e  
the  M iss i ss ipp i  River  r e l a t i v e  t o  o ther  macrophyte beds. Dense populat ions o f  
aquat ic  systems, they s t i l l  represent  benth ic inver tebra tes  occur i n  t he  s o f t  
less  than 1% o f  the  carbon i n p u t  t o  a substrates usua l l y  found adjacent  t o  t h e  
nav iga t ion  pool. Most of the  carbon macrophyte beds. These populat ions may 
i n p u t  comes from upstream pools and develop because o f  food resource produced 
t r i b u t a r i e s  i n  t h e  form o f  p a r t i c u l a t e  by the  macrophytes and t ranspor ted  out  o f  
organic carbon o r  d isso lved organic the  p l a n t  beds by wind and c u r r e n t  ac t ion .  
carbon. The t i m i n g  o f  peak phytoplankton Peak macrophyte product ion  doe.; occur when 
biomass does correspond t o  per iods  o f  a l g a l  dens i t i es  are low and dur ing  per iods  
maximum growth i n  benth ic  i nve r teb ra te  o f  h igh  macroi nver tebra te  product ion.  P r i -  
communities, b u t  phytoplankton biomass mary decomposing i s  a l so  very h igh  i n  t h e  
i s  n o t  s u f f i c i e n t  t o  produce the  very p l a n t  beds (Anderson e t  a1 . i n  prep. ) and 
h igh  mass o f  inver tebra tes  i n  t he  channel may account f o r  much o f  t he  l oss  o f  
border areas o f  pool .  organic matter  produced by the  p lants.  
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Table 34. Seasonal mean phytoplankton densi ty ,  biomass, and carbon i n  channel 
and channel border hab i ta t s ,  Pool 19, Miss iss ipp i  River .  

Densi ty  
x 106/1 

Date (Mean) 

Biomass 
g Dry Weight 

x 
(Mean) 

Carbon 
grams 

x 10-a/1 
(Mean) 

Jan. 4.56 

March 10.53 

Apr i  1 21.74 

May 14.13 

June 

J u l y  

Aug . 

Oct. 

Oec . 

Jan. 

March 

Apr i  1 

Channel 

4.78 

10.38 

21.44 

16.93 

2.14 3.57 

2.00 3.19 

8.48 15.88 

2.88 6.42 

2.69 3.92 

Channel Border 

June 2.00 

J u l y  2.00 

Aug . 6.62 

Oct. 2.29 

Dec . 2.03 3.57 1.21 

3,2 PRODUCTlON AND BIOMASS OF able t o  photosynthesize. Representatives 
HETEROTROPHS o f  t h i s  d iverse group usua l l y  occupy a l l  

hab i ta t s  i n  both Pool 19  and 20, though 
Heterotrophs i nciude a1 1 organisms dens i ty  and biomass may vary great ly .  

(microbes, zooplankton, macroinverte- L i t t l e  in format ion on microbes found i n  
brates,  f i s h e s  and o ther  ver tebrates)  no t  these two pools i s  avai 1 able. Pre l  i m i  nary 
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Figure 25. Biomass production o f  arrowhead (Sag i t t a r ia )  and 
lotus  (Nelumbo) in a macrophyte bed near Nauvoo, I l l i n o i s ,  
Pool 19 ,  Mississippi River (Grubaugh e t  a l . ,  submitted). 
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studies by Henebry and Gordon ( i n  press) 
i nd i ca te  about a 10 - fo ld  d i f f e rence  i n  
dens i ty  and est imated biomass between the 
water column and substrate communities. 
The m ic rob ia l  populat ions i n  the water 
column increase from the  channel t o  the 
channel border t o  macroph t i c  beds. Peak 
biomass, about 0.6 g C/mY i n  the channel 
and 0.7 g C/m3 i n  t he  channel border, 
occurs i n  l a t e  spr ing;  there  i s  a second 
peak i n  l a t e  summer t h a t  i s  about h a l f  the 
magnitude o f  the spr ing  high. Low b io -  
masses, from 0.07 t o  0.10 g C/m3, occur i n  
the w in ter .  Substrate populat ions have 
smaller f l uc tua t i ons .  

Unl i ke phytoplankton o r  microbes, 
zooplankton populat ions usual 1y e x h i b i t  a 
s ing le  biomass peak i n  the  summer (Table 
3'3). Higher biomasses are found i n  the 
main channel than i n  o ther  hab i ta t s  dur ing  
periods o f  low dens i ty  b u t  the peak 
biomass, 13.66 g x 10-"1, occurs i n  the 
channel border area i n  summer. This may 
r e f l e c t  the 1 ower cu r ren t  v e l o c i t i e s  found 
i n  t h i s  h a b f t a t  and the a v a i l a b i l i t y  o f  
food items, phytoplankton, o r  p a r t i c u l a t e  
organic mat te r  from macrophyte beds. 

Jus t  as macroinvertebrate dens i ty  
var ies down the length o f  the pools arid 
w i t h i n  hab i ta t s ,  so does biomass and d i -  
verqsSty (Figures 26a,b and 27a,b). The 
highest  macroinvertebrate biomass i l l  Pool 
19 occurs i n  the channel bortler dren where 
the f i ngernai 1 clam-burrow i rig mayf l y  com- 
munity e x i s t s .  Peak biomass o f  a l ~ p r o x i -  
mately 200 g/rn"s found ill these I < I C L I S -  

t r i n e  areas of the lower t h i r d  o f  t h e  
pool (F igure 26). During per iods o f  high- 
es t  p r o d u c t i v i t y  i n  t h i s  community, usual- 
l y  l a t e  summer and e a r l y  f a l l ,  biomass 
changes may be as h igh as 1 g/m2/day. Up- 
stream areas have s i g n i f i c a n t l y  lower b io -  
mass though both biomass and d i v e r s i t y  i n -  
crease i n  the t a i l w a t e r s  o f  Lock and Dam 
18 because o f  a d iverse  i nsec t  community 
dominated by dense populat ions o f  caddi s- 
f l i e s .  I n  Pool 20 the peak biomass occurs 
i n  t he  t a i l w a t e r s  o f  Lock and Dam 19, 
where mats o f  c a d d i s f l y  larvae occur on 
the rocky substrates o f  t h e  t a i l w a t e r s  
(Figure 27). Again, t h i s  t a i l w a t e r  com- 
munity i s  d iverse because o f  the i nsec t  
community. Both biomass and d i v e r s i t y  
dec l ine  r a p i d l y  i n  downstream samples as 
the substrate becomes less  s tab le  and 
ava i l ab le  food resources decrease. The 
substrate associat ion i s  again r e f l e c t e d  
i n  changes i n  biomass across t h e  pool  
(Figure 27). Biomass i s  h ighest  near 
shore where r i p r a p  o r  roo ts  and f a l l e n  
t rees  provide a s o l i d  substrate f o r  
organisms t o  c l i n g  to .  S o f t  substrates 
i n  s ide  channel and some channel border 
areas of Pool 20 do have a burrowing com- 
munity b u t  do n o t  have the h igh  dens i t i es  
of f i n g e r n a i l  clams. Thus they usua l l y  
have much lower biomass than the  community 
i n  Pool 19. 

Though the dens i ty  o f  mussels may be 
low compared t o  other  inver tebra tes ,  t h e i r  
l a rge  mass and commercial value make them 
important i n  the pools. Biomass and pro- 
duc t ion  have been est imated f o r  several o f  

Table 35. Seasonal zooplanktall t lelisi ty  arid biomass i n  two hab i ta t s ,  channel and 
channel border, o f  Pool 19, Mississippi  R i v e r .  
- -----"- --I-- -.._I_.---__" -.- 
Seasor) - Channe ---me----- 1 - Channel border 

Oens i t y  y ciry weight Oens i t y  g dry  weight 
x 10"l x 1 ---- x 10"l 

- -" x 10-6/1 

Spri ng 7 .11  1 . 2 2  3.66 0.63 

Summer 25.14 4.32 79.41 13.66 

Fai 1 1.05 0.20 0.03 

Winter 1.13 0 .  i Y  - - - --- 

- 
-I-- - -- _ _____ 



Pool 19 I L L I N O I S  

I Pool  2 0  
I L L l N O l S  Island 1 

R I V E R  MILE RIVER M I L E  

Figure 26a. Diversity and biomass of Figure 27a. Diversity and biomass of 
benthic invertebrates down the length of benthic invertebrates down the length of 
Pool 19, Mississippi River. Pool 20, Mississippi River. 
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o benthic invertebrates across the width of 
Pool 20, Mississippi River. 

Figure 26b. Diversity and biomass of 
benthic invertebrates across the width of 
Pool 19, Mississippi River. 

pimple back, and maple leaf) in mussel 
beds and channel border areas varied by 
species but all had similar values for net 

the common species in Pools 19 and 20 (Ta- annual production, 0.007 g dry wt/individ- 
ble 36). The commercially valuable ual/day. Though few samples were avail- 
three-ridge had the greatest mass in most able, the maple leaf was the only species 
mussel beds examined. It also had the that exhibited age specific growth: young 
highest net annual production, 0.003 g dry individuals had a much higher change in 
wt/individual/day (Table 36; Anderson mass than did older she? 1 s. Neither the 
et al. in prep.). The stout floater had three-ridge nor stout floater showed age 
the greatest mass in the channel border specific growth; rather a constant change 
area, 24.47 g dry wt/m2. This thin in mass was found in ail individuals 
shelled species also had a high rate of examined. More individuals, however, 
production, 0.008 g dry wt/individual/day. need to be examined before conclusive 
Biomass of the Quadrula group (warty back, age-specific growth data is available 
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Table 36. Biomass and r a t e  o f  product ion o f  un ion id  mussels and clams found 
i n  Pools 19 and 20, Miss iss ipp i  River. Clam product ion  values are peak net  
product ion,  mussel values ne t  annual production. 

Average biomass (she1 1 )  Rate of  product i on  

Spec l es 
g dry w t / m 7  g d ry  w t l d a y l i n d i v .  

Mussel bed Channel border 

Mussels 
Amblema 

plkcata 26.23 11.36 
Anodonta grandis 

corpulenta 4.07 24.47 
Obl iquaria 

reflexa 1.38 0.19 
Quadrul a 

nodulata 13.48 
Q. pustulosa 4.96 0.19 
Q, quadrula 18.80 1 .13  

Clams 
Corbicula 

Elumi nea 
Muscu l ium 

t ransversum 

f o r  these species. Though the absolute c a n t l y  d i f f e r e n t .  Energy requirements i n  
value o f  product ion i n  clams i s  lower than canvasback, however, a re  h igher than i n  
l'n mussels, i t represents a very h igh r a t e  lesser scaup. Thus canvasback may e x e r t  a 
of growth s ince i nd i v idua l  mass i s  compar- g reater  impact on t h e i r  food resources i n  
a t i v e l y  much lower than t h a t  o f  mussels. the  pool than do l esse r  scaup. 

Spec i f i c  estimates o f  ver tebra te  
b?omass product ion i n  Pools 19 and 20 
are  l im i ted .  Biomass o f  f i shes  i s  e s t i -  
mated t o  be approximately 100 kg/ha, b u t  
t h i s  probably var ies  g r e a t l y  among seasons 
and hab i ta ts .  Determination of energy 
requirements i s  more common than est imates 
o f  p r o d u c t i v i t y  and i s  l i m i t e d  by the r e l -  
a t i v e l y  few estimates o f  energy content  o f  
food items (Table 37). Because o f  t he  
extensive use of Pool 19 by d i v i n g  ducks, 
spec i f i c  in fo rmat ion  i s  ava i l ab le  on t h i s  
group o f  ver tebrates (Table 38) (Be1 1 rose 
1976; Thompson and Sparks 1978; Day 1984; 
Day and Anderson, i n  prep. ). The seasonal 
presence of 1 arge popui a t i  ons o f  
canvasback and lesser  scaup and associated 
energy reqrti remerits have Deert est imated 
f o r  the sp r i ng  and f a l l  m ig ra t i on  (Table 
38). Spr ing and f a l l  requirements f o r  
sexes w i t h i n  a species are  not  s i g n i f i -  

3.3 TROPHIC RELATIONSHIPS 

I n  t he  previous sect ions and chapters 
many t r o p h i c  re la t i onsh ips  have been 
mentioned o r  suggested. The t roph i c  
i n te rac t i ons  and food hab i t s  o f  organisms 
w i t h i n  the  pools u l t i m a t e l y  determine 
energy f low and p r o d u c t i v i t y  o f  these 
ecosystems. The h igh  biomass o f  hetero- 
trophs, p a r t i c u l a r l y  those near t he  top  o f  
a t roph i c  pyramid o r  those t h a t  are 
present i n  t h e  pools i n  very high den- 
s i t i e s  f o r  sho r t  per iods  o f  t ime, i nd i ca te  
the  p r o d u c t i v i t y  of t he  hab i ta ts .  Trophic 
i n te rac t i ons  i n  t h e  pools have been 
s tud ied  by a number of i 
(Hoopes 1960; We6ke 1965; Carl 
1967; Jude 1968, 1973; Gale and Lowe 1971; 
Gale 1973b; Sparks 1984; P i l l a r d  and 
Anderson, i n  prep. ). 



Table 37. Ca lo r i c  values o f  selected benth ic  organisms based on values from 
Cummi ns and Wuycheck (1971). 

Taxa 
Ca lor ies /  
g dry  wt  

Ca lor ies /  
g ash-free 
d ry  w t  

Insec ts  
Mayfl i es  
Baetis 
Caenis 

Midge la rvae 
Chi ronomi dae 

Caddisf l  i e s  
Pycnopsyche 
Hydropsyche 
Macronema 

Clams 
Sphaeri urn 
Muscul ium 
Corbicula 

Snai 1 s 
Viviparus 

a Data from Thompson and Sparks (1978). 

Table 38. Biomass and energy requirements o f  d i v i n g  ducks on Pool 19, M iss i ss ipp i  
R iver  (Day 1984; Day and Anderson, i n  prep. ). S=spring; F = f a l l .  

Est imated average 
Average mass seasonal mass on 

(kg) Pool 19 

Dai l y  energy requirement 
based on e i t h e r  d a i l y  
energy o r  behavior 

Species (Be1 1 rose 1976) spr ing- fa1  1 (kg) sa Fa sb Fb 

Canvasback 134,000 
Ma1 e 1.22 92.72 91.92 159.42 155.87 

Female 1.16 90.16 88.34 158.56 155.99 

Lesser Scaup 
Ma1 e 0.83 

Female 

a Based on energy a c t i v i t y  values i n  Wooley and Owen (1978). 
Based on equations o f  Aschoff and Pohl (1970). 
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3-3 .1  W i c  Dynamic models 

Carlson (196%) proposed a t roph i c  
model o f  energy and n u t r i e n t  f low i n  the 
channel border area of Pool 19. Another 
madel o f  t r oph i c  i n te rac t i ons  and energy 
f l o w  as represented by carbon i s  being 
developed by the 11 1 i n o i  s Natural H i s to ry  
Survey under the  NSF-LTER grant  t o  Dr. R. 
Sparks (Figure 28). This model w i l l  be 
appl Scable t o  most navigat ional  pools and 
requ i res  data on biomass o f  dominant 
groups of organisms and organic inputs  
w i t h i n  a pool .  The model has been devel- 
oped and tes ted  on the bas is  o f  data from 
Pool 19. The i n i t i a l  modeling runs i n d i -  
ca te  t h a t  the primary energy source i n  the 
poo l  i s  d issolved organic carbon (DOC) and 
p a r t i c u l a t e  organic matter  (POC). The DOC 
i s  der ived from photosynthates leaked from 
phytoplankton and macrophytes and leached 
from POC. POC may be produced w i t h i n  the 
pool  by phytoplankton and macrophytes o r  
may be allochthonous ma te r i a l  from the 
watershed and upstream pool  s . Production 
of other  organisms w i t h i n  the  pool i s  sen- 

s i t i v e  t o  f l u c t u a t i o n  i n  a v a i l a b i l i t y  o f  
DOC and POC and t o  the microb ia l  organisms 
(decomposers) which t ransform t h i s  mater i -  
a l  i n t o  a usable food source f o r  fauna i n  
the pool.  Some allochthonous i npu t  i s  nec- 
essary s ince phytoplankton and macrophytes 
w i t h i n  the pool cannot f i x  enough energy 
t o  support the h igh  heterotrophic biomass 
and p r o d u c t i v i t y  found i n  Pool 19 (see 
Sections 3 . 1  and 3.2). Because o f  the  
seasonal nature o f  product ion peaks, 
macrophytes probably f u e l  t he  h igh summer 
p r o d u c t i v i t y  o f  benth ic macroinvertebrates 
and zooplankton through 1 eaked 
photosynthates and high turnover o f  leaves 
(Figure 29). Spr ing and f a l l  populat ion 
peaks of consumers r e s u l t  from 
phytoplankton product ion and higher inputs  
o f  a1 lochthonous mater ia l  due t o  f lood ing .  

3.3.2 Inver tebra te  Relat ionships 

Dr. Sparks' model p red i c t s  gross 
t roph i c  con t ro l s  w i t h i n  a pool  ; however, 
many speci f i c  i n te rac t i ons  occur be- 
tween producers and consumers and between 

Figure 28. Flow c h a r t  of t r oph i c  re la t i onsh ips  of major components o f  a M iss i ss ipp i  
R iver  ecosystem, 
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Figure 29. Seasonal change and d i s t r i b u t i o n  o f  biomass i n  major components o f  t he  
channel border hab i ta t ,  Pool 19, M iss i ss ipp i  River .  

consumers. Carlson (1968) i nd i ca ted  t h a t  served as a major food source i n  p r e f e r -  
the  most abundant organisms found i n  the  ence t o  o ther  f i l t e r e d  ma te r i a l .  The l a t -  
channel border areas were d e t r i t u s  feeders t e r  s i t u a t i o n  may be the  major source o f  
and t h a t  r e l a t i v e l y  few s t r i c t  herbivor-  energy s ince most o f  the  phytoplankton 
OUS, carnivorous, o r  omnivorous organisms found i n  t he  lower g u t  o f  t he  clams ap- 
were present. Th is  re1 a t ionsh ip ,  however, peared t o  be a1 ive .  S im i l a r  questions 
may be dependent on t h e  h a b i t a t  t h a t  t h e  a r i s e  i n  terms o f  major food i tems o f  t h e  
macroinvertebrates are found i n  as i n d i -  f i l t e r i n g  c o l l e c t o r ,  Hydropsyche o r r i s .  
cated by Anderson and Day ( i n  press). This cadd is f l y ,  which dominates t h e  hard 
Vegetated hab i ta t s  have more carnivorous substrates o f  bo th  Pools 19 and 20, has a 
and herbivorous organisms than those i n  mesh on i t s  f i l t e r i n g  ne t  t h a t  a l lows most 
t he  channel o r  channel border areas. phytoplankton t o  pass through, b u t  catches 
Whether f i l t e r  feeders i n  t he  pools are POC and many zooplankters. I n  t h e  upper 
d e t r i t u s  feeders o r  s e l e c t i v e l y  feed on end o f  Pool 19 there  are  few zooplankton, 
s p e c i f i c  organisms i n  t he  water column has b u t  there  i s  considerable POC o f  a s i z e  
been evaluated f o r  a few organisms i n  t h a t  cou ld  be trapped. I n  t h e  lower end 
Pools 19 and 20. Gale and Lowe (1971) o f  t h e  pool  and the t r a i l w a t e r s  o f  Lock 
examined phytoplankton ingest ions  by the  and Dam 19, most o f  the POC i s  small 
f i n g e r n a i l  clam (Musculium transversum; enough t o  pass through the  net  b u t  many 
Table 39). They found t h a t  clams non- zooplankton are present. Thus, a s h i f t  
s e l e c t i v e l y  ingested phytoplankton, b u t  i n  food resources may occur (Anderson 
were unable t o  determine i f  phytoplankton e t  a l . ,  i n  prep.). P i l l a r d  (1983) found 
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Table 39. percenta gut  content  o f  phytoplankton ingested by f i nge rna i  1 clams 
(Nusculium transversum) (adapted from Gale and Lowe 1971). 

Taxa Oct. Nov. Dec. Feb. March A p r i l  June Ju l y  Aug. 

Chlorophyceae 6 1  80 16 5 6 3 5 57 48 55 

Eugl enophyceae 0 0 0 i 0 + 1 4 2 

Bac i l  l a r i o -  
phyceae 3 1  20 78 9 2 9 5 6 1 16 37 21  

Myxophyceae 9 2 2 4 2 0 1 26 13 

Tota l  genera 20 22 23 17 12 2 0 2 7 32 33 

a+ ind ica tes  values less  than 0.5%. 

zooplankton dens i t ies ,  p a r t i c u l a r l y  those dens i t i es  f requen t l y  exceed 1,000/m2. 
o f  the  l a r a e r  species. were reduced when 
the zooplanktofl passed through the  
t r a i l w a t e r s  o f  Lock and Dam 19. He sug- 
gested t h a t  the  reduct ion  o f  t he  
zooplankton dens i t i es  was poss ib l y  due t o  
p lank t ivorous  f i s h  and the dense c a d d i s f l y  
popu la t ion  i n  t h i s  area. 

Many inver tebra te  predators occur i n  
Pools 19 and 20, feeding p r i m a r i l y  on oth- 
e r  r" nvertebrates. Carnivores, d ipterans,  
f i s h f l i e s ,  d ragonf l ies ,  damsel f l ies,  bee- 
t l e s ,  and t r u e  bugs can be found i n  most 
hab i ta t s ,  b u t  a re  most abundant i n  t he  
submerged vegetat ion. I n  t h i  s ecotone 
between channel border h a b i t a t  and 
dense macrophyte beds, more prey may be 
ava i lab le ,  y e t  may f i n d  cover among t h e  
submerged p lan ts  t o  avo id  l a r g e r  preda- 
to rs ,  Thus, cond i t ions  f o r  a d iverse  ar ray  
o f  predateor$ are present. These predators 
are o f ten  a c t i v e  swimmers and may be 
found throughout the vegetated hab i ta t .  
However*, i nereased cu r ren t  v e l o c i t i e s  3 n 
the channel border may r e s t r i c t  the4 r 
occurrence i n  t h a t  area. Predators do 
occur i n  t h e  channel border, b u t  are 
e i t h e r  endobenthic o r  c l ose l y  associated 
w i t h  the  substrate.  Gale (1973a) found 
t h a t  the major predators on f i  ngernai 1 
clams i n  Pool 19 were leeches, several 
species o f  which occur i n  the  channel 
border hab i ta t .  leeches are probably 
important predators o f  most organisms 
i n  t he  channel border h a b i t a t  s ince 

3.3.3 F i sh  Relat ionships 

Several f i s h  species are a l so  major 
predators on inver tebra tes  i n  most pool 
hab i ta t s ,  according t o  Hoopes (1959, 
1960), Wenke (1965), Jude (1968, 1973), 
and Gale (1973b). Though these authors 
repor ted  d i f f e r e n t  p ropor t ions  o f  p a r t i c -  
u l a r  food items i n  t he  stomachs o f  var ious 
species o f  f i s h ,  they usua l l y  agreed on 
the  p r i n c i p a l  food items. Mayf l ies  were 
repor ted  from 30 species o f  f i s h .  The 
burrowing mayf ly ,  by f a r  t he  most common 
type o f  mayf ly  consumed, was found i n  
24 f i s h  species. Some d i f fe rences do 
occur i n  the use o f  adu l t s  and nymphs. 
I n  a study i n  which f o u r  species were 
c o l l e c t e d  a t  t h e  same l o c a t i o n  and t ime 
from Pools 19 and 20, freshwater drum 
were found t o  e a t  more nymphs than adu l ts ,  
b u t  the mooneye, wh i te  bass, and channel 
c a t f i s h  p re fe r red  adu l ts  (Table 40). 
Cadd is f l ies  were found i n  3 1  species 
o f  f i sh ,  thus c o n t r i b u t i n g  t o  a major 
p o r t i o n  o f  the  stomach contents o f  f i s h  i n  
t he  t a i l w a t e r  h a b i t a t  below Lock and Dam 
19. Un l i ke  the  burrowing mayf ly ,  however, 
a d u l t  cadd is f l  ies ,  when present, always 
c o n s t i t u t e d  a l a r g e r  p a r t  o f  the d i e t  than 
d i d  la rvae (Table 40). Larval  c a d d i s f l  i e s  
occur i n  r e t r e a t s  and pupal cases which 
may be more d i f f i c u l t  t o  remove from the  
substrates t o  which they are attached. 
Mayfly nymphs, which occupy s o f t  



Table 40. Frequency o f  occurrence of food i tems i n  f i s h  taken above and below 
Lock and Dam 19, M iss i ss ipp i  River ,  dur ing  June and Ju ly .  

Channel White 

Gut content  
c a t f i s h  Mooneye Drum bass 

Above Below Above Below Above Below Above Below 

P lant  debr is  & 
algae 1 - 0 0  0.65 0.25 0.10 0.27 0.15 -- 0.10 

Fingernai  1 
c 1 ants 0.30 0.05 - - - - 0.43 -- -- - - 

Snai 1 s 
Vi vaparous 0.20 - - - - -- 0.15 -- - - - - 
Campel oma 0.13 0.05 .. - - - - - - - - - - - 
Physa 0.17 - - - - - - -- - - - - .. - 

Mayf 1 i e s  
Hexageni a 
(Adul t )  0.63 0.27 0.93 -- 0.21 0.05 1.00 -- 
(Nymph) 0.21 - - - - - - - - - - 0.93 -- 
Potamanthus 0.05 0.25 - - - - - - 0.15 -- - - - - 0.07 
st enonema 0.33 - - - - 0.05 -- - - 

Stonef 1 i e s  
Per1 odidae 0.33 0.05 - - - - - - - - - - -- 

Caddisf l  i e s  
Hydropsychi dae 
(Adul t )  0.10 0.60 0.17 1.00 0.15 0.77 -- 0.65 
(Larva) 0.25 0.87 - - - - - - - - - - -- 

Dragonf 1 i e s  
Odona ta 0.15 -- 0.07 - - 0.47 -- - - -- 

Midges 
Chi ronomidae 0.67 0.60 0.17 0.10 0.11 -- 0.10 0.10 

Sowbugs 
Asel 111s 0.07 - - - - -- - - - - - - -- 

F i sh  0.20 0.17 - - - - 0.10 -- 0.05 0.55 

substrates o r  swim i n  the  water column, and seemed t o  suppress clam popu la t ion  
may be eas ier  t o  ob ta in .  Many o the r  growth. I n  general,  the  channel c a t f i s h  
species o f  inver tebra tes  were a l so  found seemed t o  have the  most d iverse  d i e t  even 
i n  t h e  stomachs o f  these f i shes ,  though dur ing  per iods  o f  i nsec t  emergences (Table 
they usua l l y  were not  as important  as food 40). 

ms as the  mayf l ies and c a d d i s f l i e s .  
Some species o f  f i s h  are  predators on f i n -  Changes i n  d i e t  w i t h  s i ze  o r  age o f  
g e r n a i l  clams. Gale (1973b) repor ted  t h a t  t h e  f i s h  have a l so  been repor ted  (Wenke 
channel c a t f i s h ,  carp, b u l l  heads, and g i z -  1965; Jude 1973). Zooplankton, c rus ta-  
zard shad a te  l a rge  numbers o f  t h e  clams ceans, and chironornids are f requen t l y  
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ea ten  by small o r  young f i sh .  Insects,  f i n g e r n a i l  clams i n  i t s  benth ic  community, 
clams, and f i s h  are eaten by l a rge r  spe- receives only l i m i t e d  d i v i n g  duck use. 
c i e s  and o l d e r  f i s h .  Gizzard shad, usual- 
ly considered a p lank t i vo re  ( p a r t i c u l a r l y  Dabbling ducks, i nc lud ing  ma1 l a r d s  
when young), feed on bottom organisms and (Anas - platyrhynchos) and wood duck (fi 
clams when o lde r  (Jude 1973). Some spe- sponsa), nest  and feed i n  the  vegetated 
c i e s  such as b u f f a l o  and carpsucker are channel border h a b i t a t  and backwaters. 
p r i m a r i l y  herbivorous. Gar, crappie, The i r  dense growth o f  macrophytes and 
sauger, and w a l l  eye are p i  s c i  vorous ; abundant inver tebra tes  prov ide  n u t r i e n t -  
sauger and wal leye are almost exc lus i ve l y  r i c h  food f o r  egg product ion and the de- 
f i s h e a t i n g .  Mussels, i n  s p i t e  of t h e i r  velopment o f  young ducks. Possib ly  t he  
r e l a t i v e  abundance, a re  not  a f i s h  food, densest popu la t ion  o f  wood ducks i s  i n  t h e  
though smal l i n d i v i d u a l s  may occasional ly  macrophyte bed below Nauvoo, I1 1 i noi  s ( F .  
occur  i n  gu t  contents. Bel l rose,  I l l i n o i s  Natural  H i s t o r y  Survey; 

pers. comm. ). 
3.3.4 Waterfowl 

The importance o f  the  channel border 
Other important,  though seasonal, h a b i t a t  and i t s  f i nge rna i  1 clam-burrowi ng 

consumers, p a r t i c u l a r l y  i n  Pool 19, are mayfly community i s  apparent from the  nu- 
water fowl .  Because they occur i n  very merous consumers us ing  these resources. 
h i g h  dens i t i es  (see Sect ion 2. l o ) ,  and Inver tebrates,  f i s h ,  and waterfowl a1 1 
t h e i r  energy requirements are l a rge  (see feed on t h i s  community, y e t  l i t t l e  i s  
Sec t i on  3.2), t h e i r  feeding may a f f e c t  t he  known about s p e c i f i c  food requirements o f  
i n v e r t e b r a t e  and p l a n t  communities o f  the  the  benthic components o f  t he  food web. 
poo l s .  In fo rmat ion  about s p e c i f i c  feeding Though Gale (1971) found phytoplankton i n  
has been based on g i zza rd  content o f  wa- the d iges t i ve  systems o f  clams, they prob- 
t e r f o w l  c o l l e c t e d  i n  Pool 19. Studies by ab ly  a lso use the  m i c r o b i a l l y  mediated POC 
Korschgen (1948), Rogers and Korschgen from macrophyte beds and al lochthonous 
(1966). Thompson (19691, and Pavegl i o  and sources, a more abundant food resource 
S te f feck  (1978), i n d i c a t e  the  ducks have a than phytoplankton. 
d i v e r s e  d i e t  (Table 41). Foods inc lude a 
v a r i e t y  o f  aquat ic  macrophytes and benth ic  3.4 NUTRIENT CYCLING AND RESPIRATION 
i nve r teb ra tes ,  p ropor t ions  o f  which vary 
depending on season o f  m ig ra t i on  and spe- The c y c l i n g  o f  n u t r i e n t s  i n  t h e  pools 
c i e s .  Pondweed and clams occur most f re-  fo l lows basic t roph i c  and carbon pathways, 
q u e n t l y  i n  canvasback ducks, bu t  mayfly r e q u i r i n g  i n i t i a l  uptake and i nco rpo ra t i on  
nymphs, s n a i l s ,  and o ther  species of i n t o  p l a n t  o r  mic rob ia l  biomass before  use 
macrophytes are a lso  f requent ly  encoun- by other  consumers i n  the system (Figure 
t e r e d  i n  t h e  g izzard  contents. I n  gener- 30). Nu t r i en t  sources i n  t h e  water column 
af  , however, animal ma te r i a l  was a h igher are ava i l ab le  i n  a l l  h a b i t a t  types (Table 
percentage o f  t h e  t o t a l  content  than was 42). N i t r a t e s  are low i n  backwaters b u t  
p l a n t  ma te r i a l .  Lesser scaup consumed ammonia-N and phosphate are h igh  i n  t h i s  
s i m i  1 a r  food i terns, and the g izzard  con- hab i ta t .  Concentrations o f  n i t r a t e s  are  
t e n t  was again dominated by animal mater i -  h ighest  i n  the channel and channel border 
it], p r i m a r i l y  clams. A c t i v i t y  pa t te rns  of areas. Not on l y  are d isso lved n u t r i e n t s  
these d i v i n g  ducks i nd i ca te  they use Pool ava i lab le ,  b u t  some n i t r o g e n - f i x i n g  
19 as a feeding area and feed p r i m a r i l y  i n  blue-green algae are usua l l y  present  i n  
t h e  channel border area dominated by a the  phytoplankton (see Cyanophycophyta, 
f i nge rna i  1 clam-burrowing mayfly communi- Table 13 and Figure 16), and probably a1 so 
t y  Some est imates i n d i c a t e  t h e  ducks may provide some n i t rogen  t o  t he  system. To- 
reduce f i n g e r n a i l  clam populat ions by as t a l  n i t r ogen  i s  usua l l y  h ighest  i n  May, 
much as 20% {Thompson 1969), probably a averaging about 10 mg/l throughout t h e  
h i g h  value s ince some of the clam popula- pools, and lowest i n  August a t  about 2 
t i o n  i s  probably no t  a v a i l a b l e  fo r  use by mg/l. T r i bu ta r i es  apparent ly  con t r i bu te  a 
t h e  duck (Gale 1973b). S t i l l ,  t h e  abun- substant ia l  amount o f  the  t o t a l  n i t rogen.  
dance o f  f i n g e r n a i l  clams i n  Po01 19 i s  Inputs from the  Skunk River  and Henderson 
apparent ly  one reason t h e  ducks exten- Creek on Pool 19, f o r  example, exceed 12 
s i w e l y  feed there.  Pool 20, which has few mg/l dur ing  per iods o f  h igh  flow. 
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Table 41. Frequency (percent occurrence) of food items i n  canvasback and 
lesser  scaup taken on Pool 19, M iss i ss ipp i  River .  (Percent aggregate volume 
i s  g iven i n  parentheses ; T=trace). 

Sources 
Korschgen Thompson Pavegl io and Ste f feck  

Food (1948) (1969)~ (1978) 

CANVASBACK 

Vegetation: (7.3) 
Pondweeds 
Potamgeton sp. 1.6 
Potamogeton seeds 

Frogbi t 
Vallisneria sp. 
w in te r  buds 

Smartweeds 
Pol ygonus S p . 

~ u l  rush 
Scirpus Sp. 

U n i d e n t i f i e d  seeds 
U n i d e n t i f i e d  p l a n t s  

Animal : 
Gastropoda 
Somatogyrus Sp. 
Campeloma Sp. 
Pleurocera S p .  
Fontigens Sp. 
U n i d e n t i f i e d  s n a i l s  

F i  ngernai 1 C l  ams 
Musculium S p .  
M. transversum 
Sphaerium 

striatinum 
U n i d e n t i f i e d  clams 

Mussels 
Unionidae 
U n i d e n t i f i e d  Mol lusca 

Insec ts  
Ephemeroptera 27.4 
Caddisf l  i e s  
Midges 
Hymenoptera T 
U n i d e n t i f i e d  insec ts  T 

Vegetation: 
Pondweeds 

Potamogeton sp. 
Potamogeton sp. 

seeds 
Smartweeds 

LESSER SCAUP 

(continued) 



Table 41. (Concl uded). 

Food 

Sources 
Korschgen Thompso~ Pavegl io  and S te f f eck  

LESSER SCAUP (cont inued)  

PoIygonum Sp. 
Polygonurn SP . 

seeds 
Bul rush 

S c i r p u s  sp. 
S c r i p u s  sp. 

seeds 
Sagittarka SP. 

seeds 
U n i d e n t i f i e d  seeds 26 (0.2) 
U n i d e n t i f i e d  p l a n t s  

Animal: (93.5) 

Gastropods 
Somstogy r-us s P . 8 (5.5) 
Campelom& Sp . 22 (15.4) 
P l e u r o c e r a  Sp. 5 (2.5) 
F a n t i g e n s  Sp. 
Amxlicala 5 p .  30 (13.7) 
Lioplax Ijp. 6 (4.1) 
P a l y g y t a  SP. 1 (0.1) 
Un ident i  f i e d  snai 1 s 46 (28.0) 

F inge rna i l  clams 
Musctdlium Sp, 
M . ( i ransversc~m 
Sphaerium 5 p .  33 (11.9) 

Sphaer ium 
s t r i a t i n u r n  

Unio $ p .  3 (2.9)  
U r ~ i d e n t i f i e d c l a m s  2 ( 0 . 1 )  

Mussels 
Unionidae 0 . 1  

O f  igochaeta T 
Insec ts  
Ephemeroptera 15 (7.8) 
Caddi s f 1  i e s  55.1 
Midges T 
Hymenoptera 
Other i nsec t s  5 (0.1) 
U n i d e n t i f i e d  i nsec t s  5 (0.1) 

Crus tdeea 1 (0.5)  

a Items l e s s  than 5% n o t  repor ted.  
' ~ a l u e r  represetit Lg volume o f  each group. 
C Several a d d i t i o n a l  species i n  t r a c e  amounts. 
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Figure 30. Flow chart of nutrient transfers through major components of a Mississippi 
River ecosystem. 

Table 42. Average values (mg/l) for nutrients, by habitat, for August 1983 on 
Pool 19, Mississippi River. 

Habitat 
Channel Channel Side Vegetated Backwater 

Parameter border channel channel border 

Dissolved 
organic 
carbon 

Nitrite 

Nitrate 

Ammoni a 0.17 0.17 0.17 0.23 0.22 

Soluble 
ortho-phosphate 0.08 0.08 0.09 0 .11  0.22 

Hardness 215 200 238 



T r i b u t a r i e s  f l ow ing  i n t o  Pools 19 and 20 
d r a i n  a g r i c u l t u r a l  lands which are f re-  
quen t l y  f e r t i  1  ized. Thus r u n o f f  may c a r r y  
a s i g n i f i c a n t  amount o f  n i t r ogen  and phos- 
phorus i n t o  t h e  r i v e r .  Dur ing some p e r i -  
ods of t he  year  t h i s  r u n o f f  i s  s u f f i c i e n t  
t o  cause a n i t rogen  grad ien t  across the  
r i v e r .  The h ighest  concentrat ion occurs 
on the Iowa s i d e  o f  the r i v e r ,  where most 
o f  t he  a g r i c u l  tura l -based drainage bas in  
and l a r g e s t  urban areas occur. The sub- 
s t a n t i a l  inputs  o f  n u t r i e n t s ,  a t  r e l a t i v e -  
l y  h igh  concentrat ions i n  t he  water 
column, i n d i c a t e  t h a t  n u t r i e n t s  are gener- 
a l l y  n o t  l i m i t i n g  i n  t h i s  system. 

Dissolved oxygen i s  a lso  usua l l y  no t  
l i m i t i n g  i n  e i t h e r  Pool though i npu t  from 
pr imary  producers i s  usua l l y  low (Table 
43)  and may on l y  s l i g h t l y  exceed resp i ra -  
t o r y  demands. Thus the  system usua l l y  has 
a product ion t o  r e s p i r a t i o n  r a t i o  o f  about 
1:l. I n  macrophyte beds i n  t he  summer 
t h e r e  i s  g reater  oxygen product ion than 
use compared t o  nonvegetated areas (Table 
43). Dur ing the  w in te r  oxygen product ion 
i s  higher i n  open water than under i c e ,  
though i n  both o f  these cases gross pro- 
d u c t i v i t y  i s  low (Table 43). 

demand (SOD) i n  channel hab i ta t s  o f  Pool 
19. I n  areas o f  h igh  f i n g e r n a i l  clam den- 
s i  t y  (greater  than 5000/m2), mean SOD was 
7.07 g/m2/day compared t o  5.52 g/m2/day i n  
areas o f  lower clam densi ty .  I n  f a c t  i t  
was found t h e  f i n g e r n a i l  clams cou ld  ac- 
count f o r  as much as 45% o f  the  SOD, 
though the  pr imary cause of most o f  the 
SOD was microb ia l .  SOD ra tes  have been 
found t o  be s i g n i f i c a n t l y  lower i n  the 
w in te r  and h igher i n  t h e  summer. Addi- 
t i o n a l l y ,  t he  ra tes  are h igher i n  
macrophyte beds where decomposition o f  
organic matter  i s  h igh (Anderson e t  a l . ,  
i n  prep). 

Table 43. Seasonal gross p r o d u c t i v i t y  
(mg 02/ l /h r )  f o r  channel border areas o f  
Pool 19, M iss i ss ipp i  River. 

Season and area M i  nimum Maxi mum 

Summer 
Nonvegetated -0.005 0.025 
Vegetated 0.050 0.065 

Local demands f o r  n u t r i e n t s  and oxy- Autumn 
Nonvegetated -0,010 gen may be h igh  i n  some hab i ta t s  o r  pool 0.075 

communities. N u t r i e n t  avai 1abi1 i ty may be Winter 
l i m i t e d  i n  macrophyte beds dur ing  peak 

Open growth periods. Oxygen demand from -0.005 0.020 
I c e  covered he te ro t roph i c  communities i n  the  sub- -0.010 0.010 

s t r a t e ,  p a r t i c u l a r l y  dense communities, Spring 
may be h igh and r e s u l t  i n  some oxygen 
s t r a t i f i c a t i o n  i n  t h e  water column. Bu t t s  Nonvegetated -0.020 0.295 

and Sparks (1982) examined sediment oxygen 



HUMAN IMPACTS AND APPLIED ECOLOGY 

4.1 THE COMMUNlTY AS A RESOURCE buffa lo ,  suckers, and Northern pike,  and 
second most important f o r  sturgeon and 

4 .1 .1  Commercial Fisheries e e l .  Trammel nets  were most e f fec t ive  
f o r  sturgeon, paddlefish,  and gar and were 

Fishing the  Mississippi f o r  food has t h e  second most important f o r  carp,  fresh- 
long been important. From 1895 t o  1899 water drum, and mooneye. Trot l i n e s  were 
commercial f i sh ing  prospered. Carp made the  second most important gear f o r  harvest 
up a s i zab le  portion of the  catch of bullhead and ca t f i shes  (Rasmussen 
(Carlander 1954) and even today i s  sold in  1979). 
la rge  metropol i t a n  markets i n  Chicago and 
eas tern  c i t i e s .  In 1942, inmates of t h e  In compari ng harvest sec t ions ,  
Fort Madison prison began commercially Rasmussen (1979) s t a t ed  t h a t  Pools 16 t o  
f i sh ing  Pool 19,  which yielded catches of 20 made up one of four major f i shing 
18 t o  22 tons of dressed f i s h  per year.  grounds i n  t he  Upper Mississippi River. 
With carp in t roduct ion,  a species s h i f t  Four major species i n  the catches a re  ca t -  
occurred away from buffalo f i s h ,  "probably f i s h ,  buffa lo ,  carp,  and freshwater drum. 
as  a r e s u l t  of competition from the  carp Catfish and buffalo lead in  poundage dol- 
and changes in  the  environment'' (Carlander l a r  value (Tables 45, 46, 47, and 48). 
1954). Fl uctat ions i n  catches helped give Unfortunately, p r i ces  paid t o  commercial 
impetus t o  the formation of the  Upper Mis- fishermen remain low. Each year i t  i s  
s i s s ipp i  River Conservation Committee more d i f f i c u l t  t o  show p r o f i t s  because 
(UMRCC) i n  1943. I t  provided fo r  "uniform cos t s  of gear and fuel  keep r i s ing .  Com- 
regulation of the  f i s h e r i e s "  by various parisons of 5-year catch averages from 
bordering S ta tes  because of "the need f o r  1953 t o  1977 (Figure 31) show a general 
cooperative ac t ion on many problems af-  decl ine  f o r  Pool 19  and a peak i n  1963 
fec t ing  the  f i s h  and w i l d l i f e  of the  f o r  Pool 20 followed by a decline i n  
r i v e r  . . . " (Carlander 1954). harvest. Five-year averages f o r  the four 

major species show a general downward 
Pool 19 ranks among those pools with t rend i n  reported catches (Figure 32) of 

the  l a r g e s t  reported annual catches. An- a l l  species i n  recent  years i n  Pool 19; 
nual harvests ranging from 483,873 l b  t o  the  same i s  t r u e  f o r  Pool 20 except f o r  
1,931,589 lb  from 1953 t o  1977 were re- carp. This decline i s  p a r t l y  due t o  a 
ported. Pool 20 harvests were among the  dwindling number of 1 icensed commercial 
lowest reported,  ranging from 69,569 l b  t o  fishermen from I l l i n o i s  and Missouri. 
329,517 Ib  f o r  the  same period (Rasmussen Their decl ine  i s  p a r t i a l l y  o f f s e t  by an 
1979). Various gear used included se ines ,  increase from Iowa, according t o  recent 
trammel nets ,  basket t r a p s ,  wing ne t s ,  da ta  (1973-77) (S. Waters, Iowa 
hoop nets ( e i t h e r  baited o r  unbai t ed )  , Conservation Commission; pers. comm. ). 
t r a p  nets ,  and t r o t  l i n e s  ( S t a r r e t  and Because a l l  fishermen do not necessari ly 
Barnickol 1955). A summary of t h i s  repor t  a l l  catches,  data concerning 
25-year period (Table 44) shows t h a t  t r a p s  harvests  must be viewed a s  minimum. 
were the major all-around gear and g i l l  
ne ts  the  l e a s t  important. Traps were most Common names of f i shes  appear t o  be 
e f fec t ive  f o r  ca t f i shes ,  carpsuckers, 1 e s s  standardized than those of o ther  
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Table 44. Percent reported harvest of f i shes by type o f  gear from the Upper Mis- 
s i s s i p p i  River  from 1953 through 1977 (Rasmussen 1979). 

Commercial gear 
Species Set1 i nes G i  11 nets Trammel nets Seine Trap Unc lass i f i ed  

Carp 
B u f f a l o  
Drum 
C a t f i s h  
B u l l  head 
Carpsucker 
Sucker 
Mooneye 
Sturgeon 
Paddlef i sh 
Gar 
Bowf 1 n 
Ee l  
crappiea 
Nor thern  p i  keb 
Grass carp 
Other 

a Not a commercial species since 1963. 

Not a commercial species since 1959. 

ver tebra tes ,  especial 1y b i rds .  The 
American F isher ies  Society (1980) has 
standardized both common and s c i e n t i f i c  
names f o r  the s c i e n t i f i c  community. These 
common names have no t  been unanimously 
accepted by commercial fishermen, many 
o f  whom have learned f i shes '  names from 
t h e i r  fami l ies  o r  co-workers, and such 
t r a d i t i o n s  d i e  hard. Therefore, l o c a l l y  
used names o f  s ~ e c i e s  cauaht are  l i s t e d  
i n  Table 49. 

Some commercial f i s h i n g  takes place 
throughout the  year. Interv iewed f i she r -  
men who f i shed  i n  w in ter  ind ica ted t h a t  
t h e y  caught mostly. carp and b u f f a l o  and 
Fewer freshwater drum and c a t f i s h  
<ERT/Ecology Consultants, Inc .  1979a). I n  
Pool 19, the t o t a l  catch was 14% o f  the  
annual harvest  and 17% o f  the annual val -  
ue. No fishermen interv iewed had f i shed  
Poo l  20 i n  w in ter ,  and l i t t l e ,  i f  any, 
f i s h i n g  i s  done there. 

4.1.2 Sport F isher ies 

An underuti  1 i zed  resource o f  the Mi s- 
s i s s i p p i  River i s  the  spo r t  f i s h  (Bertrand 
1983). For Pool 19, s p o r t f i s h i n g  provided 
673,000 a c t i v i t y  days, o r  35% o f  the t o t a l  
recreat ional  a c t i v i t y  (GREAT I 1  1980). 
Fishermen generated about $6 m i l l i o n  (1975 
do l l a rs )  t o  the economy. Most sought-af- 
t e r  species were crappies, b lueg i  11, chan- 
nel c a t f i s h ,  and largemouth bass. For 
Pool 20, s p o r t f i  sh i  ng provided 93,000 ac- 
t i v i t y  days, o r  40% o f  the  t o t a l  recrea- 
t i o n a l  a c t i v i t y ,  and generated about 
$840,000 (1975 do1 l a r s )  f o r  t he  economy. 
Species most a c t i v e l y  sought were channel 
ca t f i sh ,  sauger, whi te bass, and walleye. 

Bertrand (1983) wrote a f i s h i n g  guide 
based on f i s h e r y  b i o l o g i s t s '  data from 
1980 t o  1982 " t o  b r i n g  f i s h  and fishermen 
together i n  the  Upper M iss i ss ipp i  River." 
Best f i sh ing  areas and access areas were 



Table 45. To ta l  catch f o r  Pools 19 and 20, 1980 and 1981, a l l  gear combined (J. 
Rasmussen, Upper M iss i ss ipp i  R iver  Conservation Committee; pers. comm.). 

Species 

1980 1981 
Pool Tota l  o f  Pool Tota l  o f  

19 2 0 a l l  poo ls  19 20 a l l  Pools 

Carp 

B u f f a l o  

Drum 

C a t f i s h  

B u l l  head 

Carpsucker 

Redhorse/ 
sucker 

Sturgeon 

Paddl e f  i sh 

Gar 

Bowf i n 

American eel 

T u r t l e  

Mooneye/gol deye 

Grass carp 

Other 

To ta l  938,061 86,491 9,423,590 660,800 138,726 9,414,126 

i d e n t i f i e d  t o  help ob ta in  t h i s  objec- 
t i v e .  Pools 19 and 20 (Figures 33 and 34) 
were i d e n t i f i e d ,  and h i n t s  on l u res  o r  
b a i t s ,  t ime o f  year, and s p e c i f i c s  on hab- 
i t a t s  t o  t ry were included. On Pool 19, 
bes t  areas inc luded mouths o f  creeks on 
t h e  I l l i n o i s  s ide  i n  the  lower p o r t i o n  o f  
t h e  pool ; sloughs and t a i l w a t e r s  o f  Dam 18 
were considered bes t  i n  t h e  upper end o f  
t h e  pool.  The t a i l w a t e r s  and s ide  channel 
near Fox I s l a n d  were considered bes t  i n  
Pool 20. Waters (1978) descr ibed f i s h i n g  

i n  Iowa's waters o f  Pool 19 and, as d i d  
Bertrand, found t a i l w a t e r s  t o  be pro- 
duc t i ve  f o r  wal leye and sauger i n  e a r l y  
sp r i ng  o r  f a l l .  Wing dams, c u t  banks, 
stump f i e l d s ,  and o ther  s t ruc tu res  were 
good f o r  c a t f i s h  dur ing  t h e  summer. 
The i s l ands  near Bu r l i ng ton  i n  Pool 19 
were l i s t e d  as popular  areas. Some of 
t he  bes t  catches o f  pan f i sh  ( i .e . ,  
sunf ish)  occur dur ing  t h e  w i n t e r  i n  t he  
backwaters. Reciprocal agreements on 
l i c e n s i n g  among Iowa, I l l i n o i s ,  and 



Table W .  Reported catches in  pounds of commercial f i s h  caught i n  1982 f o r  
Pools 19 and 20. 

Species 
Xll inois  T owa 

Pool 19 Pool 20 Pool 19 
Missouri 

Pool 20 

. 
Carp 50,438 946 57,538 20,060 
Buffalo 55,485 561 60,132 8,284 
Freshwater drum 42,457 220 34,854 6,732 
Cat f i sh  39,402 I, 235 85,953 6,880 
Rul 1 head 2,570 20 699 2 5 
Sturgeon 154 12 374 1,205 
Paddlefi sh 20,411 - - .. - 1,960 
Carpsuckers 4,270 300 -- 25,435 
Suckers 615 6 6,120 935 
Gar 3,235 34 - - 2,650 
Bowfin 1,480 12 - - -- 
Meaneya 520 12 - - - - 
Eel 71 62 - - 

* - 20 
Erasr; carp  90 - .. 125 
Other 7 ,144~  

a Includes carpsrrekers , mooneye, and e e l .  

Ttrblta 47, Reported catches dn pounds of commercial f i s h  caught in 1983 f o r  Pools 
l9 and 20. 

Spec 'i ef; 
I l l i n o i s  Iowa Missouri 

Pool 19 Pool 20 
" - - w * A - * m w - * P - * p -  -s 

Carp 64,762 31,665 41,492 49,888 
Buffalo IUS,756 15,925 42,451 22,546 
FrveshweLer arum 24,804 6,510 21,988 12,209 
Cat f i sh  95,428 9,726 129,505 27,491 
Bul lheail 2,414 40 1,180 19 
Sturgeon 1,750 730 5,436 1,820 
Paddlefish 5,822 1,085 -- 4,715 
Carpsuckers 2,854 400 - - 60,483 
Suckers 1,156 3 5 3,528 4,910 
Gay 1,726 40 - - 

- .. 6,485 
Bwwf i 13 575 - - - - 
Mooncye 1,079 2 - - - .. 
Eel 60 - - -- 

- - .. - 4 
Grass carp  I96 130 
Other* 8 ,  971a 

a Xnc 1 udes carpsuckers , mooneye, and eel,  

3 0 6  



Table 418. Dollar value of various commercial rough f i shes ,  l ive  condition, f o r  
1980-81 (J. Rasmussen, Upper Mississippi River Conversation Committee; pers. 
comm. ). 

Kinds of f i s h  
Avg. price per Ib Avg. price per lb.  

I L MO I A I L MO I A 

Carp 

Buffalo 

Drum 

Catfish 

Bull head 

Carpsuc ker 

Redhorse & sucker 

Sturgeon 

Paddl e f i sh  

Gar 

Bowf i n 

American eel 

Mooneye & goldeye 

Grass carp 

Missouri allow fishermen t o  use the  en t i r e  
channel between States  without having to  
purchase a l icense from each State .  

4.1.3 Commercial Harvesting of Mussels 

Mussel f ishing began on the  r ive r  
about 1889 (Carlander 1954). A t  t ha t  time 
mussels were important fo r  making buttons. 
As beds were rapidly depleted near the 
f i r s t  button factory a t  Muscatine, Iowa, 
musselmen moved t o  new beds, and in 1897, 
over 300 persons were engaged i n  mussel 
f ishing between Burl ington and Clinton, 
Iowa. In 1898 there  were 1,000 mussel- 
men between Fort Madison and Sabula, 
Iowa. Farmers found i t  d i f f i c u l t  to  
keep h i  red hands because clamming was 

more interes t ing and prof i tab1 e. Not 
much equipment, capi ta l  , or  experience 
was necessary, so many people began 
mussel f ishing. Many thousands of pounds 
were harvested i n  a re la t ive ly  shor t  
time. With such pressure, beds were 
depleted. In f a c t ,  Smith (1899) indicated 
t ha t  "the his tory of the  fishery up t o  
t h i s  time shows the disregard fo r  the 
future  which has come t o  be regarded as 
charac te r i s t i c  of fishermen. " Fishing 
was done during the spawning season 
and winter. Small mussels were a lso  
kept. Because mussels grow slowly (a  
2.5-inch long mussel may range from 5 
t o  16 years old) ,  harvesting a11 s izes  
was disastrous and resources were rapidly 
depleted. 



POOL 2 0  

Y E A R S  Y E A R S  

Figure 31. Average pounds o f  a l l  f i s h  reported by commercial f ishermen from 
Pools 19 and 20 o f  the  Upper M iss i ss ipp i  River  by 5-year increments 
(Rasmussen 1979). 

POOL 20 

Q = CATFISH BUFFALO 

PaOt 19 P O O L 2 0  1 POOL 19 4 POOL 2 0  

YEARS Y E A R S  
CARP 

YEARS Y E A R S  
DRUM 

Figure 32. Average pounds of t he  four  major f i s h  species rep 
commercial f ishermen from Pools 19 and 20 of t he  Upper M iss i ss ipp i  River  by 
5-year increments . 



Table 49. Accepted common, scientific, and local names of fishes occurring 
in the Mississippi River (modified from Barnickol and Starrett 1951). 

Accepted common name Scientific name Local names 

Shovelnose sturgeon 

Paddlefish 

Longnose gar 

Shortnose gar 

Bowf i n 

Mooneye 

Go1 deye 

Skipjack 

Gizzard shad 

American eel 

Blue sucker 

Saphirhynchus platorynchus 

Polyodon spathula 

Lepisosteus osseus 

Lepisosteus platostomus 

Amia calva 

Hiodon tergisus 

Hiodon alosoides 

Alosa chrysochloris 

Dorosoma cepedianum 

Anguilla rostrata 

Cycleptus elongatus 

Bigmouth buffalo Ictiobus cyprinellus 

Black buffalo Ictiobus niyer 

Hackleback, swi tchtai 1 ,  
sand sturgeon 

Spoonbill cat, spoony 

Garpike, billfish, billy 
gar 

Duckbill gar 

Dogfish, grindle, 
cypress trout, mudfish 

Toothed herring, white 
shad 

Mooneye 

Golden shad, river 
herri ng, blue herring 

Hickory shad 

Freshwater eel 

Missouri sucker, blue 
fish, blackhorse, 
gourdseed sucker 

Redmouth buffalo, stub- 
nose buffalo, roundhead 
buffalo, brown buffalo, 
goarhead, bull head buf- 
falo, bul lmouth buffalo, 
bullnose buffalo, slough 
buffalo, trumpet buffalo 

Mongrel buffalo, bugler, 
rooter, reefer, round 
buffalo, sheepshead 
buffalo, blue buffalo 

(continued) 
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--- - 
Accepted common name Scientific name Loca l  names 

--- 

Smaf lmouth buffalo rctiobus bubaIus Razorback buffalo, roach- 
back buffalo, humpback 
buffalo, channel buffalo, 
liner buffalo, quillback 
buffalo 

Qu3 1 1  back Carp iodes  cypeinus  S! 1 ver carp, carpsucker, 
coldwater carp 

River carpsucker Carp iades  carpio S f  lver carp, carpsucker 

HIghf tn sucker Carpiodes vslidar 

Whl te sucker 

Sllver carp, river carp, 
carpsucker 

Ca t o s t  oars commarssr~i Common sucker. 
f t ne-scaled sucker 

Spatted sucker Mirrytreme rnolanops Strlped sucker 

St  lver rsdhorse Moxostoma anistrrtlm Sllver mullet 

Northern redhorse Mnxostgrna maerolepldorum Des Mof nes plunger, 
mullet, common 

redhorse 

Cnrp Cyprinus cacpiu German carp, European 
carp 

Golden shfner Ncdtenr i  yr)rrt~s eryseir;ucas Amerlcan bream, roach 

Channel c a l f t  rh  f ctlr Zurtxs p n n c t ~ ~ t u s  Fiddler, catftrh, 
channel cat, spotted cat 

Blue catfish I ataloctls fr~rcatus Fulton cat. Mlssfs~ippi 
cat, chucklehead c a t ,  
coal boater 

Yellow bullhead Ic ta i i ix t rs  riatell is  Ye1 low-be1 lied cat, 
greaser 

8rowfl bu 1 l hedd l lctal t lr izs  uehtr f osrcs Speckled bull head 

Black bullhead ~ctd lx l r -~rs  mala.$ Bu 1 l head 

(continued) 
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Table 49. (Concl uded). 

Accepted common name Scientific name Local names 

Flathead catfish Pylodictis olivaris Hoosier, goujon, shovel- 
nose cat, mudcat, yellow 
cat, Johnny cat, Morgan 
cat, flat belly 

Pike 

Wall eye 

Esox lucius Pickerel, great northern 
pike, northern pike, 
northern 

Stizostedion vitreum Walleye, jack, jack 
salmon 

Sauger Stizostedion canadense Sandpike, jack salmon 

Smallmouth bass Micropterus dolomieui Smal lmouth 

Largemou th bass Micropterus salmoides Black bass, bigmouth 
bass, line side, green 
bass, green trout 

Green sunf i sh tepomis cyanellus Black perch 

Organgespotted sunfish Lepomis humilis ------------ 

Bluegi 1 1  Lepomis macrochirus Bream, sunf i sh 

Warmouth 

White crappie 

Black crappie 
bass 

White bass 

Lepomis gulosus Goggl e-eye, warmouth bass 

Pornoxis annularis Crappie, new1 ight 

Pornoxis niqromaculatus Cal i co bass, strawberry 

Morone chrysops Silver bass, striped bass, 
streaker 

Yellow bass Morone mississippiensis Streaker, barfish 

Freshwater drum Aplodinotus qrunniens White perch, perch, 
sheepshead, gaspergou, 
grunting perch, croaker 

111 



(Bertrand 



POOL 19 

1 I 

5. Niota f XI XI 



POOL 20 

BEST FISHING AREAS 
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m m o c a  
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A Montebello X X X X  
B Warsaw 1 x 



Because o f  t h i s  concern,  propagat ion 
attempts were made i n  t h e  e a r l y  1900's and 
c e r t a i n  sec t ions  of t h e  r i v e r  were c losed 
f o r  5-year i n t e r v a l s .  B o t h  ac t ions  had 
some success. However, one important  fac-  
t o r  work ing aga ins t  rep ]  e n i s h i n g  the most 
impor tan t  commercial spec ies  a t  t h a t  t ime 
(ebony s h e l l )  was c o n s t r u c t i o n  of t he  
Keokuk Dam. Th is  p reven ted  t h e  sk ip jack  
her r ing ,  t h e  host  f o r  t h e  g loch id ia ,  from 
m i g r a t i n g  above Pool 20; t h e  h e r r i n g  was 
no longer present i n  any g r e a t  number i n  
Pool 19 by 1926. I n  a d d i t i o n ,  mussel 
spawn be ing  produced were s e n s i t i v e  t o  t he  
growing p o l l u t i o n  l e v e l s ,  and young mus- 
se l s  were prevented f rom developing. The 
proposed 9 - f t  channel was a l s o  expected t o  
make cond i t i ons  worse f o r  mussels 
(Carlander 1954). By 1946,  t he re  was no 
s i g n i f i c a n t  mussel f i s h i n g  below 
Muscatine, Iowa (Pool 16). 

A v a r i e t y  of gear, i n c l u d i n g  basket 
dredges and hand rakes, has been used f o r  
ha rves t i  ng mussel. Wading o r  
"po 1 1 iwoggi ng" (grabbing mussels by hand) 
has a l so  been done. The crowfoot  bar  
(F igure 35), however, was t h e  main device 
used because i t  was e f f e c t i v e  and simple 
t o  operate. I t cons i s ted  o f  a wood o r  
p ine  rod t o  which four-pronged hooks were 
at tached a t  6- inch i n t e r v a l s .  As the  
hooks passed through a c l a m  bed, the  mus- 
s e l s  would c lose t h e i r  s h e l l s ,  p ress ing  
the  hooks between t h e i r  valves-. Two 
crowfoot  bars were u s u a l l y  used--one t o  
f i s h  w i t h  w h i l e  t h e  o t h e r  was be ing  
picked. More recen t l y ,  hand p i c k i n g  wh i l e  
wearing underwater d i v i n g  gear has been 
successful. 

Rather than being used  f o r  buttons, 
today 's  mussels are s o l d  f o r  t h e  p e a r l  
c u l t u r e  i n d u s t r y  i n  Japan. She l l s  are c u t  
up and cubed before b e i n g  po l ished and 
i nse r ted  i n t o  oysters.  Harves t  repo r t s  
are made f o r  t h e  r i v e r  as a whole and are 
not  s p e c i f i c a l l y  recorded by pool.  Howev- 
er ,  Robinson (Missour i  Department o f  Con- 
serva t ion ;  pers. comm. ) i n d i c a t e d  the re  
are no commercial clammers c u r r e n t l y  f i s h -  
i n g  i n  Pool 20 nor  have t h e r e  been any f o r  
a number o f  years. G .  Ackerman (Iowa 
Conservation Commission; pers. comm. ) 
i n d i c a t e d  t h a t  on ly  2.15 t o n s  were taken 
i n  Pool 19 i n  1982 by Iowa musselmen, 
though more were taken i n  1983. W. F r i t z  
( I 1  1 i n o i  s Department o f  Conservation; 

pers. comm.) doubted t h a t  a harvest  o f  
over 1,000 tons annual ly  from the  Miss is -  
s i p p i  River  border ing I l l i n o i s  can be 
maintained. He f u r t h e r  s ta ted  t h a t  so 
l i t t l e  i s  known about t he  mussel popula- 
t i o n s ,  i t  may be impossible t o  manage 
them w ise l y  t o  prevent  a p o t e n t i a l  c o l -  
lapse due t o  overharvest.  He st ressed the  
need f o r  a d d i t i o n a l  s tudy o f  mussel l i f e  
h i s t o r y  and ecology as they r e l a t e  t o  har- 
ves t  pressures and environmental changes. 

O f  the  mussels captured, t he  most 
important  species are the  washboard and 
t h e  th ree- r idge;  maple l e a f  mixed w i t h  
p ig toe ,  however, a re  o f  secondary impor- 
tance. Pr ices  p a i d  per  t o n  f o r  green 
s h e l l s  (meat no t  cooked out)  ranged from 
$175 t o  $185 i n  1981 ( F r i t z ,  unpubl. re-  
po r t ) ,  depending on the  species and q u a l i -  
t y  o f  t he  s h e l l s  (s ize ,  thickness, 
clearness o f  nacre, and hardness). 
Cooked-out mussels can range from $250 t o  
$750 pe r  ton,  depending on s h e l l  species 
and q u a l i t y .  

O f  several methods c u r r e n t l y  used t o  
harves t  mussel s , basket dredges (Figure 
36) a re  d e s t r u c t i v e  t o  mussels, damaging 
an average o f  13.8 mussels and d i s lodg ing  
35.3 f o r  every harvestable mussel. Hand 
dredges may a l so  damage mussels. Crowfoot 
bars a re  i n e f f i c i e n t  i n  cap tu r i ng  mussels; 
t he  capture r a t e  i s  0.6% t o  2.5%, depend- 
i n g  on mussel s i z e  (Sparks and B lodge t t  
1983). Divers can harvest  up t o  61.2% o f  
mussels considered l a rge  enough by s h e l l  
buyers'  c r i t e r i a ;  though harves t ing  t h i s  
s i z e  i s  l e a s t  harmful t o  t he  mussel popu- 
l a t i o n ,  i t  i s  probable t h a t  d i ve rs  cannot 
remove a1 1 l e g a l  s i z e  mussels i n  deep r i v -  
e rs  w i t h  zero v i s i b i l i t i e s .  Because b i v -  
e rs  can, however, harves t  more e f f i c i e n t l y  
than those us ing  standard gear, there  i s  
c l e a r l y  a need f o r  some r e g u l a t i o n  t o  pre- 
vent  overharvest by d ivers.  

Despi te t he  low e f f i c i e n c y  o f  the  
crowfoot  bar techniques , catches repor ted  
by commercial musselmen i n  t he  l a t e  1800's 
and e a r l y  1900's were large.  Populat ion 
d e n s i t i e s  then must have been phenome 
g rea te r  than today. Ce r ta in l y  t he  i n  
overharvest p layed an important  r o l e  i n  
t h e  dec l i ne  o f  mussels i n  t he  r i v e r .  Also 
c o n t r i b u t i n g  t o  t h e  reduct ion  o f  mussel 
populat ion,  however, have been a decl i ne 
i n  water q u a l i t y ,  increases i n  sediment 



Figure 35. Bar and crowfoot dredge on boat f o r  t ak ing  mussels (U.S. F i sh  and 
W i l d l i f e  photograph i n  Carlander 1954). 

and chemical runo f f ,  l oss  o f  f i s h  
g loch ida l  hosts, and development o f  t he  
sand and gravel  i ndus t r y  (Ecological  Ana- 
l y s t s  1981). Dredging and channel mai n te-  
nance, p lus  the  9 - f t  channel, may have 
caused species s h i f t s ,  enhancing those 
more t o l e r a n t  o f  s i l t  and mud cond i t i ons  
wh i l e  reducing those l ess  t o l e r a n t .  Coker 
e t  a l .  (1921) and F u l l e r  (1974) s ta ted  
t h a t  wing dams had destroyed mussels i n  

--crcc-rr' - areas where they had fo rmer ly  t h r i ved .  -- 
4.1.4 Recreation 

Major rec rea t i ona l  oppo r tun i t i es  
are provided i n  and along t h e  Upper 

r Miss i ss ipp i  R iver  basin. Numerous aquat ic  
- and t e r r e s t r i a l  a c t i v i t i e s  are poss ib le  

because o f  t he  p rox im i t y  t o  water o f  
va r i ab le  topography and na tu ra l  vege- 
t a t i o n .  The most popular  rec rea t i ona l  
a c t i v i t i e s  (Table 50) were l i s t e d  by 

a L~i;5z-t_.==-- --- - Jackson e t  a l .  (1981a). Spec i f i c  
*-"-*-- --, -@ rec rea t i ona l  s i t e s  were de l ineated by 

Peterson (1984) on a ser ies  o f  maps 
Figure 36. Sketch o f  a dredge f i s h i n g  fo r  f o r  each o f  the  pools f o r  t h e  Upper 
mussels on the bottom of a r i v e r  (from M iss i ss ipp i  River; types of rec rea t i on  
Danglade 1914, i n  S t a r r e t t  1971). poss ib le  i n  each area a l so  were given. 
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Table 58. Recreational a c t i v i t i e s  i n  
Pools 19 and 20 (Jackson e t  al .  1981) 

A c t i v i t y  on 
t h e  water 

Shore1 i n e  
a c t i v i t y  

Sport  f i s h i n g  
Bank 
Barge 
Boat 
Set l i n e  
I c e  f i s h i n g  

Commerci a1 f i s h i n g  
Hunting 

Small game 
B i g  game 
Waterfowl 
Trapping 

Passive l e i s u r e  
(1 o a f i  ng) 

Pleasure boa t i  ng 
Sai 1 
Houseboat 
Cruiser  
Tubing 
Runabout 
Canoe 
A i rboat  

Swimming 
Water-ski i n g  

Cottage use 
P icn i ck ing  
Sightseeing 
Cross country 

s k i i n g  
Snow shoeing 
Clamming 
Snowmobi 1 i ng 
O f f  road veh ic les  
Campi ng 

On boat 
O f f  boat  

Photography 
Dog t r a i n i n g  
Target shoot ing 
Nature study 
Gathering products 
Hi k i n g  

disagreements between groups i n t e r e s t e d  i n  
r i v e r  resources; w i thou t  ca re fu l  p lann ing  
and interchange o f  ideas between var ious 
i n t e r e s t  groups, there  could be f u r t h e r  
negat ive impacts on the  ecosystem. 

Abuse through overuse could adversely 
a f fec t  c e r t a i n  b io ta .  For example, human 
disturbance near c o l o n i a l  nes t ing  b i r d s  
may cause t h e i r  reduc t i on  o r  e l im inat ion .  
Wild1 i f e  resources may be s i m i l a r l y  a f -  
fected.  While use by l a rge  numbers o f  
people a t  a g iven t ime i s  less  along Pools 
19 and 20 than near met ropo l i tan  areas 
such as S t .  Louis, there  i s  no doubt t h a t  
recreat iona l  uses w i  11 i n t e n s i f y ,  thus 
e x e r t i n g  add i t i ona l  pressures on the va r i -  
ous resources through disturbance o r  re- 
duc t ion  o f  usable h a b i t a t .  

4.2 THE COMMUNITY AS A REPOSITORY 

4.2.1 Sediment 

Sediment has been c l a s s i f i e d  as a 
p o l l u t a n t  ( S t a l l  1972) because i t  i n t e r -  
feres w i t h  many uses o f  water. The Side 
Channel Work Group (GREAT 1980e) c a l l e d  
sedimentat ion " the  number one problem 
fac ing  the  product ive  l i f e  o f  the back- 
waters o f  t h e  r i v e r .  " They examined 
changes i n  open water surfaces o f  Pools 
19 and 20 and found from 1956 t o  1979 
t h a t  681 and 40 acres f o r  Pools 19 and 20, 
respect ive ly ,  had been l o s t  t o  sediment 

Recreational use of an area can be deposi t ion.  Among the  e f f e c t s  o f  sediment 
measured i n  a c t i v i t y  days, def ined as the  i n  aquat ic  systems are the  reduct ion  of 
attendance o f  one person a t  the area f o r  1 photosynthesis, t he  f i l l i n g  o f  crevices 
day o r  f r a c t i o n  thereof ,  w i thout  regard t o  and thereby the  reduct ion  o f  h a b i t a t  f o r  
a s p e c i f i c  number o f  hours (GREAT 1980f). small organisms, t he  smothering o f  var ious 
Among Pools 11 through 22, Pool 19 had the  bottom-dwell ing organisms, the  a f f e c t i n g  
h ighest  use du r ing  1978 w h i l e  Pool 20 had o f  heat t r ans fe r ,  t h e  lower ing o f  the oxy- 
the  lowest (GREAT 1980f). Pro jec t ions  f o r  gen sa tu ra t i on  p o i n t ,  and the  f i l l i n g  i n  
the  years 2000 and 2025 i n d i c a t e  near ly  o f  channels. 
t he  same p a t t e r n  o f  heavy use f o r  Pool 19 
and low use f o r  Pool 20. Sediment sources inc lude erosion from 

bare ground exposed by numerous a c t i v i t i e s  
A c t i v i t i e s  most f requent ly  engaged i n  such as farming, cons t ruc t ion ,  logging, o r  

f o r  both pools were boat ing  and f i sh ing .  dredging t h a t  prevent a ground cover o f  
Hunting, water-sk i ing,  p i cn i ck ing ,  swim- p lan ts  from ho ld ing  s o i l  i n  place. 
ming, and camping fo l lowed i n  decreasing 
order o f  use. Recreation i n  the  GREAT I1  I n  the  areas o f  Pools 19 and 20, ag- 
area i s  p ro jec ted  t o  increase 16% from t h e  r i c u l t u r e  i s  o f  h igh  p r i o r i t y .  A cartoon- 
base (1977-78) t o  year 2000 and 23% t o  i s t  (J. N. Dar l ing ,  Des Moines Register) 
year 2025. Such increases could a f f e c t  r e f e r r e d  t o  eros ion  from a g r i c u l t u r a l  
the  q u a l i t y  of recreat iona l  experiences p rac t i ces  i n  t h i s  way: "beef steak and 
and a lso  lead t o  overuse and safety potatoes, roas t  duck, ham and eggs, and 
problems. Increases cou ld  a lso  lead t o  bread and b u t t e r  w i t h  jam on it, are being 
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able 51. Values regarding sediment loads and discharges, Pool 19 and 20 (Keown 
e t  a1 . 1977). R k R i v e r  m i  l e .  

Estimated sediment Discharge ( f t 3 / s )  
Location loads, mean Maximum Minimum 

Keokuk, Pool 20, RM 363.3 7,093 tons/day 34,400 5,000 

Bur l  i ngton, Pool 19, RM 403.1 30,000 tons/day 312,600 5,000 

washed down our r i v e r s  each year i n  the  regardless o f  t h e i r  own co lor .  
form o f  good, r i c h  farm t o p s o i l "  ( S t a l l  
1972). W i th in  t he  Pool 19-20 region,  s o i l  Keown e t  a l .  (1977) l i s t e d  several 
l oss  from farming i s  c l a s s i f i e d  as t o l e r a -  important values regarding sediment f o r  
b l e  ( l oss  no t  p resent ly  reduc ib le )  w i t h  Pools 19 and 20 (Table 51). Both pools 
5-10 tons/acre/year being l o s t  from farm- have 0.5 f t / m i  channel gradients.  As i n -  
lands ( S t a l l  1972). I n  cont ras t ,  100 d icated,  sediment loads a t  Bu r l  i ng ton  were 
tons/acre/year were l o s t  from highway and not  reaching Keokuk, main ly because o f  the  
subd iv is ion  construct ion.  dam j u s t  upstream from the observat ion 

po in t .  Much sediment has indeed been de- 
E l l i s  (1936), us ing data from more pos i ted  behind Dam 19. This i s  dramati-  

than 700 s ta t i ons  along several l a rge  c a l l y  i l l u s t r a t e d  i n  Figure 9, which shows 
r i v e r s ,  described erosion s i l t  as a f a c t o r  bottom p r o f i l e s  above Dam 19 f o r  1913, 
o f  concern i n  aquat ic  environments. He 1946, and 1983. 
est imated t h a t  429 m i l l i o n  tons o f  s i l t  
were c a r r i e d  by the  M iss i ss ipp i  i n  1928. Major t r i b u t a r i e s  ca r r y  t h e i r  s i l t  
To help understand the e f f e c t s  o f  sedi-  loads i n t o  the  main M iss i ss ipp i  channel, 
ment, he used a va r i ab le  termed the  depos i t ing  considerable amounts as the  
"mi 1 l i o n t h  i n t e n s i t y  depth" (m. i . d. ) , g rad ien t  changes. Both the  Skunk (Pool 
which was equal t o  t h a t  depth i n  which 19) and Des Moines (Pool 20) have steep 
99.9999% of t he  en te r i ng  l i g h t  was gone. gradients o f  1.9 f t / m i  and 1.1 f t / m i ,  re- 
From 392 samples taken between Davenport, spec t i ve l y  (Keown e t  a l .  1977; f i g u r e  8). 
Iowa, and Grafton, I l l i n o i s ,  from May t o  Thus sediment bu i ldup near t h e i r  p o i n t s  o f  
September 1932, an o v e r a l l  m, i .d .  was en t r y  has caused phys ica l  changes, espe- 
l e s s  than 12 inches, b u t  a maximum o f  c i a l l y  shoal ing, i n  t h e  r i v e r  channel 
79 inches, A t  Keokuk, u n f i l t e r e d  samples (Nakato and Kennedy 1977). Sediment data 
had an average o f  9 inches bu t  f i l t e r i n g  from the  Des Moines R iver  i l l u s t r a t e  t h i s  
w i t h  a No, 40 Whatman f i l t e r  paper changed ef fect .  From 1974 t o  1976, 141. t o  99,200 
t h e  reading t o  1,338 inches (111.5 ft). tons/day o f  sediment were added t o  Pool 20 
I n  add i t ion ,  readings a t  Keokuk taken (Keown e t  a l .  1977). Mean suspended sedi- 
every 12 h from water surface t o  bottom ment concentrat ions were genera l ly  h igher 
showed t h a t  dur ing  J u l y  and August 1932 near the  r i g h t  (west) bank dur ing  h igh  
suspended s i l t  was uni formly d i s t r i b u t e d  r i v e r  stages because o f  t he  abrupt  de f lec-  
from t o p  t o  bottom i n  t h e  non-thermally t i o n  of the  Des Moines and t h e  slow r a t e  
s t r a t i f i e d  water column. The m. i - d .  ' s  of l a t e r a l  mix ing  (Nakato and Kennedy 
were 3 - 4  t o  61.0 inches; 47% of the  1977). During low stages, t he  Des Moines 
sur face and 54% of t he  near-bottom River  penetrates f a r t h e r  across the  Mis- 
readings were l ess  than 15.0 inches. s i s s i p p i  channel and becomes mixed w i t h  
Waters c a r r y i n g  l a r g e r  s i l t  toads t rans-  the  f low more rap id l y .  While a recommen- 
m i t t e d  more r e d  l i g h t  than shor te r  wave da t i on  t o  c lose o f f  s ide  channels i n  order 
lengths, and maximum transmission was t o  concentrate the  f l ow  o f  the  M iss i ss ipp i  
i n  t h e  scar let -arange range. S i l t  would reduce t h e  sedimentat ion and 
p a r t i c l e s  screened out  non-se lec t ive ly  shoal ing a t  t h a t  l oca t i on ,  such c losure  
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would a1 so reduce h a b i t a t  v a r i  abi  1 i t y  so 
c r i t i c a l  t o  main ta in ing  a v a r i e t y  of habi- 
t a t s  and thus r i v e r i n e  species (see E l l i s  
e t  a l .  1979). 

Continuous t u r b i d i t y  from ambient 
sediment 1 oads has been examined re1 a t i v e  
t o  barge t r a f f i c  and subsequent p o t e n t i a l  
resuspension o r  continued suspension. 
Johnson (1976a) s ta ted  t h a t  dur ing  normal 
pool cond i t i ons  tow t r a f f i c  does con t r i b -  
u t e  t o  e x i s t i n g  l e v e l s  o f  suspended sedi-  
ment measured as both  suspended s o l i d s  and 
t u r b i d i t y .  Those sediments resuspended 
from the  main channel move l a t e r a l l y  t o  
shoreward areas, i n c l u d i n g  p o t e n t i a l  l y  
p roduct ive  s ide  channel areas. I n  t he  
M iss i ss ipp i  River, however, tow-generated 
t u r b i d i t y  was extremely small compared t o  
na tu ra l  l e v e l s  d u r i  ng f l o o d  stage. Mu1 ti- 
p l e  tows i n  succession d i d  not  add concen- 
t r a t i o n s  from previous tows. Oxygen was 
n o t  reduced s i g n i f i c a n t l y  i n  the main 
channel ( l ess  than 0.5 mg/l o f  sur face 
concentrat ion)  and re turned t o  ambient 
cond i t ions  15 t o  20 min f o l l o w i n g  tow pas- 
sage. Examination o f  recovery t ime f o r  
suspended s o l i d s  showed t h a t  main channel 
l e v e l s  recovered i n  15-155 min a f t e r  tow 
passage. As a r e s u l t  o f  wave ac t ion ,  how- 
ever, values o f  suspended s o l  i d s  were 
h igher than those o f  main channels o r  s ide  
channels. 

Suspended sol  i d s  may a1 t e r  c e r t a i n  
chemical var iab les .  Del f i no (1977) exam- 
i ned  t h i s  r e l a t i o n s h i p  i n  an area o f  the  
M iss i ss ipp i  where land use was p r i m a r i l y  
a g r i c u l t u r a l l y  o r i en ted  w i t h  some food and 
chemical processing as we1 1 as wastewater 
t reatment  (an area s i m i l a r  t o  Pool 20 be- 
low Keokuk). An increase i n  suspended 
s o l i d s  was responsib le f o r  h igher  l e v e l s  
o f  t o t a l  phosphorus, chemical oxygen de- 
mand, i r o n ,  manganese, and copper. Var ia-  
t i o n s  i n  i r o n  and manganese concentrat ions 
were s t r o n g l y  c o r r e l a t e d  w i t h  copper, 
lead, and z inc .  About 90% o f  the  t o t a l  
i r o n  and manganese occurred i n  the sus- 
pended s o l i d  f rac t ion .  A low value o f  
5 . 1  ppm d isso lved oxygen was encountered. 
E f f e c t s  o f  such changes were n o t  l i s t e d ,  
b u t  i t  could be surmised t h a t  because the  
phosphorus, i r o n ,  and manganese are a11 
essen t i a l  as n u t r i e n t s  f o r  phytoplankton 
(Cole 19831, these may con t r i bu te  t o  
o v e r a l l  pr imary product ion,  i f  1 i g h t  
i n t e n s i t y  l e v e l s  a re  adequate. An excess 

of t u r b i d i t y ,  however, would lessen t h e  
b e n e f i t  from the  n u t r i e n t s .  

S t a l l  (1972) i nd i ca ted  t h a t  c e r t a i n  
l e v e l s  of t u r b i d i t y  were t o l e r a b l e  f o r  
var ious uses (Table 52). Values f o r  
i r r i g a t i o n ,  l i v e s t o c k ,  aquat ic  l i f e ,  
navigat ion,  hydropower, and waste assimi- 
l a t i  on were undeterrni ned by S t a l l  (1972), 
bu t  lower values would probably be most 
b e n e f i c i a l .  

Table 52. To lerab le  l e v e l s  o f  t u r b i d i t y  
f o r  c e r t a i n  uses ( S t a l l  1972). 

Use 
To1 erab l  e 

(mg/l) 

D r ink ing  
Indus t r y  

Canning 
Cool i ng 
Dark paper 
L i g h t  paper 
T e x t i l e s  

Swimming 
Boat i  ng 

The e f f e c t s  o f  sediment on r i v e r  
b i o t a  are several.  One e f f e c t  r e l a t e s  t o  
heat transmi ssion. E l  1  i s  (1936) showed i n  
l ab  t e s t s  t h a t ,  i n  comparing nonagitated 
t o  s i l t - l a d e n  r i v e r  water, t he re  was a 
skew l a g  i n  bo th  warming and coo l i ng  b u t  
there  was none w i t h  d i s t i l l e d  water. An- 
o ther  e f f e c t  concerns clam su rv i va l .  Mus- 
se ls  (18 species) were unable t o  main ta in  
themselves p h y s i o l o g i c a l l y  when subjected 
t o  between 0.25 and 1 i n c h  o f  s i l t  accumu- 
l a t i o n  on e i t h e r  sand o r  gravel  bottoms, 
whi 1 e mussel s  suspended i n  l a t t i c e  c ra tes  
above the  bottom were unharmed. E l l i s  
a l so  noted t h a t  organic mat te r  i n  muds o f  
Lake Keokuk (Pool 19) had 9.25% t o  12.66% 
organic mat te r  and 0.286% t o  0.457% n i t r o -  
gen (K je ldah l  d r y  weight),  w h i l e  e ros ion  
mud from surface r u n o f f  v i a  streams usual- 
l y  c a r r i e d  less  than % organic matter.  
There was low oxygen, h i g h  carbon diox ide,  
and o f t e n  r e l a t i v e l y  h i g h  s u l f u r  (as H2S) 



i n  water samples near the bottom, i n d i c a t -  
i n g  a h igh l y  product ive  system. Though 
t h e  s i l t  d i d  n o t  m a t e r i a l l y  a l t e r  the s a l t  
complex o r  amount o f  e l e c t r o l y t e s  i n  the 
water, there were h igh  b a c t e r i a l  counts i n  
eros ion s i l t s .  These counts were much 
h igher  than i n  e i t h e r  the  water above o r  
t h e  adjacent bottom areas o f  sand and 
gravel  . Sediment a1 so a f f e c t s  
photosynthet ic  ra tes ,  f i  11 s i n  bottom ar-  
eas t o  reduce h a b i t a t  va r iab i  l i t y  (and 
thus b i o t i c  v a r i a b i  1 i t y ) ,  and favors cer- 
t a i  n s i  1 t to1 erant  species whi 1 e reducing 
those no t  t o le ran t .  

4.2.2 Po in t  and Nonpoint P o l l u t i o n  

A1 though under ly ing rock formations 
and s o i l  types i n i t i a l l y  determine water 
qua1 i ty, po l  1 u t i o n  sources may dramatical- 
l y  modify t h a t  q u a l i t y ,  e i t h e r  l o c a l l y  o r  
f o r  extensive areas downstream from the 
p o l l u t i o n  source. Novotny (1981) s ta ted 
t h a t  bo th  sediment and p o l l u t i o n  from 
nonpoint sources are  the primary determi- 
nants o f  water qual i t y  i n  the Upper Mis- 
s i s s i p p i  River  system. Po in t  source 
e f f e c t s  are mainly l o c a l i z e d  t o  the 
mai nstem reaches from metropol i tan areas 
(e. g. , Minneapolis-St. Paul and St. Louis) 
and below the  confluence o f  the  I l l i n o i s  
River. Major problems r e l a t e d  t o  nonpoint 
p o l l u t i o n  inc lude t u r b i d i t y ,  n u t r i e n t  i n -  
puts, and PCB's from urban areas. 

Jackson e t  a1 . (1981a, 1981b) 1 i s t e d  
46 and 10 exact locat ions  o f  point-source 
dischargers f o r  Pools 19 and 20, respec- 
t i v e l y .  Types o f  discharges inc lude 
stormwater runof fs ,  san i ta ry  wastes, ther -  
mal e f f l u e n t s ,  mobi l e  home park e f f l u e n t s  
and a number o f  unspecif ied types. Jack- 
son e t  a l .  (1981b) inc luded r i v e r  maps 
de l  i nea t ing  discharge locat ions  f o r  each 
pool. 

Contaminants i n  benthos, aquat ic  
p lan ts ,  and sediments were surveyed by 
Sparks and Smith (1979) f o r  Pool 19. They 
found t h a t  metal and organic residue 
concentrat ions were r e l a t i v e l y  low. High 
l e v e l s  o f  PCB's (near ly  1 ppm) were found 
i n  f i nge rna i l  clams as was s i l v e r  i n  clams 
and sna i l s .  These f i nd ings  were thought 
t o  warrant f u r t h e r  study. The U.S. Envi- 
ronmental P ro tec t i on  Agency's (USEPA) wa- 
t e r  q u a l i t y  standards f o r  aquat ic  l i f e  
have n o t  been met i n  Pool 19 a t  Bur l  ing ton 

(RM 410.0) and F o r t  Madison (RM 384.0), 
Iowa (Simons e t  a l .  1981a), and i n  Pool 20 
a t  Keokuk, Iowa (RM 364.0) (Simons e t  a l .  
1981b). A number o f  p o i n t  discharges are 
probably responsib le f o r  changing water 
q u a l i t y  i n  both pools. These discharges 
may a l l  adversely impact the b io ta .  Even 
though the reduced water qual i t y  may not  
d i r e c t l y  k i l l  l a r g e r  organisms, i t  may 
have more subt le  e f f e c t s  (such as predis-  
posing the organism t o  o ther  problems) 
t h a t  are r e f l e c t e d  i n  the  ove ra l l  b i o t i c  
i n t e g r i t y  o f  t he  r i v e r i n e  community. 

4.3 THE COMMUNITY AS A HIGHWAY 

4.3.1 Navigation 

H i s t o r i c a l  records show the Missis-  
s i p p i  River  has been and s t i l l  i s  a major 
navigat ional  a r te ry .  Modern barge tows 
comprise as many as 15 barges pushed by a 
towboat, t he  maximum number t h a t  can be 
locked through Lock 19 wi thout  the  tow 
being broken apart .  A t  Lock 20, n ine 
barges can be locked a t  once. Increased 
tow t r a f f i c  i s  projected,  r e f  1 e c t i  ng 
considerably h igher growth i n  the years 
1990-2010 than from 2010-2040 (UMRBC 
1982). A d e t a i l e d  ana lys is  f o r  t he  
e a r l i e r  years has been done by using both 
constrained (no navigat ional  improvements) 
and unconstrained (demand t h a t  could occur 
i f  there  were no delays i n  the  system such 
as lockage times) t r a f f i c  p ro jec t ions .  
Pro jec t ions  f o r  Pools 19 and 20 (UMBRC 
1982), w i t h  1980 as t h e  base year, are 
given i n  Table 53. 

The var ious modi f ica t ions  made over 
the years t o  enhance nav igat ion  have no t  
been wi thout  e f f e c t .  Schnick e t  a l .  
(1982) discussed i n  d e t a i l  t h e  e f f e c t s  o f  
major modi f i ca t ions ,  i nc lud ing  c l e a r i n g  
and snagging; channel en1 argement , dredg- 
ing, and disposal o f  dredged mater ia l ;  
locks and dams; r i v e r  t r a i n i n g  structures;  
bank s tab i  1 i za t i on ;  f l o o d  p r o t e c t i o n  lev-  
ees; and water l e v e l  regu la t ion .  

C lear ing  and snagging removes vegeta- 
t i on ,  rocks, and other debr is  from chan- 
nel s  and r iverbanks t o  d r a i n  f lood-pla i  ns 
f o r  ag r i cu l tu re ,  t o  p r o t e c t  people from 
f loods,  o r  t o  create and mainta in a navi- 
gable channel (Schnick e t  a l .  1982). I m -  
pacts o f  c l e a r i n g  and snagging on c e r t a i n  
physical  and chemical c h a r a c t e r i s t i c s  



Table 53. Analysis f o r  Pools 19 and 20 using both constrained (C) and uncon- 
strained (U) t r a f f i c  pro ject ions,  w i t h  1980 serving as base year (Upper Missis- 
s ipp i  River Basin Commission 1982). 

Thousands o f  tons/ ear 
1990 2000 0 2040 

Lock 1980 C U C U C U C U 

include creat ing more uniform depths, 
increasing suspended sol i d s  due t o  
unstable banks being eroded, increas ing 
bed mater ia l  movement i f  the armor l a y e r  
o f  the bed i s  removed, and reducing l i g h t  
transmission when there i s  extensive re -  
moval o f  bank vegetation (Yorke 1978). 

While data may not present ly be ade- 
quate t o  p red ic t  quan t i ta t i ve ly  the b io -  
log ica l  e f fec ts  o f  c lear ing and snagging, 
there are po ten t ia l  e f fec ts  due t o  t h e  
reduction o f  physical hab i ta t  d i v e r s i t y  
and the subsequent decrease i n  hydrau l ic  
roughness o f  the channel including: (1) 
downstream movement o f  decomposing organic 
matter, (2) reduction o f  spawning and 
nursery habi tat ,  (3) reduct ion i n  f i s h  
cover and shel ter ,  (4) d i s rup t ion  o f  f i s h  
t e r r i t o r i a l i t y  and or ienta t ion,  and (5) 
reduction i n  plankton production because 
o f  the reduction o f  qu ie t  water areas 
(Lubinski e t  a1 . 1981). Associated chang- 
es i n  r i v e r  substrate can e f f e c t  vegeta- 
t i o n  removal , causing reduced hab i ta t  f o r  
macroinvertebrates and reduced hab i ta t  f o r  
accumulation and decomposition o f  organic 
matter. The r e s u l t  i s  less food f o r  
macroi nvertebrates , and reduced d i v e r s i t y  
and amount o f  f i sh  food, reduced f i s h  cov- 
e r  and spawning habi tat ,  and d is rup t ion  i n  
f i s h  t e r r i t o r i a l i t y  and o r i en ta t i on  
(Marzol f 1978). 

The impacts of locks and dams on 
cer ta in  physical (Table 54) and chemical 
character is t ics  include increasing and 
s t a b i l i z i n g  water depths i n  the  channel, 
increasing water surface area over t h a t  o f  
the natural  channel, making channel con- 
f i gu ra t ion  more uniform, lowering water 
ve loc i t i es  except near locks and dams, 

probably increasing temperature through 
area increases and c lear ing  o f  the over- 
story,  t rapping suspended so l  i ds  except 
s i l t  and clay, decreasing movement o f  bed 
mater ia l  by s e t t l  i ng  coarser mater ia ls a t  
the head o f  each pool , leaving f i n e r  bed 
mater ia l  (a poor substrate f o r  aquatic 
organisms) e l  sewhere, reducing overa l l  
dissolved oxygen leve ls  because o f  reduced 
aerat ion over l onger stretches o f  r i ve r ,  
and causing l i t t l e  e f f e c t  on overa l l  l i g h t  
transmission o r  f low var i  abi 1 i ty (Yorke 
1978). The number o f  islands fo l lowing 
dam construct ion increased between 1929 
and 1938 whi le the t o t a l  area o f  these 
is lands decreased. But between 1938 and 
1973 the number o f  is lands general l y  
decreased whi 1 e t h e i r  area increased 
because o f  sedimentation and coalescence 
o f  small adjacent islands (Simons e t  a1. 
1981b) as shown by the islands between 
Warsaw and Keokuk i n  Pool 20. Because 
o f  sedimentation occurring behind dams, 
r iverbeds have aggraded above and near 
primary cont ro l  points. Extensive 
dredging has been required t o  maintain 
channel depth (Simons e t  al.  1981b). 

B io log ica l  e f f ec t s  o f  locks and dams 
include se lect ing f o r  ce r ta in  l e n t i c  
species whi le se lect ing against l o t i c  
species, changing f i s h  migrat ion patterns 
(depending on t iming , magnitude , and 
durat ion o f  floods), changing d i s t r i -  
butions o f  ce r ta in  mussels t ha t  have 
host-speci f ic  g loch id ia  (e.g., ebony shel l  
and skip jack herring), and changing 
aquatic p l an t  communities whereby sub- 
mergent p lants  are replaced by pondweeds 
a f t e r  inundation. This l a s t  type of 
change has had e f f ec t s  on animals, 
increasing ce r t a i n  mammal species and 



Table 54. Response o f  Upper M iss i ss ipp i  R iver  t o  cons t ruc t i on  o f  d ikes 
and locks  and dams (Chen and Simons 1979). 

River  response 
Construct ion of locks 

Features Construct ion o f  dikes and dams 

Stage Not s i g n i f i c a n t l y  changed Low stage was ra i sed  t o  
the minimum pool l e v e l  

Dl scharges 

R iver  pos i ti on 
R i  ver  surace area 

I s l a n d  area 

Surface w i  d th  

Number o f  Is lands 
RIverbed e leva t i on  

F l  oodpl a i  n  and 
backwater 

Not s i g n i f i c a n t l y  changed 

Not appreciably changed 
Reduced 

Increased 

Reduced 

Increased 
Low f l o w  degradat i  on 

Sediment depos i t ion  

f o r  nav iga t i on  
Not s i g n i f i c a n t l y  

changed 
Not apprec iab ly  changed 
Increased above l o c k  
and dam and decreased 
f u r t h e r  upstream 

Decreased above l ock  
and dam and increased 
f u r t h e r  upstream 

S im l l a r  t o  r i v e r  
surface area change 

Increased 
Degradation immediately 

below lock  and dam and 
aggradat i on 
immediately above 

Sediment depos i t ion  

water fowl  wh i l e  reducing dry  land f u r -  constant  s t a t e  o f  change, p r o v i d i n g  poor 
bearers and upland game b i r d s  (Lubi nsk i  substrate f o r  aquat ic  organi  sms. With 
e t  a l .  1981). lower stages dur ing  low f lows,  increased 

drainage from adjacent a g r i c u l t u r a l  1  and 
R ive r  t r a i n i n g  s t ruc tures  o f  many can occur and may increase movement o f  

k inds  were b u i l t  t o  increase water f l ow  n u t r i e n t s  and pes t i c i des  i n t o  the water- 
and scour t he  main channel t o  c o n s t r i c t  way. Nu t r i en ts ,  however, du r i ng  f l ood ing  
t h e  r i v e r  by supplant ing the  na tu ra l  mean- may be used by f l o o d p l a i n  vegetat ion as 
d e r i n g  process (Schnick e t  a l .  1982). the  r i v e r  enters low- ly ing  areas. L i g h t  
Yorke (1978) described t h e i r  e f f e c t s  re-  t ransmission may decrease i n  the  main 
l a t e d  t o  c e r t a i n  phys ica l  and chemical channel bu t  increase behind t h e  s t ruc tures  
c h a r a c t e r i s t i c s .  Channels are deepened as cu r ren t  and capac i ty  t o  c a r r y  sediment 
and c o n s t r i c t e d  w h i l e  sedimentat ion ac- drop. Because o f  a  reduct ion  i n  channel 
crues i n  s lack  water near the  s t ruc tures .  conveyance, overbank f 1  oodi ng and storage 
R ive r  stages are thus lower dur ing  low of water i n  the f l o o d p l a i n  extend f l o o d  
f l ows  because the  center  o f  t h e  channel d u ~ a t i o n  and reduce peak downstream d is -  
i s  degraded and are  h igher  dur ing  f loods  charges. The ne t  r e s u l t  i s  lower peak 
because the  conveyance capac i ty  i s  flows, h igher median f lows, and lower low 
reduced. Sediment accumulation over t he  flows downstream from the  c o n t r o l l e d  
years  reduces the  s i ze  o f  t he  channel. sec t ion  o f  the  r i v e r .  Simons e t  a l .  
Suspended s o l i d s  a re  reduced a t  down- (1981b) i nd i ca ted  t h a t  t h e  average w id th  
stream p o i n t s  wh i l e  bed ma te r i a l ,  which of t h e  r i v e r  as a  whole has been halved, 
i s  c o n t i n u a l l y  be ing  scoured, i s  i n  a s i m i l a r  t o  the  f i nd ings  g iven by Funk 
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and Robinson (1974) f o r  t h e  Missour i  
River. A t  Pool 19, however, a  wider  
r i v e r  was created due t o  t h e  e x t e n t  of 
t he  dam and subsequent r i s e  i n  water from 
impounding. 

Wing and c los ing  dams can cause chem- 
i c a l  changes i n  t h e  r i v e r  when f lows are 
reduced i n  r i v e r  lakes o r  s i de  channels. 
Organic ma te r i a l s  may c o l l e c t  i n  them w i t h  
r e s u l t a n t  h igh  oxygen demands a t  n i g h t  
when photosynthesis o f  macrophytes and 
algae cannot o f f se t  them. Reduced oxygen 
a t  n i g h t  can become c r i t i c a l  o r  predispose 
f i s h  t o  disease. Toxic ma te r i a l s  may ac- 
cumulate as we1 1. 

Other b i o l o g i c a l  e f f e c t s  may be dev- 
a s t a t i n g  t o  the  r i v e r  as a  whole s ince 
these product ive  backwater areas are  ener- 
gy resource areas he lp ing  t o  d r i v e  the  
t o t a l  b i o l o g i c a l  system o f  the r i v e r  
(Lubinski  e t  a l .  1981). Some b e n e f i c i a l  
e f f e c t s  o f  wing and c l o s i n g  dams r e s u l t  
from t h e  a d d i t i o n  o f  subs t ra te  and subse- 
quent benth ic  d i v e r s i t y ,  a t  l e a s t  as long 
as they e x i s t .  S t ruc tures  no t  covered 
w i t h  sediment p rov ide  per iphy ton ( i f  wi th -  
i n  t he  euphotic zone) and together  w i t h  
c o l l e c t e d  d e t r i t u s  a t t r a c t  c e r t a i  n  f i s h  
species and may prov ide  some w i t h  w i n t e r  
cover. However, o ther  species (e. g. , 
suckers and padd le f ish)  r e q u i r i n g  main 
channel o r  main channel border h a b i t a t s  
may be reduced o r  e l im inated when grave l  
bars are eleminated f o r  spawning. 

Bank s t a b i l i z a t i o n  using revetments 
and bulkheads may a f f e c t  c e r t a i n  phys i ca l  
and chemical c h a r a c t e r i s t i c s .  Yorke 
(1978) descr ibed these as fo l lows.  Con- 
s t r i c t i n g  t h e  channel w i t h  s t a b i  1 i z i n g  
s t ruc tu res  r e s u l t s  i n  reduced v a r i a b i  1  i t y  
o f  water depth and a  l ess  va r i ab le  habi- 
t a t .  The reduct ion  o f  t h e  t o t a l  edge i s  a  
major c o n t r i b u t i o n  t o  a  reduct ion  i n  the  
d i v e r s i t y  o f  r i v e r i n e  fauna. Removal o f  
shore1 i ne vegeta t ion  o f t e n  occurs so t h a t  
there  i s  increased s o l a r  r a d i a t i o n  and a  
r i s e  i n  water temperature. Bank s t a b i  1  i- 
z a t i o n  does reduce long-term suspended 
sediment discharqe and sedimentat ion 
problems from bank erosion. But s ince 
energy l o s s  from meandering i s  reduced, 
g reater  downcutt ing occurs, thus 
increas ing  bedload and reducing s u i t a b l e  
substrate f o r  organisms. Because much 
energy comes from streambank and 

f 1 oodpla in vegetat ion, t h e i r  removal re -  
duces a  v i t a l  energy source. L i g h t  t rans-  
miss ion may be increased because bank 
eros ion  and t u r b i d i t y  r e s u l t i n g  from i t  
are reduced. Lubinski  e t  a l .  (1981) noted 
s i m i l a r  e f f e c t s  o f  revetments. 

Flood p r o t e c t i o n  levees cons i s t  o f  
e a r t h  embankments o r  concrete wa l l s  pa ra l -  
l e l  t o  t h e  r i v e r  so t h a t  f l o o d  waters a re  
conf ined t o  a  narrow area o f  the  na tu ra l  
f l oodp la in .  Yorke (1978) gave, i n  general 
terms, t he  impacts levees have on se lec ted 
phys ica l  and chemical cha rac te r i s t i cs .  
Levees, whi 1  e  p r o t e c t i n g  c e r t a i n  areas 
from f 1  oodi ng , reduce the  f 1  ood conveyance 
and storage capac i ty  o f  t h e  f l oodp la in ,  
thus increas ing  f l o o d  stages, causing 
scouring, and c r e a t i n g  a  deeper channel. 
A t  t he  same t ime, con ta in ing  f l o o d  d i s -  
charges may cause streambank eros ion  and 
widening o f  t h e  channel. Levees near t h e  
channel requ i re  overs tory  vegeta t ion  
removal, thus a1 1 owing a  greater  d iu rna l  
temperature f l u c t u a t i o n ;  however, those 
levees s e t  back from the  channel do n o t  
a f f e c t  temperature. Erosion o f  levees 
d u r i  ng f 1  oods may i ncrease temporary 
sediment discharge, causing l o c a l  sedimen- 
t a t i o n  problems. Though 1  evees have 
1 i t t l e  d i r e c t  e f f e c t  on bed ma te r i a l ,  
t o t a l  d isso lved so l  i d s  may increase below 
levee p r o j e c t s  because the  areas o f  f lood-  
p l a i n  and vegeta t ion  a v a i l a b l e  f o r  
a s s i m i l a t i n g  d isso lved substances usual l y  
are severely reduced. More c r u c i a l  a re  
the  e f f e c t s  on the pro tec ted land by 
a g r i c u l t u r a l  , r e s i d e n t i a l ,  and i n d u s t r i a l  
users s ince increased amounts o f  n u t r i e n t s  
and p o l l u t a n t s  may be re leased i n t o  t h e  
r i v e r  when r i v e r  stages a re  low, e i t h e r  
by seepage o r  d i r e c t  runo f f .  T o x i c i t y  
o r  de f i c i enc ies  o f  oxygen may r e s u l t ,  
thus adversely a f f e c t i n g  aquat ic  
organisms. L i g h t  tramsmi ss ion may be 
reduced as more sediment i s  t ranspor ted  
by increased v e l o c i t i e s .  Flood waters 
are t ransmi t t ed  downstream f a s t e r  because 
of decreased f 1 oodpl a i  n  storage capac i ty  
and increased f 1 ood peaks, thus decreasing 
f l o o d  du ra t i on  a t  downstream po in ts .  
Though f l o o d  stages are  h igher now than 
i n  t he  past ,  f l o o d  p r o t e c t i o n  by levees 
prevents f l o o d  damage i n  Pools 19 and 20 
whenever t h e  bank-fu l  1 stage i s  exceeded. 
Before t h e  levees were b u i l t ,  f l o o d  damage 
resu l ted  whenever the  r i v e r  exceeded t h a t  
stage. 



Water l e v e l  regu la t i on  t o  maintain channel t o  shoreward areas, i nc lud ing  pro- 
s u f f i c i e n t  depth f o r  navigat ion even a t  duc t ive  s ide channel s. Main channel s re- 
low f lows has b i o l o g i c a l  consequences. covered t h e i r  na tura l  l e v e l s  15-155 m i  n 
Lubinski  e t  a l .  (1981) noted t h a t  opera- a f t e r  tow passage (see Section 4.2.1). 
t i o n a l  drawdowns concern both the  upstream 
(from a dam) e f f e c t s  o f  decreasing water P o l l u t i o n  problems due t o  barge t r a f -  
l e v e l s  and downstream e f f e c t s  o f  increas- f i c  have al ready been discussed i n  the 
i n g  water leve ls .  F i sh  may become strand- P o l l u t i o n  sec t ion  (4.2.2). I n  add i t ion ,  
ed i n  pools i s o l a t e d  from the main channel however, f u e l  and o i l  leakages may occur 
when there  i s  a sudden and d r a s t i c  lower- near marinas, docks, o r  f u e l i n g  areas 
i n g  o f  water leve ls .  Winter drawdowns (Bhowmik e t  a l .  1980). O i l  leaks from 
lead  t o  oxygen dep le t ion  and f i s h  k i l l s  coo l ing  systems and contaminants from 
and greater  e f f e c t s  on game than nongame pleasure boat motor exhaust are  present, 
species. F luc tua t i ng  water l eve l s  prevent depending on the amount o f  t r a f f i c .  The 
many bottom-dwel 1 i ng organisms from estab- more the  t r a f f  i c y  the greater  the poten- 
1 i s h i n g  v iab le  populat ions. t i a l  f o r  accidents. 

GREAT I1  (1980g) noted t h a t  e i t h e r  There has been much recent  a t t e n t i o n  
adverse o r  favorable e f f e c t s  on b i o t a  were given t o  w in te r  navigation. Cur rent ly  
poss ib le  when drawdowns o r  f l uc tua t i ons  there i s  l i t t l e  nav igat ion  above the con- 
occurred. Among the adverse e f f e c t s  were f luence o f  the  I l l i n o i s  and M iss i ss ipp i  
disturbances o f  spawning, nesting, feed- Rivers. The mean number o f  days w i t h  min- 
ing ,  migra t ion ,  and other periods i n  the  imum temperatures o f  32 OF and below i s  
l i f e  cycles o f  f i s h .  W i l d l i f e  and p lan ts  120 days (17 weeks) a t  Keokuk (USACE 
cou ld  be adversely a f fec ted  due t o  inunda- 1973), and the  i c e  i s  usable i n  February. 
t i o n  o r  d ry ing  o f  hab i ta t s  used f o r  nest- I c e  condi t ions make f o r  more d i f f i c u l t  
ing ,  food product ion,  o r  cover. I n  handl ing o f  barges. Problems associated 
con t ras t  are the  b e n e f i c i a l  impacts o f  w i t h  w in ter  navigat ion may a l so  a f f e c t  
con t ro l  1 i n g  vegetat ive growth, p rov id ing  w in te r  commercial f i sh ing .  I f  the i c e  i s  
f i s h  w i t h  access t o  spawning areas dur ing  broken, there  could be loss  o f  f i s h i n g  
appropr ia te  times, 1 i m i  t i n g  access o f  equipment and add i t i ona l  hazards caused by 
predators t o  prey, and maximizing l i t t o r a l  open water and f l ow ing  i ce ,  which produce 
zone p r o d u c t i v i t y .  The key t o  balancing unsafe she l f  i c e  cond i t ions  (USACE 1973). 
adverse and favorable e f f e c t s  i s  t o  decide Addi t ional  considerat ions are the  hazards 
what organisms s p e c i f i c a l l y  are t o  be man- o f  f l u c t u a t i n g  water l e v e l s  and the dan- 
aged and t o  understand what possib le det- gers encountered by people crossing chan- 
r imenta l  e f f e c t s  there  would be ( d i r e c t l y  nels t o  get  t o  f i s h i n g  o r  hunt ing areas. 
o r  i n d i r e c t l y )  on those not  managed. Commercial fishermen interv iewed by 

ERT/Ecology Consultants , Inc.  (1979a), 
Adverse e f f e c t s  o f  boat  t r a f f i c  are ind ica ted both  adverse and b e n e f i c i a l  e f -  

due no t  on ly  t o  recreat iona l  boats b u t  f ec ts  o f  w in te r  navigat ion.  Among the 
a l s o  t o  barges. Waves, drawdawn e f fec ts ,  adverse e f f e c t s  were reduced access t o  
and e f f e c t s  r e l a t e d  t o  pressure and veloc- f i s h i n g  grounds, damage t o  f i s h i n g  equip- 
i t y  changes have been examined by Schnick ment and there fore  loss  of f i s h i n g  oppor- 
eC 31. (1982). The Environmental Work t u n i  ti es and money. Benef i c i  a1 e f f e c t s  
Team summarized the major impacts o f  barge inc luded d r i v i n g  f i s h  from the main chan- 
t r a f f i c  i n  the  Upper M iss i ss ipp i  River  nel  t o  increase catch success. No w in te r  
(Table 55). While t h e  magnitude o f  these f i s h i n g  was reported i n  Pool 20, b u t  i n  
e f f e c t s  on the  b i o t a  has no t  been deter-  Pool 19 w in ter  catches make up a substan- 
mined, Lubinski  e t  a l .  (1981) be l ieved t i a l  p o r t i o n  o f  the  annual income. L i t t l e  
t h a t  barge t r a f f i c  s i g n i f i c a n t l y  c o n t r i  b- impact was perceived by those interv iewed 
u tes  t o  increased l e v e l s  o f  t u r b i d i t y  and on f i s h  o r  w i l d l i f e  i n  general. 
resuspension. Johnson (1976a) i nd i ca ted  
t h a t  a s t a t i s t i c a l l y  s i g n i f i c a n t  great-  Cer ta in l y  more data are needed con- 
e r  amount o f  suspended sediment and t u r -  cerning e f f e c t s  o f  w in te r  navigation. 
b i d i t y  were caused by barge t r a f f i c  dur ing  Peterson (1983) attempted t o  determine 
normal pool  cond i t ions  and t h a t  there was w in te r  species composition i n  Pool 18 o f  
l a t e r a l  movement o f  ma te r ia l  from the main the  Miss iss ipp i  River  b u t  t h e  task  was 
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Table 55. Major impacts of barge t r a f f i c  r e l a t e d  t o  var ious r i v e r i n e  
components CUMRBC Envi ronmental Work Team 1981). 

Component Source o f  impact 

T e r r e s t r i a l  vegeta t ion  
and h a b i t a t  

Aquatic h a b i t a t  

Aquatic vege ta t i on  

Plankton 

Benthos 

F ish  

B i rds  

Furbearers 

Bank eros ion  and runup 

Total  e f f e c t  o f  the fo l lowing 
f a c t o r s :  a1 te red  water v e l o c i t i e s ,  
d i r e c t i o n s ,  and l eve l s ;  increased 
concentrat ions o f  suspended so l i ds ;  
h igh  t u r b i d i t y  and sediment ra tes ;  
and increased wave ac t ion .  

Water qual i t y  degradation; water 
l e v e l  changes; increased t u r b i d i t y  
and sedimentat ion. 

Increased sedimentation, t u r b i d 1  t y ,  
and resuspended sol  ids .  

Increased v e l o c i t y  and turbulence;  
scour ing a c t i o n  causing dislodgment; 
b u r i  a1 by resuspended bottom 
sediments; species dens i t y  and 
d i v e r s i t y  a1 tered; increased draw- 
down. 

Changes i n  popu la t ion  o f  food 
organi  sms; increased suspended sol  i d s  
and associated t u r b i d i t y  and sedimen- 
t a t i o n  t h a t  i n t e r f e r e  w i t h  physio- 
l o g i c a l  func t ions  and behavior; 
r educ t i on  i n  spawning h a b i t a t ;  d i r e c t  
damage from barge p rope l l e rs  and 
h u l l  s; water l e v e l  f l u c t u a t i o n s .  

Accelerated degradation o f  aquat ic  
h a b i t a t s  r e s u l t i n g  i n  reduc t i on  of 
food sources and nes t i ng  and r e s t i n g  
areas; accumulative e f f e c t s  o f  wave 
wash, sediment resuspension, bank 
erosion,  and general degradation of 
water qual i t y .  

Water l eve l  f l u c t u a t i o n s ;  loss  of 
denning areas due t o  bank erosion;  
loss  o f  vegetat ion and cover. 



d i f f i c u l t  because ground t r u t h i  ng 
hydroacoustic gear was n o t  feas ib le .  A 
p lan  f o r  f u r t h e r  s tudy was inc luded i n  her  
repo r t .  Ashton (1974) d i d  examine i c e  
management problems a t  Pool 19 and po in ted  
o u t  t h a t  most i c e  product ion  occurs dur ing  
a  small  f r a c t i o n  o f  t he  i c e  cover per iod.  
Thus, removing i c e  from the  channel by 
us ing  spec ia l  c u t t e r  barges should permi t  
nav iga t i on  dur ing  most o f  t he  season. 
Add i t i ona l  i c e  produced from continued 
c u t t i n g  and c l e a r i n g  was found t o  be on l y  
a  small  p a r t  o f  the  t o t a l  i c e  product ion,  
so t h a t  w in ter t ime nav iga t ion  was no t  
thought t o  be s  i gn i  f i cant i n  i ncreas i ng 
na tu ra l  i c e  jamming. However, i t  could be 
theo r i zed  t h a t  i c e  broken by a  tow cou ld  
be fo rced  l a t e r a l l y  from the  channel t o  
even tua l l y  form an i c e  wa l l  on e i t h e r  s ide  
o f  t h e  channel. Such damming from surface 
i c e  t o  r i v e r  bottom might c rea te  more se- 
vere jamming than w i thout  nav iga t ion .  

Another recent  concern i s  barge 
f l e e t i n g ;  i . e . ,  barge shipping companies 
s to re  loaded o r  empty barges along the  
nav iga t i on  channel. Permi t s  from the U. S. 
Army Corps o f  Engineers and some States 
are required,  bu t  " h i s t o r i c a l "  f l e e t i n g  
areas a re  exempted. Environmental impacts 
i n  such areas have n o t  been w e l l  document- 
ed, b u t  damage t o  t i e -up  t rees  has been 
noted: s t r i pped  bark  eventua l ly  causes 
the  death o f  t he  t ree .  Because c e r t a i n  
b i r d s  r o o s t  i n  t i e - u p  t rees,  t y i n g  up t o  
such t r e e s  should be stopped. Cer ta in l y ,  
prop wash and wakes generated by boats may 
wel l  make bottom areas unsu i tab le  f o r  
main ta in ing  s tab le  communities. Barges 
t h a t  may break away from t h e i r  moorings 
are p a t e n t i  a1 l y  hazardous t o  aquat ic  com- 
muni t ies,  espec ia l l y  i f  they break and 
sp i  11 t h e i r  contents. A1 1  approved f 1 eet-  
i n g  areas should have strong, human-made 
mooring devices t o  minimize damage to 
shore- l ine  areas and associated aquat ic  
communities. To reduce impacts on the  
b i o t a ,  t he re  i s  a  d e f i n i t e  need t o  b e t t e r  
regu la te  areas used f o r  f l e e t i n g .  

4.3-2 Dredging 

The r i v e r  channel i s  sometimes 
dredged t o  enhance navigat ion,  espec ia l l y  
du r i ng  per iods  o f  low water. Several 
l oca t i ons  i n  Pools 19 and 20 requ i re  
dredging as a  r e s u l t  o f  sedimentation. 
Maintenance dredging has decl  i ned steadi  l y  

i n  Pool 19 from about 182,000 tons i n  1938 
t o  an average o f  about 65,000 tons i n  the 
1970's bu t  has increased i n  Pool 20 from 
about 52,000 tons i n  1938 t o  an average o f  
about 111,000 tons i n  t he  1970's (USACE 
1974a). Severe f l o o d i n g  b r i ngs  i n  vas t  
amounts of sediment, and i t appears t h a t  
considerable sediment i n  both pools comes 
from upstream (see Sect ion 4.2.1). Prob- 
lem areas r e q u i r i n g  repeated dredging i n  
recent  years i n  Pool 19 are loca ted a t  
RM 406, 404, and 398 and i n  Pool 20 a t  
RM 355, 351 and 349. 

Yorke (1978) l i s t e d  impacts o f  chan- 
nel  enlargement and dredging on selected 
phys ica l  and chemical c h a r a c t e r i s t i c s  o f  
small r i v e r s .  Channel deepening leads t o  
more un i fo rmi  t y ,  thus e l i m i n a t i n g  pools 
and r i f f l e s .  Deepened channels and lower 
f 1  ows dur ing  d ry  per iods promote drainage 
o f  adjacent 1  ow-1 y i ng wetlands. Concur- 
r e n t l y ,  a  more uni form sur face area re-  
su l  t s  and dredged s p o i l  p laced along the  
e x i s t i n g  channel reduces the  ava i l ab le  
f l oodp la in .  Bed mater ia l  i s  d is tu rbed 
dur ing  both spoi 1  removal and deposi t ion.  
Streamside vegeta t ion  may be a l t e r e d  e i -  
t h e r  d i r e c t l y  o r  i n d i r e c t l y  by dredging, 
and sediment 1  oads r e s u l t i n g  from dredging 
may re lease c e r t a i n  n u t r i e n t s .  L i g h t  
t ransmission i s reduced du r ing  the  ac tua l  
dredging but  may a l so  be reduced over a  
long pe r iod  as the  s p o i l s  are eroded from 
t h e i r  p lace o f  deposi t .  While re lease of 
p o l  1 uted mater i  a1 s  can r e s u l t  from dredg- 
i ng ,  adverse e f f e c t s  appear t o  be s i t e  
s p e c i f i c  and dependent on t h e  ma te r i a l s  
deposited. 

Lubinski  e t  a l .  (1981) reported t h a t  
dredging and s p o i l  disposal c rea te  adverse 
impacts on the  aquat ic  b i o t a  through habi-  
t a t  des t ruc t i on ,  physical  damage and b u r i -  
a l  o f  benth ic  organi sms , increased 
exposure t o  t o x i c  contaminants, and d i s -  
solved oxygen st ress.  Oxygen s t ress  i s  
caused by add i t i ona l  oxygen demand created 
by resuspended sediment and by the  lower- 
i n g  o f  photosynthet ic  ra tes  t h a t  r e s u l t  
from increased t u r b i d i t y .  GREAT I and I1 
determined t h a t  the  most des t ruc t i ve  i m -  
pacts on the  Upper Mi 'ssissippi River  are 
h a b i t a t  des t ruc t i on  from disposal  o f  
spoi 1  s  and movement o f  these mater i  a1 s 
i n t o  r i v e r  lakes and ponds o r  s ide  chan- 
nels,  perhaps even b lock ing  f l ow  i n t o  
them. Thus, oxygen and removal o f  wastes 



are o f ten  reduced whi 1  e  sedimentat ion 
i ncreases. Thompson and Landin (1978) 
s ta ted  t h a t  no c o l o n i a l  nes t i ng  b i r d s  were 
loca ted on dredged s i t e s  due t o  h igh  rec- 
r e a t i o n a l  use (camping, p i cn i ck ing ,  etc.  ) 
o f  dredged m a t e r i a l  and t h a t  on l y  e a r l y  
successional stages o f  vegeta t ion  were 
present. The death o f  nearby t rees  from 
dredged mater i  a1 s  cou ld  reduce screening 
and p r o t e c t i o n  from the  wind, perhaps 
f o r c i n g  co lon ies  t o  move. 

Robinson (1970) determined the  
b e n e f i c i a l  and det r imenta l  e f f e c t s  o f  
in-stream d i sposa l  . He evaluated present  
dredge s p o i l  s i t e s  t o  assess c u r r e n t  prac- 
t i c e s  as they  r e l a t e d  t o  a  proposed 1 2 - f t  
channel p r o j e c t  f o r  t h e  M iss i ss ipp i  River. 
He s ta ted  these s p o i l s  are harmful when 
they cause f i l l i n g  i n  o f  chutes and s ide  
channels o r  when they are  p laced 

- i n  o r  near i n l e t s  o r  o u t l e t s  
between t h e  r i v e r  proper and sloughs 
and backwaters 
-on submerged wing dams and c l o s i n g  
s t ruc tu res  
- a t  upstream ends o f  i s l ands  t o  be 
washed downstream again 
-so t h a t  they cover aquat ic  
vegeta t ion  
-w i thou t  due cons idera t ion  f o r  estab- 
l i s h e d  o r  contemplated p u b l i c  use 
areas. 

He inc luded maps of the  r i v e r  showing 
s p e c i f i c  recommended l oca t i ons  f o r  spoi 1  
s i t e s .  He recommended f u t u r e  d isposal  
s i t e s  and uses of dredge spoi 1, i n c l u d i n g  

placement on i s l a n d s  having low t imber  
o r  w i l d l i f e  value;  c r e a t i n g  sand i s l ands  
i n  the  lower ends o f  some pools; making 
beaches a t  S ta te ,  county, o r  munic ipal  
p roper t ies ;  fi 11 i ng pa rk ing  areas; c rea t -  
i n g  dikes i n  l a r g e  shal low areas f o r  wa- 
t e r f o w l  and furbearers;  and f i l l i n g  i n  
lowland areas w i t h  l i t t l e  w i l d l i f e  value 
and adjacent t o  communities needing l and  
f o r  i n d u s t r i a l  expansion o r  o ther  uses. 
Robinson emphasized t h a t  var ious groups 
(e. g. , Sta te  and Federal conservat ion 
agencies, mun ic ipa l  o f f i c i a l s )  should meet 
t o  p lan  the  b e s t  use f o r  s p o i l  placement 
be fore  it needs t o  be done. 

GREAT ( 1 9 8 0 ~ )  r e i n f o r c e d  these p o i n t s  
o f  view i n  deve lop ing  channel maintenance 
p lans  t o  coo rd ina te  e f f o r t s  concerning 
dredge spoi 1  placement. I n  add i t i on ,  
s p e c i f i c  s i t e  l oca t i ons ,  s i t e  shaping, 
and vegetat ion cons idera t ions  were out -  
l i n e d .  Over 750 disposal  s i t e s  i n  Pools 
11 t o  22 (59 and 37 s i t e s ,  respec t i ve l y  
f o r  Pools 19 and 20) were reviewed and 
evaluated f o r  h a b i t a t  types, as w e l l  
as f o r  acceptable a1 t e r n a t i  ve d isposal  
p lans,  m i t i g a t i o n ,  and s tockp i l i ng .  
S t o c k p i l i n g  would cause Pool 19 t o  s u f f e r  
g reater  l oss  i n  h a b i t a t  u n i t s  than Pool 
20, bu t  w i thou t  s t o c k p i l i n g  Pool 20 would 
l ose  more h a b i t a t  u n i t s  than Pool 19. 
Revegetat ion and i nco rpo ra t i on  o f  organic 
mat te r  i n  s i t e s  n o t  s tockp i l ed  would 
he lp  compensate f o r  h a b i t a t  u n i t  losses, 
b u t  placement o f  any s o l i d  waste i n  
t he  f l o o d p l a i n  i s  c u r r e n t l y  s t r i c t l y  
p roh ib i t ed .  
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