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PREFACE 

This repor-t i s  one of a  s e r i e s  of presented in  t h i s  r e p o r t  t o  suggest  the  
U. S .  f i s h  and Wild1 i f e  Ser-bite commurlity scope of da t a  needed in f u t u r e  s t u d i e s  i f  
p r o f i l e s  syn thes i z ing  t h e  a v a i l a b l e  we a r e  t o  b e t t e r  c l a r i f y  eco logica l  
information f o r  s e l e c t e d  ecobystems. This r e ld t i onsh ips .  
p r o f i l e  focuses on t h e  Poo i 11 t o  13 reach 
of t he  Upper Miss i ss ipp i  River. This 
93-mi por t ion  of Idrye,  complex rivet- 
system inc ludes  a  matr ix of hab i t a t  types  
ranqi n y  from f  loodpla? I; f o r e s t  t o  t h e  
s tandinq waters  of backwater l d k ~ s  t o  t he  
runn i rlcj wdters of ., I d e  :-l>dririe 1 s  and t he  
r i v e r ' s  iliain rharirlt~i 

lfle por?.ion uf r i v e r  corisidereci i n  
t h i s  ;rt301'i1e 1 ips wit.ilitr ! / a r g t ? s t  
c;orltin~~ous Federai ref iiyc in "iw Mitiwest. 
Howevt.r, i 11 adcii t. i oii 1.0 i)r'ov i d i  ily a 
i i ~ i t r j b i e  na tura l  !~a!,it.at for. t h e  r i v e r  
b i o t . d ,  t.Iiis r ivet .  ~~yi,t.c1fc i l a i  a varsiety of 
o the r  usc3s. Ttwst. iilc l ~ t d e  t he  use of tlie 
r ivt?r  f o r  m u n i c .  i i)al ' i t- . ies,  i r l d ~ r s l r y ,  
comnier-cia! nav iga t i on ,  comoi~rciai l i s t?  i I I I ~ ,  
s p o r t  t i  shing,  i t  r ~ c r ~ a t i c r ~ a  I 
boat i  fig, and cam!) i n r j .  Ti ic>s i \  i;sr.s of t en  
a  I t e r  the. envi r.or!r;iclii:,, i i f  Fer:L-iny ot.iier 
uses ,  ;inti may put  p a r t . i c ~ ! l a r  s l i~e s s  or; the  
h a b i t a t s  o f  t.he r . i i i r t X  biot:,a. 

k cons idera t ion  of t he  Poo: II t o  13 
r i v e r  reach as a whole r evea l s  major gaps 
in our. p r e sen t  knowledge of i t s  st.r.ucture 
and funct-ion. Previous s t u d i e s  have 
usua l ly  focused on p a r t i c u l a r  taxa o r  
h a b i t a t s ,  and few i nvest.i gat-i ons have 
viewed the  r i v e r  a s  an i n t e r a c t i n g  
ecosystem. A schematic ecosystem model i s  

This community p r o f i l e  w i l l  focus on 
a  p a r t i c u l a r  sect ior i  of a  l a rge  r i v e r ,  
r a t h e r  than a t tempt  e i t h e r  t o  d i scuss  
l a rge  r i v e r  ecosystems i n  genera l ,  o r  t o  
t r e a t  comprehensively t h e  e n t i r e  Upper 
Miss i ss ipp i  River.  The information wil l 
be reviewed f o r  var ious  b i o t i c  groups trow 
typ i ca l  r i v e r  h a b i t a t s  wi th in  t h i s  93-mi 
r tdch .  The pauc i ty  o f  r e l evan t  da t a  
avai  l  abl e  f o r  some cvmponents i s  ref  1 ec ted  
i n  t he  b r ev i t y  of some sect.l:ons of Lhis 
l q o r t .  I t .  i s  hoped t h a t  f u tu r e  s tudies  
w i l l  go beyoiid tthe pe r iod i c  mor?itorii~g of 
resources  and fociis o n  ecosystem 
funct ioni!?y.  

Although not inteiided pr imari ly  a s  a 
~~anagement  document, ttli s  community 
prof i ! e  should be useful  t o  environnental 
pl ann i rig groups and ecosystem managers, as 
we:? a s  s tudents  and profess iona l  r i v e r  
eco! oyi s t s .  

Comments about or  reques t s  f o r  t h i s  
~ ~ u b l i c a z i o n  shouId be d i r ec t ed  t o  t he  
to1 lowing: 

Information Transfer  S p e c i a l i s t  
National Wet1 ands Research Center 
U.S.  Fish and Wi ld l i f e  Service 
1010 Gause Boulevard 
S l d d e l l .  Louisiana 70458 
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COMVERSllORl TABLE 

Metric to  U.S. Customary 

mill imeters (mm) 
centimeters (cm) 
meters (m) 
meters (m) 
kilometers (km) 
ki 1 ometers (km) 

square meters (m2) 10.76 
square kilometers (km2) 0.3861 
hectares (ha) 2.471 

l i t e r s  ( 1 )  
cubic meters (m3) 
cubic meters (m3) 

milligrams (mg) 
grams (g )  
ki 1 ograms (kg) 
metric tons ( t )  
metric tons ( t )  

k i localar ies  (kca l )  3.968 
Celsius degrees ('C) 1.8(*C) + 32 

U.S. Customary t o  Met* 

inches 25.40 
inches 2.54 
f e e t  ( f t )  0.3048 
fathoms 1.829 
s t a t u t e  miles (mi) 1.609 
nautical  miles (nmi) 1.852 

square f e e t  ( f t 2 )  
square miles (mi2) 
acres 

gal Ions (gal ) 
cubic f e e t  ( f t 3 )  
acre- f e e t  

ounces (02) 
ounces (oz)  
pounds ( l b )  
pounds ( l b )  
snorr tons ( ton)  

Br i t i sh  thermal uni ts  (Btu) 0.2520 
Fahrenheit degrees (OF) 0.5556(OF - 32) 

X 

To Obtain 

i nches 
inches 
f e e t  
fathoms 
s t a t u t e  miles 
nautical  miles 

square f e e t  
square miles 
acres  

gal 1 ons 
cubic f e e t  
acre-fee t  

ounces 
ounces 
pounds 
pounds 
shor t  tons 

Br i t i sh  thermal units  
Fahrenheit degrees 

mill imeters 
centimeters 
meters 
meters 
kilometers 
kilometers 

square meters 
square kilometers 
hectares 

1 i t e r s  
cubic meters 
cubic meters 

milligrams 
grams 
ki t ograms 
metric tons 
metrlc tons 

k i localor ies  
Celsius degrees 
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CHAPTER 1. MliSTQRIGAL DEVELOPMENT 

CLAYTON 

T h i s  p r o f i l e  f o c u s e s  on a  93-mi reach CoUH" W! SCOMSIN 
of t h e  Upper M i s s i s s i p p i  River  t h a t  
i n c l u d e s  Navigat ion Pools  11, 1 2 ,  and 13  
( F i g u r e  1 ) .  T h i s  r each  ex tends  from 'z G R d N T  COUNTY 

- \ .  Dubuque, IA, and E a s t  Dubuque, WI, on t h e  \ -  

nor th  t o  C l i n t o n ,  IA, and FulLon, I t ,  on 
t h e  s o u t h .  I t  forms t h e  e a s t e r n  borde r  of 
f o u r  Iowa c o u n t i e s  and t h e  wes te rn  borde r  
of one county  i n  \discoris i n  and two i n  
I l l i n o i s .  

There a r e  27 lock and dam systems on D U B U Q U E  C O U W T Y  

t h e  upper M i s s i s s  ippi  , e x t e n d i n g  from Lock &OCL o DAW 10.11 

and Dam itlumber 1 a t  Minneapo'l S s ,  MN, t o  
Number 27 a t  S t .  Louis ,  MO. Each lock  and 
dam system c r e a t e s  a pool ; t h u s ,  Pools  11 
t o  13 were c r e a t e d  by t h e  c o n s t r u c t i o n  of 
Locks and Dams 11, 1 2 ,  and 13.  While 
locks  and dams a r e  numbered from n o r t h  t o  
s o u t h ,  r i v e r  mi les  (RM) a r e  numbered from 
t h e  conf1t.ience of t h e  Ohio Rive r  upstream 
t o  Minneapol is .  Hence, t h e  r i v e r  mi les  
f o r  t h e  Pools  11 t o  l 3  a r e a  a r e  numbered JO DAVIESS 

frorn R M  522 .5  on t h e  s o u t h  end of Pool 13 
t o  R M  ' 615 .1  on t h e  nor th  end of Pool XI. 

This  s e c t i o n  of t h e  r i v e r  l i e s  w i t h i n  
t h e  l a r g e s t .  contiriuous Federal  wi l d l  j f e  JACKSON CouNir 
~ e f u g e  i n  t h e  Midwest: t h e  Upper Njssis- 
s i p p i  River Wild1 i f e  and F i sh  Refuge. The 
a r e a  i s  a  p o r t i o n  of a  l a r g e ,  complex 
r i v e r  system t h a t  c o n t a i n s  many h a b i t a t  
t y p e s ,  r ang ing  from f ioodpfa i i i  f o r e s t  t o  --. . 
t h e  s t a n d i n g  w a t e r s  of backwater l a k e s  to 
t h e  running w a t e r s  of s i d e  channe l s  aina' 

0 3 t h e  r s v e r ' s  main channe l .  1 2 5  

SCALE IRI MILES 

I n  a d d i t i o n  t o  p rov id ing  h a b i t a t  f o r  C L I H T O H  C O U N T Y  

i t s  b i o t a ,  t h e  r i v e r  has  many o t h e r  u s e s ,  
inc lud ing  municipal  and l ' n d u s t r i a l  wa te r  

LOCCI (L D A M  W 

zu;p?!ez, cnmmercia! navigation? com- 
mercia l  and s p o r t  f i s h i n g ,  hun t ing ,  
r e c r e a t i o n a l  b o a t i n g ,  and camping. These Figure 1. T5e Pool 11 t o  13  reach of t h e  
uses  r e s u l t  i n  environmental  a l l . e r a t  ions Upi>@>' M i s s i s s i p p i  R i v e r .  



t h a t  can a f f e c t  o the r  users  and may a l s o  
s t r e s s  t h e  h a b i t a t s  of community b io t a .  

Considerat ion of t he  e n t i r e  Pool 11 
t o  13 reach r evea l s  major gaps i n  t h e  
p r e sen t  knowledge of i t s  s t r u c t u r e  and 
func t ion .  Most previous s t u d i e s  have 
focused on p a r t i c u l a r  taxa o r  h a b i t a t s ;  
few have viewed the  r i v e r  a s  an 
i n t e r a c t i n g  ecosystem. 

1.2 GEOLOGICAL HISTORY 

From i t s  source i n  a densely timbered 
region near  t h e  geographical c en t e r  o f  
t he  North American c o n t i n e n t ,  t he  Missis- 
s i pp i  Kiver flows about 2 ,500 mi t o  i t s  

Figure 2. The Upper Miss i ss ipp i  River ,  
i t s  drainage b a s i n ,  and dams. 

mouth i n  t he  G u l f  of Mexico. The Upper 
Miss i ss ipp i  River*--1,366 fii from Lake 
I t a s c a ,  M N ,  t o  t h e  confluence with t h e  
Ohio River a t  Ca i ro ,  IL (F igures  1 ,Z ) - - i s  
thousands of yea r s  o l d e r  than t he  lower 
Miss i ss ipp i .  In t h e  geologic  p a s t ,  an 
ocean gulf reached northward between 
t h e  Ozark Plateau and t he  southern 
Appalachian Hi ghl arids. Here began t h e  
anc i en t  d e l t a  by which t he  Miss i ss ipp i  
extended i t s  course ,  forming t he  r i c h  
f  1  oodpl a i  n through which t h e  p r e sen t  
r i v e r  winds almost 1 , 2 0 0  mi t o  t h e  
g u l f .  

The P le i s tocene  I ce  Age began i n  t h e  
Upper Midwest about two mi l l i on  yea r s  ago. 
During t h i s  per iod t h e r e  were mu l t i p l e  
advances of con t inen t a l  g l a c i a t i o n ;  f ou r  
major g l a c i a l  advances a r e  usual l y  recog- 
nized.  These major g l a c i a l  per iods  (each 
named f o r  t he  S t a t e  i t  made i t s  g r e a t e s t  
advance i n t o )  were separa ted  by warmer 
i n t e r g l a c i a l  per iods  (named f o r  t h e  reg ion  
where t h e  geologic  h i s t o r y  of t h a t  per iod  
i s  e s p e c i a l l y  we1 1-displayed;  Figure 3 ) .  
The Nebraskan G lac i e r  moved as  f a r  sou th  
a s  where t he  Missouri River now flows 

Figure 3. Southernmost e x t e n t  of each of 
t h e  fou r  major g l a c i e r s  i n  t he  v i c i n i t y  of 
t h e  Upper Miss i ss ipp i  River ( a f t e r  
Troeger 1983). 



eastiliar.ci fr-om kar~sas C i t y  t o  S t .  Lou is .  Table 1. P le i s t ocene  t ime  c h a r t  ( a f t e r  
The i(d:i:an G?acier was q u i t e  s i m i l a r  i n  H a r r i s  e t  31. 1977). 
i t s   souther,^? adeancernerit a1 ong t h e  Mis- 
s i s s i p p i  R i ve r  Vaiiey, and i t s  t i l l  l a y e r  
i s  s i in i  l a r  t o  the Nebraskan i n  appearance. 

Years 

The I l  l i n u i a n  G l a c i e r  reached the  Miss i s -  
b e f o r e  

s i p p i  River  V a l l e y  from the  eas t  and d i d  
Time p resen t  Process and sediment 

n o t  extend f a r  i n t o  Iowa o r  M i ssou r i .  The 
Wisconsin q l a c i d t i o n  d i d  n o t  extend as f a r  
south as Iowa a long  ttte M i s s i s s i p p i  R i v e r  
Val l e y .  

G l a c i a l  scour ing  du r i ng  t h e  
Nebraskan, Kansan, and I l l i n o i a n  p e r i o d s  
he lped form t he  M i s s i s s i p p i  R ive r  Val l e y .  
However, g  l a c i a l  me1 twa te r  a t  the  end of 
t he  more r ecen t  Wisconsin p e r i o d  r e s u l t e d  
i n  massive e ros i on  and subsequent 
depos i t i on  t h a t  shaped t he  M i s s i s s i p p i  
R ive r  V a l l e y ' s  p resen t  bas i c  phys iograph ic  
p a t t e r n .  These P le is tocene  events  are 
summarized i n  Table 1. 

The b l u t f s  a long  t.he r i v e r  v a l l e y  a re  
composed p r i m a r i  l y  o f  sedimentary rocks  
l a i d  down i n  shal  low warm Ordov ic ian  seas 
from about 450 t o  500 n ~ i l l i o n  yea rs  ago 
(F igure  4 ) .  the Jordon F ormation, P r a i r i e  
du Chieri Group, S t .  Peter  Sandstone, 
P l a t t e v i l l e  Formation, Decorah Format ion,  
and Gaiena Limestone a re  t y p i c a l  l a y e r s  
which form t h e  b l u f t s  (F i gu re  5).  

I he env i  r-onnent i n  the  Upper Midwest 
dur i ng t he  Ordov i o i an p e r i o d  was p robab l y  
s i m i l a r  t o  t t i ~  s h e l f  environments o f f  t h e  
westerri and southern coasts  o f  F l o r i d a  
today-'-a sha l  low ~ n a r i  rte env i  roriment w i t h  
we1 1 -oxyyendted water and p e r i o d i c  wave 
a g i t a t i o n  (Anderson 1983). A1 1 major  
i n v e r t e b r a t e  groups had evolved by t h e  
Ordov ic ian  pe r i od ,  when warm sha l low seas 
were we1 l - s u i t e d  t o  marine ben th i c  i n v e r -  
t eb ra tes  and marine algae. The r o c k  
record  o f  t h e  r i v e r  b l u f f s  p reserve  an 
aburtdance o f  these organi  sms as f o s s i  l s  ; 
some o f  t he  rn0r.e common forms a re  shown i n  
F igure  6. 

1.3 EARLY HISTORY 

Recorded h i s t o r y  on the  Upper 
M i s s i s s i p p i  R i ve r  began i n  t h e  1600 's  w i t h  
t h o  a ~ ~ i v a l  o f  t h c '  b r ~ n c h .  By t h i s  t ime  
the  e f f i g y  mound b u i l d e r s  were gone and 
the  v a l l e y  was occupied by t h e  Chippewa, 
Sioux, Winnebago, Sac, Fox, and o t h e r  

Recent Format ion o f  modern 
s o i  1 s  and present-day 
topography 

Wisconsin Several  g l a c i a l  ad- 
G l a c i a t i o n  vances and r e t r e a t s ;  

r i v e r  bed d e p o s i t i o n  
and repeated depos i t s  
of  windblown loess  
( s i l t )  

Sangamon S o i l  fo rmat ion ;  
I n t e r g l a c i a l  e ros i on  

I l l i n o i a n  G l a c i e r  b r i e f l y  
G l a c i a t i o n  en te red  t h e  M i ss i s -  

s i p p i  V a l l e y  

Yarmouthian S o i l  fo rmat ion ;  
I n t e r g l a c i a l  e ros i on  

Kansan G l a c i e r  reached t o  
  la cia ti on^ c e n t r a l  M i ssou r i  

A f t o n i a n  S o i l  f o rma t i on  
 lac i a t i o n a  

Nebraskan G l a c i e r  reached t o  
  la cia ti on^ c e n t r a l  M i ssou r i  

1.5 M i l l i o n  

a  Not  r e a d i l y  recogn izab le .  

n a t i v e  Americans. A r cheo log i s t s  have used 
t h e  she1 1  and bone heaps near o l d  v i  1  l age  
s i t e s  t o  revea l  how n a t i v e  Americans 
depended h e a v i l y  on t h e  r i v e r  and i t s  
w i  l d l  i f e  (Rahn 1983). Sush heaps exp lo red  
i n  1868 a t  Sabula and Bel levue,  I H ,  had 14 
spec ies o f  b i v a l v e s  and the s n a i l  
V i v i pa rus ,  a l l  o f  which were s t i l l  found 
i n  t h e  M i s s i s s i p p i  a t  t h a t  t ime  (Car lander  



Figure 4. 
br idge a t  

Bluf fs  along t he  Upper Miss i ss ipp i  River,  Pool 
Savanna, IL. 
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Figure 5. General ized c ro s s  s ec t i on  of a Miss i ss ipp i  River 
b l u f f  showing Ordov ic ian  rock l aye r s  (from Anderson 1983). 
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Figure 6. Ordovician fossi 1 s, including representative gastro- 
pods (tiormotonla, Loxonema, Trochonema, Mac1 uri tes), clams 
(Vanuxemia, Ctenodonta) , branchi opods (Platystrophia, Pauci- 
crura, Hesperorthis, Pionodema, Strophomena, Lepidocyclus, 
Heberlel la, Sowerbyel 1 a , Rhynchotrema) , bryazoans ( Par aspora) , 
Z G Y ~ ?  L (> , t rep t r?ssmaf ,  t-i l g b i  t e s  ( I s o t ~ l u s ) ,  and algae 
(Keceptaculites) (after Anderson 1983). 



1954). These s h e l l  and bone heaps a l s o  
conta ined t he  remains o f  c a t f i s h ,  
f reshwate r  drum, snapping t u r t l e s ,  
sof t -she1 l e d  t u r t l e s ,  geese, b u f f a l o ,  
and deer. Oak and elm t r e e s  growing 
on t op  o f  t h e  heaps were a t  l e a s t  
200 years  o l d ,  and no a r t i c l e s  o f  
modern c i v i l i z a t i o n  were found (Rau 
1884). 

As an o l d  man, t h e  remarkable war 
c h i e f  B lack  Hawk remin isced about how h i s  
people, t h e  Sac and Fox t r i b e s ,  depended 
on t h e  r i v e r .  He t o l d  how they p l a n t e d  
and tended corn  u n t i l  i t  was knee-high, a t  
which t ime  t he  v i l l a g e r s  l e f t  f o r  t h e i r  
summer occupat ions (B lack  Hawk 1932). Th is  
v i l l a g e  was p robab ly  i n  t h e  v i c i n i t y  o f  
Dubuque, IA.  B l ack  Hawk r e c a l l e d  t h a t  some 
o f  t he  o l d  men and women went t o  work i n  
t h e  lead  mines, young men journeyed west- 
ward t o  hunt  b u f f a l o  and deer ,  and some 
o l d e r  men and women f i s h e d  and gathered 
reeds t o  make mats. A f t e r  about 6 weeks, 
everyone re tu rned  t o  t he  v i l l a g e  w i t h  
t h e i r  g i f t s .  The hun te rs  o f f e r e d  d r i e d  
meat, miners presented lead,  and o thers  
c o n t r i b u t e d  d r i e d  f i s h  and mats f o r  t h e  
w i n t e r  lodges. "Th is  i s  a  happy season o f  
t h e  yea r  - hav ing  p l e n t y  o f  p r o v i s i o n s  
such as beans, squash, and o the r  produce, 
w i t h  our d r i e d  meat and f i s h ,  we con t i nue  
t o  make f eas t s  and v i s i t  each o t h e r  u n t i l  
ou r  co rn  i s  r i p e "  (B lack  Hawk 1932). 

The d i a r i e s  and j ou rna l s  o f  many 
e a r l y  exp l o re r s ,  m i ss i ona r i es ,  and f u r  
t r a d e r s  make re fe rence  t o  t he  w i l d l i f e  
observed i n  t h e  Upper M i s s i s s i p p i  Val l e y .  
Accounts by  Jean N i c o l e t ,  Grosei 11  i e r s  and 
Radi sson, Fa ther  Marquette,  Father  
Hennepi n, Zebu1 on P ike ,  and Henry Rowe 
Schoo l c ra f t  p o i n t e d  o u t  t h e  most 
inrpressi  ve c rea tu res  w i t h o u t  a t t emp t i ng  t o  
c a t a l o g  t h e  fauna o r  f l o r a .  . Fur example, 
Father  Marquet te  observed about  t h e  
padd le f i sh  (Pol  yodon spa thu la ) :  "On 
c a s t i n g  our  ne t s ,  we have t a k e n  s turgeon 
and a  ve ry  ex t r a -o rd i na r y  k i n d  o f  f i s h ;  i t  
resembles a  t r o u t  w i t h  t h i s  d i f f e r e n c e ,  
t h a t  i t  has a  l a r g e r  mouth, b u t  sma l le r  
eyes and snout.  Near t h e  l a t t e r  i s  a 
l a r g e  bone . . . t h r e e  f i n g e r s  wide and a 
c u b i t  lor?g: t h e  end i s  c i r c u l a r  and as 
wide as t h e  hand. I n  leap ing  o u t  o f  m e  
water  t h e  we igh t  o f  t h i s  o l t e n  throws i t  
back" (Car lander  1954). W r i t e r s  some 
d i s t ance  from t h e  M i s s i s s i p p i  R i v e r  were 

l i k e w i s e  e n t h u s i a s t i c  about i t s  w i f d t i f e ,  
as shown by  Thomas J e f f e r s o n  i n  h i s  Notes 
on V i r q i n i a :  "The M i s s i s s i p p i  w i l l  be one - 
of t he  p r j n c i p a l  channels o f  f u t u r e  
commerce f o r  t h e  coun t ry  westward o f  t h e  
Al legheny . . . . Th i s  r i v e r  y i e l d s  
t u r t l e  o f  a p e c u l i a r  k ind ,  perch, t r o u t ,  
gar ,  p i k e ,  mu1 l e t s ,  h e r r i  nys , carp ,  
spa tu la  f i s h  o f  f i f t y  pound we igh t ,  
c a t f i s h  o f  one hundred pound we igh t ,  
b u f f a l o  f i s h  and sturgeon. " 

To s e t t l e r s  us i ng  t h e  resources o f  
t h e  M i s s i s s i p p i  R i ve r ,  t h e  ha r ves t i ng  of 
f i s h  and w i l d  game was a God-given r i g h t .  
P ioneer ing  fami 1 i e s  and e a r l y  fa rm 
f a m i l i e s  found w i l d  game a  s t a p l e  t h a t  
supplemented crops and 1  i v e s t o c k  (Rahn 
1983). As a  r e s u l t ,  t he re  was r e s i s t a n c e  
t o  e a r l y  a t tempts by S ta tes  t o  impose 
f i s h i n g  o r  hun t i ng  r e s t r i c t i o n s  i n  an 
a t tempt  t o  manage f i s h  and w i l d l i f e  popu- 
l a t i o n s .  I n  1924 an a c t  o f  Congress 
c rea ted  t he  Upper M i s s i s s i p p i  R i ve r  Wi ld-  
l i f e  and F i s h  Refuge, a  w i l d l i f e  and 
h a b i t a t  resource shared by t he  S ta tes  o f  
I l l i n o i s ,  Iowa, Wisconsin, and Minnesota. 
The re fuge  extends some 284 m i  f rom t h e  
Chippewa R i ve r ,  MI, t o  Rock I s l a n d ,  I L ,  
and i nc l udes  t h e  Pool 11 t o  13 reach o f  
r i v e r .  The es tab l  ishment o f  t h e  
200,000-acre re fuge  he lped t h e  f o u r  S ta tes  
coo rd i na te  management e f f o r t s  f o r  f i s h  and 
w i l d l i f e  species. Communication between 
S ta tes  was f u r t h e r  enhanced i n  1943 
through t h e  es tab l i shment  o f  t h e  Upper 
M i s s i s s i p p i  R i ve r  Conservat ion Committee, 
a  group o f  conserva t ion  r ep resen ta t i ves  
from t h e  f o u r  S ta tes  p l u s  M i ssou r i .  

1.4 EARLY NAVIGATION 

E a r l y  r i v e r  t r a v e l  and commerce i n  
smal l  boats  p robab ly  had 1  i t t l e  impact on 
t h e  r i v e r  ecosystem. As an expanding 
America en te red  t h e  1 9 t h  cen tu ry ,  t h e  
M i s s i s s i p p i  R i ve r  cons i s t ed  o f  a s e r i e s  o f  
r e l a t i v e l y  deep poo ls  separated by sha l l ow  
bars and r ap i ds .  Both main channel and 
s i de  channel reaches were s u b j e c t  t o  
p e r i o d i c  o b s t r t i c t i o n  by rocks and snags. 
Two major  developments i n  water  
t r a n s p o r t a t i o n  i n  t h e  e a r l y  1800 's  g r e a t l y  
increased t h e  importance o f  waterway 
t r a n s p o r t a t i o n :  t h e  i n v e n t i o n  o f  t h e  
steam-powered boat  by Robert  F u l t o n  and 
t h e  development o f  ex tens i ve  canals  



connecting major bodies of water.  The 
Erie Canal connected t h e  Hudson River t o  
Lake Erie i c  1825, and t he  
I1  l i noi s-Michigan Canal connected t he  
Great Lakes and t he  Miss i ss ipp i  River. 
During t h i s  per iod t he  Upper Mississ ippi  
River was navigable t o  S t .  Paul only 
during high water  s t a g e s ;  during low 
water ,  depths of 3 f t  were common. 
Nevertheless ,  by 1840 a heavy r i v e r  
commerce had developed between S t .  Loiii s 
and t he  head of navigat ion a t  S t .  Anthony 
F a l l s  in  Minneapolis. Steamboats c a r r i e d  
f r e i g h t  and passengers ,  inc l  uding many 
s e t t l e r s ,  t o  t he  Upper Midwest,. 

The Western Rivers Improvement Act i n  
1852 placed r i v e r  and harbor improvement 
more f i rmly  under t h e  d i r e c t i o n  of t he  
U.S. Army Corps of Engineers.  Funding 
included $15,000 t o  compl e t e  dredgi ng of 
t he  harbor a t  Dubuque. This work 
cons is ted  of c u t t i n g  a channel from the  
harbor across  t h e  Mississ ippi  t o  t he  main 
channel along t he  I l l i n o i s  shore. 
Additional harbor improvements were a l s o  
sought f o r  Dubuque t o  accommodate i t s  busy 
commerce: i n  1854 commercial s t a t i s t i c s  
1 i s t e d  672 steamboat a r r i v a l s ,  b r ing ing  
97,633 tons  of goods with a value of 
almost $5 mi l l ion .  Exports from Dubuque 
reached 11,736 tons  i n  1854 (Tweet 1975). 

River t r a f f i c  on t he  lower Missis- 
s ipp i  reached i t s  peak in  t h e  1840 ' s ,  but  
the  upper r i v e r  continued t o  experience 
growth . i n  r i v e r  t r a f f i c  through t h e  
1880 ' s .  The move f o r  an improved naviga- 
t i o n  channel became a c e n t r a l  theme o f  t h e  
Committee on Improvement of t he  Mi s s i  s- 
s ipp i  River ,  convened by t h e  S t .  Louis 
Merchant 's Associat ion in  1865 (Tweet 

l975).  3he beg inn ing  of permanent 
navigat ion improvements on t h e  upper Filis- 
s i s s i p p i  can be t r a c e d  t o  t he  Gongres- 
s iona l  Act of 1866,  which made appropri-  
a t i o n s  f o r  the  r-epai r ,  p re se rva t i on ,  and 
completion of c e r t a i n  p u b l i c  works, and 
t o r  surveys of t h e  upper  Miss i ss ipp i  w i t h  
the  anderstanding t h a t  a 4 - f t  channel was 
an even t i~a l  goa l .  Twelve y e a r s  l a t e r ,  i n  
1878, Congress a u t h o r i z e d  t h e  development 
of a 4 . 5 - t t  channel between S t .  Paul and 
S t .  Louis t o  be accomplished by narrowing 
the  channel through wing and c lo s ing  dams. 
Ihe Rivers and Harbors  Act of 1907 author- 
ized the  deepening o f  t he  channel t o  a 
6 - f t  depth. 

Wing dams were c o n s t r u c t e d  perpendi c- 
u l a r  t o  t he  main s t r eam c u r r e n t  using 
a l t e r n a t e  l aye r s  of  wil low mats and s tone  
(F igure  7 ) .  The r o c k s ,  obtained from 
small q u a r r i e s  i n  t h e  b l u f f s  a long t h e  
r i v e r ,  had t o  be between 6 and 10 inches 
and cu t  i n t o  cubes.  The f i n i s h e d  dam was 
designed t o  be high enough so  t h a t  i t s  t op  
would be about 4 f t  above low water.  Wing 
darns were usual l  y spaced  f i  ve-sevenths of 
t he  channel width a p a r t  wi th  t he  l i n e  of 
t he  dam po in t i ng  upstream 105 t o  110° i n  
s t r a i g h t  reaches ,  100 t o  102.5' i n  concave 
reaches,  and from 90 t o  100' when t h e  
curve was convex (Tweet 1975). Usually 
t he se  dams were b u i l t  i n  s e r i e s  with t h e  
s h o r t e r  ones on t h e  upstream end. The 
ac t i on  of the  c u r r e n t  around the  end of 
t he  wing dams scoured  t h e  channel and sand 
was deposi ted i n  t h e  eddies  downstream 
from a dam; t h e  t y p i c a l  water  tu rbulence  
immediately downstream f o r  a submersed 
wing dam in  Pool 1 3  i s  shown in  Figure 8.  
A t  the  shore end of  t h e  wing dam, revet-  
ment was necessary t o  prevent  t he  c u r r e n t  

Figure 7. Cross s ec t i on  of a rock and brush wing dam on t h e  Upper 
Miss i ss ipp i  River (from Boland 1980). 



Figure 8. Wing dam extending from t h e  Iowa shore i n  Pool 13  a t  r i v e r  mile 555.5 
Note t h e  turbulence on the  downstream s ide  of t he  s t r u c t u r e .  

from washing t h e  shore away. The shores 
opposi te  t he  wing dams were usua l ly  r i p -  
rapped with rock s o  t h a t  the increased 
v e l o c i t y  of t h e  cu r r en t  would not erode 
t h e  banks. I n  t he  93-mi reach of r i v e r  
which incllldes Pools 11 t o  13,  c u r r e n t  
navigat ion c h a r t s  show an average of 
almost four  wing dams per  mile. 

The engineering r epo r t  by Ockerson in 
1898 provides one of t h e  b e t t e r  descr ip-  
t i o n s  of  t he  r i v e r  a t  t h e  end of t he  19th 
century  (Tweet 1975). Ockerson noted t h a t  
between St .  Anthony F a l l s  and t h e  mouth of 
t h e  Missour i ,  t h e  "banks a r e  low, and 
o s c i l  l a t i a n s  between high and low water 
r a r e l y  exceed 25 f t .  In t h e  upper ha l f  of 
t h i s  reach,  t h e  r i v e r  i s  d iv ided  i n t o  a  
g rea t  many sloughs,  which serve  a s  
high-water channels  , but a r e  o f t e n  near ly  
o r  q u i t e  dry  a t  low water .  The water  
c a r r i e s  but 1 i t d l e  sediment; bank eros ion  
i s  comparat ively sf i g h t ;  f o r  2 1  miles i t  
flows through a lake  of s l ack  water  30 f t  
deep (Lake Pepin) ; the f f  ow i~ two p?aces 
i s  i n t e t r u p t e d  by r ap ids  where t h e  bed of 
t h e  stream i s  s o l i d  rock (Rock I s l and  and 
Keokuk); i n  t h e  upper p o r t i o n ,  t he  
navigat ion depth a t  low water  sometimes 

ge t s  down t o  2.5 f t ,  and navigatiori i s  
usua l ly  suspended during t h e  winter  seasoil 
f o r  a  period of four  months or  more in 
consequence of t h e  r i v e r  bei ny frozen.  
The low-water s lope  averages about 0 . 5  f t  
per mile .  The low-water discharge i s  
about 25,000 cu. f t  per  second. High 
water gene ra l ly  comes i n  May and June,  and 
the  low-water season usua l ly  begins about 
t he  f i r s t  of September and l a s t s  unti 1 
navigat ion i s  c losed  by i c e . "  

1.5 THE 9-FT NAVIGATION CHANNEL 

The Rivers  and tiarbors Act of 3 Ju ly  
1930 au thor ized  t h e  Corps of Eng i  neers t o  
cons t ruc t ,  by means of locks and dams 
supplemented by dredging,  a channel with a 
minimum depth of 9 f t  and a minimum width 
of 300 f t  from Minneapol is t o  S t .  Louis. 
There was cons iderable  controversy over 
t h i s  p r o j e c t  and oppos i t ion  from groups 
l i k e  the I s aac  Wa'iton League of America. 
The League suggested t h e  9 - f t  channel 
would be detr imental  t o  t he  r i v e r  
environment and they wanted erosion and 
po l lu t i on  t o  be con t ro l l ed  before t h e  
p r o j e c t  began. On t h e  o the r  hand, t h e  



L!. 5.  Bu~eau  of Bioiogica; Survey concluded 
from r-esulis of s t i rdies  on t h e  b io logica l  
e f f e c t s  of Lock and Dam 19 on t h e  
Mississippi  a t  Seokuk, I A ,  t h a t  t h e  
p r o j e c t  might benef i t  waterfowl and 
muskrats i f  water l eve l s  were s t a b i l i z e d  
(Olson and Meyer 1976).  Most proponents 
of t h e  p r o j e c t  argued i n  terms of economic 
growth and progress .  Firms dea l ing  i n  
commercial r i v e r  t r a f f i c ,  which had l o s t  
out t o  t h e  r a i l r o a d s ,  wanted the  p ro j ec t  
completed, as  did many i n d u s t r i e s  and 
farmers along the  r i v e r  in  a n t i c i p a t i o n  of 
lower f r e i g h t  r a t e s .  

Though e a r l  i e r  channel improvement 
p ro j ec t s  progressed a t  a  l e i s u r e l y  pace 
over severa l  decades, the  whole system of 
26 locks and dams on t h e  Upper Mississippi  
River was v i r t u a l l y  completed from 1930 t o  
1940. Much of t he  e a r i j e r  channel 
modif icat ion with wing dams .had 01?1y 
loca l ized  e f f e c t s ,  bu t  the  9 - f t  pro j ec t  
a l t e r e d  t h e  shape of t he  r i v e r  along 
nearly every mile. I t  was no longer 
poss ib le  t o  wade across the  r i v e r  during 
low flow pe r iods ,  and s l ack  water pools 
covered f loodpla in  f o r e s t s ,  c r e a t i n g  
numerous small wi 11 ow i s l ands .  Water 
leve ls  i n  f loodpla in  backwater lakes  were 
s t ab i  1 ized during low flows ~ r o v i d i  ng 
aquat ic  h a b i t a t  f o r  a  v a r i e t y  of f i s h  and 
wi 1  dl i f e  (Green 1960). 

The Rock Is land  D i s t r i c t  of t h e  Corps 
of Engineers b u i l t  a l l  but  one of t h e  

locks and dams from No. 10 a t  Guttenberg, 
IA, to  No. 22 a t  Saverton,  MO (Tweet 
1975);  a f t e r  cons t ruc t ion ,  t he  opera t ion  
and maintenance of Lock and Dam No. 10 was 
taken over by t h e  S t .  Paul D i s t r i c t  of t h e  
Corps of Engineers. Locks had e l e c t r i -  
c a l l y  operated miter  ga tes  and were 110 by 
600 f t ,  with an aux i l i a ry  lock 110 by 269 
f t .  Dams usual ly cons is ted  of a  long 
ear then  dike with sp i l lways ,  and a  
combination of r o l l e r  ga tes  and t a i n t e r  
ga t e s  ad jacent  t o  t.he lock. The t a i n t e r  
ga t e  was e s s e n t i a l l y  a  pie-shaped wedge 
pointed downstream and hinged between 
p i e r s ,  with t h e  curved sur face  upstream 
forming a dam aga ins t  t he  water (Figure 
9 ) .  These ga t e s  moved up and down and 
C O L I ~ ~  vary t he  amount of water flow from 
nothing t o  a  completely unobstructed flow 
when t he  ga te  was i i f t e d  e n t i r e l y  above 
t h e  sur face .  The r-ol ler  ga te  was 8 

cyl inder  which was ra i sed  or  lowered t o  
control  the  level  of water passing 
beneath. The o r ig ina l  i n t en t ion  was t o  use 
t h e  r o l l e r  sec t ions  of t h e  dams t o  pass  
t h e  riormal flow of water ,  reserving t h e  
t a i n t e r  s ec t ions  f o r  times of f lood and 
high water.  However, t he  uneven flow of 
water  through the  dams caused ex tens ive  
scouring below them, and now a l l  ga tes  a r e  
maintained a t  about t h e  same l eve l .  

The th ree  locks and dams t h a t  c r e a t e  
Pools II t o  13 were b u i l t  by t h e  Rock 
Is land  D i s t r i c t  of t h e  Corps of Engineers 
(Figure 10). Normal pool e l eva t ions  

Figure 9. The northwest s i d e  of two t a i n t e r  ga tes  of Dam No. 12 ,  June 1937 
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Figure 10. The f i g u r e  shows Lock and Dam No. 1 2  a t  Bellevue, IA, looking nor th ,  
with Pool 12 v i s i b l e  a t  t h e  upper por t ion  of the  f i gu re  and the  t a i l w a t e r  of Pool 
13 i n  t he  lower por t ion  of t he  f i gu re .  

change from 603 t o  583 f t  above mean sea 
level  as  you t r a v e l  downstream from Pool 
11 t o  Pool 13. 

1.6 THE HlSTORlCAL MUSSEL FtSWERV 

Ihe h i s t o r y  of mussel fishincj o11 the  
Upper Mississippi  River. shows the  same 
" f e a s t  o r  tamine" t rends  charac ter i  s t  ic of 
o the r  i i idustr ies  based o n  the  t~ar.vcst of 
f i n i t e  riatura l rsesources ln te rc>s t  began 
with the t l~ scove ry  of frestiwatrt pedrl s 
i 11 t h e  rn i ci-1880' 5 and expandtld wilui-i t he  
f i r s t  pearl  b ~ i t t o i ~  f ac to ry  wa5 b ~ i  I t  d t  

Muscatine, l A ,  i n  1891 By 189Y t he  mussel 
f isfling grounds exdecided 167 m i  from l o r t  
Mad~son t o  Sabula,  IA; by 1902 the grotjrids 
haci expandetl r>orthward into W i st on% ~n aiid 
Mir~ricsuta and 1 2  was est imated t h t  71',000 
men were claminlng on the  M-iss~sbippi  
(Knotl 1979). The trowfoot bar', o r  hra i  I ,  
was the  most popular, technique and a s  niaily 
as  300 fisherman were sornet imes f 2 shi  it<$ on  
a product ive mussel bed (Smith 1899).  A 
survey in 1898 noted the  deple t ion  of 
mussel beds and suggested t h i s  was due t o  
cons tan t  f i s h i  ny even during spawn< t-rg 
season,  t h e  t ak ing  of small mussels,  and 
t h e  wasteful t ak ing  of mussels,  e s p e c i a l l y  
during the  w in t e r  (Smith 1899). 

Problems wi th  mussel taxonomy a r e  
apparent when one ?oaks a t  t h e  1898 survey 

da t a  where over  400 spec i e s  were recog- 
nized (Soiith 1839).  Many of Smit.his spe- 
c i e s  wer%t3 not. corisider,ed val i r i  by Gr ier  
aitcf Muel l e r  (1922)  and t l ~ c y  report.erl only 
63 spec i e s .  A 1931 .,urvey by t l I-is noted 
the  presence of 39 s p e c i e s  (van cfer. 
Scha 1 ie ariii van der Sotla l i e  1951)), a f te r '  
spec ies  normally found only i n  small 
st.reams and irtval id spec ies  were tleleted 
from Gr-ier and Muel l t ? r ' s  l i s t .  tiowever, 
t he re  was yer,ernl agreemerit t ha t  the mus- 
s e t  beds w e r ~  being r ap id ly  deplet.ed i n  
t h e  e a r l y  1900 '  3 .  'The we'll- known resr'arch 
or: mus.;e i hioloqy conducted a t  the 
fzai  rpov ' t  Kio i ~ ~ c i i c a l  S?.nt.ior~ grew u i i t  of' 
t h i s  concern for. d depleted resotlrce 
(Carl ander 1954). 

Overfisitr iiy arid the i ntrodtict {on of 
new s y n t t ~ e t ~ c  but tons contr'ibuted t o  ttie 
dec l ine  of t h e  mussel f i5her-y by the  
mid-1920's. Probably the  most s t r i k i n g  
cilanges i n  o~usse? fautld were t he  d ra5 t i c  
d e c l i n ~  i n  t h e  ebony s h e l l  (Fusconaia --- 
ebena) dnd the  ye1 low satidshell (Lampsi 1 i s  
t e r e s ) .  Itie l o s s  of s u i t a b l e  haG-tat and 
d e t e r i o r a t i n g  h a t e r  qua1 i t y ,  along with 
ove r f i sh ing ,  may have been responsible  f o r  
t he se  changes ( F u l l e r  1978). A small mus- 
s e l  f i s h e r y  s t i l l  e x i s t s  on the  Upper M i s -  
s i s s i p p i  River,  b u t  most product ive mussel 
beds l i e  e i t h e r  north or  south of the  Pool 
1 3  t o  13 reach of r i v e r .  



There a r e  t h r e e  r e l a t i v e l y  d i s t i n c t  
longi tudina l  zones i n  most of the  
navigat ion pools.  The upstream por t ion  of 
each pool ,  except f o r  t h e  region 
immediately below the dam, i s  most l i k e  
t h e  o r ig ina l  r i v e r .  In t h i s  por t ion  of 
t h e  pool ,  marsh vegeta t ion  i s  l imi ted  and 
deep s ide  channels and wooded i s l ands  a r e  
common. In t he  middle por t ion  of the 
pool , water l e v e l s  have been s t a b i  1 i z ed ,  
o f t en  covering old hay meadows and forming 
shallow backwater lakes t h a t  may support  
ex tens ive  s tands  of emergent marsh 
vegetat ion.  In t h e  por t ion  of t he  r i v e r  
immediately upstream from a dam, water was 
impounded t o  a  depth which precluded the  
development of marsh vegetat ion.  A t  
p r e sen t ,  t h i s  por t ion  of t h e  pool i s  
re1 a t i  vely deep, with open water and 
usua l ly  1 i t t l e  marsh h a b i t a t .  

A number of aqua t i c  h a b i t a t  
c l a s s i f i c a t i o n  schemes have been suggested 
f o r  t h e  Mississippi  River ,  and t h e  more 
general ones usual ly r e f e r  t o  t h e  main 
channel ,  main channel border ,  s i de  
channels ,  and backwater lakes and sloughs. 
These four  h a b i t a t  types have r e l a t i v e l y  
we1 1 -defined boundaries and they a r e  
mutually exc lus ive ,  i  . e . ,  a  p a r t i c u l a r  
loca t ion  can be c l a s s i f i e d  a s  belonging t o  
only one of t he se  h a b i t a t  types. The 
por t ion  of t he  main channel and channel 
border immediately downstream from a 1 ock 
and dam, however, can a l s o  be r e f e r r ed  t o  
as  t a i  lwater  h a b i t a t ,  with i t s  boundaries 
dependent on r i v e r  flows. The four  bas ic  
mutually exc lus ive  h a b i t a t  types a r e  shown 
f o r  a  por t ion  of Pool 13 j u s t  north of 
Savanna, It (Figure 111, and w i l l  be 
described b r i e f l y .  

Main Channel 

The main channel includes the por t ion  
of r i v e r  a l s o  known a s  t h e  navigation 
channel ; i t s  boundaries a r e  defined by 
combinations of wing dams, r i v e r  banks, 
i s l a n d s ,  and buoys and o ther  markers. The 
main channel reach from a lock and dam t o  
0 . 5  mi downstream can a l s o  be c a l l e d  t he  
t a i lwa te r s .  A minimum 9 - f t  depth and 
300-f t  width i s  maintained in  t h e  main 
channel by the  Corps of Engineers. A 
cu r r en t  i s  always present  and i t  va r i e s  
d i r e c t l y  with flow r a t e s .  The bottom type 

i s  a funct ion of cu r r en t  ve loc i ty  and 
t h e r e  a r e  a f t e n  benthic  sand dunes 
or ien ted  perpendicular  t o  t h e  flow. The 
subs t r a t e  i s  p r imar i ly  sand i n  t h e  upper 
reaches of a  pool ,  changing t o  s i l t  over 
sand in t h e  lower s ec t ion .  Patches of 
gravel a r e  present  i n  a  few a reas .  The 
main channel i s  sub jec t  t o  scouring during 
flood periods and by t h e  passage of 
towboats i n  t he  shallower s t r e t c h e s .  No 
rooted aqua t i c  vegetat ion i s  present .  

Main Channel Border 

The main channel border i s  t h e  zone 
between t h e  9 - f t  channel and t h e  r i v e r  
bank. I t  includes a l l  a r ea s  i n  which 
submergent wing dams occur along t h e  main 
channel ; these  may be " i s lands"  of very 
high b io logica l  product iv i ty .  Buoys o f t en  
mark the  channel edge of t h i s  zone. Where 
t he  main channel i s  defined only by t h e  
bank, a  narrow border s t i l l  occurs and 
o f t en  the  banks have rock r iprap .  Dredge 
spo i l  has been placed i n  some sec t ions  of 
t h i s  zone, sometimes covering wing dams. 
This s u b s t r a t e  i s  mostly sand in t h e  upper 
s ec t ions  of t h e  pool and s i l t  in  t h e  
lower. 1 i t . t l e  or  no rooted aqua t i c  
vegetat ion i s  present .  The 0.5-mi reach 
of t he  main channel border immediately 
downstream from a dam can a l s o  be 
considered p a r t  of t he  t a i lwa te r s .  

Side Channels 

Side channels include a l l  depar tures  
from and i n f l u e n t s  t o  t he  main channel and 
main channel border ,  in  which t h e r e  i s  
cu r r en t  during normal r i v e r  s tage.  There 
i s  considerable va r i e ty  i n  t h i s  h a b i t a t  
t ype ,  ranging from f a s t  flowing water- 
courses with high banks t o  s luggish  
streams winding through marshy a r eas .  
Undercut o r  eroded banks a r e  common along 
s i d e  channels near t h e i r  depar ture  from 
the  main channel.  Erosion occurs mainly 
in t he  upper s ec t ions  of t h e  pools where 
banks a r e  highest  and the  cu r r en t  may be 
swi f t e r .  Closing or" d ivers ion  dams a r e  
o f t en  present  where s ide  channels leave 
the  main channel o r  main channel border. 
The subs t r a t e  usual ly va r i e s  from sand i n  
t h e  upper reaches t o  s i l t  i n  t h e  lower. 
In t he  swi f t e r  cu r r en t  t h e r e  i s  no rooted 
aquat ic  vege ta t ion ,  but vegetat ion i s  
common in  the  s h a l l o ~ e r  a r ea s  having s i l t y  
bottoms and low cu r r en t  v e l o c i t i e s .  The 



Figure "l. A 5-nli reach o f  M i s s i s s i p p i  River  Pool 13 showing t h e  f o u r  major 
h a b i t a t  t y p e s .  



nav iga t i o r j  maps for- Pools 11 t o  13 show 
113  s i d e  char,nel$ (57  e f f l u e n t s  from and 
56 i n f l u e n t s  t o  t h e  main channel)  i n  t h i s  
93-mi reach o f  r i v e r .  

Backwater Lakes and Sloughs 

Backwater l a kes  and sloughs i nc l ude  
t h e  v a r i e t y  o f  s tand fng  water  h a b i t a t s  
where c u r r e n t  i s  v a r i a b l e  depending on 
r i v e r  s tage,  These f l o o d p l a i n  bas ins are 
sha l low w i t h  s i l t  o r  c l a y  subs t ra tes ,  
o f t e n  c o n s i s t i n g  o f  l a y e r s  2 f t  o r  more 
t h i c k .  The bas ins  o f t e n  have r oo ted  
aqua t i c  vege ta t i on ,  b o t h  submergent and 
emergent, g i v i n g  r i s e  t o  marsh h a b i t a t  
around t h e i r  margins. Sometimes s lough 
h a b i t a t s  a re  l i s t e d  separa te ly ,  based upon 
t h e  absence o f  c u r r e n t  a t  normal r i v e r  
stage. However, for*  t h i s  r e p o r t  they  w i l l  
be cons idered  a long  w i t h  t he  o t h e r  stand- 
i ng wate r  aqua t i c  h a b i t a t s ;  t h e y  can a1 so 
be cons idered  as one o f  t h e  l a t t e r  sera1 
stages i n  r i v e r i n e  succession from aqua t i c  
t o  marsh h a b i t a t .  

Chapters 3 through 6 w i l l  focus on 
these f o u r  aqua t i c  h a b i t a t  types.  The 
t e r r e s t r i a l  communities o f  t h e  f l o o d p l a i n  
f o r e s t  and dredge s p o i l  depos i t s  w i l l  be 
cons idered i n  Chapter 7. 

1.8 ECOLOGICAL THEORY AND THE UPPER 
MlSSISSIPPl RIVER 

Most e a r l y  s t ud i es  o f  streams focused 
on t h e  ecology o f  i n d i v i d u a l  o rgan i  sms 
(e .g . ,  Forbes 1928; Reinhard 1931). The 
concept o f  streams as ecosystems d i d  n o t  
emerge u n t i l  t h e  l a t e  1950's (e .g . ,  
Margalef  1960; Cummins 1974) .  

The complex i t y  and d i v e r s i t y  o f  
f lowi  rty-water ecosystems may e x p l a i n  why 
i t  has been d i f f i c u l t  f o r  e c o l o g i s t s  t o  
e s t a b l i s h  u n i f y i n g  p r i n c i p l e s  t h a t  apply  
t o  l o t i c  ecosystems. This may be 
p a r t i c u l a r l y  t r u e  f o r  !a rge  r i v e r  systems 

l i k e  t he  Upper M i s s i s s i p p i  R i ve r .  The 
Pool 11 t o  13 reach  i nc l udes  a m a t r i x  o f  
h a b i t a t s  r ang ing  from standing-water  t o  
f l o w i  ng-water systems. 

Vannote e t  a l .  (1980) suggested t h a t  
streams rep resen t  a l o n g i t u d i n a l  cont inuum 
o f  p h y s i c a l  g r a d i e n t s  and assoc i a t ed  
b i o t i c  ad justments .  Th i s  has been 
r e f e r r e d  t o  as t h e  " r i v e r  cont inuum 
concept,"  and i t  proposes t h a t  
system- leve l  processes ( c y c l i n g  o f  o rgan i c  
ma t t e r  and n u t r i e n t s ,  ecosystem 
metabol ism, ne t  metabol ism) i n  downstream 
areas a re  l i n k e d  t o  i n s t r eam processes i n  
upstream areas (Minshal l e t  a l .  1983). I t  
has n o t  y e t  been determined t o  what e x t e n t  
t h i s  concept can be a p p l i e d  t o  a l a r g e  
r i ve r - -whe re  i n p u t s  f rom backwaters may 
o v e r r i d e  upstream e f f e c t s .  I n  any case, 
t he  " r i v e r  c o n t i  nuum concept" does p r o v i d e  
a u s e f u l  paradigm f o r  f u t u r e  s t ud i es  o f  
r i v e r  ecosystems (Barnes and M insha l l  
1983). 

A l l  o f  t he  s t ud i es  used i n  p r e p a r i n g  
t h i s  r e p o r t  on Pools 11 t o  13 were 
conducted w i t h o u t  r e f e rence  t o  a u n i f y i n g  
paradigm 1 i ke t h e  " r i v e r  cont inuum 
concept."  Most s t u d i e s  c i t e d  here a r e  
d e s c r i p t i v e  and focus on a p a r t i c u l a r  t a x a  
o f  organisms o r  a p a r t i c u l a r  h a b i t a t  type.  
However, a s imp le  ecosystem model o f  t h e  
Upper M i s s i s s i p p i  R i ve r  can h e l p  
i 11 u s t r a t e  t h e  p r i n c i p a l  r e l a t i o n s h i p s  
between va r i ous  components (F igure  12). 
The dashed l i n e  su r round ing  F i gu re  12 
s i g n i f i e s  t h e  "open" na tu re  o f  t h i s  
dynamic system, and t h e  model i s  genera l  
enough t o  app ly  t o  a s p e c i f i c  h a b i t a t  o r  
t o  use as a h o l i s t i c  d e s c r i p t i o n  o f  t h e  
ecosystem. The s i z e  o f  s to rage  boxes i n  
F i gu re  12 w i l l  vary .  depending upon t h e  
p o r t i o n  o f  t h e  h a b i t a t  be i ng  cons idered 
and t h e  t ime  o f  yea r .  For  example, 
accord ing  t o  tt-ii s model, t h e  a u t o t r o p h i c  
macrophytes would dominate i n  shal  low 
backwater 1 akes d u r i n g  l a te  summer, whi 1 e 
a lgae would be t h e  p r i n c i p a l  au to t roph  i n  
t he  main channel.  



Figure 12. Schematic model of t he  Upper M i s s i s s i p p i  River stiowirlg flows and s torages  
of ma te r i a l s  and energy (symbols a f t e r  Odum 1983); not a1 l poss ib le  r e l a t i o r~s t l i p s  a r e  
shown. This model may apply t o  s epa ra t e  components of t he  sys tem ( e . g . ,  backwater 
lakes)  or  t o  t h e  e n t i r e  ecosystem. 



CHAPTER 2. HYDROLOGY, SEDlMENTS, AND WATER QUALITY 

2.1 OVERVIEW 

The l ocks  and dams o f  t h e  Upper Mis- 
s i s s i p p i  R i ve r  form a  s e r i e s  o f  "s teps"  i n  
a  " r i v e r  s t a i rway "  (F i gu re  13). R i ve r  
t r a f f i c  ascends t h i s  s t a i rway  when moving 
upstream and descends when moving down- 
stream. The 27 l ocks  and dams, ex tend ing  
from Number 1 a t  M inneapo l i s ,  MN, t o  
Number 27 a t  St.  Lou is ,  MO, r e g u l a t e  r i v e r  
f l ows  t o  ma in ta i n  t h e  minimum 9 - f t  depth 
i n  t h e  main channel.  The t a i l w a t e r s  o f  a  
pool  , immediate ly  downstream f rom t h e  l ock 
and dam, o f t e n  c o n t a i n  deeper waters  
(F igure  14). The wa te r - l eve l  e l eva t i ons  
a re  a l s o  more v a r i a b l e  i n  t h e  t a i l w a t e r s ,  

as shown by Stang and M i l l a r  (1984) f o r  
Pool 13 t a i l w a t e r s  where e l e v a t i o n s  v a r i e d  
by as much as 10 f t  d u r i n g  1983. 

R ive rs  a re  dynamic a1 l u v i a l  systems 
t h a t  change landscapes i n  s p i t e  o f  t h e  
apparent s t a b i  1 i t y  p rov i ded  by  l o c k  and 
dam systems. Simons e t  a l .  (1975) suggest 
t h a t  i t  i s  t h e  r u l e ,  r a t h e r  than  t h e  
except ion,  t h a t  banks wi  ll erode, sed i -  
ments wi 11 be deposi ted,  and f l o o d p l a i n s ,  
r i v e r  i s l a n d s ,  and s i d e  channels w i l l  
undergo m o d i f i c a t i o n s  w i t h  t ime .  The t i m e  
i n t e r v a l  f o r  t h i s  change may vary  from a  
few weeks t o  w e l l  beyond t h e  normal human 
1  i fespan. 

Figure 13. P r o f i l e  o f  Pools 11 t o  13 o f  t h e  Upper M i s s i s s i p p i  R i ve r .  Lower 
dashed 1  i ne approximates pre-impoundment r i ve rbed ;  l i nes  i, M, and H correspond 
t o  water  l e v e l s  under low-,  moderate-, and h i gh - f l ow  models, r e s p e c t i v e i y .  
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Figure 14. T a i l w a t e r s  of  Pool 13 showing depth con tours  i n  f e e t  ( Iowa Conservat,ion 
Commission, Des Moines). 

The dynamic na tu re  o f  t h e  Upper 
M i s s i s s i p p i  R i ve r  has r e s u l t e d  i n  many 
reaches which a re  " i s l and -b ra i ded "  i n  
c h a r a c t e r  (F i gu re  15).  Lane (1957) 
suggested t h a t  a  b ra i ded  r i v e r i n e  system 
u s u a l l y  r e s u l t s  f rom (I) over load ing ,  
where t h e  r i v e r  r ece i ves  more sediment 
t h a n  i t  can c a r r y ,  g i v i n g  r i s e  t o  t h e  
d e p o s i t i o n  o f  p a r t  o f  t h a t  l oad ,  and (2)  
s teep  s lopes ,  which e v e n t u a l l y  produce a  
wide sha l low channel where bars  and 
i s l a n d s  form r e a d i l y .  Lane concluded t h a t  
over load ing ,  ever s i nce  P le i s t ocene  
g l a c i a t i o n ,  has been t h e  p r ima ry  cause 
f o r  t h e  b ra i ded  morphology o f  t h e  upper 
M i s s i s s i p p i .  Simons e t  a l .  (1975) 
suggested t h a t  when aggrada t ion  has 
progressed t o  t h e  s tage where t h e  r i v e r  
can c a r r y  t h e  e n t i r e  sediment l o a d  
d e l i v e r e d  by i t s  t r i b u t a r i e s ,  i t  seems 
p robab le  t h a t  t h e r e  w i l l  be a  main 
channel l a r g e l y  f r e e  from i s l a n d s ,  
s loughs,  lakes ,  ponds, and secondary 
channels.  However, t h i s  should t ake  a  
v e r y  l o n g  t i m e  as t h e  e n t i r e  w i d t h  
o f  t h e  v a l l e y  would need t o  be f i l l e d ,  
p robab l y  u n t i l  t h e  r i v e r ' s  s lope  i s  as 
s teep  as i n  p r e - g l a c i a l  t imes .  

The GREAT I1  Water Q u a l i t y  Work Group 
(GREAT 11 1980a) suggested t h a t  t h e  most 
impo r t an t  sources o f  p o l l u t i o n  t o  t h e  
M i s s i s s i p p i  R i ve r  i n  t h i s  reach were 
mun i c i pa l  and i n d u s t r i a l  p o i n t  source 
d ischarges and nonpoi n t  source d ischarges 
f rom e r o s i o n  o f  a g r i c u l t u r a l  l a n d  w i t h i n  
t r i b u t a r y  bas ins .  The urban cen te rs  of 
Gut tenberg,  I A ,  C a s s v i l l e ,  W I ,  Dubuque, 
I A ,  Be l levue ,  I A ,  Savanna, I L ,  and Sabula, 
I A ,  a r e  p o t e n t i a l  l o c a t i o n s  o f  p o i n t  
source d ischarges.  The Turkey and 
Maquoketa R ive rs  a r e  t he  major  t r i b u t a r i e s  
c a r r y i n g  sediments t o  t h e  M i s s i s s i p p i  i n  
t h i s  reach. I n  a d d i t i o n ,  commercial 
n a v i g a t i o n  and channel maintenance dredg- 
i n g  can i n f l u e n c e  water  qua1 i t y .  

The U. S. A r m y  Corps o f  Engineers 
ma in ta i ns  d a i l y  records  o f  f lows a t  Locks 
and Dams 11 t o  13,  as we1 l as e l e v a t i o n  
read ings  f o r  p o o l s  (upstream s ides  o f  
dams) and ad jacen t  t a i l w a t e r s  (downstream 
s ides  o f  dams). The wa te r - l eve l  e l e v a t i o n  



Figure 15. Pool 13 of t h e  Upper Mississ ippi  River viewed fac ing  south showing 
"is land-braided" reach of r i v e r  a t  about R M  555. 

( i n  f t  above mean sea l e v e l )  wi th in  a  pool 
L I S I I ~ ~  1y va r i eb ,  bei rig higher  a t  t he  
upstream end; t h e  s lope  of t h i s  water 
level wi th in  a pool va r i e s  wi th  t he  
qua1 i t y  of flow (F igure  13 ) .  llnder 
low t low co r~d i t i o t i s ,  t he  major change 
i n  su r f ace  water e l eva t i on  occurs  a t  
t locks and dams. A t  h igher  f lows,  
a s ~ t b s t a n t i a l  change i n  t h e  e l eva t i on  
of su r f ace  waters  occurs wi th in  t he  
redch of t he  pool ,  making i t  somewhat 
r i i  f f ictri t t o  g e t  accurd te  water- level  
values f o r  a  given loca t ion .  

The ntrmerous s i d e  chdnnels .in t he  
Pool 11 t o  13 reach enable water  t o  
move away from the  mdin stem of t h e  
!liver arid i n to  backwaters. The a r ea s  
of inundated s i d e  channels f l u c t u a t e  
as water l eve l s  change, and t h e r e  a r e  
concomitant changes i n  t h e i r  flow vol ume, 
modified by any change in  ve loc i t y .  
Water l eve l  i s  probably t he  s i n g l e  
most important f a c t o r  i nf 1 uenci ng t he  
movement of water out of the  main channel ,  
and i t  can be q u i t e  va r i ab l e  because 
o f  f ?ow and dam-operation p r a c t i c e s .  
Model ing of water l e v e l s  wi th in  a  pool 
he lps  de f ine  t h i s  dynamic system. 

Uater- 1 eve l equat ions have been 
aeveioped Tor P o u ; s  ;i t o  i 3  ( f a k f e  2). 
F lovi data  from 1981 t o  1983 were used 
i n  developing exponential  equa t ions  

which es t in ia te  water  l e v e l s  ( i n  f t  
above mean sea l e v e l )  a t  a  given r i v e r  
mile ( K M )  wi thin a  pool using t he  leve l  
a t  t he  dam and t he  flow regime (h igh ,  
moderate, o r  low). Flow da t a  and r i v e r  
s t ages  i nd i ca t ed  t h a t  about 70% of t h e  
change i n  water  leve l  wi th in  a pool 
occurs t~pstream from a p o o l ' s  midpoint 
because t h e  bottom 4s more s t e e p l y  graded 
i n  t h i s  reg ion;  t h i s  r e l a t i o n s h i p  was used 
t o  develop separa te  equa t ions  from t h e  
dam upstream t o  t h e  midpoint,  and from 
the  midpoint upstream t o  t h e  next  dam. 
The s lope  c o e f f i c i e n t s  r ep re sen t  an 
" instantaneous" s l ope ,  which i nc rea se s  
a t  higher flows and i s  higher  upstream 
from t h e  midpoint w i th in  a pool 
(Table 2 ) .  

A more accura te  water- l  eve1 es t imate  
w i l l  allow f u t u r e  models t o  b e t t e r  p r e d i c t  
f l  ows t o  backwater h a b i t a t s .  Side channel 
c ross -sec t ion  a r ea s  f o r  Pools 11 t o  13 
woi~id be needed t o  accomplish such 
model i  ng. 

2.3 POOL SEDIMENT BUDGETS 

A budget f o r  t he  sediment regime 
should q u a n t i t a t i v e l y  de sc r ibe  t h e  . . c r ;g?ns ,  d e s t i ~ a t i w s ,  and r a t e s  af  
movement o f  sediments from t h e  watersheds 
involved, Nakato (1980) at tempted such a 



Table 2. Slope c o e f f i c i e n t s  f o r  water- leve!  eqL!ationsa f o r  
Pools 11 t o  13 a t  low, moderate, and h i g h  f lows.b 

Pool 
Slope c o e f f i c i e n t s  a t  d i f f e r e n t  f l ows  

Low f l o w  Moderate f l o w  High f l o w  

11 
(DM = 583.00) 
(MM = 599.05) 

Dam wate r  l e v e l  602.99 602.89 603.67 
s1 0.00002996 0.00013833 0.00029758 
s 2  0.00007595 0.00032294 0.00068851 

12  
(DM = 556.70) 
(MM = 569.85) 

Dam water  l e v e l  591.99 591.93 594.84 
51 0.00003082 0.00014632 0.00028073 
52 0.00007316 0.00033903 0.00065062 

13  
(DM = 522.50) 
(MM = 539.70) 

Dam water  l e v e l  583.11 582.90 583.90 
SI 0.00004086 0.00016136 0.00031082 
s 2  0.00009458 0.00037576 0.00071853 

a Wate r - leve l  equa t ions  f o r  a g i ven  r i v e r  m i l e  (RM) w i t h i n  a 
pool  shown below: 

I f  RM < MM: WLRM = WLDMe S, (RM-DM) 

I f  RM > MM: WLRM = WLDMe 
S1(MM-DM) + S2(RM-MM) 

where: WL = wate r  l e v e l  i n  f e e t  above mean sea l e v e l  
RM = r i v e r  m i l e  above ent rance o f  t h e  Ohio R i v e r  
DM = r i v e r  m i l e  o f  t h e  l o c k  and dam f o r  t h a t  poo l  
MM = mid -po in t  r i v e r  m i l e  f o r  t h a t  pool  

e = base o f  n a t u r a l  l o g s  (2.7182. . . ). 

bf40nthly means used f o r  low f l o w  da ta  from J u l y  1980 (23.9 x 
1000 c f s  a t  Lock and Dam No. 11), moderate f l o w  da ta  from 
J u l y  1981 (60. I x 1000 c f s  a t  Lock and Dam No. ll), and h i gh  
f l o w  da ta  f rom A p r i l  1982 (127.8 x 1000 c f s  a t  Lock and Dam 
No. 11); da ta  p rov i ded  by George E. Johnson, Hyd rau l i c s  
Branch C h i e f ,  Rock I s l a n d  Corps o f  Engineers, Rock I s l a n d ,  



budget f o r  a reach o f t t h e  b l i s s i s s i pp i  
R?ver  r nc l ud i i l g  Pools I I  t o  13 ,  a>tho i igh 
f i e l d  da ta  were n o t  complete and mathemat- 
~ c a l  p v e d i c t i v e  mett~ods were used i n  some 
cases. The reslr I t i n g  sediment budget 
depended upon a d e t a i  1 ed pool-by-poo I 
es t imate  o f  an i npu t - ou tpu t  balance, 
i n c l  cidi ng sedinlent i n p u t s  a t  t h e  upstream 
bou;ldary t r i b u t a r i e s ,  sedimetlrt removal 
from the pool  by d redg ing ,  sediment 
depos i t i o i>  o r  scour w i t h i n  t h e  p o o l ,  arid 
sediment ou tpu t  a t  t he  downstream boundary 
(F igure  16). 

The budget a n a l y s i s  cons idered two 
p r i n c i p a l  t r i b u t a r y  watersheds e n t e r i n g  
from t h e  west  (Turkey R i v e r  and Maquoketa 
R ive r )  and two f rom t h e  eas t  (Gu-ant/Platte 
Rivers  and Galena/Apple/Pluni R ive rs ) .  The 
combined 3.5-mi1 1 i o n  ac re  sub-basin d ra i ns  
i n t o  t he  Upper M i s s i s s i p p i  R i ve r  i n  t h e  
Pools 11 t o  13 area (Table 3). Th is  
h e a v i l y  farmed b a s i n  has o n l y  14.5% f o r e s t  
land,  and i t  was es t imated  t h a t  mean 
crop land e ros i on  was 12.6 t ons  p e r  acre 
per  yea r  (Nakota 1980). About 91.4% o f  
the  eroded m a t e r i a l  was es t imated  t o  be 
3 i l t  and c l a y .  The GREAT I1 Sediment and 
Erns i o n  Work Group recommended 1 and 
t reatment  measures throughout  t h i s  
sub-basin because o f  t h e  h i g h  r a t e s  o f  
e r o s i o r ~  (GREAT I 1  1980d). 

The es t imated  sediment budget f o r  
Pools 11 t o  13 i s  presented i n  Table 4. 
In t h i s  a n a l y s i s ,  Nakato (1980) es t imated  
sed imenta t ion  r a t e s  by comparing 
topographic  maps, a l though  i n  Pool 13 
t he re  was a problem w i t h  i n s u f f i c i e n t  
c ross - sec t i ona l  data.  The da ta  do suggest 
r e l a t i v e l y  h i g h  sediment i n p u t s  from t h e  
t r i b u t a r i e s  i n  Pool 11 ( p r i m a r i l y  t h e  
Turkey R i v e r )  , and 1 ower sediment i n p u t s  
t o  Pool 12 which has sma l l e r  t r i b u t a r i e s .  
Al though d i r e c t  es t imates  o f  sed imenta t ion  
are n o t  a v a i l a b l e  f o r  Pools 11 t o  13, 
est imates f rom Pool 14 g i v e  mean r a t e s  o f  
sediment d e p o s i t i o n  o f  3.76 cm/yr (= 1.48 
i nches/yr)  d u r i n g  1954-64, and depos i t i on  
of 1.17 cm/yr (= 0.46 inches /y r )  f o r  t h e  
1965-80 t i ine o e r i o d  (McWenry e t  3 ; .  19843. 

2.4 WlkdG DAM STRUCTURES 

. . .  
W i i l g  dd?ris dild C ~ O S . ; I I ~  ddilt~ i > i r  Like 

i!pper. M i s s i s s i p p i  R i ve r  were constructeci  
t o  k i p  ma in ta i n  4 . 5 - f t  and 6 - f t  

Q : To ta l  sediment d ischarge coming 
i n t o  t h e  i - t h  poo l  ( t ons / y r )  

Qi : T o t a l  sediment d ischarge coming 
ou t  f rom the i - t h  pool  ( t ons / y r )  

: To ta l  sediment d ischarge f rom 
'j t h e  j - t h  t r i b u t a r y  o f  t h e  pool 

( t o n s / y r )  

n : Number o f  t r i b u t a r i e s  

QDRE: To ta l  amount o f  dredged m a t e r i a l  
( t o n s / y r )  

To ta l  amount o f  sediment depos i t ed  
QDEp' i n  t h e  poo l  ( t ons / y r )  

Figure 16. Schematic diagram o f  t h e  
sediment budget f o r  t h e  i - t h  poo l  ( f r om  
GREAT I1 19809). 

n a v i g a t i o n  channels. Most s t r u c t u r e s  i n  
Pools  11 t o  13 were cons t r uc ted  from 1895 
t o  1930, and t h e  r i i i v iga t ion  inaps show the  
presence of 366 wing dams and 25 c l o s i n g  
dams. ! tost  o f  these s t r u c t u r e s  a r e  be3@w 
w a t e r  i e v e i  a t  norma? ! x ~ o ?  e leva t ions ,  
i h e r e  are t h ree  emergent w i n g  dams on the 
1; ; ;  , j j t . ; =  .I - sit-& j i45Z d ~ i ~ f - ~ .  7J,rsan f ~ m  L x k  
and Dam No. 2 3 ,  between River Miles  (RE) 
548 and 548.5. 



Table 3. Summary o f  l and  use f o r  t h e  
dra inage b a s i n  o f  Pools 11 t o  13 o f  t h e  
Upper M i s s i s s i p p i  R i ve r  (GREAT I1 1980g). 

Land use Acreage (X1000) Percent  

Cropland 2,304 
Pas tu re  562 
Fo res t  508 
Other  127 

To ta l  3,501 100.0 

The p h y s i c a l  f ea tu res  o f  w ing  dams 
a l ong  t h e  Iowa channel bo rder  o f  t h e  
M i s s i s s i p p i  R i v e r  have been r e c e n t l y  
s t u d i e d  ( P i t l o  1981), and some summary 
va lues f o r  Pools  11 t o  13 a r e  p resen ted  i n  
Table 5 .  Since c o n s t r u c t i o n ,  t h e r e  has 
been ex tens i ve  l o s s  o f  wing dam h a b i t a t ,  
p r i m a r i l y  due t o  sedimentat ion by sand. 
I n  some cases, e n t i r e  areas around o r  
between ad jacen t  s t r u c t u r e s  have become 
ex tens i ve  sha l  low sand f l a t s .  Mean 
c u r r e n t  v e l o c i t i e s  over  t h e  dam were 55% 
and 69% h ighe r ,  r e s p e c t i v e l y ,  t han  30 m 
upstr'eam o r  30 m downstream f rom t h e  
s t r u c t u r e .  Maximum depths u s u a l l y  

occur red  on t h e  downstream s ide ,  a n d  
depths were g r e a t e r  For dams on ou t s i de  
bends t han  dams p r o j e c t i n g  ou t  f rom i n s i d e  
bends o f  t h e  r i v e r .  Sand and s i l t  were 
t h e  dominant subs t r a t e  types,  w i th  t he  
pe r cen t  sand g e n e r a l l y  decreas ing 
downstream. 

2.5 SED1MENT TRANSPORT TO 
BACKWATERS 

Simons e t  a l .  (1981) a t tempted t o  
develop a model t o  p r e d i c t  t he  q u a n t i t y  o f  
sediment t h a t  moves from the  main channel 
th rough  s i d e  channels t o  backwater lakes  
and ponds. The b a s i c  model i s  expressed 
as : 

Qs = A S V S C S  

where Qs = annual volume o f  sediment 
e n t e r i n g  t h e  s i d e  channe 1 s  
o f  a  r i v e r  reach 

As = t o t a l  c r oss - sec t i ona l  area 
o f  s i d e  channels i n  the  r i v e r  
reach  

V = mean v e l o c i t y  o f  t h e  water s e n t e r i n g  t h e  s i d e  channels 
C = mean concen t ra t i on  o f  sediment 

i n  t he  water e n t e r i n g  t h e  s i de  
channels.  

Table 4. Sediment budget f o r  Pools 11 t o  1 3  o f  t h e  M i s s i s s i p p i  R ive r  
( a f t e r  Nakato 1980). 

Pool parameter Pool 11 Pool 12  Pool 13 - 
Rive r  m i l e  615.1-583.0 583.0-556.7 556.1-522.5 

2 
Water su r f ace  ( m i  1 32 .91  20.30 46.87 

Norri ial  pool e l e v a t i o n  ( f  t )  
1 o t a l  sediment, i n p u t  

Lo poo l  ( t o n s l y r )  
i o t a  1 sediment output 

f rom pool  ( t o n s / y r )  
I n p i i t  from t u . i b u t a t T i ~ s  

( t o n s l y r )  
Mean annual a redg i  ng 

(1945 - i978; tons/;fr\ 
Mean sediment d e p o s i t i o n  

{ t o n s i y r )  
Mean agyradai. ion ( i riches!yr) 
Time p e r i o d  used t u  

eva l  ua te  sed imenta t ion  

?ic? n3t3 

No Data 

No Data 



Table 5. C h a r a c t e r i s t i c s  of Iowa wing dams of the  Miss i ss ippi  River ,  with 
spec ia l  emphasis on those of Pools 11 t.o 13 ( a f t e r  P i t l o  1981). 

Dam parameter's 
Total Iowg 

Pool 11 Pool 12 Pool 13 wing dams 

Niiniber cons t r~ i c t ed  92 5 0 73 595 
% covered or 

eroded by 1979 23 30 3 9 3 2 
Length (m) a t  time 
ot- cons t ruc t ion  15,426 8,929 13,467 117,870 

% reduct ion i n  
length (m) by 1979 40 3 8 2 7 5 3 

Mean w a t e ~  depth (m) 
over dam 1 . 5  1 . 8  1 . 7  1 . 7  

Mean mdximu~ii depth (m) 
30 m upstream from ddni 4 . 8  3 . 9  4 .4  4 .2  
30 m downstream from dam 5 .6  4 . 6  5 .9  5 . 1  

Subs t ra te  types near dani (%) 
b 

Sand 8 7 . 2  8 0 . 1  76.2 77.4 
S i l t  15 .2  15.9 16.2 15 .1  
Gravel 2 .7  2.5 7 . 0  4 .9  
Boil1 der  - 1 . 5  0 .6  2.5 

Mean cu r r en t  veloci t y  (nr/s) b  

30 m upstream 0.24 0 .41  0 .31  0.30 
O n  the  wing darn 0.37 0 .62  0.50 0.50 
30 m downstream 0 . 2 1  0 .39  0.28 0.28 

a Values based upon data from wing dams from Pools 9 t o  19 along t h e  Iowa s i d e  
channel border. 

b ~ a l i i e s  bared upon r ep re sen ta t i ve  wing dams from wi th in  each pool. 

A s e r i e s  of simp1 i fy ing  assump- 
t ions, including empir ical  i y  derived 
power-function cocf f  i c i en t s  , were used 
to  es t imate  A s ,  V , and CS. For example, 
main channel vz loc i ty  was used i n  
empirical power func t ions  t o  estimate 
both s i d e  channel ve loc i ty  and the  
concentrat ion o f  sediment i n  water 
en ter inq  5 i d e  channe Is .  The est imated 
annual t r a n s p o r t  o f  sediment t o  back- 
waters of  Pools 11 t o  13 is shown in 
Table 6 .  

2.6 MAIN CHANNEL DREDGING 

Pools 11 t o  23 from 1945 t o  3.979 a r e  
given i n  Table 7. Large volumes were 
dredged per pool p r i o r  t o  1945 during 
the  t r a n s i t i o n  from the  6 - f t  t o  9 - f t  
navigat ion channel.  Since 1945, t he  
annual dredging needed has been s t rongly  
r e l a t e d  t o  mean annual water discharge 
(Simons e t  a1 . 1981). When f l o ~ s  a r e  
high,  l  arge q u a n t i t i e s  of sediment e n t e r  
t h e  Miss i ss ippi  River from t r i b u t a r i e s  
and nonpoi n t  sources throughout t h e  
drainage bas in .  T h i s  sediment i s  
deposi ted when ve loc i ty  becomes 
i n s u f f i c i e n t  t o  keep the p a r t i c l e s  i n  
suspens ion. 

i i i \ i ~ r c ,  a n d  Harbors Act o f  1930 The dredged ma te r i a l ,  known as 
a u t h o r ~ ~ e u  dredging t o  maintain a  "spoi l  ," i s  moved by hydraul ic  p i p e l m e  
naviqatiot channel a t  ei minimum 9 - f t  and placed along t h e  bank of t h e  r i v e r .  
depth b a n  annual voii~mes d r  edyetl in  This dredge spoi l  may be moved aga in ,  



Table 6.  Main channel f ea tu res  and model ing es t imates  o f  sediment t r a n s p o r t  t o  back- 
waters  ( a f t e r  Simons e t  a l .  1981). 

Sediment 
Mean e n t e r i n g  
w i d t h  o f  V e l o c i t y  i n  Dredging s i de  channels 
mai n mai n (1945-1972) and backga te r  

R i ve r  reach  channel channel Volume Frequency areas 
Pool ( r i v e r  m i l e s )  ( f t) ( f t / s )  (yd3 x lo3) ( y r )  (ft3 x 106/yr) 

11 615.1-613.3 600 279 7 8.1-18.5 
11 613.3-611.5 600 4.9-1.4 351 9 1.4-3.2+ 
11 611.5-613.3 800 700 17 13.0-28.0 
11 609.2-611.5 700 426 11 + 
11 608.2-609.5 700 303 6 0 
11 606.3-608.2 800 442 7 14.7-33.6 
11 603.8-606.3 1,000 184 3 4.4-10.1+ 
11 602.5-603.8 900 0 0 2.2-5.0+ 
11 600.5-596.8 900 6.3-1.2 226 3 11.0-24.0+ 
11 596.8-594.0 800 0 0 x 
11 594.0-590.0 800 0 0 x 
11 590.0-583.0 1,000 6.2-0.6 0 0 x 

a ~ a n g e  i s  f o r  50% con f idence  i n t e r v a l  u s i n g  t h e  sediment t r a n s p o r t  equat ion.  

x = open wate r  areas. 

+ = sediment en te r s  s i d e  channels and backwater areas a l s o  th rough  t h e  upstream-reach 
s i d e  channels. 
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Table 7. Near) annual volume dredged from 
t h ree  poo ls  o f  t h e  Upper M i s s i s s i p p i  R ive r  
(Simons e t  a l .  1981) 

Time Volume (1,000 yd3 )  
p e r i o d  Pool 11 Pool 12 Pool 13 

1945-79 
wt.  mean 86.7 19.4 95 .1  

however, due t o  wind o r  wa te r  e ros ion .  
I f  t r anspo r t ed  back i n t o  t h e  r i v e r ,  i t  
may inc rease  l o c a l  t u r b i d i t y  and be 
depos i ted  i n  s i d e  channels o r  backwater 
lakes  and ponds. Water q u a l i t y  may a l so  
be degraded d u r i n g  dredging as t u r b i d i t y  
downstream i s  e leva ted ,  o r  as p o t e n t i a l  1  y  
t o x i c  chen~ ica ls  , s t r o n g l y  adsorbed t o  
f i n e  sediments, are resuspended i n  t h e  
water .  

2.7 WATER QUALITY AND INFLUENTS 

The M i s s i s s i p p i  R i ve r  i s  r e l a t i v e l y  
we1 1 - b u f f e r e d  w i t h  seven major  ions:  
b i ca rbona te ,  ca lc ium,  magnesium, sodium, 
c h l o r i d e ,  s u l f a t e ,  and potassium. These 
i ons  tend t o  inc rease  i n  concen t ra t i on  as 
they move downstream; da ta  f rom 1976 show 
an inc rease  from approx imate ly  240 mg/l a t  
RM 726 t o  410 mg/l a t  RM 44 (GREAT 11 
1980a). 

W i t h i n  t h i s  "b ica rbona te  t ype"  r i v e r  
system, n u t r i e n t  concen t ra t i ons  a re  
u s u a l l y  much lower  t han  t h e  ma jo r  ions.  
N i t r ogen  and phosphorous mean l e v e l s  from 
t he  Pool I1 t o  1 3  reach o f  r i v e r  were l ess  
than 1 mg/l (Table 8).  These n u t r i e n t s  
can be q u i t e  v a r i a b l e  depending on 
a l loch thonous  i n p u t s  and t h e  p h y s i o l o g i c a l  
a c t i v i t y  o f  t h e  aqua t i c  b i o t a .  The 
changes i n  r e l a t i v e  amounts and 
concen t ra t ions  o f  d i f f e r e n t  fctrms o f  
n i t r ogen ,  e s p e c ~ a  r l y  e l eva ted  iGH3-l.i 
l e v e l s ,  can a l s o  i n d i c a t e  t h e  e n t r y  o f  
o rgan ic  p o l l u t a n t s .  These e l eva ted  l e v e l s  

Table 8. Mean water  chem is t r y  parameters 
from two l o c a t i o n s  i n  t h e  Pool I1 t o  13 
reach o f  t h e  Upper M i s s i s s i p p i  R i ve r  ( f rom 
GREAT I1 1980a). 

Concen t ra t ion  (mg/l ) 
Parameter Dubuque, I A  Savanna, I L  

-- - - 
a  Some samples exceeded €PA standards f o r  

aqua t i c  1  i f e .  
b ~ o m e  samples exceeded EPA standards f o r  

d r i n k i n g  water .  

a re  o f t e n  c o r r e l a t e d  w i t h  i n p u t s  h i g h  i n  
b i o l o g i c a l  oxygen demand (BOD) (GREAT I1 
1980a). La rger  t r i b u t a r i e s  (e. g. , Turkey 
R i v e r  and Maquoketa R i ve r )  t end  t o  
inc rease  n u t r i e n t  l e v e l s  i n  t h e  r i v e r  
reach j u s t  downstream f rom where t hey  j o i n  
t he  M i s s i s s i p p i .  

A d i s s o l v e d  oxygen (DO) concentra- 
t i o n  o f  a t  l e a s t  5 mg/l i s  g e n e r a l l y  
accepted as necessary t o  ma in ta i n  a  
d i ve r se  a q u a t i c  fauna (McKee and Wolf 
1963). D i sso l ved  oxygen l e v e l s  appear t o  
be adequate th roughou t  t h e  Pool 11 t o  13 
reach  o f  t h e  Upper M i s s i s s i p p i  R i ve r ,  
a1 though t h e r e  have n o t  been d e t a i l e d  
s t ud i es  o f  t h i s  parameter.  The most 
l i k e l y  oxygen d e p l e t i o n  zone would occur  
downstream f rom Dubuque, I A ,  which 
c o n t r i b u t e s  t h e  h i g h e s t  s i n g l e  BOD i n p u t  
w i t h i n  t h i s  93-mi r i v e r  reach. There may 
a l s o  be some temporary  oxygen dep le t i ons  
i n  p r o d u c t i v e  backwater l a kes  and ponds, 
espec i a l  l y  i n  sha l l ow  zones d u r i n g  w i n t e r  
a f t e r  pe r i ods  o f  p ro l onged  i c e  cover .  

The p o i n t  sources e n t e r i n g  Pools 11 
t o  13 i n c l u d e  e f f l u e n t s  from 9  mun ic ipa l  
sewage t r ea tmen t  p l a n t s ,  10 mob i le  home 
parks ,  and 3  e l e c t r i c  u t i l i t y  companies 
(Table 9). Up t o  277 m i  11 i o n  ga l  per  day 
(- 423 f t 3 / s )  o f  rSve r  water  f r c p  eight 
d i f f e r e n t  l o c a t i o n s  may be used f o r  
c o o l i n g  i n  t h i s  r i v e r  reach; under low 



Table 9. Poin t -source  d ischarges t o  Pools I1 t o  13 ( f rom GREAT 11 1980a). a 

Pool R i ve r  m i l e  Name o f  f a c i l i t y  Comments about d ischarge  

Guttenburg SIP 
Wis. Power & L i g h t  

Rapid Dye & Mold ing Co. 
Dai r y l  and Power Coop. 
Cassvi 11 e STP 
Po tos i  STP 
Lore MHP 
John Deere Co. 

F l e x s t e e l  I n d .  

Dubuque WTP 
Caradco Div.  
F i she r ,  Inc .  
I n t e r s t a t e  Power Co. 
Keystone G e l a t i n  Co. 
M id land  Labs Inc. 
U.S. I n d u s t r i a l  Co. 
Dubuque Stamping & Mtg. 
Molo Sand & Gravel 
Knapp MHP 
Granada Gardens MHP 
Westgate MHP 
L i g h t  PlHP 
Table Mound MHP #2 
American O i l  Co. 
Dubuque Sand & Gravel 
Twin "T" MHP 
Table Mound MHP 
Decker t  MHP 
Dubuque STP 

579 East  Dubuque STP 
573 Apple R. Chemical 
560 Chestnut  Mtn. Lodge 

13 557 Be l l evue  WTP 
556 Be l l evue  STP 
550 U. S. Ordinance 

537 Savanna STP 
537 Eaton Corp. 

535 Sabu'ia STP 
527 Thomson STP 

t o  abb rev i a t i ons :  

STP - sewage t r ea tmen t  p l a n t  
MHP - mob i le  home p a r k  
MGD - m i l l i o n  g a l l o n s  pe r  day 

600 BOD,; 60 I b  NH3-N; t o  Miners Creek 
165 MGD f l o w  

0.024 MGB f l ow ;  6 BOD,; t o  Furnace Creek 
46.5 MGD f l o w  
0.144 MGD f l o w ;  14 BOD, 
0.251 MGD f l o w ;  2 1  BOD, 
t o  L i t t l e  Maquoketa 
17 MGD f l o w ;  550 BOD,; 55 1b NH3-N; 

Pb & Zn; t o  L i t t l e  Maquoketa 
(0.002) MGD f l o w ;  Coo l ing  wa te r ;  t o  

L i t t l e  Maquoketa 

(0.011) MGD f l o w  
(0.715) MGD f l ow ;  Coo l ing  water  
(0.648) MGD f l ow ;  Coo l ing  water  
(61.1) MGD f l o w ;  Coo l ing  water  
(0.756) MGD f low;  Coo l ing  water  
(0.003) MGD f low;  Coo l ing  water  
(2 .31)  MGB f l ow ;  Cool i n g  water  
(0.027) MGD f low;  Storm sewer d ischarge  

t o  C a t f i s h  Creek 
Qua r r y  water ;  t o  C a t f i s h  Creek 
25 BODs; t o  C a t f i s h  Creek 
t o  C a t f i s h  Creek 
t~ C a t f i s h  Creek 
35,000 BOD5; 9 . 8  MGD f l ow ;  2,861 I b  

NH3-N 
400 BODs; 0.300 MGD f l ow ;  75 I b  NH3-N 
200 BOD,; 0.593 MGD f l ow ;  250 I b  NH3-N 
(0.014) MGD f l o w  

350 BODs ; 0.170 MGD f l  OW; 85 1 b NH3-N 
74 BOD, ; (0.300) MGD fl OW; 13 1 b 

NH3-N; t o  Apple R i ve r  
375 BOD,; 0.500 MGD f l o w ;  54 I b  NH3-N 
Noncontact c o o l i n g  water ;  Plum R .  t o  

Savanna Slough 
190 BOD,; 0.100 MGD f l ow ;  7 l b  NH3-N 
50 BOD,; 0.055 MGD f low;  13 I b  NH,-N 

WTP - wate r  t rea tment  p l a n t  
BOD, - 5-day B i o l o g i c a l  Oxygen Demand 
( f l o w )  - des ign  f l o w  volume ( i n  mg/l). 



f l o w  c o n d i t i o n s  o f  10,000 f t 3 / s ,  t h i s  
represen ts  4.3% o f  t h e  r i v e r ' s  f 1  ow. 
Thermal p l  umes downstream from e f f l u e n t s  
va ry  g r e a t l y  i n  volume and hyd ro l og i c  
behav io r .  Downstream from t h e  1  a rges t  
heated e f t  l ~ l e n t  i n  t h i s  reach o f  r i v e r ,  
plumes 5 O F  above ambient water  tempera- 
t u r e  covered from 1.3% t o  6.7% o f  t h e  
r i v e r  i n  c ross  s e c t i o n  (GREAT I 1  1980a). 
The major  env i ronmenta l  problem w i t h i n  
these thermal  m i x i ng  zones i s  t h e  heat 
shock t o  which f i s h  and i c t h y o p l a n k t o n  may 
be exposed. The magnitude o f  t h i s  impact 
on t h e  t o t a l  f i s h e r y  o f  t h e  M i s s i s s i p p i  
R i ve r  has n o t  been determined. 

P o l y c h l o r i n a t e d  b i pheny l s  (PCB's) 
a re  one o f  t h r e e  types o f  t o x i c  compounds 
t h a t  have been i d e n t i f i e d  i n  e f f l u e n t s  
e n t e r i n g  t h e  M i s s i s s i p p i  R i ve r .  PCB's 
have very  l ow  water  s o l u b i l i t y ,  b u t  they 
a re  f a t  so l ub l e  and, l i k e  c h l o r i n a t e d  
hydrocarbon i n s e c t i c i d e s  , PCB ' s can 
accumulate i n  animal t i s s u e  many 
thousands o f  t imes t h e i r  concen t ra t i on  
i n  t h e  water .  They a r e  d i r e c t l y  t o x i c  
t o  humans and l e v e l s  as low as 2.5 mg/kg 
PCB's i n  human d i e t s  have been l i n k e d  
w i t h  a v a r i e t y  o f  p h y s i o l o g i c a l  dysfunc- 
t i o n s  (Wora 1976). S tud ies  s ince  1970 
have i n d i c a t e d  t h a t  v i r t u a l l y  a l l  f i s h  
downstream from major  urban areas con- 
t a i n e d  PCB's (GREAT I 1  1980a). Dur ing  
1975-77, samples o f  rough f i s h  and game 
f i s h  i n  Pool 11 (near C a s s v i l l e ,  MI )  had 
1 .01  and 0.12 mg/kg PCB's, r e s p e c t i v e l y ,  
i n  t h e i r ,  t i s sues ;  s i m i l a r  da ta  from Pool 
12 (near  Dubuyue, I A )  showed PCB concen- 
t r a t i o n s  o f  0.22 and 0.23 mg/kg. A t  bo th  
sarnpl i ng 1 oca t i ons  and throughout  the  
M i s s i s s i p p i  upstream f rom S t .  Lou is ,  i t  
appears t h a t  PCB f i s h  con tamina t ion  has 
increased s i nce  t h e  e a r l y  1900 's .  One of 
t h e  few s tud i es  o f  PCB's i n  f reshwater  
mussels found l e v e l s  t h a t  d i d  no t  exceed 
0 .11  mg/kg f o r  f o u r  spec ies sampled from 
Pool 15 (BPD 1984). 

A second category o f  t o x i c  compounds 
found i n  t h e  M i s s i s s i p p i  R i ve r  i s  
pes t i c i des .  Samples d u r i n g  t h e  p e r i o d  
1968-76 from Pool 12 ( a t  Dubuque, IA )  had 
l e v e l s  o f  0.45 p g / l  D i e l d r i n ,  0.20 ug/f 

DDE, and 0.05 pg / l  DDT. D i e l d r i n  i s  
p resen t  i n  h i ghe r  concen t ra t i ons  than  
e i t h e r  DDE, a  breakdown p roduc t  o f  DDT, o r  
DDT i t s e l f .  The acceptable l i m i t s  i n  f i s h  
f l e s h  s e t  by t he  Food and Drug 
Adm in i s t r a t i on  (FDA) f o r  DDT (5 mg/kg) 
have n o t  r e c e n t l y  been exceeded f o r  f i s h  
i n  t h e  Pool 11-13 reach; b u t  t h e  l i m i t s  
f o r  D i e l d r i n  (0 .3  mg/kg) p robab ly  have 
been exceeded. Samples upstream f rom 
t h i s  reach, a t  RM 663, have shown D i e l d r i n  
l e v e l s  o f  2 pg/kg i n  f i s h  f l e s h ,  and 
samples j u s t  downstream a t  C l i n t o n ,  IA ,  
had l e v e l s  o f  12 pg/kg (GREAT 11 1980a). 
Chronic  exposure o f  humans t o  l ow - l eve l  
p e s t i c i d e  con tamina t ion  i s  p robab ly  o f  
more concern a t  p resen t  than  acute t o x i c -  
i t y  f rom e i t h e r  d r i n k i n g  water  o r  f i s h .  

Heavy meta ls  r ep resen t  a  t h i r d  
category o f  t o x i c  compounds. Some 
samples f rom t h e  M i s s i s s i p p i  R i ve r  a t  
Dubuque, I A ,  exceeded EPA standards 
f o r  copper, l ead ,  and i r o n  (Table 8). 
The t o x i c i t y  o f  heavy meta ls  i s  i n f l u e n c e d  
by a  v a r i e t y  o f  env i ronmenta l  parameters 
(such as temperature and a1 k a l  i n i t y )  
b u t  i t  appears t h a t ,  w i t h  t h e  p o s s i b l e  
excep t ion  o f  mercury, heavy meta ls  a r e  
n o t  be i ng  concen t ra ted  i n  t h e  b i o t a  o f  
t h e  M i s s i s s i p p i  R ive r .  F i s h  and o t h e r  
aqua t i c  animals seem t o  accumulate most 
heavy meta ls  a t  r a t e s  which depend as 
much on t h e i r  h a b i t a t s  as t h e i r  d i e t s .  

Water q u a l i t y  may a l s o  be i n f l u e n c e d  
by t h e  resuspension o f  bot tom sediments by 
barge t r a f f i c .  I f  sediments c o n t a i n  t o x i c  
m a t e r i a l s ,  barge passage may re lease  these 
p o l l u t a n t s .  Simons e t  a l .  (1981) noted 
t h a t  t he  resuspension o f  contaminated 
sediments may inc rease  t h e  p o l l u t a n t  
i n t a k e  o f  c e r t a i n  f i s h  species i f  t hey  
i n g e s t  sediments t o  which p o l l u t a n t s  a r e  
adsorbed. Bhowmik e t  a l .  (1981) found 
t h a t  changes i n  water chemis t ry  inc reased  
i f  sediments were resuspended d u r i n g  
vessel  passage. For example, du r i ng  l ow  
f lows ,  d is tu rbance  o f  f ine -g ra ined  
sediments by barge passage may decrease 
DO 1  eve1 s  as high-oxygen-demand o rgan ic  
m a t e r i a l s  a re  resuspended. 



CHAPTER 3. AOUATlC MACROPNYTES 

3.1 OVERVIEW 

Our cons idera t ion  of b i o t i c  compo- 
nents begins with the  l a r g e r  macroscopic 
primary producers in  t h i s  aquat ic  system. 
These autotrophs a r e  respons ib le ,  
e spec i a l l y  i n  off-channel a r e a s ,  f o r  much 
of t h e  carbon f ixed  by the  Upper Missis- 
s ipp i  River system. Aquatic macrophytes 
of r i ve r s  a r e  very mixed taxonomically, 
but most a r e  vascular  flowering p l a n t s .  
These communities have been r e f e r r e d  t o  a s  
an uns tab le ,  complex mosaic of spec i e s  
which show numerous s t r u c t u r a l  adapta t ions  
t o  the  aquat ic  environment (Westlake 
1975) .  The emphasis in t h i s  chap te r ,  and 
in  subsequent d i scuss ions  of o the r  b i o t i c  
components, w i l l  be on the  dominant 
spec ies  and how t h e i r  b io log ie s  
i l l u s t r a t e  t he  s t r u c t u r e  and funct ion of 
t h i s  dynamic r i  veri ne system. Recent 
guides t o  the  1 i t e r a t u r e  of t he  aqua t i c  
macrophytes of the Upper Mississippi  
River have been provided by Mohlenbrock 
(1983) and Peck and Smart (1985). 

Three major forms of aqua t i c  
macr~phytes  can usual ly be fourid on t h e  
Upper Mississippi  River: 

o, ernergerlt 
a f l o a t i n g  
c suhmerger~t. 

Emergents a re  rooted ii? t h e  
s u b s t r a t e ,  which i s  near o r  below water 
level  f o r  much of t h e  y e a r ,  but  t h e i r  
leaves and reproduct ive organs a r e  
a e r i a t  , examples jncl ude arrowhead 
(Sag i t t av i a  l a t i f o l i a  and 5. r i g i d a ) ,  bul- -- -- 
rush ~ i p s  t l u v i a t i l i s ) ,  c a t t a i l  
a  5 .  ana reed canary gtSds5 
(Pha i a r i s  sp. ). Float ing rnacr'ophyles a r e  
u s u a l l y  rooted i n  t h e  s u b s t r a t e  with 
1 eaves f foa t ing  on  t h e  water sur face  and 

reproduct ive organs f l o a t i n g  o r  a e r i a l  ; 
white water-1 i l y  (Nymphaea sp.  ) and 
f  1  o a t i  ng pondweed (Potamogeton natans)  
a r e  examples. The American l o t u s  
(Nel umbo 1 utea)  has l a rge  c i r c u l a r  
f l o a t i n g  1  eaves which o f t en  become 
emergent a s  t h e  p l a n t  matures. Duckweed 
(Lemna sp.  ) i s  a  small f l o a t i n g  p l a n t  t h a t  
i s  not rooted i n  t h e  s u b s t r a t e .  Sub- 
mergents a r e  usua l ly  rooted ,  with leaves 
e n t i r e l y  below t h e  su r f ace ;  examples in-  
c lude  wild c e l e r y  ( V a l l i s n e r i a  arnericana), 
cu r ly  pondweed (Potamogeton c r i  spus)  , 
watermi 1 f o i  1 (Myriophyl lum sp. ) ,  and 
common e l  odea (Elodea canadens i  s )  . In 
add i t i on ,  some, l i k e  coonta i l  (Cerato- 
h  urn demersum) , a re  not normal l  y  
rooted but  a r e  o f t en  entangled i n  o t h e r  
p l a n t s .  

I f  t h e  macrophyte zonation of lakes 
were extended t o  r i v e r s ,  one would expect  
r i v e r  edges t o  be l ined  by emergents,  
with f l o a t i n g  macrophytes in s l i g h t l y  
deeper water and submergents i n  s t i l l  
deeper water .  However, 1 ocal condi t ions  
such a s  c u r r e n t ,  bank s lope ,  and wind 
exposure vary g r e a t l y  and o f t en  t h e  
complete range of macrophyte zones a r e  
not  seen i n  r i v e r s  (Westlake 1975). 

A v a r i e t y  of environmental f a c t o r s  
may l i m i t  the  d i s t r i b u t i o n  and 
praduct iv i  t y  of aquat ic  macrophytes i n  
Pools 11 t o  13. I t  i s  now known t h a t  
aqua t i c  macrophytes may r e l y  on both roo t  
and shoot uptake of n u t r i e n t s  (Denny 
1972), and t h a t  n u t r i e n t  l e v e l s  of NO,-N 
and PO,-P can inf luence growth; optimum 
growth occurs a t  concent ra t ions  common on 
t h e  Upper Mississippi  (Pe l t . i e r  and Welch 
1969; Mu? l igan  and Etaranowski 1969). In 
tnaiiy ;-i be?- S ~ S ~ E G S ,  i  ncf ,, , , ,, t h e  Fpper 
Mississippi  , t he  annual throughput of 
n u t r i e n t s  i s  many times t h a t  needed f o r  
optimum rnacrophyte growth (Westlake 1968; 



Ladle and Casey 1971) ; Westlake (1975) 
suggested t h a t  n u t r i e n t s  a re  o f t e n  n o t  as 
impo r t an t  i n  1 i m i  t i  ng macrophytes as 
o t h e r  f a c t o r s .  

L i g h t  i s  a we1 1-known l i m i t i n g  f a c t o r  
o f  p l a n t  growth,  arid t he  r e l a t i v e l y  t u r b i d  
waters  o f  t h e  M i s s i s s i p p i  R i v e r  may 
g r e a t l y  reduce l i g h t  l e v e l s  j u s t  a  few crn 
below t h e  sur face .  The uppermost leaves 
o f  submergent macrophytes may be 
1 i g h t - s a t u r a t e d  w h i l e  leaves deeper w i t h i n  
t h e  p l a n t  s tand  r ece i ve  subsa tu ra t i ng  
r a d i a t i o n .  Thus, t u r b i d i t y  can reduce 
o v e r a l l  macrophyte p r o d u c t i v i t y ,  w i t h  
submergent rnacrophytes be i ng  t h e  form most 
d i r e c t l y  a f f e c t e d  (Westlake 1966). 

The i n f l u e n c e  o f  f l o w  upon 
subst ra tum i s  we1 1  -known (Hynes 1970) ,  
and c o r r e l a t i o n s  between subs t r a t es  and 
r i v e r i n e  p l a n t  beds have been observed 
(Westlake 1975). Lower f l ows  and sma l l e r  
sediments a r e  u s u a l l y  p resen t  i n  t he  
backwater l a kes  and ponds o f  t h e  Upper 
M i s s i s s i p p i  R i ve r ;  these h a b i t a t s  have 
t h e  l a r g e r  s tands o f  aqua t i c  macrophytes. 
Marsh vege ta t i on ,  much o f  which i s  emer- 
gent  macrophytes, i s  more common f o r  
those poo l s  which have l a r g e  areas o f  
backwater l a kes  and ponds (F i gu re  17).  
The Pool 11 t o  1 3  reach i s  near  t he  
southern edge o f  t h e  p o r t i o n  o f  t h e  Upper 

M i s s i s s i p p i  i n  which t h e r e  i s  an ex tens ive  
developmer?t of  marsh vege ta t i on .  Pools 
f u r t h e r  sou th  have sma l l e r  areas o f  
backwaters and, hence, l e s s  marsh vegeta- 
t i o n .  

The c h a r a c t e r i s t i c s  o f  se l ec ted  
aqua t i c  macrophyte communities w i t h i n  t h e  
f o u r  p r i n c i p a l  h a b i t a t  types o f  Pools 11 
t o  13  are d iscussed i n  t h e  remain ing 
sec t i ons  of t h i s  chap te r .  

3.2 MAIN CHANNEL 

The r e l a t i v e l y  deep waters  and f a s t  
c u r r e n t  o f  t h e  main channel make t h i s  
h a b i t a t  u n s u i t a b l e  f o r  t he  growth and 
r ep roduc t i on  o f  most spec ies o f  aqua t i c  
macrophytes. However, macrophytes a re  
commonly seen f l o a t i n g  i n  t h e  main 
channel,  usual  l y  a f t e r  hav ing  been 
uprooted and t r a n s p o r t e d  o u t  o f  backwater 
areas. Probably  t he  most no t i ceab le  
aqua t i c  macrophytes o f  t h e  main channel 
a re  duckweed (Lemna sp . )  and watermeal 
( W o l f f i a  sp . ) ,  t h e  l a t t e r  be ing  t h e  
w o r l d ' s  smal l e s t  f l o w e r i n g  p l a n t .  These 
f l o a t i n g  p l a n t s  u s u a l l y  m u l t i p l y  and 
develop i n  waters  w i t h  ve r y  1  i t t l e  
cu r ren t ,  b u t  h i ghe r  waters  f a1  low ing  
heavy summer r a i n s  can f l u s h  these hab- 
i t a t s  t o  produce l a r g e  b l anke t s  o f  green 

Rlver lakm. ponds end sloughs 
90 90 

t eo BO 

2 70 Sldo channel 70 

2 
z 60 I 60 

C 

Ream (mlies) 2 8 2 Sc 2 
Note Pools 1 am 2 irom t473 data 

PC& 3 io hazh  025 horn 1975 datr 

Figure 17. R e l a t i v e  d i s t r i b u t i o n  of a q u a t i c  hab j  t a t s  
on t h e  Upper M i s s i s s i p p i  R i ve r  (from UMRBC 1982). 
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Table 10. Habi ta t  a reas  o the r  than main channel and main-channel borders  
(Hagen e t  a l .  1977). 

Habitat  Type 
Area ( ac re s )  

Pool 11 Pool 12 Pool 1 3  Total % Tota l  
-- 

Open Water 9,920 5,473 11,993 27,386 43.0 

Unvegetated 159 42 237 438 0 .7  

Submerged aqua t i c  
vegetat ion 1,855 506 1,332 3,693 5 . 8  

Aquatic and moist 
so i  1 vegeta t ion  2,287 1,916 4 ,871  9,074 14 .3  

Herbaceous 
vegetat ion 

Wood1 and 
vegetat ion 6,993 5,185 4,055 16,233 25.5 

Agr icu l ture  506 160 2,507 3,173 5.0 

Developed 446 849 564 1,859 2.9 

Total 22,637 14,439 26, 545a 63,621 100.0 

a Does not include approximately 6,500 ac re s  cont ro l  l ed  by t h e  Savanna 
Provi ng Grounds. 

On a s i n g l e  p l a n t ,  lower, submerged leaves 
a r e  narrow and g r a s s l i k e ,  with more ovate 
leaves d6veloping near t h e  sur face .  The 
emergent leaves a r e  r e l a t i v e l y  s t i f f  
and more arrow-shaped. As water l eve l s  
drop and more of t h e  p l a n t  becomes 
emergent, t h e  narrow ribbon1 i ke leaves 
of t he  stem drop o f f  and wider emergent 
ones develop. Two spec ies  found i n  Pools 
11 t o  13 vary i n  t h e i r  emergent leaves ,  
with a l i n e a r  or  e l l i p t i c a l  blade present  
i n  S, r i g i d a  and a more va r i ab l e  
arrow-shaped leaf i n  & l a t i f o l i a  (Scul- 
thorpe 1967). 

Of the  arrowhead spec i e s  present  i n  
the  Upper Mississippi  River ,  S. l a t i f o l i a  
i s  t h e  most abundant, forming numerous 
monotypic beds a long  the margins of 
sloughs and edges of backwater lakes and 
ponds (Mohl enbrock 1983). Sagi t t a r i a  
r i g i d a  i s  a much less abundant spec ies  and 

Mohlenbrock (1983) r epo r t s  i t  occur r ing  
only a s  f a r  south a s  Pool 8; Clark e t  a l .  
(1983) found & r i g i d a  a s  f a r  south a s  
Pool 13, bu t  absent  from Pool 19. I t  has 
been suggested t h a t  - S. r i g i d a  i s  a 
s h o r t e r ,  l e s s  robust  p l a n t  than S. 
l a t i f o l i a ,  and t h a t  g r e a t e r  water depth< 
wave a c t i o n ,  t u r b i d i t y ,  and p o l l u t a n t  
l e v e l s  south of Pool 1 5  l i m i t  i t s  d i s t r i -  
but ion.  

Clark e t  a l .  (1983) s tud i ed  s tands  
of S. l a t i f o l i a  and & r i g i d a  from four  
s i t e s  i n  Pool 13 ,  as  we71 a s  o the r  s i t e s  
in  Pools 19 and 20. P l a n t  beds were 
sampled i n  Pool 1 3  a t  four  s i t e s :  Lower 
Brown Lake, Upper Spring Lake, south of 
Cook I s l and .  and t h e  E l k  River Delta.  
The s tands  o'f & l a t i f a l i a  averaged about 
4 ac re s  i n  s i z e ,  while S. r i g i d a  occurred 
in smal le r  patches,  s c a t t e r e d  more widely 
within o t h e r  vegetat ion.  However, t h e  



Figure 18. Aquatic macrophytes common t o  t h e  Upper Mississippi  River: (a )  
S a g i t t a r i a ,  showing emergent leaves  and f lowers ;  (b)  Sc i rpus ,  showing t r i a n g u l a r  
stem; ( c )  Sparganium, with s taminate flower c l u s t e r s  above p i s t i l l a t e  f lowers;  
( d l  Phragmi t e s ,  showing terminal  flower c l u s t e r ;  ( e )  Nymphaea, showing deeply 
notched l e a f ;  ( f )  Nelurnbo, emergent o r  f l o a t i n g  l e a f  with l a rge  yellow f lower;  
( g )  m o p h y l  1 um, showing submergent and emergent l eaves ;  ( h )  Ceratophyl 1 urn, 
with small horn1 i ke p ro j ec t ions  on leaves  (from Eckbl ad 1978). 

p l a n t  dens i ty  wi th in  s tands  was g r e a t e r  1,000 g/m2/yr f o r  aboveground vegeta t ion  
f o r  r i g i d a  (146.5 stems/m2) than f o r  (Sefton 1976; Eckblad e t  a1. 1977; Rada 
S. l a t i f o l i a  (54.4 stems/rn2). - e t  a l .  1980; Clark e t  a l .  1983). These 

a r e  somewhat higher es t imates  than those  
The maximum standing-crop es t imates  reported f o r  arrowheads of t i d a l  wetlands 

reported f o r  mature arrowhead beds of t h e  (Whigham e t  a l .  1978). I t  appears t h a t  
Mississippi  River range from about 400 t o  ove ra l l  ne t  primary production of arrow- 
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Table 11. Surface areas o f  va r i ous  h a b i t a t  t ypes  f o r  Pools 11-13. 

H a b i t a t  
Area (Acres) 

Pool 11 Pool 12 Pool 13  T o t a l  % To ta l  

Shore1 i n e  
Urban 
Trees (>20 f t  t a l l )  
Trees ( t 2 0  f t  t a l l )  
Sal i x /b rush  
Levee grass & b rush  
Crop1 and 
Upland meadow 
Sand/mud 
Low1 and meadow 

Aquat i c  
Emergent macrophytes 

Polygonum (smartweed) 12 5 
P h a l a r i s  ( reed  canary grass)  150 3 7 
Sc i rpus  f l  u v i a t i  1 i s  (bu l rush)  37 12 
Typha ( c a t t a i l )  10 7 
Sparganium (bur  reed) - - 
S a g i t t a r i a  (arrowhead) 970 1,157 
Z i z a n i a  ( w i l d  r i c e )  5 2 
Misc. emergent macrophytes 3 7 197 

F l o a t i n g  macrophytes 
Nelumbo (Am. l o t u s )  18 5 195 2,042 2,422 2.0 
Nymphaea (water  l i l y )  - - 7 7 77 t o .  1 

Submergent macrophytes 
Misc. submergent spec ies 3,810 1,900 1,920 7,630 6.3 
Open water  15,890 9,570 24,272 49,732 41.0 

head beds o f  t h e  M i s s i s s i p p i  R i ve r ,  
above- and belowground, i s  a t  l e a s t  600 
g/m2/yr (Eckblad e t  a l .  1977); t h i s  t r ans -  
l a t e s  t o  an annual autochthonous i n p u t  o f  
about 2.67 tons/acre.  Sagi t t a r i a  annual 
n e t  o roduc t ion .  us i na  a rea  da ta  from Table 
11, 'would be an esGmated 2,590 t ons  f o r  
Pool 11, 3,089 t ons  f o r  Pool 12, 4,779 
tons f o r  Pool 13. These r a t e s  a re  w e l l  
below those f o r  some poo l s  f u r t h e r  no r t h - -  
f o r  example, Pool 9 es t imates  would be 
9,516 tons /y r - -bu t  t h e  r a t e s  represen t  a 
s i g n i f i c a n t  p o r t i o n  o f  t h e  t o t a l  o rgan i c  
ma t t e r  f i x e d  w i t h i n  t h e  poo ls .  

L i g h t  pene t ra t i on ,  wind exposure, and 
subs t r a t e  c h a r a c t e r i s t i c s  a re  cons idered 

f a c t o r s  l i m i t i n g  t h e  water  depth i n  which 
arrowheads occur  (Scul tho rpe  1967). It i s  
a l s o  p o s s i b l e  t h a t  ge rmina t ion  may be 
i n h i b i t e d  v i a  t h e  phytochrome system when 
water  exceeds a c r i t i c a l  depth (Nobel 
1983). N e i t h e r  spec ies o f  arrowhead f rom 
Pools 11 t o  13 grew i n  water  depths 
g rea te r  t han  50-60 cm, and peak s tand ing  
crops were recorded  i n  August. F lower ing  
a l s o  occur red  i n  August, though S .  r i g i d a  
f lowered  severa l  weeks e a r l i e r  than  5, 
l a t i f o l i a  (C la r k  e t  a ] .  1983)- Arrowhead 
a re  known t o  undergo vege ta t i ve  propaga- 
t i o n  th rough  t h e  f o rma t i on  o f  t ube rs  
(corms) i n  t h e  f a l l  (Scu l tho rpe  1967); i n  
some cases i t  may be t h e  usual form o f  
rep roduc t ion .  These underground t ube rs  



mature i n  l a t e  f a l l ,  and t h e  common name 
"duck po ta to "  a t t e s t s  t o  t h e  f a c t  t h a t  
t h e y  may be sought a f t e r  by  wa te r fow l .  
They have a l s o  been used by man f o r  food 
(Baker 1978). Muskrats e a t  sma l l  p o r t i o n s  
o f  t h e  p l a n t  b u t  sh red  s t i l l  more i n  
c u t t i n g s  f o r  lodges (We l l e r  1981; Clay 
1983), and a v a r i e t y  o f  i n s e c t s  are known 
t o  l i v e  i n  c l o s e  a s s o c i a t i o n  w i t h  ar row-  
heads ( K l o t s  1966). 

The American l o t u s  (Nel umbo 1 u tea)  
i s  t h e  dominant f l o a t i  nu m a c r o ~ h v t e  i n  
t h e  backwaters o f  t h i s  ;each o f  - r i v e r ,  
cove r i ng  ex tens i ve  areas e s p e c i a l l y  i n  
Pool 13. I t s  sometimes emergent and 
l a r g e  s a u c e r l i  ke leaves can be severa l  
f e e t  i n  diameter.  The l e s s  common w h i t e  
w a t e r l i l y  (Nymphaea sp. )  can be d i s t i n -  
gu ished from t h e  American l o t u s  by i t s  
deeply  notched leaves,  somewhat p u r p l i s h  
on t h e  unders ide,  and w h i t e  f l owers .  The 
d i s t i n c t i v e  l a r g e  y e l l o w  f lowers  o f  t h e  
American l o t u s  g i v e  r i s e  t o  a top-shaped 
recep tac l e ,  i n  which ho l es  mark t h e  loca-  
t i o n  o f  seeds, which a re  popu la r  i n  d r i e d  
f l o w e r  arrangements. The seeds can be an 
impo r t an t  source o f  f o o d  f o r  wa te r fow l  
(GREAT I 1  1980d), and t h e  tuberous 
r oo t s t ocks  were used as food by N a t i v e  
Americans. 

The submergent macrophytes o f  t h e  
backwater l a kes  and ponds o f  Pools  11 t o  

13 i n c l u d e  w i l d  c e l e r y ,  c u r l y  pondweed, 
m i  1 f o i  1 . waterweed, and coon ta i  I .  Stands 
o f  w i  1 h c e l  e r y  ( ~ a l  1 i s n e r i  a ameri cana) 
may form i n  q u i e t  sha l low waters ,  w i t h  
t h e i r  l ong  r ibbon1  i ke leaves a r i s i n g  from 
c reep ing  r oo t s t ocks .  They a re  r e p o r t e d  
t o  p r o v i d e  good cover  f o r  sma l l  f i s h ,  and 
food t o  muskrats,  f i s h ,  and b i r d s  (Fasse t t  
1957). C u r l y  pondweed (Potamogeton 
c r i s p i s ) ,  named f o r  i t s  d i s t i n c t i v e  l e a f  
margins, i s  a l s o  used by a v a r i e t y  o f  
aqua t i c  forms f o r  food  and re fuge  (Berg 
1949). M i l  f o i l  (Myr iophy l lum sp. ) can 
form dense submersed beds i n  q u i e t  waters  
and may e i t h e r  be r o o t e d  o r  f r e e - f l o a t i n g .  
I t  i s  used as food  by  muskrats and i t s  
seeds a re  ea ten  by b i r d s .  Waterweed 
(Elodea canadensis) stems c o n t a i n  busy 
whor l s  o f  oval-shaped leaves and a re  
wel l -known as aquarium p l a n t s .  Coon ta i l  
(Ceratophy l  1 um demersum) , a1 so known as 
hornwor t ,  has whor l s  on f o r k e d  leaves,  
w i t h  marg ina l  t e e t h  o r  horns f o rm ing  
densely  busy stem t i p s .  Th i s  i s  one o f  
t h e  few genera w i t h o u t  r o o t s  and i t may be 
used f o r  food by  muskrats and b i r d s  
(Fasse t t  1957). A1 though t h e  o v e r a l l  
su r f ace  a rea  occupied by  these  and o t h e r  
submergent macrophytes was es t imated  as 
s l i g h t l y  g r e a t e r  than  t h a t  f o r  emergents 
(Table ll), t h e i r  n e t  p r ima ry  p r o d u c t i v i t y  
i s  p robab l y  l e ss .  A d d i t i o n a l  s t u d i e s  a r e  
needed t o  b e t t e r  es t imate  t h e  p r ima ry  
p r o d u c t i v i t y  o f  t h e  submerged and f l o a t i n g  
macrophytes o f  backwater ponds and 1 akes. 



CHAPTER 4. PLANKTON 

4.1 OVERVIEW 

The presence o f  phy top lank ton  and 
zooplankton i n  l a r g e  r i v e r s  i s  we1 1- known 
and documented (Hynes 1970). T h i s  d i ve r se  
assemblage, once r e f e r r e d  t o  as t h e  
potamoplankton (Zachar ias 18981, i n c l  udes 
b o t h  au to t rophs  ( i . e . ,  phy top lank ton)  and 
he te ro t rophs  (i . e. , zooplankton) ,  w i t h  t h e  
severa l  t r o p h i c  l e v e l s  represented.  The 
zooplankton a r e  most o f t e n  herb ivo res ,  b u t  

i n  t h e  M i s s i s s i p p i  R i ve r  system t h e r e  a re  
a l s o  a number o f  ca rn ivo rous  t axa  (e .g . ,  
c ladocerans l i k e  Leptodora sp. and Poly- 
phemus sp. ). Some common p l a n k t o n i c  forms 
are shown i n  F i gu re  19. 

C e n t r i c  diatoms (Chrysophyta) a re  
o f t e n  t he  dominant phy top l ank te r  t ype  i n  
1 arge r i v e r s  (Swal e 1969), w i t h  smal l  
green a lgae  (Chl orophyta)  becoming more 
common i n  midsummer, e s p e c i a l l y  i n  s lower  

Figure 19. Zooplankton common t o  t h e  Upper M i s s i s s i p p i  R ive r :  (a) two 
forms o f  t h e  protozoan c i l i a t e  S ten to r ;  (b)  t h e  r o t i f e r  K e r a t e l l a ;  (c)  t h e  
r o t i  f e r  Kel 1 i c o t t i a ;  (d)  t h e  c ladoceran Bosrnina; (e) t h e  c ladoceran 
Leptodora; ( f )  t h e  c ladoceran Polyphemus; (g) t h e  c ladoceran Daphnia, 
showing brood pouch w i t h  par thenogene t i c  eggs; (h)  a c y c l o p o i d  copepod w i t h  
double egg sack; (i) a ca lano id  copepod w i t h  s i n g l e  egg sack; (j) t h e  
amphipod Hya le l  l a  ( f rom Eckblad 1978). 



reaches ( P a t r i c k  e t  a1 . 1969; t a c k  1971; 
Houghton 1972). Cur ren t  v e l  o c i  t y  , sub- 
s t ra tum,  temperature,  t u r b i d i t y ,  wa te r  
chemis t ry ,  compe t i t i on ,  and he rb i vo r y  a re  
1 i m i t i n g  f a c t o r s  f o r  r i v e r  a1 gae (Whi t t o n  
1975). These minute p l a n t s  may c o n s t i t u t e  
t h e  ma jo r  p r ima ry  producers i n  r i v e r  
h a b i t a t s  (Hynes 1970); however, t h e  da ta  
a v a i l a b l e  a re  inadequate t o  answer t h i s  
ques t i on  d i r e c t l y  f o r  t h e  Pool 11 t o  13 
reach  o f  t h e  M i s s i s s i p p i  R i ve r .  

R i v e r  zooplankton u s u a l l y  develop 
b e s t  i n  t h e  s lower  moving p o r t i o n s  o f  t h e  
h a b i t a t  (Winner 1975), where reduced cu r -  
r e n t  v e l o c i t y  and s i l t  d e p o s i t i o n  and 
deeper water  resemble c h a r a c t e r i s t i c s  o f  
s tanding-water  systems. Dominant t axa  a re  
o f t e n  t h e  p l o ima te  r o t i f e r s  and t h e  
microcrustaceans Cladocera and Copepoda. 
Cummi ns (1972) suggested t h a t  these  orga- 
nisms a r e  a b l e  t o  compensate f o r  t h e i r  
weak swimming a b i l i t y  by  hav ing  h i g h  
r ep roduc t i ve  r a t e s  w i t h  s h o r t  gene ra t i on  
t i m e  adequate t o  rep1 ace popu la t i ons  t h a t  
d r i f t  downstream. Many zooplankton a re  
e i t h e r  phy top l  anktophagic  o r  d e t r i  topha- 
g i c ,  and serve  as an impo r t an t  l i n k  
between t h e  p r ima ry  producers and t h e  
macro inver tebra tes  and f i s h e s  (see F i gu re  
11). 

Stud ies  d e a l i n g  w i t h  t h e  p l ank ton  o f  
t h e  M i s s i s s i p p i  R i v e r  and i t s  major  t r i b u -  
t a r i e s  i n c l u d e  K o f o i d  (1903, 1908) on t h e  
I l l i n o i s  R i ve r ;  Purdy (1923) on t h e  Ohio 
R i v e r ;  Berner  (1951) on t h e  Lower M i ssou r i  
R i ve r ;  and G a l t s o f f  (1924), Wiebe (1927), 
Reinhard !1931), Eddy (1934), and D o r r i s  
(1958) on t h e  Upper M i s s i s s i p p i .  l h e s e  
s t ud i es  were rev iewed by Schramm and Lewis 
(1974),  who compi led a l i s t i n g  o f  phyto-  
p l a n k t o n  (Table 12)  and zooplankton (Table 
13)  abundant i n  t h e  M i s s i s s i p p i  R i ve r .  
They recogn ized  t h a t  few r i v e r s  have t h e  
h a b i t a t  d i v e r s ' i t y  o f  t h e  f 4 i s s i s s i pp i  
R i ve r ,  and equal amounts o f  i n f o r m a t i o n  
were not a v a i l a b l e  f o r  each h a b i t a t  t ype .  
i n t e r p r e t a t i o n s  o f  t h e i r  f i n d i n g s  w i  7 1 be 
p resen ted  f o r  h a b i t a t s  w i t h i n  t h e  Pool 11 
t o  13 reach i n  t h e  s e c t i o n s  which f o l l o w .  

4.2 MAIM CHANNEL 

The rev iew by Schramm and Lewis 
(1974) suggested t h a t  Chrysophyta a re  
dominant i n  t h e  phyt,oplankton f o r  h a b i t a t s  

s t r ong ]  y  under the i n f  1 uence o f  c u r r e n t ,  
w h i l e  Cyanophyta and Euglenophyta show 
reduced abundance and d i v e r s i t y .  They 
found t h a t  t h e  R o t i f e r a  were dominant 
zoop lank te rs  of  t h e  main channel,  b o t h  i n  
numbers and d i v e r s i t y .  Cladocera were 
a1 so abundant i n  t h e  main channel,  w i t h  
copepods somewhat reduced i n  numbers and 
d i v e r s i t y .  As no ted  by GREAT I1 (1985b), 
s t u d i e s  have n o t  been conducted on t he  
main channel p l a n k t o n  o f  t h e  Pool 11 t o  13 
reach,  b u t  t r ends  s i m i l a r  t o  those f o r  
phy top lank ton  p robab ly  e x i s t .  

4.3 MAIN CHANNEL BORDER 

Compared t o  t h e  main channel,  phyto-  
p l a n k t o n  o f  t h e  channel bo rder  g e n e r a l l y  
showed a somewhat reduced d i v e r s i t y ,  w h i l e  
Chrysophyta i ncreased and Chlorophyta de- 
creased i n  abundance (Schramm and Lewis 
1974). F i  1 amentous Cyanophyta g r e a t l y  i n -  
crease i n  t h e  channel border ,  presumably 
due t o  decreased c u r r e n t  and d i f f e r e n c e s  
i n  subs t r a t e .  Phytop lankton p r o d u c t i o n  i n  
t h e  main channel bo rder  was found t o  be 
lower  than  p r o d u c t i o n  i n  o t h e r  h a b i t a t s  
(Gal t s o f f  1924), a1 though es t imates  were 
l i m i t e d .  

The channel bo rder  shows reduced 
numbers o f  R o t i f e r a  compared w i t h  t h e  main 
channel (Schramm and Lewis 1974); G a l t s o f f  
(1924) found inc reased  zooplankton numbers 
near bank areas b u t  decreased abundance 
behind emergent r o c k  d i  kes. 

4.4 SIDE CHANNELS 

L i m i t e d  data from s i d e  channels do 
n o t  wa r ran t  g e n e r a l i z a t i o n s  about t h e  
numbers o r  d i v e r s i t y  o f  e i t h e r  phytop lank-  
t o n  o r  zooplankton from t h e  Pool 11 t o  1 3  
reach. However, s t u d i e s  from o t h e r  r i v e r  
reaches suggest t h e  impor tance o f  s i de  
channels i n  t h e  t r a n s p o r t  o f  p l ank ton  from 
backwater l a kes  and ponds t o  t h e  main 
channel o f  t h e  r i v e r .  For  example, 
Zachar ias (1898), F r i t s c h  (1905), Ko fo i d  
(19081, Purdy (1935), and Berner  (1951) 
i n d i c a t e d  t h a t  phy top lank ton  a re  t r a n s -  
p o r t e d  from backwater h a b i t a t s .  More 
r e r e n t  q t ~ a n t  i t .a t i ve  s t i rd ies  of t h e  t r a n s -  
p o r t  v i a  s j d e  channels f u r t h e r  document 
t h e  impor tance o f  these r unn ing  channels 
(see Chapter 8). 



Table 32. Genera o f  phy top lank ton  abundant i n  samples from 
hab i t ass  o f  t h e  M i s s i s s i p p i  R i ve r  (compi led by Schramm and Lewis 
1974). 

Mai n Channel Side Backwater 
Taxon channel bo rder  channel 1 akes/ponds 

Cyanophyta 
M i c r o c y s t i  s 
Aphanocapsa 

-. 

Mer i  smopedi a 
Lyngbya 
C l a t h r o c y s t i  s 
Aphani zomenon 
Osci 11 a t o r i a  

Chlorophyta 
Pedi astrum 
C l o s t e r i  um 
Eudor i  na 
Scenedesmus 
P l  eo l  o r i n a  
P l  a t y d o r i  na 
Pandori  na 
D ic tyosphaer i  urn 
Te t raspora  
Chl ore1 1 a 
Vol vox 
Ul  o t h r i  x 
Spi rogy ra  
Zygnema 
Chaetophora 
C l  adophora 

Eugl enophyta 
Euglena 
Phacus 

Chrysophyta 
A s t e r i o n e l  l a  
Me1 o s i  r a  
Synedra 
F rag i  11 a r i a  
Stephanodisc 
C y c l o t e l  l a  
D i atoma 
N i  t s c h i a  
S i u r e l  l a  . . 

Nav icu la  
Synura 
P l  euros i  grna, 
Ac t inas t rum 
Cyros i  grna 

a + = abundant f n c o l l e c t i o n s .  



Table 13. Genera of zooplankton abundant in  samples from hab i t a t2  
of t h e  Mississippi  River (compiled by Schramm and Lewis 1974). 

Main Channel Bac h a t e r  
Taxon channel border 1 akes/ponds 

Protozoa 
Cera t i  urn 
Per id i  ni urn 
D i f f l ug i a  
Arcel 1 a 
Codorel 1 a 
Paramecium 
S ten to r  
V o r t i c e l l a  
Trachel omonas 

Roti f e r a  
Keratel l a  
Brachi onus 
Polyar thra  
Synchaeta 
F i l i n i a  
Pedal i a 
Noteus 
T r i a r t h r a  

C l  adocera 
Bosmi na 
Chydorus 
Diaphanosoma 
Daphnia 
Simocephal us 
Leptodora 
Sida - 
Moi na 

Copepoda 
Cyclops 
Ui aptomus 

a 
+ = abundant i n  c o l l e c t i o n s  



4.5 BACKWATER LAKES AND SLOUGHS 

Schrarnni and Lewis (1974) noted t h a t  
bo th  phy top lank ton  and rooplanktoi? popula-  
t i o n s  a r e  u s u a l l y  mar-e abundant i n  back- 
w a t e r  l a ~ e s  and ponds ,  and p r o d u c t i o n  i s  
a1 s o  h i  y h e s t  i n  t h e s e  h a b i t a t s  (Gal t s o f  f 
1324). Re 1 a t i v e  nurnbers s u g g e s t  t h d t  
Chlot-ophy td  and Cyanophyta a r e  aor-e domi- 
n a n t  i n  t h e  phy top lank ton  o f  backwate r s ,  
a l t h o u g h  t h e i r  d i v e r s i t i e s  may be lower 
t h a n  i n  t h e  main channe l .  A number of 
f i l a m e n t o u s  g reen  a l g a e  ( e . g .  , Zygnema. 
U l o t h r i x ,  Spi  r o g y r a ,  and Cladophora)  a r e  
t y p i c a i  i n  t h e  s t a n d i n g  1Gter.s o f  back- 
w a t e r  l a k e s  and ponds. The f i l a ~ n e n t o u s  

b lue -g reen  A h  z o m i i  car1 deve lop  
bloo~ns  i n  backwate r s ,  and t h e i r  snia11 
g r a s s l i k e  form i s  v i s i b l e  w i t h o u t  any 
rnagni F i c a t i o n .  

The 700pldnhton a r e  a l s o  usual  ly nzorc 
abundartt i n the backwdt clt-5 t tian I I, t h e  
nlairl channel , a1 tttough t h e  R o t i f e r a  at'e 
of ter t  reduced i n  n~1rnber.s I 't-otoioar>s, 
c l  adoce rans  , and copepods show I ncr-eased 
aburttlance and d i vet-s i t y  i 11 backwater  1 akes  
and ponds,  and s tcrdies i n  Pool s  19 and 20 
s i igges t  t h d t  p l ank ton  d i v e r s i t y  i s  r e l a t e d  
t o  h a b i t a t  d i v e r s i t y  (Jdhn and Anderson, 
i n  p r e s s ) .  



CHAPTER 5. MACWBIMVERFEBWATES 

5.1 OVERVIEW 

The macro inver tebra tes  c o n s t i t u t e  a  
d i ve r se  assemblage o f  organi  sms , o f t e n  
p l a y i n g  a  key r o l e  i n  t h e  t r a n s f e r  o f  mat- 
t e r  and energy t o  h i ghe r  t r o p h i c  l e v e l s  
(see F igure  11). Some macroi  nve r t eb ra tes  
e x i s t  w e l l  away f rom bot tom subs t r a t es  
(e .  g. , many c h i  ronomi ds , amphi pods, and 
01 igochaetes),  b u t  most a re  p r o p e r l y  c l d s -  
s i f i e d  as b e n t h i c  organisms. Cummins 
(1975) has suggested t h a t  macro inver te -  
b ra tes  o f  r i v e r s  f u n c t i o n  as temporary 
s torage b i ns  f o r  organ i c  compounds, which 
a re  e v e n t u a l l y  a1 1 conver ted t o  carbon 
d i ox i de ;  t h e i r  d i s t r i b u t i o n  and abundance 
a re  u s u a l l y  i n f l uenced  by c u r r e n t  ve lo -  
c i t y ,  subs t r a t e  p a r t i c l e  s i z e ,  p reda t i on ,  
and access t o  food. Other  i n v e s t i g a t o r s  
have a l so  i d e n t i f i e d  t u r b i d i t y ,  water -  
l e v e l  f l u c t u a t i o n s ,  depth, and d i s s o l v e d  
oxygen as major f ac to r s  a f f e c t i n g  t he  
benthos o f  l a r g e  r i v e r s  (Richardson 1921 ; 
Forbes 1928; E l l i s  1936; Lyman 1943; Bar- 
n ick01 and S t a r r e t  1951; Berner  1951; 
M i  ku l  s k i  1961). 

The r e l a t i o n s h i p  between sediment 
p a r t . i c l e  s i z e  and d i f f e r e n t  c u r r e n t  
regimes has been recognized i n  eros i onal 
and depos i t i ona l  h a b i t a t s  (Moon 1939). i n  
r a p i d l y  f l o w i n g  waters  ( e ros i ona l  hab i - 
t a t s )  a71 b u t  the  more coarse subs t ra tes  
a re  washed away, w h i l e  i n  areas 0% reduced 
c u r r e n t  ( d e p o s i t i o n a l  habi lat ,s) f i n e r  
sediments are dep0s.i ted .  Macroi  n- 
ve r t eb ra tes  u s u a l l y  show adap ta t ions  f o r  
l i v i n g  i n  s p e c i f i c  h a b i t a t  types:  f o r  
examp I e, fauna f rom e ros i ona l  hab i t a t s  
o f t e n  have adap ta t ions  For a t tachment ,  
c7 i n g i  n g ,  o r  avoidance o f  c u r r e n t  (\bagel 
1981; Koeki 1934). Fauna from deposi -  
t i o n a l  habi  Lats, vrt the i; ihec '  fidi'id, ai.C 

v a r i o u s l y  adapted f o r  sprawi i n y ,  cl  inrbii ig, 
o r  burrowing,  and o f t e n  have mechanisms t o  
p reven t  f o u l i n g  o f  r e s p i r a t o r y  su r faces ,  

such as t h e  c u r r e n t s  q e w r a t e d  by the 
t r achea l  q i  1 1 s o f  Hexagenla sp. mayf 1 i e s ,  
which keep wel l -oxygenated water movlny 
through t h e <  r b u r ~ ~ o w s .  7 he ma I r, chdnrtcll 
reaches a re  most o f t e n  eros iuna l hab i  t d t s ,  
backwater lakes and ponds ,ire p r i m a r i  l y  
deposi t i o n a l  h a b i t a t s ,  and chdnnel borders 
o r  s i d e  channels may be i r t t e rmed~a te  
between these two h a b i t a t  types.  

Most macro i nver tebra tes  dr e  non- 
s e l e c t i v e  feeders (Hynes 1 9 7 U ;  Cummins 
1975), usua ! l y  tdk l r lg  a wide t'dnge o f  fuoa 
i tems o f  acceptable s i z e  Severdl  fec.clr n q  
p a t t e r n s  trdn ~ ~ s i t d l l y  he i d e n t i f r e r f  t o r  
ben th i c  organisms ,js shown i r l  Tdb i e  14 
I n  a d d i t i o n ,  t h e  feedrng a c t j v l l y  o f  one 
o ryan i  sm may embrace sclvera i t r oph  I c 
types, a s  i 1 l i ~ s t r a t e d  by some c h i r o n o m ~ d  
spec ies which engage i n  browsi ny, ~ t15pen-  
sior i  feed i  ncl, and depos i t  teed  i ng (Murlakov 
1 Y i 2 ,  Cummins 1913) 

F i she r  (1982) suggested t h a t  an o r -  
ganism's mobi l i t . y  and norma l pos i t . i on  c;jrl 
be used i n  d e f i n i n g  i t s  l i f e  hab i ta t .  (Ta- 
b l e  15). Ben th ic  macroinvrr t .ebratcls are 
mobi l e ,  sedentary ,  o r  attdctred, o r  ep i  f au- 
nal  (most a c t i v e  a t  o r  on t h e  sediment- 
water i nter ' face)  o r  i ri faunai (must. d c t i v e  
be low the  i n t e r f a c e ) .  Seif imc?rlt, char'act.er- 
i s t i c s  w i  1.1 i n f l u e n c e  the  sui t .abi  i i t y  o f  
va r ious  hahi  t a t s  f o r  these 0rijan.l i,n~:; airil, 
l i kewi se ,  t . h c a i r .  jtr-esei\ce say i nr i i ier icc t.hc 
t'cwurk i 119 o f  i,ei.l i meti Ls , $>spec i a i i y i ii 
backwater lakes and ]>oi>iis. Sfla I lo* i [I-. 

fauna1 suspeni; i o n  ie i .de ! . i ,  iijcr) d t j  

spi1aer.i i t i  clams, affect .  oi l?y t i l e  LI~:[J~:- 1-3 
cm of  sedjinent. I n f a i i n a i  siibskr?.fac:e ilc-- 
pas i t  feeders,  s i i ch  ds . t r r i ? i  l i c i d  o !  igo-  
cha&,es, .arid deeper i i ~ fa i i r l a  ! not: i i t s  s t i s -  

. . :,,- 4- ,.,.. 2 -.-... ..'.*,. -,< ,.x,,,,,>a,4 
, J C , , 3  ,u,, I c T . - u L ,  2 ,  -.UL.,> L L 7  , ; < : , \ t z T , L z  .. . L a ' s # , ,  

are capat l ie o f  thor.oiigi\ 'y m i x i  !\$! :;PC! irn.e:li.?. 
w i t h i n  t..ilei;, life ~ o i j p i  ($lcC.i!! et.  d l .  
2.979). 



Table 14. C l a s s i f i c a t i o n  of feeding types i n  macroi nver tebra tes  of t h e  Upper 
Mississippi  River (modified from Walker and Bambach 1974). 

Trophi c  type Descript ion Examples 

Suspension feeding Remove f i n e  p a r t i c u l a t e  organic Bivalves,  sphaeri  i d  
matter  (FPOM) from suspension b iva lves  
i n  water mass without the  need 
t o  di smentber p a r t i c l e s ;  
d e t r i t i v o r e  c o l l e c t o r s  

Deposit feeding Remove FPOM from sediment Oligochaetes ,  amphipods, 
e i t h e r  s e l e c t i v e l y  o r  non- burrowing mayf l ies ,  
s e l e c t i v e l y  without  t he  need chironomids 
t o  dismember p a r t i c l e s ;  
d e t r i  t i  vore col 1 e c t o r s  

Brows i  ng 

Carn ivory 

Acquire food by scraping Gastropods, chironomids, 
p l a n t  material  from su r f aces  ne t -bui ld ing  caddis f l  i e s ,  
o r  by chewing o r  rasping c r a y f i s h  
aqua t i c  macrophytes; shredders  
and scrapers  and d e t r i t i v o r e  
col 1 e c t o r s  

Active capture  of l i v i n g  Leeches, chironomids, 
animal s  odonates 

Scavenging Consume coarse  p a r t i c u l a t e  Leeches, chi  ronomids , 
organic matter  (CPOM) from c ray f i sh  
dead organi sms 

Paras i t i sm Obtain n u t r i t i o n  from the  Leeches 
f l u i d s  o r  t i s s u e s  of 
host  organisms 

Mussel populat ions have been s tudied  
in  po r t i ons  of Pools I1 t o  13 (van der 
Schal ie  and van de r  Schal ie  1950; Ackerman 
1976a, 1976b; Fu l l e r  1978; Cawley l978a;  
Perry 1979; Ecological Analysts ,  Inc. 
1981; Thi:el 1981). Several general 
macro.; nver tehra te  surveys have a1 so  been 
conducted (Cawley 1978b; Hubert e t  a l .  
19831, but t h e  need f o r  addi t iona l  surveys 
f o r  t h i s  reach of r i v e r  has been noted 
(GREAT I 1  1980b). Some of t h e  dominant 
macroinvertebrate  fauna of s p e c i f i c  habi- 
tGtS ~ .: 1 1  b.,\ A4 - , . . , < ~ C ~  ,-I . 

w ,  , bc s,,,,,, i n  f s !  'Iowsng 
sec t ions .  Benthic macroinvertebrates  
common t o  t h i s  reach of r i v e r  a r e  shown 
Figure 20. 

Though they a r e  a l s o  common i n  o the r  
h a b i t a t  t ypes ,  f reshwater  bivalve; o r  mus- 
s e l s  a r e  probably t he  best-known group of 
macroinvertebrates  i n  the  main channel.  
Twenty-fiue species of mussel have beeri 
reported f o r  t h e  Pool 11 t o  13 reach of 
r i v e r  (Table 16). The f i b e  most abundant 
spec ies  accounted f o r  almost 70% and t h e  
10 most abundance spec ies  accounted t o r  
almost 90% of t h e  mussels co l l ec t ed  during 
1977 2nd 1978 sdrveys ( F u i  i e r  1978; C a ~ l e y  
1978a). The s tudy by Cawley involved in- 
tens ive  samr>l i n g  over d 1 imited a rea  ir? 
Pool 12 ( i n  t h e  v i c i n i t y  of RM 581.5}, 



Table 15. Trophic type and l i f e  h a b i t a t  of dominant macroinic-r . tehr; i les 3: the 
Upper Miss i ss ipp i  River (modified from Fisher  1962). 

.- 

Typ i ca! 
Length populat ion Primary 
s c a l e  dens i t y  t r oph  i c Act iv i t y  

T axo n (cm> (me2) type Mobi l i t y  ione 
--- 

Anne1 i da 
01 igochaeta  1- 10 10- 105 Subsurface Sedentary Infaunal  

depos i t  (can be 
t e ed i  ng mobi 1 e )  

Hi rudi nea 1- 30 1- 10' Mul t ip le  Mobi 1 e  ip i  fauna 1 
t r oph i c  
types  

Arthropoda 
Amphi poda 0 .5 -1  10- lo t3  Surface Mob-i l e  Ep i  f  aunai 

depos i t  
f'eedi ng 

Decapodd 5-20 1- l o 2  M u l  t i p i e  Mobi l e  Epi fauna l 
t r o p  i c 
types 

Ephemeri dae 1-4 10- 10:' Subsurface Sechentary 1 nfauna i 
depas i t  (can  be 
feecii rig mobile) 

Ilydropsycl~i dae 0.5-2 LO- l o 4  S ~ ~ r ~ f a c e  Sedentary Ep i fdundf 
browsing (can be 

mobile) 

C t i  i ronomi dae 1- 2 10- l o 4  Mul t ip le  Sedentary Infaunal  
Lrop t i  i  c ( c a n  be 
types mobile) 

Odorrdta 1- 10 1- 10 Carnivore Mobile t p  i f a~irial 

Mu1 l usca 
Sphaer i idae  0 .5-1 .5  10-10.' Suspens ion Seden t a r y  Infaunal 

t e ed i  n y  (can  be 
mobi 1 e )  

Iji-tj all< lfae 3-20 1-102 Suspensi oil Sedentary lr~fairrial 
feecii ng (car1 be 

mobile) 



Figure 20. Benthic macroi nver tebra tes  common t o  t h e  Upper Mis- 
s i s s i p p i  River: ( a )  Tubfix s p . ,  a  segmented worm; (b)  a  wash- 
board mussel,  Mega1 onaias g igan tea ;  ( c )  th ree- r idge  mussel,  
Amblema p l i c a t a ;  (d) a  pimple-back mussel, Quadrula pus tu losa ;  
( e )  midge l a rvae ,  Chironomidae; ( f )  c add i s f ly  l a rvae ,  Hydro- 
psychidae; (g )  burrowing nymph of t h e  mayfly Hexagenia; ( h j  - 
damselfly nymph; ( i )  aquat ic  isopod, Asel l u s  (from Eckblad 
19 7 8 ) .  

while Fu l l e r  sampled l e s s  from more s i t e s  
i n  Pools 11 and 13. Both s t u d i e s  showed 
s imi l a r  t rends  f o r  t he  most abundant 
spec ies  (Tab1 e  16 ) .  The endangered 
Lampsilis h iggins i  has been reported 
i n  t h i s  reach o f  r i v e r -  (Hauljk 1360). 

Studies  during t h e  win ter  showed 
re1 a t i v e l y  few macroi nver tebra tes  in  

t he  main channel in  Pool 12 during the 
time of ice cover (Cawley 1378a). Exten- 
s ive  sampling from Pool 13 by Hubert 
e t  a l .  (1983) during February and March 
revealed 20 macroi nver tebra te  taxa froin 
t ke  ~ a i n  chanile'i (TaS?e 17). Fewer 
taxa were present  i n  mai rl-cha!-mel 
samples than i n  samples from other  
r i v e r  h a b i t a t s ;  ol igochaetes  were most 



Table 16. Mussels sampled from Pools 11 and 13 during 1977 (Fuf l e r  19781, 
and from Pool 12 during 1978 (Cawley 1978a). 

Mussel spec ies  Pool 11 Pool 12 Pool 13  Tota ls  Percentage 

Quadrul a  quadrula 
Q. nodulata 
Q. pus tu losa  
T r i  togonia verrocosa 
Fusconaia f  1  ava -- 
Megalonaias &antea 
Ambl ema p l  i c a t a  
E l l i p t i o  d i l a t a t a  
Obliquaria  r e f l exa  
Proptera a1 a t a  
P.  laevissima - 
Leptodea f r a g i l i s  
E l l i p s a r i a  l i n e o l a t a  - -- 
Trunc i l i a  t runca t a  
T.  donaciformis - 
Obovaria 01 i v a r i a  
Ligumia r e c t a  
Caruncul i na parva 
Lampsil is  h iggins i  
I. ovata vent r icosa  - - 
Arcidens confragosus -- - 
Lasmjgona complanata - 
Anodonta i rnbec i l l i s  
A .  grand-is - 
Strophi t u s  undulatus ---- 

Number of individual  s  

Number of spec ies  

abundant,  f o l  lowed by chi  ronomids. Both 
winter  s tud i e s  showed a s t rong  r e l a t i o n -  
sh ip  betweeii benthic  fauna and the  sub- 
s t r a t e s ,  with sand s t ibs t ra te  hav ing  the 
iciwest rrambers and lowest d i v e r s i t y .  

of t h e  biomass f o r  benthos c o l l e c t e d  with 
a  Ponar grab. Hydropsychid caddis f l  i e s  
dominated samples from a r t i f i c i a l  sub- 
s t rSa tes  placed on wing dams, as was a l s o  
 show^ bv Eckblad (1981) and by Seegert  e t  
a:. (1984). Ha11 (1980) a l s o  found t h a t  
benthic  dens i ty ,  biomass, and vumber of 
t d x d  weie q r e a t e r  upstream from wing dams 
t h a i ~  downstream; t h i s  corresponded t o  
gi 'eater percentages of s i l t - c l a y  sub- 
s t r a t e s  ups tream. 

5.3 MAIN CHANNEL BORDER 

i?all (1380) s tudied  t h e  macri3ii1v~rto- 
br-dtec ad jacent  l o  and on wing dams 113 

Pool 13 ( f  i qure 2 1 ) .  His 52 taxa taken 
w i t h  a Ponar grab and 33 taxa recorded 
from artificial subs t r a r e s  probably make 
up t h p  mo5t r n m p l ~ t ~  listiqg of her?t!~os 
f o r  "this reacn of r i v e r  ( l a b i e  18). Ye 
f o u ~ d  t h a t  01 tgockaeta comprised 51% of 
the  d e ~ s j t y  and Hexagenia so. made up 64% 

Overa l l ,  Ha77 (1980) determined t h a t  
the  s u b s t r a t e  percent  of s i l t - c l a y  was 
p o c i t i v ~ l v  re la ted t o  t o t a l  dens i t i f ,  b i g -  
mass, dnrj d i v e r s i t y  of benthic  inver te -  
b r a t e s ,  01  igochae tes ,  Hexagenia sp .  , and 
chironomids. Wing dams with sandy 



Table 17. Most abundant macroi nver tebra te  t a x a ,  February-March 1983, with 
mean number pe r  Peterson grab sample from d i f f e r e n t  h a b i t a t s  wi th in  Pool 13 
(adapted from Hubert e t  a1 . 1983). 

Main Main channel Side Backwatsr 
I-axon channel border channel ~l ougha 1 ake 

Nematoda 

Oliyochaeta 

0s t racoda 

Hexageni a 

Cheumatopsyche 

Potamyi a 

Ceratopogonidae 

Chi ronornidae 

Sphaeri urn 

No. of taxa 

No. per sample 
f o r  a l l  taxa 

a These two h a b i t a t s ,  both of which show l i t t l e  c u r r e n t ,  have been consid- 
ered a s  backwater lakes and ponds throughout t h i s  repor t .  

subs t r a t e s  ( e .  g. , No. 28 shown in Figure 
2 1 )  had lower benthic  d e n s i t y ,  biomass, 
and d i v e r s i t y .  Rock s u b s t r a t e s  (i . e. , 
rocks within wire baske ts )  had 14.3 times 
a s  many macroinvertebrates  and 14 .3  times 
as  much mean biomass a s  e q ~ ~ i v a l e n t  a reas  
sampled with a Ponar grab. These " i s l ands  
o f  rock in a sea of sand" represent  ero- 
s iona l  h a b i t a t s ,  whi i  e Ponar grab samples 
were taken from depos i t iona l  h a b i t a t s .  

One of the  bes t - s tudied  s ide  channels 
of t h e  Pool 11 t o  13 reach i s  Cassv i l l e  
Slough in Pool 11.  This  s i d e  channel ex- 
tends about 6 .5  mi from a spi l lway over 
Dam 1 0  t o  near Cassvil l e ,  WI. A r e l a t i v e -  
l y  l a rge  s i d e  channel with a sand and s i  lt 
s u b s t r a t e ,  i t  supported a mussel f i s h e r y  
p r i o r  t o  t h e  l a t e  1930 ' s  (Ackerman 1977). 
Sampling during 1977 noted Lhe presence of  
13 spec ies  of mussel p lu s  10 o the r  taxa of 
rnacroinvertebrates. The hickory nut (m 
va r i a  0 7  i v a r i a ) ,  th ree- r idge  (Amblema pli- -- 
cats), and pig t o e  {rusconaia f l a v a )  made - 
un over  53% of t h e  mussels, while burrow- 
i ng malf i i e s  (Hexagenia) and chi r ~ n o m i d s  
(CbS ronom idae) accounted f a r  95% of t h e  
o ther  m a c r o i n ~ e r t e b r a t e s  (Ackerman 1 9 7 7 ) .  

Hubert e t  a ? .  (1983) found t h a t  the 
abundance of macroinvertebrates  i n  the  
channel border was second only t o  t h a t  of 
s loughs,  h~ t h  chi ronomids being most abun- 
a ~ n t  ( T s K p  1 7 ) .  ' h e y  r j i d  n o t  S s r n p I ~  f r n m  

w i n q  dams and as a r e s u l t  they obtained 
vet-; few caddisf l i e s  (i. e .  , ~ h e u m a t o p s ~ c h e  
and Potamyia j. 



Figure 211. Wing dam study s i t e s  i n  Pool 13,  8 mi south of Be1 levue,  IA 
( a f t e r  Hail 1980). 

these  can be t he  most product ive h a b i t a t s  
5.5 BACKWATER LAKES AND SLOUGHS on the Upper Mississippi  River. 

A number of s t u d i e s  have found t h a t  
Oligochaeta,  Wexaqenia, Chiranomidae, 
and Sphaerium a r e  fou r  t axa  very common 
in  backwater h a b i t a t s .  These taxa made 
up about 69% o f  t h e  macroinvertebrates  
sampled in Poor 13 backwaters ( f a b l e  1 7 ) .  
The r e l a t i v e  nctmber o f  benthos i n  back- 
waters  support  t h e  general impression t h a t  

The 01 igochaetes  of backwaters a r e  
usual ly  subsurface depos i t  feeders  t h a t  
der ive  most of t h e i r  n u t r i t i ~ n  from bac te-  
r i a  and inges t  l a rge  volumes of sediment 
i n  order  t o  e x t r a c t  the small f r a c t i o n  of 
n u t r i e n t  material  p resent .  1nterspec.i f i c  
competition i s  avoided by s e l e c t i v r  
d iges t i on  of the  bac t e r i a  within t h e  



Table 18. Nacr-o i nve r t eb ra t e  taxa c01 - 
l ec ted  w ~ t h  Poiwr gl-ab and a r t i f i c i a l  
substr-ate-5 t rom Pool 13  i n  1378 and 1979 
(da t a  froin Hal 1 1980). 

a  

Table 18. (Concl uded). 

Ponar Art i  f i c i a 1  
grab s u b s t r a t e s  

- -. -- 
pol~ar  Art i  F i c i a l  

l'axoil grab s u b s t r a t e s  
.XI_..-.-pI___ 

ill atyhe1 rnir~thes 
Pt~r.bc?l l a r i a  x x 
Tr-icladiiia x x 

Henii p t e r a  
Neoplea s t r i o l a  

Mega1 optera  
S i a l i s  sp.  

Tr'ichoptera 
Hydropsychidae (misc. ) 
Cheuniatopsyche sp. 

Neniat oda x 

Hydropsyche sp .  
H .  o r r i s  

01 i (joct~aetd x 
1.i i  rud i iieXd 

Glos~ iphon i idde  x 
Helztield211;3 s p . x 
P l  ac:obdel l a  sp.  x 

Potamyia f l a v a  
Oecet is  sp. 
Neurecl i p s i  s  sp .  

Lepi doptera  
Acentropus sp .  - X 

Arttlrctpoda 
Crmtacea  

Asel lus  sp.  --- X 
Col eoptera  

Elmidae (n l i sc . )  
Dubi raphi2  sp .  x 
Stenelmis sp.  x 

G'~mrnar.us sp .  
ti a1 l e l a  a r t e c a  1 -- X 

Diptera 
Ceratopogoniadae x 
Chironomidae x 
Cul i c i d a e  x Inxectn 

Pl ecoplera  
P e r l ~ s t a  p lac ida  x 

Chaoborus sp  
Empi di dae 
~ u i c i  dae x 
Stratiornyidae x 

Baet i s  sp.  
Baeti sca s p .  -- 
Urachyce rc~~s  sp 
Gaeni!; sp. 
i.!exa9enia -- spp. 
1.4. bi  1 inea ta  -- -- 

Moll usca 
Gastropoda 

Lymnaea sp.  x 
Physa sp .  

ti. l imbata - 
Stenacron sp .  - 
Stenonema sp .  
Para1 e{.)toph I eb ia  
Ephoron a1 bum 

1 ecypoda 
Corbicula mani l e n s i s  x  
Pisidium sp .  x 
Sphaerium sp.  x 

X 

sp.  x 
X Fusconai a  f 1 ava 

Lasmigona compressa 
Leptodea f  rag i  1  i s  
Obl i q u a r i a  r e f l e x a  

Odonata 
0romocgompt.l~ls sp.  X 

Gomptius sp.  - X Obovaria o l i v a r i a  x 
Ophiogomp& sp.  x 
Panta la  sp. 
Anomalayrion hastatum x Number of t axa  52 

Ischnura sp. 
(cont inued)  ax = present .  



sediment,  which ledds t o  CI deqrcc. of 
co l l abo ra t i on  as  the  feces  of one spcclc5 
can be t he  p r e f e r r ed  food f o r  another  
(Brinkhurst  1972) .  Many specie4 a r e  ab ie 
t o  withstand low oxyqrn l e v e l s  and may 
become the  dominant b ~ n t h i c  taxa ~ r -  
n~dr -dnderobi  c backwdters ( B Y  i nktlurst and 
Cook 1974). 

The bur-rowinq mayfly Kexdgenia i s  a 
d e ~ o s  i t feeder  whose d i  i trr 'bcrtion atid 
abilflddrlce a r e  influenced by d i  sc,ol vetl 
oxygen and s u b s t r a t e  p a r t i c l e  s i ~ e  
f Paloumpi s and S t a r r e t  1960; Swanson 1967; 
Freml -iny 1970). Data from Pool 13 suq- 
yested a posi Live c o r r e l n t i o n  between 
Hexayenia number.; and small s u b s t r a t e  par- 
t i c l e  s i z e  (Hutiert e t  a l .  1983). Thec,tl 
benthic  insec t  nymphs can be important i n  
t he  d i e t  of Mississ ippi  River f i s h e s  
(Woopes 1960); pools wi th  t he  h ighes t  
Hexagenia d e n s i t i e s ,  namely Pools 9 dnd 19 
(Carison 19G8; Eckbldd ~t d l .  X917) ,  a l s o  
s u p p o r t  higher  f i s h  populdtiorls.  

The midye l a rvae ,  family Chirono- 
m-idac, a r e  founri i n  dlmost a l l  h a b i t a t s  o f  
t he  Miss i ss ipp i  River: i n  s o f t  sediments ,  

i n  leaves a i l d  5teri?s o f  p!c+ilt.s, or1 u-ocki o!, 
ir? decayiily wuori, i n  al:;ai mats, riiiii 
paras i  t - ic  or! o t h e r  tnicct.5.  Tile complete 
range of feetiir7y i iab l!.s T i  pl,cc,erl? iii t h i s  
family.  !.lust n:ei~iber'.j u f  t h e  si;i,f;in!ily 
Tanypotfinat! a r e  pl-edaceous on r a c k  ot i -~er , ,  
ot.her midge 1 aruaii, cri!stacear:5, and m a 1  1 
worms. Many s p c c i c s  a r e  !$?a: niirlel-s oii  
Putamoyeeon and waterlil j e s .  Many i n  t h e  
subfanti 1 i e s  Orttioc i d d i  i r?ae and  Ch i roizo- 
inidae feed pr i rnav i  ly o i i  c! iat.oms and other-  
a l g a e .  

f '  i ngerna i l c i ams (sphaer  i tin!) cdri be 
very abutidant in  t he  benthos of backwater* 
lakes .  They a r e  liermaphrodi t i c ,  arrcl a 
s i n g l e  individual may be enough t.o extend 
a spec i e s  di:t,r.it:~utioit. Some have 
suggested t h a t  c e r t a i n  spec'ies ( e .  (3. , 
Sphaerium transversum) a r e  toler 'ant  of 

-----*- 

organic pol 7 u t  ion (Ful l e r  1.974), but t t x r e  
i s  rea l  concern t h a t  i n  some I-eachc?s of 
t h e  r i v e r ,  t i  nger.riai 1 clam populat ions 
have been t i r a s t i c a l  ly  reduced i n  r.ecertt 
yearc,. For example, changes i I) spec ies  
compos i tiori anti abt~ndance of t i ngernai 1 
clams have been reported f o r  Pool 19 ( J a h n  
and Antlt:rsor~, in  p r e s s ) .  



CHAPTER 5. FISH 

6.1 OVERVIEW 

The f i s h  of t he  Miss i ss ipp i  River a r e  
~3 rl i v e r s e  gr-oiip of cold-bl  oodetl ver te -  
i:r-dt'es. Wi t.h t he  except ion of t.he lam- 
preys,  tiley i11 1 iiave jaws, pa i red  f i n s  , 
and  usi;a i 7y addi t iorlal unpail-ed f i n s .  The 
f i sh  have a  sense o f  touch,  s i g h t ,  smel l ,  
tas tr . ,  ,<lid hcaring.  Sunie a r e  ab l e  t o  make 
sosjrlcis by v ib r a t i ng  t h e i r  a i r  bladders  o r  
griiiding ttleir. t e e t h .  The sk in  of f i s h  i s  
c, i imy and usual ly covered wi t l l  overlapping 
scd I P S .  a combination t h a t  waterproofs  
t h r 2 - i  \. body and r.t>duces 'iric"ion as they 
move l.hruuyi? the ayilalic ar?d. i l m .  Lampreys 
;trlci c t i t t i sh  a r e  "naked" o r  lacking in  
s t : a l r < ;  paddlrf i sh and carp a r e  p a r t  ia'i l y  
s o ,  t ~ i s ~ i n g  s c a l e s  or. p r i c k l e s  i n  some a r -  
ras  unly; e e l s  and  burbot appear t o  be 
w i  thoirt s ca l e s  but. ac tua l  l y  have smai I , 
deep i y en~betided c;ca 1 es  . The f eedi ng hab- 
'it..; of Missi:,sipyti River f i sh  art! equa l ly  
diver.;e: t , h ~  f is11 a r e  p a r a s i t e s  ( t h e  
iaw(~r.eyi. 1. 1, lankton f ectfer5, henthos feed- 

e r s ,  vege ta t ion  f e e d e r s ,  and feeders  on 
f i s h  o r  o the r  v e r t e b r a t e s .  

D i s t r i bu t i on  and re1 a t i v e  abundance 
a r e  more completely knowii f o r  Upper Mis- 
s i s s i p p i  River f i s h  than f o r  most o t h e r  
faunal  groups. Of t h e  147 f i s h  spec i e s  
documented t o  occur  i n  t h e  r i v e r ,  66 a r e  
considered common t o  abundant in  c e r t a i n  
por t ions  of t h e  r i v e r  (Van Vooren 1983). 
Populat ion dynamics, e n e r g e t i c s ,  and ce r -  
t a i  11 o the r  c h a r a c t e r i s t i c s  needed t o  de- 
s c r i b e  t h e  ecology of t h e s e  f i s h  r equ i r e  
f u r t h e r  s tudy .  

N i  nety-s  i x  f i s h  spec i e s  a r e  repor ted  
f o r  t he  Pool I1 Lo 13 reach o f  r i v e r  
(Table 19) :  6 spec i e s  a r e  considered 
abundant,  31 a r e  considered common, and 14 
a r e  considered r a r e  in  one o r  more of 
t he se  t h r e e  pools .  These spec ies  occupy 
severa l  t r o p h i c  l e v e l s  i n  the  general  
model presented in  Chapter 1 (Figure 11). 
Some f i s h  spec i e s  feed pr imar i ly  on plank- 

T a b k  49. Relat ive abundancea of t i s h  of Pools 11 t o  1 3  ( a f t e r  Van 
Vt)or.eil 198.3) 

5oec I ec, Pool 11 Pool 1 2  Pool 13  

C h ( 5 t i ~ u t  lamprey (Ichthyc~myzon castaneus)  
S i I ,ver lampr-cry ( I  .%icuspj  s )  
i ake  \tilt-cj~on (Ac ipenser &l vescens)  - 
S t l r 3 ~ ~  l n o 5 ~  sturgeon (Scaphi rhync* p la torynchus)  
p n d t l  ief i s } ?  {Polvodon soa thu l a )  - -.z- -' 
ionqnnsp ga r  (Lepisosteus osseus)  
S l ?o r t f l o s~  gar  (L pl atostomus) 
B o w f i n  (Amia cai va) -- - 
American pel ( m u i  1 l a  r o s t r a t a )  -- 
Skiuidck her r inq  (Alosa ch rysoch lo r i s )  -- 
Gizzard s h a d  (Dorosoma cepedi anum) 
Go I deye ( H  iodon a lo so ides )  

(cont inued)  



Table 19. ( C o n t i n u e d ) .  
- 

S p e c i e s  Pool 11 Pool  12  Puo I 13 
- - 

C C C 
X X 

- -- X 
Brook t r o u t  ( g l v e l  i n u s  f o n d i n a t  i s )  --------- - - -4  

X 16 
Mudminnow (Umbra l i m i )  X 
N o r t h e r n  p i F E s ? % i ~ ~ c i  -- ----.- rrcl f I: C C 
Central s t o n e r o  1 l e r  ($dmpo~! ,~ i<  $nomal-~[11) X 
Common carp  (mi - f~usccap --- -.-- i o)  ii A A 
G o l d f i s h  ( C a r r d s s i u s  $ U Y ~ ~ ~ . L I S )  X 
Mississipp?ll,i l v e r y  m~rlttuw It4yko%rj?~&>fi n~ir3iJi~~) U U U 
S p e c k l e d  c h u b  (t4ybops i 5 aestTval .----. i 5 )  C C C 
S i l v e r  c h u b  ( H .  .-- store;;"?ana) - C C C 
Golden s t t i n e r " - [ e h g ~ k ?  c12sulcuc~rls) U U 0 
P a l  I i d  s h i n e r -  (INotrkop i r drnr~ i,krw*---' iI li;l 
E n ~ e r d l d  s h i n e r  (k $ g { g ~ F d e s )  A A A 
R i v e r  shiner. (EL b l ~ r , n i ~ ) - m - -  A A f i  
Ghost; stlineu3 IN. R R R 
Common $hiner*  m. ----- corw t,u5) H R 
Bigmoutf~ s h i n e u . 7 ~ .  - -- d o r s a l  -- i 5 )  0 0 0 
P u y t i u ~ , ~  nr innow (y2 emf I jag)  II 0 0 
SpotLai 1 s t ~ i n t l r  (M, kij?p!~j\!?) C C C 
Rosy fLsc,e $11 irter (e?, r u b e  -*-- -- l ---- l us) K 
S p o t ?  i r r  .a!ainur (M, 5p_j_Egpi?23) C C C 
Sand  slt i rrer (k, ~.&~rnw~gg*; j 0 0 0 
Weed sl.r.irter. (FA ~ & L E ~ S )  hi 13 
Mimic ,  bf~ir-ter f!, ~ ~ ~ ~ ~ l / L 1 5 }  t9 
Suckermuutlt rninrlow f ~ ~ c ; . f i ; i " ~ ~ ~ ? _ u a -  mjlxbj_1_b) bl  I j 

SouChr?u.s~ r+edkwl l y  cl:ac.e (!l&g&j~k ; i s . ~ / ~ ~ ? r ~ ~ ~ ~ $ ~ ~ )  X 
B l u ~ r l n o ~ t .  rntlrnow f C ) ~ ~ ~ ~ ) ~ ~ ~ ~ - ~ ~ y >  !~st,?k"?) i) 0 hi 
Fa t t ~ e ~ i t d  m i rtilow (E), pl)"""_i2~ j ti 11 ti 

Bull l lent l  n r i s l r~ r?w  IF). ~ i ~ i j d i i )  A A P, 
Cr.tkek i k i t - i  j 5 ~ r r i t . t  ;'i u\  i t  rr>t?t;ic ia 3 

" - * + " - - -  " *  *- - -^ -- 14 
K i vcr r <ar.li:t~t b.i~r. ( ( i c s ~  i t!+<; c i\_r;yjf~) I' 1 ? 
Q L I ~  1 Itidt.k (!:. ~ * y p ~ - r  ntpJ r C 
t J iq t? l  l r r  carlrsiac.ker." [L. vrl I frr 0 O ( 1 

Cdh i t,e ~~irr ,krar .  ( j ,dt  0 5  t ,osnu,  i oarneir'211r! I - - - "" -- -- st v, X 
43 i ue \rir  kr>r i!;yi i~pt,,"": (4 iLtGdt"e j 1! i: 
Nor ti~er-t> i ~ > , j  c,ikK~t ( ~ i 1 ~ ~ & ~ t , t ~  i I ti111 -- t >  tgr i c.:i!ith 1 R R 
Smd 1 inioljt h kit i f  l i t  L C  t i i > i t \ i ' -  11i1b~k i i j "  i I, i* i, -"--- - - "  - -  " "- 

i t  I I f  I [ I  c y p ~ f i ~ ~ . _ i  r ti.. 1 !. c 
Black l ) i j f . 8 ~ l o  ( I .  ritl_is!~) K il? i Z  
Spot lctl >ti t  i t ~ r  (y inyt yc*n:;l i ; ~  i a i : ~ > l , ~ ~  i i 0 ,.I 
S i  l V t A Y  V * ~ ' C ~ ~ I C > \  ';.(A ( ~ ~ ~ ~ ~ ~ ~ i > ! i i r %  .i!l i i ; l ' ~ ~ i r l )  I' 2 \ I  
R i  vrr x*riilal;rsc~ (M.  ca:*irldt i i n ~ )  --- --""-d-- - -- i: 2 
Go1dc.n u.~tlhor..ie Cbf, sbr2:?i_lt4!fiy!i~) li i 1 8 
Shor. t !read rerfhor-c,e (14, $jiLi~kid dot t ~ t f t )  C i: C 
Greateuv r*edhor.se (E ___--____-__--- va lenc i e i l i ~ e s  iy-- K 
B l u e  c a t f i s h  ( IcLal u r ~ ~ s  fuwxat i l s )  ii 
R 1  ac k isin 1 I h e a d - r i T " E a s  -- ---- n o u 
Ye1 low bul'ihrcsb ( I ,  natalls) - ---- 
Btsuwtr bt i i  i i led3 < 1 .  r r u b u i v s u s )  ,.- ..---.., 
Chanrrel c a t f i s h  (2, puncta&k) 

(cont i n u e d )  
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Table 19. (Conc 1 uded) . 

Species Pool 11 Pool 12 Pool 13 

Stonecat (Noturus f iavus)  U U U 
Tadpole ma-. -5) U U U 
Flathead c a t f i s h ~ P y l o d l c t u s  o l i v a r i s )  C C C 
P i r a t e  perch (Aphred$der~~~ s a y a n u s )  H 
1 rocrt-perch {Perco s i s  om1 scomaycirs) 0 U 
Bu  rbo t (iutj =+ ------- R 
Brook s i  lversr  de (Labidesthe2 sicctiii is) C C C 
White bass (Morone c ~ r y ~ o p ~ )  C C C 
Yellow bass 7h-l.- m i s s i s s ~ p p i e n s i s )  0 U U 
Rock bass (Amb ---- 1 op1 i t e s  rupes t r i  s )  C R R 
Green sunfis!> (Lepornis c anael lus )  0 0 0 
Piimpkirlsepd (L ibbosu* C C C 
Warmouth (L, g ? l i z ~ ~ -  - *--- U 0 U 
Ot.angespotGd sutlf i s h  ( I .  -- - humil i s )  C C C 
Uluegi 1 l ( I .  --- macrochirus) .-.- A A A 
Smal lniouth b a s s  ( M i ~ r o p t e r i .  do1orni~ui ) 0 U U 
t aryel~ru~ttlr bass (MA r;ajrnuick?s) C C C 
W h  i t e  cr'appio (Ponroxis annu la r i s )  C C C 
8 lack crappie (EL nigr'omacu Iatu?) C C C 

t a l  dar t e r  ( k m z ~ y j k  $_sgre__U-$) W 
We;tc.~'rl i,anci dnr-ter (A- clat-a) 0 0 0 
Mxid d,?t*ter* (1 thoost;umd -- asprigenx) !-I 0 
bantar l d a r t e r  ( C .  Cldhelldre)  H 
Jot~nt?y cldrter. ( E y  -;-&FCF- I J  U U 
B ~ r t ~ l ~ d  c / ~ ~ Y ' ~ F Y  (F-. z1(lnl3-<f X 
Yrl i 1 o w  pcrttl ( PSraci -ffivcrcerts) C 0 0 
i ocjpt> trc, 14 ( Pe rc "YiiX-Taj - TGaeT---- C C C 
~ i r r i ! i r u h ~ n d  I $L IT"~PY '  (3. p I j o ~ ~ & ~ @ ~ d l r l )  -- - H 
Id r d r t r  dar ter '  i kc sbiilmrd r f  - -7'------- 

C C C 
i i7~i~qi$v. (St~~~~~~.~ri ~$j..~~~) C C C 
Bs'/l i I e y i i  75. li r -- ~reuni j  -- - C C C 
i. :.cc~-,~t.r-itci""dr urn ("Aplc~ri~riotui~ - - g;_~![~jc?~) C C C 

' i k c > \ ~  t o  t,y~tk)oi(, 
A - i ' r  <iliiib i y  t r :  i j r - ( >  . ; r )  ' i , 4 i a  pc~ci 1 oi l  i y  r ib  a s t r a y  f rnm a t v  ibutary water.  
I !  Ki't ilrd., r,f o r  cur rence , + r e  ~ i \ i r \ l  l d b l t .  r o r  tlli"jj001, but  the spec ies  

iiili, rirrt l j r  vi.~ r r co rd f~d  i n  Chc 1 ds t 111 yearL,.  
i :  - fd t t t 1< ,  l & ~ r ~ i l  t,o kje r <$re jrb t h i s  J ~ O C I  1 .  

' i  i i r ! t c r i i i i 10 r t ;  i io i l ! ,  r io t  i i r i j a r  ?y cri3i)t 'ni'  ; r \  -,drnp 1 e L O  i 1 ecd ions;  
p')lrll!dl i o i ? ~  a r e  smal . 

0 - Or ~ d . ,  i o r t 4 i f  l y co l leclt.ecj, riot qenc~rii 1 sy d.i s t r i b u t e d ,  locdl 
L D ~ ? c ( ~ I ?  r " d t  ii>iit. mtry r ~ ( , c u r ~ .  

is - Lcmrrion l y t a k e n  i n  mobt  sa~rrljlc co i 1ei.t i 013s throuqhout the  pool.  
A - Ak~trriiidr~tlp t d k ~ r l  ; r i  a1 i river. surveys.  

Lon,  iurrje feed pr imar i ly  on benthic  orga- 
nisms. some feed on b o t h  benthos and f i s h ,  
dr iG Other5 feed prrmarl f y  on o the r  t 1 5 D  
(Table 20) .  Many of  the  f i s h  of commer- 
c i a l  o r  spo r t  value a r e  benthic feeders  

and consumers of o the r  f i s h .  The f i s h  
t h a t  r e l y  on benthos as  a food source a r e  
i nui r e c t i y  dependent on ~ o v p i  aliktun, 
phytoplankton, and macrapnytic vegetat ion.  
The f i s h  preyed upon by predatory f i s h  may 



fable 20. I eedintj  rc f a t i o f l s l t  ii2s o f  rlprne 
f i s h  o t  Pools l i  t o  1 3  ( a l t e r  Sr.hpamm and  
Lewis  1924). 
,,----,--. * --.------" - 

Feeding habit 
"" "" .... ... 

Mrtunryta 
E3irlnoutt.1 t t ~ i f  f ; 1 1 ( 1  
SnrCri Irnctci t , l \  G u t  ICA In  
R i  v r r .  c , r t  psur k o ~  
5 i  ~ V ~ S I '  C ~ U ~ J  

Brook e , i  1 vor8*, i t f r l  
I r ( " - t ~ ~ ~ j t t h ~ "  tSrstrm 
Ye) low b t l  I 1 hrk,tct 
O ~ ' < l f l < j ~ ~ ' r [ > O t  t t 'd ' r ~ i l f  ~ / . I I  
i !  2 ilCG<j i 1 1 
>!l<!b*P 1 n < i 5 c a  t i r c j t + o r i  

t,Jac%nse i iis;..; 'kiu.i. t ed  irporr t ~ e l i ~ t i ' a i  , p"i, t 1 - 
~ l d n k t o n ,  t i :  rooplanktoir  Xr7 aad t nr>, 
<tlrnost d i  l t f s h  feeil or] pldnktor, I r  : s t  
!~r l%t a tut-let n ~ v i o d  d u r ~ n y  t f ~ i ~ i : .  pa r  

rlultc'1upifi~r1tai s t a g e s .  I t  was po: r?drd u t J t  
lurlg dqo t h a t .  t h e  pldnkton supp ly  i i  li 

xjtrciit ; ndox (1% t h c  t ood i upp  l y  Fnl* g itiiriq 
l i , h  ( f  u r b ~ i ,  dnd R i c ~ d r d s o n  1913).  

F " 1 ~ ) n t b l ~  4 d m p I i n y  f r om Pool$. 111 ii:~tf 12 
wl t t l  -4 23rJ-iol  t iSG c,ttocker pr'ov rdt.5 ~ o f s -  
i ) d y d t  ~ V P  (f 3 t . l  Ori  f l d t s i t d f  U$k? by f > i f 1  (rd- 

~ J ! V  2 1 )  i'a 1 t ! l ~ t ~ ~ i . ' r  thc*t*e ~ 3 %  c,c)mt' 

v v i r  i c ~ % )  i 1 i ty L ? i ~ t w v ~ l r ~  month&, , mnlw t i ski wefir'* 
t , t L o r ~  f t c n l  I +P l a , i ~  kbr;ite?. ir~iiil".%fid^X ii.~iiq!i"~ 
IBtdri fr'orrl otl\tlr 'iablt, 1 1 4 ,  iiiiieqr 1 1 5 ,  
t~ 1 , tc b c r i t A  w h  i t 6 $  r 4 ~ j > p  i ( 1 .  ( ~ r j d  1 %3tstjc>- 

tntaijth bdq*'p dcrr. t cfnt~riti,.mrlt r 1 1  t t l r p  

tiat kwri2tar' "I.4i.r. dijr! Ct J c x u ~ ~ ~  hdtl I t d t  >!fid 1 1 * 
moultr buf  f:r 1 0  WL)V/> i n o ' ~ t  i+t)ii~:ii.;ai~t 7 air tbf-a 

iht i r t r i~ 1 f,or.iltir i l i 1 l l  r t a t ,  < i t ~ c j  r ] i r i j r , d  i.ttt?iJ 

cauii . ih'e3y,tA t ~ b i ~ t ~ < j d ~ l t  f ~'ofll ii \ 1 fclilr 

i~,lX, I t n C s  3 1 t tt,tt tl i dfil"\ 1 t t  ~ . a '  
v r r  y c, inir jar b ~ t w e c r r  hdtfi t a t s  

B<tt kw(ut o r  i r i k ~ . ,  ;mr?cf slatiiylrs filirl *''I 

L , j t r a c  $lAs, tl i, it w l b r  c .,r: pr'cs@rlt I $ ;  t a i l  i -  
i./,sf c q r ' , .  , d~ r it. t Ildrrrir I bor c 3 r r  -, I , ' ~ 1  
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TabCe 21. To ta l  number o f  f i s h  c o l l e c t e d  p e r  hour from 
d i f f e r e n t  h a b i t a t  t ypes  o f  Pools 12 and 13 d u r i n g  1972 
(da ta  from Be r t r and  and M i l l e r  1973). 

Ta; l w a t e r  Main Backwater 
Month/ (main channel S ide l a k e  agd 
parameter channel ) border  channela s lough 

Month 
A p r i  1  
May 
June 
J u l y  
August 
September 
October 
November 

Parameter 
Means 

Number 
o f  t axa  

Simpson's 
index  o f  
d i v e r s i t y  

a  Numbers based upon t h e  mean o f  samples f rom two s i t e s  

b ~ h i  s d i v e r s i t y  measure cons iders  t h e  number o f  i n d i v i d u a l s  
i n  each spec ies (ni) and t h e  t o t a l  number o f  i n d i v i d u a l s  
(N) as shown below: 

ni(ni - 1) 
Simpson's D i v e r s i t y  = I - 

N(N - 1) 

Simpson (1949) showed t h a t  i f  two i n d i v i d u a l s  a r e  taken  a t  
random from a  community, t h e  p r o b a b i l i t y  t h a t  t h e  two w i l l  
be long t o  t he  same spec ies i s  1 - Simpson's D i v e r s i t y .  
Hu r l  b u r t  (1971) rev iewed d i v e r s i t y  i n d i c e s  and conc l  uded 
t h a t  Simpson's D i v e r s i t y  was t h e  most b i o l o g i c a l l y  mean- 
i n g f u l  , because i t  r e f e r s  t o  t h e  probabi  1 i t y  o f  an i n t e r -  
s p e c i f i c  encounter.  

F i she ry  s t ud i es  conducted i n  t h e  Pool p a t t e r n s  o f  va r i ous  spec ies (Gengerke 
11 t o  13 reach o f  r i v e r  i n c l u d e  those 1977; Sou tha l l  1982; Hur ley  e t  a l .  1983; 
deal i ng w i t h  t he  e f fec t i veness  of Stang and Nickum 1983), and t h e i r  
d i f f e r e n t  sampl i ng gear ( S t a r r e t t  and f e c u n d i t y  and s u r v i v a l  r a t e s  (Helms 1974; 
Barn icko l  1955; Uunham 1970; Helms 1974; Genyerite 1977; Goeman 1383). Tkere have 
P i t l o  1981; P i e r ce  e t  a l .  1981; Rasrnussen been very  few s tud i es  on nongame spec ies 
1984; Stang and Mil l a r  1984),  movement o r  on t h e  f eed ing  h a b i t s  o f  many species. 



Table 22. Simf  ldr r t y  I-ii>t~.ierr\ fir;!) c : c ~ m m u t . ~ i t i r ~  o f  Fouls 12 
drld 13,  tl~ti ' t 'niirled I!&,I ncj rttirntiet o f  spec i P S  pt-estrrlt i n  bo tn  
h a h i t a t i  <$it t f  t t ~ t '  F . l ~ r : ~ , a t ~ ' s  li-~dex fur  sampiirig (ciata tryon> 
l 3 ~ r . t - r  and arvl MI t ! 1 j i  ? )  

<1 
i h r  I, r i><le*X r 5 c u m p i i t L i L t o : r c ~  ii y relcltcif Lo S i t n j ~ ~ i i n ' : .  D i v e r , -  
', i t j t  ,+firi 111~iy r dii(j(' 1 r"0111 U (nu .> irni idr  i t y )  l o  ,typr.oximateJ y 
1, I { r t .  I 1 ,  i E qivt.., the  ~ t r  obdtii l i t y  t.fidt tYandomly 
dr+dwtt f t i l l  I r rtn, c~ic 11 o f  t ! ~ c ~  two I~db) i t d t s  w i l 1 Lit, 1 onr] to the 
sdrrrtl *,I,cr lrz, r c-",-rt t , c k  t o  ttte' ~)r-obnt> i l I t y  o f  rdr~tii tntlq se- 
I r< t i nq two  1 I i ~ f  t i t r i  <>,intcA L b p f x  I eLj f t l - i ~ f i i  c)rit? o f  the t w c  
I k i t ~ !  (J (f tf t j r  I t A I V ' > ~ $  1 

Tab!@ 23. l u t t i !  I < r t i t r r r r > r  r r d i  l i b t i  c d l c l t  ( i n  I t \ )  for. P o o l s  11 
l o  i 4 c i c i r  r t\ci lO/Q (jrt-it ,i Ir'onl IJMKCC 1CJlf:) 

c t i  r11 
Bt l l  t %z l o  
uruni 
t",?.tf 1 st1 

!$t i  I 1 !lP,%f 

L,drp~.lK*Lt~\ 

l - ! ~ ~ < i ! l c ~ ~ ~ ? f ~  c l r > < j  * l l (  A 0 1  

\ C u r  ipSvi; 
P<+<!c: I ta ? I 

Lrdl 

SSohif 1 r i  
&me I. t i ,ir, c~ i 
Mvo~wvy '~  diit.', cfo 1 i l ~ ~ v t z  

Ut h e r  



6.2 MAlN CHANNEL 6.3 MAIN CHANNEL BORDER 

The f i s h  faund o f  t h e  main channel i s  
q u i t e  d ive rse ,  e s p e c i a l l y  i n  t h e  t a i l w a t e r  
reaches of t h e  r i v e r .  Th is  sec t i on  w i l l  
i n c l ude  reviews o f  severa l  s t ud i es  o f  the 
main channel f i shes  o f  Pool II t o  13, 
along w i t h  a  conlprehensive survey o f  main 
channe 1 f i shes. 

The stomach conter i ts o f  shovel nose 
s turgeon o f  Pool 13 were analyzed Ap r i  l -  
November 1972 (Scho f i e l d  1975; l r i e d l e i n  
1978; I ngram 1979). The s t ud i es  concluded 
t h a t  shovel nose s turgeon were oppor'tun i s- 
t i c  and f ed  on the  a v a i l a b l e  ben th i c  
i n v e r t e b r a t e  popu la t ions  ; cadd i s f  f i e s ,  
may f l i e s ,  and midge l a r vae  were p a r t i c u -  
l a r l y  impor tan t  i n  t h e i r  d i e t .  

Populat ions o f  wa l leye  and sauger 
were es t imated  i n  t he  t a i l w a t e r s  o f  Pool 
11 ( a t  Guttenberg, I A )  and i n  the  t a i l -  
water!, o f  Pool 1 3  ( a t  Bel levue,  XA) i n  
o rder  t o  b e t t e r  u r tde~s tand  and manage the 
spo r t  ha rves t  o f  these two species (Bolantf 
and Ac- key-man 1982). D i r r i  rtg 1980-81, wal l -  
eye numbers were est in la ted a t  LS1,.391 a t  
Gutterrberq and 13,241 a t  Elel levi ic.  I n  
1981-82, t h ~ i  r est in la ted popu la t ions  
dropped t o  9,183 and  10,709 a t  Guttenberg 
and Be 1 1  evue, r espec t i ve l y .  Sauger e s t i -  
matos were 60,476 and 51,811 a t  Guttenberg 
and Be l ievue ,  r e s p e c t i v e l y ,  i n  1986-81; 
t h e i r  numbers were s l  i g h t l y  h igher  i n  
1981-82. Boldnd and Ackerman (1982) can- 
cludetf t h a t  bo th  t he  wa l leye  and sauger 
f i s h e r i e s  d re  i n  . ;a t i s fac to ry  c o n d i t i o n  i n  
these two , ar.rbas i n  ter.nls of  populdt  ions, 
growth r a t e s ,  and age group d i s t r i b u t i o r t s .  

A 1919-80 survey o f  the main channel 
from RM SOU t o  513.5 r ~ c o r d e d  39 f i s h  
species. Of the 2,692 t o t d l  f i s h  sampled, 
the most abundant species were channel 
c d t f  i s h  (59.0%, most ly  young f i s h ) ,  
s i l v e r  chub (12. OX), mooneye (10.3%), 
shovel nose sturgeon (9.4%), f reshwater  
drum ( 2 . 5 % ) ,  f la thead c a t f i s h  (1. 1%), and 
r i v e r  d a r t e r  (1 .  I % ) .  Species d i v e r s i t i e s  
1 ncreaseci w i t h  d is tance  uplltream. Sani- 
p l i n g  gear used i nc l uded  g i l l  ne t ,  trammel 
n e t ,  hoop ne t ,  bottom t r a w l ,  midwater 
t r a w l ,  se ine,  and e l e c t r o f i s h i n g  (LGL 
1981). However, the bottom t r aw l  was 
the  most e t  f e c t l  ve samp 1 I ng gear type;  
se i n i ng  and e l e c t r o f i s h i n g  were l e a s t  
e f f e c t i v e .  

The padd le f  i sh (Polyodon spathu l  a) i s  
one o f  t he  more i n t e r e s t i n g  f i s h  found i n  
t he  channel bo rder  h a b i t a t .  These f i s h  
are r epo r t ed  t o  swim near t h e  sur face,  
where they feed p r i m a r i l y  on copepods, 
c l  adocerans , and insec ts .  Recent r ad i o -  
te lemet ry  s t ud i es  o f  p a d d l e f i s h  i n  Poals 
12 and 13 found t h a t  they favored main 
channel bo rder  and t a i l w a t e r  h a b i t a t s  
(F igure  22). There were some d i f f e rences  
i n  h a b i t a t  p re fe rence  i ri d i f  fe re r i t  seasons 
and years,  b u t  main channel border  was 
se lec ted  i n  a l l  pe r i ods  except summer 1981 
(Sou tha l l  and Hubert  1984). Paddlef i sh 
were o f t e n  found w i t h i n  100 m o f  an a r t i -  
f i c i a l  s t r u c t u r e  ( l o cks  and dams, wing 
dams, rock  p i l e s ,  and revetments),  i n  
scour ho les  o r  eddies c rea ted  by t h e  
s t r uc tu re .  

A p re fe rence  f o r  backwater h a b i t a t  
was rioted du r i ng  the  postspawning p e r i o d  
and i n t o  t he  summer'. The r i c h  p l ank ton  
pop t i l a t ions  o f  backwaters a r e  thoirght t o  
prov  id^ pr ime feedinq h a b i t a t  f o r  paddle- 
f i s h ,  espec ia l  l y  du r i ng  summer (Marcoux 
1966; Rosen e t  a l .  1982), and t h e  
t r a n s p o r t  ou t  o f  these h a b i t a t s  may 
p rov i de  f avo rab le  feed i ny areas a  1 ong t h e  
ma i n  channel bo rder  (Sou tha l l  and Hubert  
1984). 

AVAILABLE UTILIZED 

T A I L W A T E R S  k 1 
M A t N  C H A N N E L  

MAIN 
CHANNEL @ORDER 

SIDE CHANNEL 

B A C K W A T E R S  I 

Figure 22. A v a i l a b i l i t y  and use by  
p a d d i e f i s h  o f  h a b i t a t  types i n  Pools 12 
and 23 combined, Upper Nibs i s s i p p i  R i v e r ,  
s p r i n g  1981 ( f rom Southa l l  and Hubert  
1984 ) . 



I t  has only recent ly  been documented 
t h a t  winq dams and c los ing  dams prcrvirle 
important h a b i t a t  f o r  d va r i e ty  of Upper 
Mississippi  River fish species .  Holaer 
(L9i13) co l l ec t ed  31 f i s h  spec ies  frost var- 
ious M i s s i s s i p p i  River hab i t a t s :  20 of 
these were assoc ia ted  w i t h  wing dam hdbi- 
t a t .  P i t l o  (1981) sampled f i s h  on 24 wing 
and c los ing  dams, and captured 38 spec ies  
(5,000 i n d i v i d u a ? ~ ) .  Sport  f i s h  made up 
nearly 40% of t he  catch and included 
freshwater  drum, wal leye ,  snuyer, white 
bass, bldck crappie ,  white c rappie ,  
channel c a t f i s h ,  f lathead c a t f i s h ,  
bltrctgi 11, anti nurttterri pi kc. P i  t l o  (1381) 
a l s o  showed tha t  .;ha1 low \tructtire!, w i t h  
c.levdt..iorts within 5 f t  of the r i ve r  
sur face  protiucecf s ign  if  i c d n t  ly hiqher 
number:, drlcl a cjreater d ivcrs  i t y  of f i sh. 
Morp detdi  l ed  r ad io t c t e rn~ t ry  s tud i e s  of 
walleye i n  Pool 13 showed t h a t  32% of a i l  
obsc>rvilt iorrs were mnde a t  wing r l d t n ~ ,  
esp"iia1 ly duriny lower tiow p e r i o d s  
( P i t  lo  1983). 

Must wing tiam?, o f  the chatrnel Lsor.dcr5 
a r e  stil~mergerat, bu t  t h e w  a re  scweral i n  
Pool 13  that, a r e  emer.yertt. A n  exper imen- 
ta l  stutly was de:,iyrtod t o  assells t he  im- 
pat t t>l laldcirlg d no tch  i n  t h r ee  sf these 
wing danrs, locr l ted k~etweer~ RM 541.4 dttd RM 
548.6 (see Figure 1 Pierce (1980) 
r'c>tfifit"tc.rl f i she ry  ddta  for  tire 
"~rrtlnoLchint]" plzdse of t h  i .I study,  r ~ u t i n y  
thta pr@t.,rv\cr o f  52 fist1 .~pc.cit=, ( 3 8  of 
wtliel~ wt2ro rrtxdrs ot- O I I  wing I ~~~ IT ICJ ) .  I h r w  
wing cJ,tnv, wrw t~u tc l~cd  dur i rxj Mdy -,ln l y 
IQ7rl  t%rtrf tht. "pofl tnutcti irry" r'tzsiit t s werse 
pr-c~i~ern&r~ci by C s r l  cby ( 1982) I f l c r ' ea i~pd  

vcloc i l i i l s  wx3rc noted irnmetl i d t e l y  down- 
5 trbr*tlr?i f roat n o t c t ~ r s  , a Iorrg w i  t h  somcl 
t~ '~dl l l~k3~t"l  of %,;and, but there  wet'e rlo dg- 
t,rclcidblc. t b f f e c t s  or? l i s h  poptttatiorrs 
( Idt, I~<74 1 .  i+reilotcEt i n ( j  ailti [lost- 
iiote h i  ng f i stwry o r  i I i>asrzd or\ 
s,&ml~ l i rrr j  us r rrq b & i  t ~ d  dnd unb<l i teti I~ooy 
n e t  ., dr~tJ c t l rx i ,  tr.02 i s h i n a j ,  show~d tltr chatlyc>s 
?.hat toutc t  br* dt t r i t~c i te t l  t u  l t w  wing dam 
iscrtctrinq (Curlray 1982). 

fi.4 StDE CHANNELS 

Cd.;svi l le Slough JRM 608.5 t o  RM 615) 
has prcababl y rcceived mure study than ally 
other" side cilannel i n  t h e  Pool 11 to 13 
reach of r i v e r .  This lotrg, narrow s ide  
chnrtnel htclrup i e s  sttolit 806 surf ace a c r e s ,  

Tabte 24. Mearr catch with s tandard 
cieviatir~ns (tasecl or1 t h r w  5e i r re  hauls d t  
each site) fur mdjor f a m i l i e s  af  f i s h  
before and a f t e r  ncltctaing o f  th ree  wing 
dams of Poo! 3 I f  rom Cer'fey 1982); 
di f fe rences  before and a f t e r  were n o t  
. , i g i ) i f ? c a r ~ t  ( k t  ~(3 .05) .  

Ref ore A f  Liar - -- .- ---- -- 
Mean SD Mean SD 

Cypr'i n! rlae. I9 X 2 1 .  1 7 . 6  6 ,  2 

I ~ t r f  3urrde~e 3 h  5 . 8  0.4 0 . 5  

Pr r ~ .  i da i~  3 . J  2 ,  i l .  h 0 . 4  

Cd to5 tomi dde 1.2 0 . 2  0 . 3  0 . 3  

~ c ~ r c i c h t t ~ y  id&" 0 .5  0. 3 2 .  7 J. 5 

Certtr.arch idde 1 3  1 1 9 . 1  3 . 1  3.8 

5c i den i dde  tl 6 .0 4. 1 0 .5  0 . 8  

tl Cons i s t e d  on 1 y of khi t e  ba55 (Plorone 
ctrryscgs). - ** - - - 

%oils i s ted  on1 y of f reshwater drum 
(@_1.?gn~)t!i> grunniens) .  

cotltains 4,004 a c r e - f t  of watt*?,, has a 
mean tlepth af $bout 4.9 ft, and a maximum 
ciepth or 511 f t  (Ackerman 1978). 

An extensive c ree l  survey, taken dur- 
Ing 10% of the ddyT igh t  ho~1r.5, found 
24,500 dnylers  f i sh ing  65,530 h and catch- 
ing  86,288 f i s h  (45,844 Ih) ( l d b l e  25) .  
Sport- l: i sh i ng pressure  was about 81 
man-h/acre with a  ca tch  r a t e  of 1.32 
fish/h. The spo r t  f i she ry  was dofiiinated 
by b l d c k  crappie and the  majori ty of t h e  
harvest  aL&ursred duri  ny l a t e  summer arld 
vdrly fdl 1 ; the doniinant methoti was s t i  l 1 
f ishiny with l i ve  b a i t  (mirtnows or worms). 
S t ab l e  water levels  dr~d decreased t i t rb id i -  
t y i i n  i d t r  5tin;mcr and e a r l y  f a1 l have beer\ 
s t~yyested as fcictur.5 i rllf uer~cing increased 
l i s h  i ng sticce.;s (Ackesman 1978)" 

The commercial i i s h  catch from 
Cassville Slough during t h i s  same time 
period was est imated a t  94,374 Ib 
(Ac k e  !-man 19 1.Q) Tho principal f55h  
caught were buf fa lo  (45. I%), freshwater 
drum (19.3X1, carp  (15 .4%) ,  ar-rcl chantrel 



Table 25. Spore  t i she ry  har-vest from C d s s v i l l e  Slouqh (1 J u l y  
1917 t o  30 June 1'378) of Pool 12 o t  the  ilPper.Mississippi River 
(dd<3pted t rotn Ackeradn 1978) .  

Tuta 1 
l'uta1 % of weighta 
caught Catch ( l b )  1 b f  acre 

Black c rappie  
S i u e c ~ i l l  
F r'es hwdttrr dr'tiin 
%hi t c  c rappie  
Whit(. bass 
k a l  leye 
Channel c a l f  i st? 
l ar.ijemouth bass 
S a t ~ g ~ r .  
Rock b a s s  
i lathead c a t f i s h  
Smallmouth bdss 
Ye1 low perch 
Northern p i ke 
E l l  1 l hedd 
Czlrp 
i u c  kers 
Gat- 
G i z z a r d  shad 
Bow? i rl 
Moorreye 
P ' iddlef ish  

22.2 
5 . 7  
9.2 
2.5 
3 . 4  
5 . 1  
2 .6  
2 . 3  
1 . 0  
0 . 3  
1 . 3  
0 . 4  
0 .  1 
0 . 7  
0 . 2  
0 . 4  
0.2 
0. 1 

r0 .  1 
I). 1 
(0.1 
0.2 

33 
M ~ a r l  weights  publ i sher1  by Rawnuc,scan (1979) were used t o  est imate 
t o t a l  weiqht3. 

c : d t t  i s h  2 ;  Ih t .  cornrncr,cjal t i s h  
y i o l t l  w;tc, 1 Z Y .  1 1 b /acre .  Ackerrodr, (1i)l i i j  
i i t  t!~~:rt, conimerc i a i  y i elci., have 

(.ir'<jijf.?P<f i r :  [:<i:,:,~ 1 f e 5 I o ~ J ~ / >  <?t#ri l lg  reCg?rit 
dei:~i!ei: iic~c !.u rt cornbinat  i o n  o f  Sac:torci , 
i I :  I .  i j excessive .,eilimcritat io i i  aclt! 

ii!:.rse<ixicil \;;.il-i.r f  low^, which travc i ~ t - 1  ti) a 
r::9r,it i r > t  ii- ei iv i rur)nic!rrt. 

6.5 BACKWATER LAKES AND SLCPUGkJS 

i b v  i)rtCk~;3t.i?! '  jake!> arid 5 l o ~ g f i s  o f  
t h e  i l j j i ) ~ ~ .  Mi s i  i s:,ipiji R i iier hi ive beer) 
L ~ , ~ i t l W ~ l  "~ t.1"; k3 l . l . JU  { d v u i  6:-7 tj ~ d i - ~ d ' i  ti G G ?  f < i~ .  
5 .  t i i i ' i  f . .pc?cit)~ (Schr.arn!rr asd Lewis 
i Y 7 4 ) ,  although some spec ies  seem t o  
p r e f e r  rni1r.e 1 o t . i ~  cundit iur i i  a t  l e a s t  

d u r i n g  a pc~rtiorl  o f  t h e  year-. A number of 
f i $ h  probably  use tj.ackwaters dur ing t h e i r  
' a r ly  1 i f e  c , t dyes ,  and may then be 
tdii-perserf i n  Llie t l r i  ft. o u t  o f  these 
h d b i t d t s  ( f .~kbldd  k?t a l .  1984).  

A l i r c ~ C l r .  pa r -meters  (e.y  , veluci'ty, 
( j l  5 5 0  i V P ~  O X Y ~ P I I ,  t i t r \ l ~  irf ily, eJdt,er temper- 
,ntur'e) o f  b a ~ ~ w a t c r  lakes r slouyhs 
c i i  t - f c * r ,  s ~ f i < ~ t ~ r r i t i ? l  ly  f rsom t h e  pd'arnete-ra 
i f  utllr: rlger. tmbi t<its A number' of  
i t  lid i r s  h<ivc sfluwii c o r r e  l d t ioni  betweeti 
vdr a oils cnv i r,unmentaf parameter3 and Fist\ 
ca tch  r*atec, f or- exdfnple, i n  samp I i ng  
r , . , ,  ,,,,., , .?,  ,,, ;,,,,, ,,-, + ;?h i ta ts  the M j ~ % j ~ q i p ~ i  

River, GutreuLer (1980) found a 
sigrii  f + ( . a n t  i ~ ~ g a L a v e  c o r r e l a t i o n  (piCI.05) 
between cu r r en t  velucity dtld ca tch  r a t e  



f o r  g izzard  shad ,  largemouth bass ,  (RM 546 t o  5481, which c o n s i s t s  of apgrsx- 
b l u e g i l l ,  and white  c rappie  (a11 spec ies  imately 700 ac re s  of smal i ponds and 
common t o  backwaters).  In c o n t r a s t ,  he sloughs s u i t a b l e  f a r  f i s h  hab i t a t i on  
found a p o s i t i v e  c o r r e l a t i o n  between (Boland and Ree'tz 1919). However, t he  
c u r r e n t  ve loc i ty  and ca t ch  r a t e  fo r  diked Green Is land backwater hab i t a t  has 
channel c a t f i s h  and f l a t h e a d  c a t f i s h .  very l i t t l e  water exchange andmay be stab- 
Other va r i ab l e s  a l s o  inf luenced ca tch  j e c t  t o  low water levels,  espec ia l  l y  dur- 
r a t e s ;  f o r  example, d i sso lved  oxygen ing winter  months. 
l e v e l s  of bottom waters  were negat ively 
c o r r e l a t e d  wi th  ca t ch  r a t e s  f o r  largemouth In both study a r eas  (Brown's take and 
b a s s ,  b l u e g i l l ,  and white  c rappie  Green I s l and ) ,  a t o t a l  of 41 f i s h  spec i e s ,  
(Gut reu ter  1980). numbering 7,406 ind iv idua ls  (5,888 l b ) ,  

were co l lec ted  using experimental g i l l  
The f i s h e r y  of the shal low, b i lobed ,  ne ts  (1,590 h ) ,  frame ne ts  (1,702 k ) ,  and 

835-acre backwater lake known a s  Brown's e f ec t ro f i sh ing  (13 h ) .  Brown's Lake 
Lake was sampled during 1979 (F igure  23). supported 39 f i s h  spec i e s ,  while the  Green 
I t s  f i she ry  was compared w i t h  t h a t  of t he  I s land  area  had only 11 spec ies .  Among 
Green Is land  Levee and Drainage D i s t r i c t  the  spec ies  present  i n  Bruwn's Cake, bu t  

not found in Green Is land ,  were walleye,  
sauger ,  white  bass ,  channel c a t f i s h ,  
f reshwater  drum, smallmouth bu f f a lo ,  
g izzard  shad,  and t h r e e  spec ies  of 

J A C K S  O M  C O U N T  v carpsucker. The biomass of f i s h  c o l l e c t -  
ROAO em. P" ed,  ad jus ted  f o r  sampling time, showed 
C U I S I I N C  L ~ V L C  IUI*C*.... thea much more abunilarit f i she ry  o f  Brown's 
P R Q P O S ~ O  L E V ~ C  Lake (Tdb le  76) .  The numerical popula- 

t i ons  of b l u ~ q i  11, w h i t e  c rapp ie ,  black 

G R C ~ M  ISLANO Table 26. Comparison of biomass sampled 
( l b  per  h) for  a l l  gear  types combined f o r  
mdjor spo r t  and commercial f i s h  a t  Brown's 
Lake and Greeri I s l and ,  1979 (from Boland 
and Reetr 19/9) .  

- 
Brown ' s Green 

Lake Is land 
comb i ned combined 

t o t a l  t o t a l  
Spec i e s  ( I b/h) ( I b/h) 

White c rappie  0.345 0.004 
Black crappie 0.346 0.025 
Bluegi 1 l 0.238 10.001. 
Largemouth bass 0.167 (0.001 
Northern p ike  0.192 0.154 
Wa I 1  eye 0.058 0 
Sauger 0.138 0 
White bass 0.179 0 

P40PCITED W 4 T L R  
€31 ack bul l head 0.100 0.571 

COniIrOt SYRUCIURL. - Carp 4.258 1.873 
Bigmouth buf fa lo  0.375 0 
Smal lmouth buf fa lo  0.375 0 

Figure 2J. Green Is land  Levee D i s t r i c t  Freshwater drum 0.188 0 
and Brawn's Lake, Pool 13, Upper M i s s i s s -  Channel c a t f i s h  0.054 0 
ippi River (from Boland and ReeLz 1979). 
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c r a p p i e ,  and largemouth bass were a l l  f i e d  t h e  environment and reduced f i s h  
more Char) seven times g r e a t e r  i n  Brown's spec i e s  d i v e r s i t y .  Low water l eve l s  along 
Lake t h a n  i n  Green Is land.  This study wi th  a record snow cover dur ing  t h e  w i n -  
i l l u s  t ra tes  the  v a r i a b i l i t y  t h a t  can t e r s  of 1977-78 and 1978-79 probably 
e x i s t  even between ad jacent  backwater r e s u l t e d  i n  f i s h  k i l l s  i n  t he  Green Is land  
h a b i t a t s .  Levee cons t ruc t ion  i n  the  a r ea  which a l so  cont r ibuted  t o  low spec i e s  
Green Xslarld area appears t o  have s impli-  d i v e r s i t y  (Boland and Reetz 1979). 



CHAPTER 7. OTHER B144'TA 

7.1 FLOODPLAIN FOREST 

Most o f  t h e  undeveloped f l o o d p l a i n  i n  
t h e  Pool 11 t o  13 reach con ta ins  f l ood -  
p l a i n  f o r e s t  (F i gu re  24). The f o r e s t  dom- 
i n a t e s  t h e  upstream h a l f  o f  each poo l ,  
w h i l e  t h e  downstream h a l f  has a  g rea te r  
percentage of open wate r  area. The domi- 
nan t  t r e e s  are u s u a l l y  American elm (Ulnus 
ameri cana) , r e d  map 1 e (LC&? rubrum), green 
ash (Frax inus genns l v a n i c a ) ,  s i l v e r  maple 
(Acer - sacchanfi&r- b i r c h  (Be tu ia  
n i g r a ) ,  and b l z k  w i l l o w  ( S a l i x  6- 
t r e e s  over  20 f t  t a l l  p rov i de  most o f  t h e  
cover  (Table 27). I hc  b l ack  w i l l o w  a r ~ d  
r i v e r  b i r c h  a re  common a t  e l eva t i ons  c l o s e  
t o  normal poo l  l e v a l ,  t h e  s o f t  maples 
occur  a t  a  l i t t l e  h i ghe r  e l eva t i on ,  and 
t he  elm and ash grow a t  s t i l l  h i ghe r  ~ l e -  
va t i ons  above water  l e v e l .  

The unders to ry  vege ta t i on  o f  t en  
c o n s i s t s  o f  wood n e t t l e  (La o r t e a  cana- 
densi  s) , though green d r a h r i ' G G a  --..... 
dracont ium) i s  a l s o  common. Patches o f  
s e n s i t i v e  f e r n  (Onoclea s e n s i b i t i s )  a re  
p resen t  l o c a l l y ,  b u t  a r e  n o t  common. 
Paison i v y  ($2 rad icans)  may be  abundant 
i n  those p laces  where more l i g h t  reaches 
t he  f o r e s t  f l o o r ;  common e l d e r  (Sambucus 
canadensis) i s  a l s o  common i n  open sunny 
areas. 

GREAT I1 (1980b) noted t h e  l a c k  o f  
s t ud i es  on t h e  f l o o d p l a i n  f o r e s t s  o f  t he  
Upper M i s s i s s i p p i  River .  The f l o o d p l a i n  
f o r e s t  o f  t h e  Pool I1 t o  13 reach has n o t  
been s t ud i ed  i n  d e t a i l ,  b u t  s t ud i es  e l se -  
where ( e .  g. , Wi lson 1970; Keammerer e t  a1 . 
1975) have suggested i t s  importance as 
h a b i t a t  f o r  o t h e r  b i o t a .  The t a l l  t r e e s  

Figure 24. heiative t l i ~ t r ~ ~ b u t i o i ~  o f  floodplain cove r  
type;  on the Upper' M i  5 5 i  is i p p  i it i v c r  : f rom UMRBC 1982). 



Table 27. Sur face areas (acres)  o f  va r i ous  t e r r e s t r i a l  h a b i t a t  t ypes  o f  
Pools 11 t o  13. 

% o f  
H a b i t a t  t ype  Pool 11 Pool 12  Pool 13 T o t a l  T o t a l  

Urban 
Trees (>20 f t  t a l l )  
Trees ( ~ 2 0  f t  t a l l  ) 
Sal i x / b rush  
Levee grass and b rush  
Crop1 and 
Up1 and meadow 
Sand/mud 
Low1 and meadow 

To ta l  11,982 10,384 32,787 55,153 100.0 

p rov i de  s i t e s  f o r  heron and e g r e t  nes t i ng  measured xylem r i n g s  and found t h a t  s i l v e r  
r ooke r i es .  (Two major  r o o k e r i e s  occur  i n  maple added 5.66 mm annua l l y  ( f r om  1951  t o  
t h e  Pool 12 area.)  The f l o o d p l a i n  f o r e s t  1961). However, a f t e r  t h e  placement o f  
p rov i des  h a b i t a t  f o r  w h i t e - t a i l e d  deer and dredge s p o i l  a t  t h i s  l o c a t i o n ,  t h e  mean 
o t h e r  sma l l e r  mammals. annual r a t e  was 4.44 mm (1962 t o  1974). 

Cawley a l s o  noted t h a t  growth r a t e s  o f  
b l a c k  wi 1 low decreased f o l  l ow ing  spo i  1 

7.2 DREDGE SPOIL AREAS placement. 

Between 1945 and 1975 mean annual 
d redg ing  i n  Pools 11 t o  13 was over 
201,000 yd3 (see Sec t ion  2.6 and Table 7). 
Dredge s p o i l  placement on t h e  Upper Mis- 
s i s s i p p i  R i ve r  f l o o d p l a i n  can d i s t u r b  t h e  
e x i s t i n g  b i o t a ,  p r i n c i p a l l y  th rough  cover- 
i n g  t h e  e x i s t i n g  communities and through 
subsequent w ind  and water  t r a n s p o r t  o f  
s p o i l  t o  ad jacen t  s i de  channels o r  back- 
waters .  For  example, GREAT I1 (1980d) 
i d e n t i f i e d  14 s i de  channels i n  Pools 11 t o  
13 as areas hav ing problems because o f  t h e  
placement nearby o f  dredge s p o i l .  I n  
another  s tudy  (GREAT 11 1980h), 21  d i s -  
posal  s i t e s  were i d e n t i f i e d  i n  Pool 11, 51 
i n  Pool 12, and 147 i n  Pool 13. Un fo r tu -  
n a t e l y ,  few o f  these h a b i t a t s  have been 
s t ud i ed .  

Growth r a t e s  o f  b l a c k  w i l l o w  and s i l -  
ve r  maple a t  t h e  Pleasant  Creek Pub l i c  Use 
Area (Pool 13; RM 5 5 3 )  were s t ud i ed  by 
Cawley (1975). He compared two stands: a  
s p o i l e d  area t h a t  had r ece i ved  30,388 yd3 
o f  spoi  i irt 1962 and 48,075 yd-n 1973, 
and an unspo i led  s tand  immediate ly  south 
and downstream o f  the  s p o i l e d  area. He 

Pools I1 t o  13 a r e  h e a v i l y  used by 
b o t h  r e s i d e n t  and m i g r a t i n g  b i r d s .  The 
a r e a ' s  c u l t i v a t e d  f i e l d s ,  pastures,  wooded 
stream courses, f o r e s t e d  i s l a n d s ,  marsh- 
land,  and sandy beaches p r o v i d e  exce l  l e n t  
h a b i t a t  f o r  b i r d s  t h a t  va ry  w i d e l y  i n  
t h e i r  needs f o r  food, nes t i ng ,  and p ro tec -  
t i v e  cover  (Table 28). I n  a d d i t i o n  t o  t h e  
126 spec ies known t o  n e s t  i n  t h i s  reg ion ,  
another  132 species occur  b u t  do n o t  nes t  
(GREAT I 1  1980e). 

It i s  es t imated  t h a t  severa l  thousand 
o f  t h e  wa te r fow l  us i ng  t he  M i s s i s s i p p i  
Flyway s top  b r i e f l y  t o  r e s t  and feed  on 
each o f  these t h ree  poo l s  (GREAT I 1  
1980e). The sur face- feed ing  ma l l a rds  
a re  u s u a l l y  t h e  most common, w i t h  t e a l ,  
wood duck, and ba ldpa te  somewhat l e s s  
abundant. 

P reda to ry  marsh and shore b i r d s ,  such 
as t h e  g r e a t  b l u e  heron, f i n d  most o f  
t h e i r  p rey  i n  sha l low backwaters.  Nine 



Table 2'8% Rela t ive  seasonal abundance5 of  bi rdsa  t h a t  n e s t  
i n  Lhe Pool II t o  33 area (from G R E A T  I I  1980e). 

--- 
Bird spec i e s  Spring Summer f a 1  1 Winter 

Double-crested cormarant 
Great b l  ue heron 
Green heron 
Great egre t  (common e g r e t )  
Black-crowned n ight  heron 
Yelluw-crowned night heron 
Least b i t t e r n  
American b i  t t e r r t  
Canada goose 
Ma1 l a r d  
Black duck 
Green-wi nyed t e a  1 
Blue-winged t e a l  
Wood duck 
Hooded merganser 
Red- t a i  led hawk 
Red-shouldered hawk 
Broad-winged hawk 
Bald edqlc? 
Mdrsh lltiwk 
A m o t - i ~ ~ t r l  k i ~ s t  t7c l (.;p<ir row ti,wk) 
Ruffed grotrscl 
Bobwlr i tt. 
Ringed-nc2ckrt.f phtl~rsarlt 
Gray p,iibl t'i ticjt-" 
K i r ~ j  i I 
V ~ t y i n i ~ i  r ~ t i !  
s~l"r3 
I'.omtnctrr g.'.I 1 trltrlr 
1lmt.r t c ~ t r r  cocit 
K I  Ildpcl 
Amr*r r ccin woodcock 
Up idrtd .t;rrt(ip iibrr ( t ~ p  l,+rid 1) ickvcir 
5pattt.d s-rftirfpipcu. 
brr  1 i t,;lry sandprprr '  
Itor. k rltwo 
Mourrr i rjy duvc. 
YctIow-.t,1"f iecl c i n r  kao 
i? I ~ k - b  i 1 I vd ct~r-hoo 
Sc rr*t~rh uw l 
Gl'i.4 t IlOil.ltfi'd ow1 
Bdrr=cd owl 
1 Dfly "li*dt.<'d OW I 
S t~ai~t . -c~%rrt l  owl 
Saw- whet otli t 
Whip-poor*-wi 1 1  
Cun~mnn r i jgh thakk 
Chimney s k i r t  
Ruby- tlnrodtcll huritrri~ ngbi  rd 
B ~ i t e d  k i n y f  isher 



Table 28. (C0nt.i nued) . 
-" 

B i r d  spec ies  Spring Summer Fa1 1 Winter 

Common f l l c h e r  (ye1 low-shafted) 
P i  l e d t ~ d  woodpecker 
Red-bellied woodpecker 
Red- headed woodpecker 
Yellow-bellied sapr,~icker' 
Hai ry woodpecker. 
Downy woodpecl\er 
Eastern k i  ngbi rcf 
Great c r e s t ed  t lycdtcher  
Last urn phoebe 
Wil low f lyca t che r  
Least t l yca t che r  
C a s t ~ r n  wood pewee 
tlorned 1 a rk  
Tree swallow 
Bank swallow 
Rough-winged swallow 
Barn 5wa 1 1  ow 
C l i f t  swallow 
Purple mdrtin 
B lue  jay 
Conlntan crww 
H l ack-capped c h i c  kadec 
Tuf Led titmouse 
W t i i  t e -breas ted  nuthatch 
House wren 
l ong-bi 1 led marsh wren 
Short-ki 1 led marsh wren 
Grey c a t h i  rd 
Brown thrastler 
Amvr i can rob; 11 

Wood tlircrsh 
[ a s t e r n  b l  ueb i rd 
B 1 ue-qrdy gnatcatcher  
Cedar waxwinq 
Locjyerh~ad %hr ike  
s t a r 1  inq 
B e l l ' s  v i r e o  
Ye l low throa ted  vireo 
Red-eyed v i reo  
Prothonotary warbler 
Klrre-wir1qc.d warbler 
Y P I  low warbler 
Cer.i~l edn warbler 
Overlbi rd 
L o i ~ i  ., idna wdterthrusti 
KenLu~ky warbl e r  
Cornrnon ye1 l o w t  h r o a t  
ye1 low-breasted chat  
American r e d s t a r t  
House sparrow 

(cont inued)  



Bird species 

Bobo l ink 
Eastern meadow] dr-k C C C 0 
Western meadowlark 0 Q 0 0 
Yel  t ow-headed blackbird 0 0 0 
Red-winged bldckbi rd A A A R 
Orchard o r i o l e  tl t l 0 
Northern o r i o l e  (Baltimore) C (, 0 
Brewer' s b l  ac  kb i rd Ii Q U K 
Cuminon grackle  A A A 1; 
Brawn- headed cuwb i rd A A 1; M 
S c a r l e t  tanager  0 O U 
Cardi rial C C I, C 
Rose-breasted grosbeak C C 
Indigo bunting C C U 
Americdn go ld t i r i ch  A A A C 
Riifous-s idecf towhet. A A A C 
Savannah sparrow 0 t i  0 
Grasshogsper sp~irrow 0 U O 
Hens low's s p d r v ~ w  W N 1J 
Vesper sparrow 0 0 
Idrk 61pdrraw # il 
Ch? pp i ng  ?lp.tar-vcaw A A A 
r i e ld  sparrow C C I, K 
'~wdrnp ~ p d r r ~ w  C C 0 
'krrg $p - .- ---- 
d Key t 

fi - atsnrtdant {prc.\ertt t tr I < r r . c j r .  r~iicnbuv*, ) 
C - commtPn ( c er" td i t1  tci tw ~ P F ~ I I  t)iti! f c l i ~ i r i  I F \  I d r ~ j p  

nitmbprs ) 

+ % e p a r d t ~  t!er..rjrt rookr?v'!rs h<sve bren t tlvatt I - ~soo 1 % tr,rve tlnc i ~ m t ~ n t ~ < l  mml.rrrmd l t )c  c . u t * ~ - t h ~ ~ c  $2 

f ied i r r  t Re Pool a l  t o  13 ! 'cJ~%c 11 ( I t~o~i / j~ ,or i  J110t~qh t ) ~ t " ~ t "  *.? udr rqq p i q r t v ~ r i a %  s m r  t l i%t 

>i l l r l  I <trttf?n l Y / ' l i ,  Mc.1 !,csrt 1:!81)). f ) ~ i ' y '  u ~ ~ u d l  By Ic%$ k iiardrrt r t t r  at  r o r i  di)rf c ovc*r 
.,hot-l. t I rnrA\l,.sil3. , b h ~ r s  ntdi  1 ;,q them o r )  i 
i i . , c . t r~ i  i t  y a<, spec li"" i I <.I*. f , ) ?  

9.4 M A M M A L S  1 <3 c r l  I r i7 . t "  5 

S I t f  y -  kw(z t ~ i d m f n ~ l  **pet lrh. ~3t.r kriuwrr t c l  

rabcrrr, i n  tllr v i c i i ~ l t q t  of E ) B L ~ ~ + ,  l i  t t i  1.1 
t 'l au Ie  713). I ?  i r e  t.prar i r \  4 1  ta 7.5 AWtPHDBfANS AND RE PTfLES 
c wn3 r druecf cumn7or3, tXie rat hrr-s rnrTc* Aniotrq 
t t r r  most abunddrtt a r e  m u s k r d t ,  r - j ~ c  131111, I w r r ~ I * ~  d n i p n ~ t l z d n  c . ~ , c c ~ e L ,  %rv i  4 1  
beavc-.r*, opossum, f a k .  $kutnk, ,rrrtf r s t b [ ~ t  I lc >ire< it..> I I L L U ~  t i )  tht* L I L  i i i i t k  o t  
white-ta~ led deer. GREAT I 1  (19t3Uttf tlotrd i t  1 I I  t o  . rrdcti c:t the* i d { r ~ > c . r .  
Dht. @ ~ > v ~ L P  u t  drty t t y e r i f i ~  s t u d i e s  an tt;e F ~ i . ; s i i a ~ i > p f  h ' l ~ e ) '  ( idt l ie  ill) ell 

rs~ammals i n  t l i t  s river. reach a l t h o u q t ~  e;~n.p ,~f~;l, h~ X) t ,li: spec i r* Ja ld  lii rept 1 ic .  spec :c?% 

genefdt envfrunmenlat sl;titlr~s . S  r a ~ ' e  cor~sldered rornmur: ab t~ t lc i~+nt  



Table 2%. Rela t ive  abundance o f  mammals Table 29. (Concluded). 
o f  the Upper M iss i ss ipp i  River  ( a f t e r  
GREAT I1 1980e). Common name Occurrence 

Common name Occurrence 

V i r g i n i a  opossum 
Eastern mole 
Masked shrew 
Least shrew 
S h o r t - t a i l e d  shrew 
Keen's myotis 
L i t t l e  brown myotis 
Indiana b a t  
Least myot is  
Si  1 ver-hai red  b a t  
Eastern p i  p i s t r e l  
B ig  brown b a t  
Red b a t  
Hoary ba t  
Evening b a t  
Eastern c o t t o n t a i l  
Whi t e - t a i  l e d  j ack rabb i t  
Woodchuck 
Thi r teen-1 i ned ground s q u i r r e l  
Frank1 i n ' s  ground s q u i r r e l  
Eastern chipmunk 
Gray s q u i r r e l  
Fox s q u i r r e l  
Southern f l y i n g  s q u i r r e l  
P la ins  pocket gopher 
Beaver 
Western harvest  mouse 
Whi te - foo ted mouse 
Deer mouse 
Southern bog lemming 
Meadow vo le  
P r a i r i e  vo le  
Wood1 and vo l  e 
Muskrat 
N u t r i a  
House mouse 
Norway r a t  
Meadow jumping mouse 
Coyote 
Red fox 
Gray fox 
Raccoon 
Ermine 
Long-ta i led weasel 
Least weasel 
Wink 
Badger 

Common 
Common 
Rare 
Common 
Common 
Common 
Common 
Rare 
Rare 
Rare 
Rare 
Common 
Common 
Rare 
Rare 
Common 
Rare 
Common 
Common 
Rare 
Common 
Common 
Common 
Common 
Common 
Common 
Common 
Common 
Common 
Rare 
Common 
Common 
Rare 
Common 
Rare 
Common 
Common 
Rare 
Common 
Common 
Common 
Common 
Rare 
Common 
Rare 
Common 
Rare 

R iver  o t t e r  
S t r i ped  skunk 
Spotted skunk 
Bobcat 
Whi t e - t a i  l e d  deer 

Rare 
Common 
Rare 
Rare 
Common 

Table 30. Re la t i ve  abundance o f  amphib- 
ians  and r e p t i l e s  o f  the  Upper M i s s i s s i p p i  
R iver  ( a f t e r  GREAT I1 1980e). 

Common name Occurrence 

Mudpuppy 
Centra l  newt 
Spotted salamander 
Smallmouth salamander 
Eastern t i g e r  salamander 
Dark-si ded sa l  amander 
Four-toed salamander 
American toad 
Fowler 's  toad 
Northern sp r i ng  peeper 
Gray t r e e  f r o g  
Blanchard' s c r i c k e t  f r o g  
Western chorus f r o g  
P ickere l  f r o g  
Northern leopard f r o g  
Southern 1 eopard f r o g  
Northern c raw f i sh  
Green f r o g  
Wood f r o g  
B u l l  f r o g  
A1 1 i g a t o r  snapping t u r t l e  
Common snapping t u r t l e  
S t i  nkpot 
I l l i n o i s  mud t u r t l e  
Blanding' s t u r t l e  
Eastern box t u r t l e  
Ornate box t u r t l e  
Western pa in ted  t u r t l e  
Red-eared s l  i der 
False map t u r t l e  
Map t u r t l e  
Smooth s o f t s h e l l  
Eastern spiny so f  t she l  l 
Western slender g lass l i z a r d  

Common 
Rare 
Rare 
Uncommon 
Common 
Commo n 
Rare 
Uncommon 
Abundant 
Common 
Common 
Varied 
Varied 
Common 
Common 
Comon 
Uncommon 
Varied 
Uncommon 
Common 
Very r a r e  
Common 
Uncommon 
Very r a r e  
Very r a r e  
Uncommon 
Uncommcln 
Abundant 
Var ied 
Uncommon 
Common 
Uncommon 
Common 
Uncommon 

(continued) (continued) 



S i x -  i : rtpd r a eru!wt>t 
i rdp-llned 5 k l n k  
l itodd-hearted s k  i r \ l l  
Wt.5ter.n wor'nr btidke 
Fj t  a i r i c .  rirrqirrck strdktj 
P I  i n s  hoqnooe %!rake 
t dstcr-ri tiocjrlose sr~ahfa 
West  err^ 5~~1ootk1 ~jreeit snzake 
B l t w  rrlcrr 
8 1dr.k r d t  srrake 
West errr f ax  f,r?;rkt. 
B u l l  sndke 
Prai r i r k i ~tq5 i ldke  
$per k l ~ d  k i  n c ~ ~ n d k c  
M i  l k 5ndkr 
We%t,cirn rrbkkctir srrirkr 
f-ckster*rr piarrts rjartrv sililktt 

!dclte?t\ gdr-tet '  .;nitkc 
W ~d l r i f \ d  t ) l ' ~ ~ t i  f,rt,rkca 
N o t  t her-11 red- be 1 1 a tarl c , o t i k ~  

Co$tprrt~a* i t y wdtrr %rilikt. 
Gi.<rtrdrn4 s w,it r r  'rr,rkt, 
Il i ,inrc~ntlt~ir. kt*cL W ~ I Z  el' si tbike 
Nor t t~er'rn wdt PI' '.nrilit" 
Norbllrcvr'n atrfi[jc~t>triaat8 

r 3 ' r C ~ ~ l l  Ulil'*'rd5dtlqrt 
I inrliet' r.4t.l lesr1,rkt~ 

'*id! It"! 

Zlri~(jfllm(~il 

V.rr i r d  
i l i i i - c ~ m m t ~ r i  
Cont~ru  n 
Unc ommcrrx 
c t ~ f l l f ~ l ~ ~ r \  

R a w  
t: ommon 
IJn( ommci t l  
U~\c.c~ntmon 
t J l i c  ommun 
tJnc-trn~rnnia 
RdrP 
irrrcnnimor? 
(:ommc~rr 
R A Y  P 
f: 0 l i l rn~11  

t:ctrrrmurl 

UfX  <jltbinvl> 

ilnc unlmocl 
Comnrt~rt 
Crtrramorr 
Contrnx~rl 
Vc3v l pcf 

l i n c  untrnoo 
Commrtri 

7.6 ENDANGERED AND THREATENED 
SPECIES 

Irr l  ur ml\t :or, orr ciirlk3ftqr*r i id -~!ir*c $ c 1 ,  I * ,  

L I S L I ~ !  IY Ori jy ; . I V d l  ! ; t a r  ~ F L  $c) I '  i l i l  1*xt t" i . i4  1 WI* 

cjeugr.,qjh ic l t  1 req ~ ( j t !  <jr14 t o t  t t e l t  q t ~  1 t t a  

gennerb.ll r r l  tr!rbmi, c t t  I r l cn t  ~ o i v ,  01 k b l ) t l ~  i J I (  

t I t I ,  '45 w r  l i d* ,  t h~ t ) - o  !oqy cri 
t h c l c , ~  ~ P + Y  i i a e ,  Mor ra a ~ x  tr>nq, I v e  i.mp 1 i rly f r  t 

I h d b i  t< i t \  w i t th in  tirt~stl t l t r-ee jvtiuli 
n r i q t i t  revti,+ t t hi. prtlsrtrrc* i i f  a r l i f l  P l o r ia  i 
f*rtci,t~~q~r*tvd U I .  t krrbr*atenetl <,IN*C i to-,  

l n v r ~ " t t ~ t ~ r d t ~ ~ s  
Miggi'ls-eye pearly mtlss~? t 
I c j w  piei~rsrene snail 
Tat  por ketbocrk pearly mussel T 
Qranqe-footed pear ly  mt~sse !  i 

(runt1 r > i i < k r ; )  



Table 31. (Continued). 

Species Federal Wisconsin Iowa I1 1 inois 

Invertebrates (continued) 

Pink mucket pearly mussel E 
Rough pigtoe pearly mussel E 
Sampson's pearly mussel E 
Tubercule-blossom pearly mussel E 
White c a t ' s  paw pearly mussel E 
White wartyback pearly mussel E 

Fish 
Striped shiner 
Crystal darter 
Go1 deye 
Speck1 ed chub 
Pall id shiner 
Blue sucker 
Black buffalo 
River redhorse 
Mud dar ter  
Lake sturgeon 
Pallid sturgeon 
Skipjack herring 
Western sand darter 
Grass pickerel 
Bl untnose darter 
Chestnut 1 amprey 
Weed shiner 

Amphibians 
Pickerel frog 
Central newt 

Repti 1 es 
Five-lined skink 
Western slender glass 1 izard 
Blanding's t u r t l e  
Ornate box t u r t l e  
Stinkpot 
Western ribbon snake 
Massasauga 
Black r a t  snake 
Graham' s water snake 

Birds 
Bald eagle 
American peregrine falcon 
Arctic peregrine falcon 
Cooper's hawk 
Red-shouldered hawk 
Osprey 
Marsh hawk 
Swainson's hawk 

(continued) 
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Table 31. (Conc i uded l 
- *----- 

Species Federal Wiscons i n  Iowa Illinois 
- 

Birds (continued) 

Broad-winged hawk 
Double-crested cormorant 
Great egret  
Forster % tern 
Barn owl 
long-eared owl 
Short-eared owl 
Upland sandpiper 
Blue-winged warbler 
Northern harr ier  
Wilson's phalarope 
Common gal 1 i nu1 e 
Ye? 1 ow rai 1 
Black-crowned night heron 
Black r a i l  
Ye1 1 ow-headed blackbird 
Veery 
Brown creeper 

Mama 1 s 
Indiana b a t  
Keeni$ myotis 
Bobcat 
Black bear 
River o t t e r  
Woodl and vole 
White-tai led j a c k r a b b i t  

---- - -- - a E = endange~ed, I = threatened 
b$ald eagle i s  l i s t ed  as threatened i n  Wisconsin on Federal l i s t i n g s .  



CHAPTER 8. FLUXES BEWEEN HABITATS 

8.1 OVERVIEW 

The Upper M i s s i s s i p p i  R i ve r  ecosystem 
i s  r egu la ted  by  f l ows  among var ious  system 
components (see F i gu re  11). I n  a d d i t i o n  
t o  t he  f l u x e s  between h a b i t a t s  w i t h i n  a  
poo l ,  t he re  i s  between-pool t r a n s p o r t ,  
p r i m a r i l y  i n  a  downstream d i r e c t i o n .  
Tables 10 and 11 summarize each p o o l ' s  
c h a r a c t e r i s t i c s  and p rov i de  background f o r  
t h e  d i s cuss i on  of f l uxes  among poo ls .  

Data a re  no t  c u r r e n t l y  a v a i l a b l e  t o  
p e r m i t  t h e  c o n s t r u c t i o n  o f  Ga l i d  models o f  
energy f lows o r  n u t r i e n t  budgets between 
poo l s  o r  w i t h i n  poo l s  i n  t h e  Pool 11 t o  13 
reach o f  the  Upper M i s s i s s i p p i  R ive r .  The 
a c q u i s i t i o n  o f  these da ta  should have a  
h i g h  p r i o r i t y  i n  t h e  des ign o f  f u t u r e  
s t ud i es .  

8.2 TRANSPORT BETWEEN POOLS 

The movement o f  m a t e r i a l s  f o l l o w s  the  
downstream movement o f  water  f rom Pool 11 
t o  Pool 12 t o  Pool 13. M a t e r i a l s  may be 
d i s so l ved  o r  suspended i n  t he  water ,  o r  
moved a long t h e  bot tom as bedload. The 
q u a n t i t y  o f  m a t e r i a l  moved i s  i n f l uenced  
by t h e  volume o f  water ,  which averaged 
47,800 f t 3 / s  a t  Lock and Dam 12 from 1970 
t o  1979 ( H a l l  1980) .  I f  m a t e r i a l s  were i n  
t r a n s p o r t  a t  a  concen t ra t i on  o f  1 mg per  
l i t e r  (= 1 ppm) t h i s  would be an annual 
t r a n s p o r t  of about 94 m i l l i o n  l b .  The 
d i s s o l v e d  concen t ra t ions  r epo r t ed  f o r  t he  
r i v e r  a t  Dubuque, I A ,  (see Table 8) 
suggest an annual t r a n s p o r t  o f  about 51  
m i l l i o n  l b  o f  n i t r a t e  n i t rogen ,  11 m i l l i o n  
l b  of ammonia n i t r o g e n ,  and 16 m i l  l i o n  l b  
of  phosphate. These represen t  o n l y  t he  
d i s so l ved  f r a c t i o n  o f  t h e  t r anspo r t ed  
m a t e r i a l s ,  and i t  i s  l i k e l y  t h a t  over  50% 
o f  t h e  t r a n s p o r t  would be i n  suspended 
m a t e r i a l s  p l u s  bedload. I n  any case, a  

s u b s t a n t i a l  amount o f  n u t r i e n t s  and po- 
t e n t i a l l y  t o x i c  compounds a re  i n  t r a n s p o r t  
through t h i s  dynamic r i v e r  ecosystem. 

The t h r e e  poo l s  va ry  i n  t h e  r e t e n t i o n  
o f  m a t e r i a l s ,  as i n d i c a t e d  by t he  
r e t e n t i o n  o f  sediments. Sediment model ing 
by Nakato (1980) suggested t h a t  sediment 
r e t e n t i o n  (1 - ou tpu t / i npu t  x  100) i s  ve ry  
low f o r  Pool 11 (tl%), w h i l e  i t  i s  >50% 
f o r  Pool 12 (see Table 4). 

8.3 DELlVERY TO BACKWATERS 

Probab ly  t he  most obvious evidence o f  
t r a n s p o r t  t o  backwater h a b i t a t s  i s  t h e  
accumulat ion o f  sediments i n  s i d e  channels 
t h a t  f l o w  toward backwater lakes. The 
model i ng o f  sediment t r a n s p o r t  t o  back- 
waters (Simons e t  a l .  1981) was descr ibed  
i n  Sec t i on  2.5, Over 50 t r o u b l e d  s i de  
channel areas i n  Pools 11 t o  13 were iden- 
t i f i e d  by t h e  GREAT I 1  Side Channel Work 
Group; most o f  these problems were r e l a t e d  
t o  t h e  d e p o s i t i o n  o f  sediment (Table 32). 
One o f  these  s i t e s  i n  Pool 13 i s  Lains- 
v i l l e  Slough, a t  RM 545.8 (see F i gu re  23). 
Th is  s i d e  channel,  which j o i n e d  t h e  main 
channel t o  the  Upper and Lower Brown's 
Lake area, beqame plugged w i t h  deb r i s  and 
sediment. I n  August 1976, t h e  Corps o f  
Engineers cons t r uc ted  a  new opening a t  RM 
545.6 and r i p rapped  t h e  entrance. Th is  
backwater opening was judged by t h e  Side 
Channel Work Group (GREAT I 1  1980d) as 
t h e  most success fu l  o f  those conducted. 
GREAT I f  (1980d) p r e d i c t e d  t h a t  over  t he  
nex t  50 years ,  l osses  o f  backwater h a b i t a t  
acreage due t o  sediment accumulat ion w i l l  
range f rom 22% t o  49% i n  Pools 11 t o  13. 

Adsorbed m a t e r i a l s  a re  a l so  be i ng  
de l  i vered t o  backwaters, all ong w i t h  
sediments i n  t r a n s p o r t .  These adsorbed 



Table 32. Problem side-channel areas i d e n t i f i e d  f o r  t h e  Pool 11 t o  13 reach 
o f  t h e  Upper M i s s i s s i p p i  R i ve r  (GREAT 11, 1980d). 

R i ve r  m i l e  S i t e  name Problem d e s c r i p t i o n  

614.9 C a s s v i l l e  Slough 

614.5 S w i f t  Slough 
613.9 Ackerman' s Cut 

612 - 614 C a s s v i l l e  Slough 
613 - 614.5 Goetz I s .  S ide Channel 
613.2 Goetz I s l a n d  
612.5 Goetz Slough 

612.3 - 613 
610 - 611  
605.9 Jack Oak Slough 

604.9 - 605.7 Jack Oak I s l a n d  

N. Buena V i s t a  
Sand Cut 
Bunker Chute 
Coal P i t  Chute 
Bertom Lake 
Kruse'  s Bar 

5 Hur r i cane  I s l a n d  and 
Chute 

Dam 11 and U.S. 6 1  
Stump I s l a n d  

580 - 582 Dubuque Area 

578 - 579 I ndus t .  Chemical L i g h t  

Molo Slough 
Be low Menomi nee Rivet- 
Nine M i l e  I s l a n d  
Deadman Slough 
Below Sinsinawa R .  
H a r r i s  Slough 
Stone Slough 
A i  ken ' s  Landing 
Wise Lake Cut 
Above dam 12 
Dam 1.2 

Casey' s I s l a n d  
Savanna P rov i ng  Ground 

C los i ng  s t r u c t u r e  impedes f l o w  t o  
backwaters 

Sedimentat ion; dam preven ts  f l o w  
High f l ows  c o n t r i b u t e  t o  sed imenta t ion  

o f  C a s s v i l l e  Slough 
Sedimentat ion i n  backwaters 
B locked by sand 
Spoi l - b l ocked  backwaters 
Sedimentat ion i n  backwaters aggravated 

by s p o i l  
Spo i l  i n  s i d e  channel 
Spoi 1 i n  backwaters 
Eros ion  and r e d e p o s i t i o n  i n  s i d e  

channel 
Sedimentat ion aggravated by r e g u l a t o r y  

s t r u c t u r e s  
Spoi 1 i n  backwaters 
Eros ion  and redeposi  t i o n  
C los i ng  s t r u c t u r e  p reven ts  access 
Blocked by n a t u r a l  a c c r e t i o n  o f  sand 
Sedimentat ion i n  backwaters 
Blocked by n a t u r a l  a c c r e t i o n  
Blocked by n a t u r a l  s e l e c t i o n  
Sedimentat i  on i n backwaters 
Spoi 1 i n  backwaters and r e g u l a t o r y  

s t r u c t u r e s  gone 
Dam preven ts  f l o w  t o  backwaters 
Sedimentat ion i n  backwaters aggravated 

by  Dam 11 
Complete l o s s  o f  backwaters,  p re -  

sumably Hamm I s l a n d  
Spoi 1 , n a t u r a l  a c c r e t i o n  and 

devel  opment-impacted backwaters 
Spo i l  f rom p ipe1  i n e  c o n s t r u c t i o n  
Sedimentat ion i n  backwaters 
Spo i l  i n  en t rance  t o  s i d e  channel 
Sedimentat ion i n  s i de  channel 
Sedimentat ion i n  backwaters 
Sedimentat ion i n  backwaters 
Sedimentat ion i n  backwaters 
Sedimentat ion i n  backwaters 
Sedimentat ion i n  c u t  
Sedimentat ion i n  lower  pool  
Dam preven ts  f l o w  t o  backwaters 
Sedimentat ion ( p o s s i b l y  s p o i l )  

i n  mouth o f  s i d e  channel 
Spo i l  i n  s i d e  channel 
Sedimentat ion or s p o i l  i~ 

b a c k w t e r s  



r I 1 h i  f t l  ildmc? Pr.o?l \em i lescr ip t  i o n  

Brwwn' t ake  
Mar.ci:s Bot Zor:ii 

P i n  Oak i zki. 
S d ~ a i l r z \ l  Bcty 
5ar>tt-n t t. I ~ ~ l , t i i : f  
Boy sco~r t  1sldr1d 
Sabtr 1 d,'Kr i 1 rr. X 5 a i l i l i  
bavdrina is  1 anti 
Spvi riy L dkt)  L rveo 

Cook's Is land 
tlfg S l c r l l \ ~ h  

P o t t e r '  ., 5 lukrqh 

i i d r  c hdl\llf? I t) l oc hi'd by deb!-i i 
, r r l i i  5cxti I rncrtt 

\ed  ~ r n ~ ~ ~ t d t i u n  111 t ~ i  Lwatrr-s 
S ~ i f ; n : r ~ ~ t  a t  tor) 1 n backwaters 
ii 1 oc kr t l  h y  ciet)~-i G ,  and seriiment 
\ cd lne r~ td t  ~ o n  11 ,  backw,lters 
\po l 1 artrl rSedepos I t ion i n ar6.a 
bcdimentatlon i n  s ~ d e  chdrinel 
\od imrntation 
Srdinlentat ion i 11 backwaters 
B~*edks i n  levee cot~tr ' ibirte t o  

8.4 TRANSPORT OUT OF BACKWATERS 

Bat-i.wcit cr*, <ire k i w w i i  t.(i prov i ( i e  t .1)~ 
f c3ur.j i r r c j  dl \<$ t ) r ' t " t? i j i  I I ~  Iiiit)i t.at. f o r ,  n~rrc tr o f  
t . t r c~  I aiioc:iatl?tf w i i . h  t.ttc? witrld'b 
iarcgi~ r ~ i ~ ~ e ~ . ~ ,  (WC~C:OIIIIIIC 1YJCI) .  t xteris ive 
i i t t u rd  i lorites sr ippr~u ' t  ntr toi : t i thor~crir : ,  
carbort f i t  r srtcf i r  cyc: 1 irry 
Lirrcaiicjh ac!iicrt. i c  mi+crol)kiy t i a s .  I t-i i I; 
j ~ r i i i i c i f )  I y i e rv r i  aL> tilt. pf. i ;>(: i l ~ d  l CrltJryy 
iourcc to  i~tj,por.t the l arclca i i c i j i t i !  tat, ions of 
btb~it.ii i i: iit;ic 7.0 i ~ ~ ~ ~ . ! ~ . t - . e t ) r a  t.r5 i.i f Lei) f urriid 
ii, hac.:ki.ldter. Iclke5 (I:ar%lsor, it+iji'i; kckb lad 
el, a i .  i ? 3 7 / ) .  i lciw tl~rc.rirgh tiiis;kwaLrr.; i s  
[jt?rler,a l l y r%etfuced ( n i  a per*ceiit o f  t.o t a  I 
r iver,  f lob) c i ~ i v i r l q  pt.riti<li o f  l u w  r i v e r  
flow (tckhlad iY81) ,  w h i c h  r~s i i1 t . s  i s 1  rc- 
ducetl f l i i s h  i rl(j t irries f o r ,  t t ' 1 ~ ~ 5 6 1  habi t a t r > .  
Pop~ j l a t ,  ions scr i tet f  t o  stancl iirg wat,cr a r e  
I i lie l y  t o  show a f~rod11ct.i v i t y  

d . + , t w , ;  . , I,t, , c . . 8 r ~  . r , a p , i n r 4 c  . , . . Wt:e!: !?i $et. f !L'WS 

retiirrt tt1er.e i s  coitsirierdb l e  jtoteiit-ia l f c j r  
the tr+dnsjiort c j f  L-iio!uy ical  mater ial  out 
of these backwaters. 

sedimentation o f  lakc> 
Credtion and en1 ar'gement o f  

dr3ecfged-rn3ter.i a1 i s  I ~ n c l  
Sed intentat ion i n  t3ackwater.s 
St?dinienC<tt io11 dite to breaks 

i r i  Spr i ng Lake Levee 
5 i de char~nel b l ockeci by 

f i I 1  -sclbseuiterlt sed i~nenta t ion  
Scd irnenti3t ioi; i 17 s ide c h a n n e l  

U n t i l  recer l t ly ,  l i t t l e  quan t i t a t i ve  
data  had been co l lectecl on t he  Lr'aric,purf 
of n ,atpr ial  ottt uf Mississ ippi  River' 
t)ai:kwdt~rs.  5ltrdie.; i t t  1981. showed t h a t  
tlr i f. t dens i t i e5  of  ttte macro i nverlebr.ates 
; ~ n d  t i s t i  larvae. of  s ide  rhar~riels fed by 
I~dckwdt~r"~  wer'e many t imes higher ttrdrt 

rtt~rnl,t~r*~, f r o m  the main r,tldnne't ( E ~ k b l d d  e t  
.$I 1984). 5irhserjtaeriL s t t ~ d i c s  i n  Pool 13 
fidve s t i o w i r  ca sr'mi l d r  tr'ertt9 fo r  d r i f t i n g  
i t i % r ( - t  ', ((zf~detf e r  arl~i Nickurn LY84a) drtd 
I d t ' v d l  fic,ttf.*s ( ihaef fe r '  c+ritl Nickurn 1984b). 
More corn[) l ~ t t b  \easonaI cfata a r e  s t i  l l 
n c ~ ~ d ~ > ( l  t 0 c)vci l u d t t r  ariiitjd I carbon tratlsi~or' t  
otrt c j t  t ~~kwdte r . : , ,  t j t l t  t h i s  type o t  
samp l i ny  car1 pr,ovide very use~ful b a s i s  
for t ~ v p i i t r i ~ t  inq tlie pr-c~tfuctive r o l e  of 
these d I vcJr"sc. backwater sy%texns. 

l rw irnportcsr,re o f  t~irderstarrd i r q  ttre 
o r iq  ins <inri f d t ~  o f  or'ydtt i~ t , r ' a ~ l ~ p o r t  i n  
r i v e r  ecasystenti has been s t r e s sed  by many 
i nves t i gd tu r s  f e .  q .  , Cumrnin~ 1979). 
Transport o f  organic matter  from 
backw,lters t h r o ~ q h  s i d e  ciianne 1s nlay enter 
t h e  m 2 i n  ~ i ~ 3 r : q t f l  3 5  3 " p ~ i ' i t  ~~iirr:e" ~ r ~ [ i ) t r ?  

of t i i qh  qud l  i t y  food r ead i ly  avai lal j le  t o  
marly or7qarlisms a t  higher troph.ic l eve l s .  
Thi i organ ~c acmtter rnay con t r i bu t e  t o  the 



r a p i d  macroinvertebrate co lon i za t i on  o f  
submerged ob jec ts  (e. g. , wing dams) 
present  along the  channel border. I npu t  
o f  organic matter  from s ide  channels may 
a lso  p a r t i a l l y  exp la in  the nonrandom 
d i s t r i b u t i o n  o f  macroinvertebrate popula- 
t i o n s  i n  l a rge  r i v e r  systems. 

8.5 FISH MOVEMENT 

I n  recent  years, rad io  t ransmi t t e rs  
have been implanted i n  f i s h  t o  b e t t e r  
document t h e i r  movement w i t h i n  and between 
pools. .The movements o f  shovel nose 
sturgeon, paddl e f  i sh, w a l l  eye, and sauger 
have been thus s tud ied  i n  t he  Pool 11 t o  
13 reach o f  r i v e r .  

Shovelnose sturgeon have been shown 
t o  be r e l a t i v e l y  sedentary and are most 
o f t e n  found a t  bottom-current v e l o c i t i e s  
between 20 t o  40 cm/s (Hurley e t  a l .  
1983). They are most a c t i v e  dur ing  sp r i ng  
spawning and are capable o f  moving over a 
d is tance o f  11 km per day. Homing be- 
hav ior  ( r e t u r n  t o  a p rev ious l y  occupied 
area) i s  found i n  shovelnose sturgeon. 

Wing dams and c l o s i n g  dams prov ide  valu- 
able h a b j t a t  f o r  t h i s  species (Hurley e t  
a l .  1983). 

Radio t ransmi t t e rs  on 17 paddl e f  i sh 
i n  1980 and 1981 showed t h e i r  d i s t i n c t  
tendency t~ move upstream, especial l y  
dur ing  the  prespawning pe r iod  i n  spr ing  
(Southal l  and Hubert 1984). Upstream 
movements 1 ed t o  the congregation o f  f i s h  
downstream from dams, and i n  1981, when 
dam gates were f u l l y  opened, a number of 
f i s h  moved upstream t o  the  next  pool .  The 
h igh  mobil i t y  o f  padd le f ish  i n  t he  Upper 
M iss i ss ipp i  R iver  was a l so  demonstrated by 
Gengerke (1978). W i  t h i  n-pool movements t o  
favored hab i ta t s  were discussed i n  Sect ion 
6.3. 

Upstream movements f o r  nor thern p i k e  
(Gengerke 1977) and wal leye and sauger 
(Iowa State Conservation Department 1958) 
are well-known. These species tend t o  
congregate i n  t h e  t a i  1 waters be1 ow 1 ocks 
and dams. The use o f  the t a i l w a t e r s  by 
these and o ther  f i s h  species may make them 
P a r t i c u l a r l y  vulnerable i f  the re  were 
hyd roe lec t r i c  development a t  these 
low-head dams (Hol land e t  a l .  1984a). 



CHAPTER 9. HUMAN USES AND THE FUTURE 

9.1 RECREATIONAL USE 

The d i v e r s e  environments o f  Pools  11 
t o  13 p r o v i d e  e q u a l l y  d i v e r s e  forms o f  
r e c r e a t i o n  (Table 33). Most r e c r e a t i o n  i s  
e i t h e r  wa te r -o r i en ted  o r  enhanced by  t h e  
presence o f  t h e  r i v e r  and i t s  v a l l e y .  
Boa t i ng  appears t o  be t h e  most popu la r  
s i n g l e  a c t i v i t y .  User surveys suggest 
t h a t  a  t y p i c a l  r i v e r  o u t i n g  c o n s i s t s  o f  
t a k i n g  a  b o a t  on a  s h o r t  excu rs i on  t o  a  
nearby dredge s p o i l  beach o r  anchorage, 
meet ing  o t h e r  boa te rs ,  and spending t h e  
day swimming, p i c n i c k i n g ,  and sunbath ing 
(UMRBA 1983). 

S p o r t f i s h i n g  and wate r fow l  h u n t i n g  
a r e  among t h e  most popu la r  r e c r e a t i o n a l  
a c t i v i t i e s  on Pools 11 t o  13 (Table 34). 
Day-use es t imates  suggest about f i v e  t imes  
as much r e c r e a t i o n a l  use by ang le rs  as 
by wa te r fow l  hunters .  Based upon t he  
mean f o r  t h e  t h r e e  poo ls ,  use i s  p ro -  
j e c t e d  t o  i n c rease  by 19% by  t h e  yea r  
2000, and by  38% by  t h e  year  2025 (GREAT 
11 1980f).  

Table 33. Outdoor r e c r e a t i o n a l  a c t i v i t i e s  
i n  t h e  Pool 11 t o  13 reach o f  t h e  Upper 
M i s s i s s i p p i  R i ve r  System ( a f t e r  UMRCC 1982). 

Boa t i ng  
Swi m m i  ng 
Water s k i i n g  
H i k i n g  
B i r d  wa tch ing  
Ice f i s h i n g  
Cross-country  s k i  i ng 
R i ve r  wa tch ing  
P i c n i c k i n g  
S igh tsee ing  
Sai 1  i ng 

B i  c y c l  i ng 
I c e  Ska t i ng  
Snowmobil ing 
Sunbathing 
F i s h i n g  
Camping 
Canoeing 
Hunt ing  
Trapp ing  
D r i v i n g  f o r  

p l easu re  

Numerous popu la r  s p o r t f  i s h i n g  areas 
occur  w i t h i n  t h e  Pool 11 t o  13 reach. 
A e r i a l  surveys f o r  s p o r t  f ishermen i n  
Pools 12 and 13 showed t h a t  t a i l w a t e r s ,  
s loughs, and backwater lakes  were f avo red  
f i s h i n g  areas (Tab le  35). There were some 
between-year d i f f e r e n c e s ,  as we1 l as 
between-pool d i f f e r e n c e s .  Fo r  example, 
Pool 13 has more ex tens i ve  backwater l a k e  
h a b i t a t  so i t  i s  n o t  s u r p r i s i n g  t h a t  a  
h i ghe r  percentage o f  i t s  f ishermen would 
be found i n  t h i s  h a b i t a t .  F i s h  common t o  
backwaters (e. g. , b l  uegi  1  l and c rapp ie )  
were sought a f t e r  by about o n e - t h i r d  o f  

Table 34. Day use f o r  f i s h i n g  and 
hunt inga i n  Pools  I1 t o  13 ( a f t e r  GREAT IT 
1980f).  

Use and Person-days 
Year Pool 11 Pool 12 Pool 13  

F i s h i n g  
1977-78 

day use 355.283 388.836 383,810 
zoob 

(p ro j ec ted )  435,577 472,202 440,076 
2025 

(p ro j ec ted )  517,115 543,865 499,029 

Hunt ing  
1977-78 

day use 66,237 74,064 87,536 
2000 

(p ro j ec ted )  81,209 89,943 100,368 
2025 

(p ro j ec ted )  96,411 103,583 113,814 

a Data should be used p r i m a r i l y  f o r  com- 
p a r i  son o f  r e c r e a t i o n a l  use between poo ls .  



Table 35. Percentage o f  f ishermen u s i n g  
va r i ous  h a b i t a t s ,  f rom 1973 and 1974 a e r i a l  
surveys i n  Pools  12 and 13 (Ber t rand  1974). 

H a b i t a t s  
Pool 12 Pool 13 

1973 1974 1973 1974 

T a i  l w a t e r  30.7 21.6 15.6 26.7 

Main channel 
bo rder  9.9 3.6 5.4 2.2 

Side channel 6 . 2  3.0 3.9 3.9 

Slough 25.5 30.3 17.9 9.6 

Backwater l a k e  23.4 30.4 56.7 57.2 

Pond 4.3 9 . 1  0.9 0.4 

t h e  ang le r s  i n t e r v i ewed  i n  Pool 13 (Table 
36). Wal leye, sauger, and channel c a t f i s h  
were a l s o  favored  s p o r t  f i s h  i n  b o t h  Pool 
11 and Pool 13. 

I t  has been es t imated  t h a t  over $200 
m i l l i o n  has been spent  annua l l y  on rec rea-  
t i o n  on t h e  M i s s i s s i p p i  R i v e r  w i t h i n  t h e  
Rock I s l a n d  D i s t r i c t  (Table 37). About 
29% o f  these expend i tu res  a re  r e l a t e d  t o  
f i s h i n g ,  and l e s s  than  2% r e l a t e d  t o  
wa te r fow l  hun t ing .  About two - t h i r ds  o f  
t h e  d i s t r i c t '  s  r e c r e a t i o n a l  expend i tu res  
a r e  r e l a t e d  t o  a c t i v i t i e s  o t h e r  t han  f i s h -  
i n g  o r  hun t ing .  Heading t h i s  l i s t  i s  
boa t i ng ,  f o l l owed  by  s u b s t a n t i a l  recrea-  
t i o n a l  use o f  t h e  a rea  f o r  p i c n i c s ,  camp- 
i n g ,  swimming, and water  s k i i n g  (Table 
38). 

Recent surveys suggest t h a t  about 60% 
o f  t he  users 1 i v e  w i t h i n  25 m i  o f  t h e  
r i v e r  (UMRBA 1983). Three- four ths  o f  
those  l i v i n g  l e s s  than  10 m i  f rom t h e  
r i v e r  v i s i t  more t han  t w i c e  a  month. Of  
t hose  who t r a v e l  more than  200 mi ,  about  
o n e - f i f t h  come a t  l e a s t  t w i c e  a  month. 

9.2 INDUSTRIAL USE 

Nine m u n i c i p a l i t i e s  and 10  mob i le  
home parks  use t h e  r i v e r  i n  t h e  Pool 11 t o  
13 reach t o  d ispose o f  domest ic sewage 

(see Sec t i on  2 .7  and Table 9).  Three 
e l e c t r i c  u t i l i t i e s  a long  w i t h  f i v e  o t h e r  
i n d u s t r i e s  may wi thdraw up t o  277 m i l l  i o n  
ga l  p e r  day (= 429 f t 3 / s )  f o r  c o o l i n g  
water ;  under low f l o w  c o n d i t i o n s  o f  10,000 
f t 3 / s  t h i s  would represen t  4.3% o f  t h e  
r i v e r ' s  t o t a l  f l ow .  These uses o f  t he  
r i v e r  a re  l i k e l y  t o  i n f l u e n c e  o v e r a l l  
water  q u a l i t y  as d iscussed i n  Sec t i on  2.7. 
Twelve o t h e r  i n d u s t r i e s  use t he  r i v e r  
p r i m a r i l y  f o r  t r a n s p o r t a t i o n ;  most o f  
these a re  l o c a t e d  a t  Dubuque, I A ,  t h e  
l a r g e s t  c i t y  a long  t h i s  s e c t i o n  o f  r i v e r .  

9.3 COMMERCIAL NAVlGATlON 

I n  1977 about  15 m i l l i o n  t ons  o f  
commerce passed throuqh t h e  Pool 11 t o  13 
reach o f  r i v e r .  T h i s  i s  p r o j e c t e d  t o  grow 
t o  about 25 m i l l i o n  tons by  t h e  yea r  1990, 
and w i t h  uncons t ra ined  growth c o u l d  reach 
about 50 m i l l i o n  tons  by  t h e  yea r  2040 
(UMRBC 1982). I t  has been es t imated  t h a t  
by t h e  yea r  2000, w i t h  a  2.5% annual 
growth i n  commercial t r a f f i c ,  over  60% o f  
t h e  tows t r a v e l i n g  th rough  Pools  11 t o  13 
w i l l  exper ience de lays o f  about 90 min 
d u r i n g  lockages (GREAT I 1  1 9 8 0 ~ ) .  It 
i s  a n t i c i p a t e d  t h a t  t h e r e  w i l l  be con t i n -  
u i  ng p o l  i t i c a l  p ressure  t o  improve 
t h e  s i t u a t i o n  f o r  commercial t ranspor -  
t a t i o n .  

Cons t r a i n t s  which m igh t  1 i m i t  t h e  
growth o f  ba;ge t r a f f i c  on t h e  Upper Mis- 
s i s s i p p i  R i ve r  i n c l u d e  l o c k  capac i t y ,  
channel w i d t h  .and depth, n a v i g a t i o n a l  
a i ds ,  h o r i z o n t a l  and v e r t i c a l  c lea rance  o f  
b r i dges ,  l e g a l  c o n s t r a i n t s ,  t e rm ina l s  , 
barge f l e e t i n g  areas, ava i  lab1 e  equipment, 
w i n t e r  i c e  cond i t i ons ,  and genera l  eco- 
nomic c o n d i t i o n s  (GREAT I1 1 9 8 0 ~ ) .  I n  
a d d i t i o n ,  o t h e r  uses o f  t h e  r i v e r  (e .g . ,  
r e c r e a t i o n )  may con f  1  i c t  w i t h  a d d i t i o n a l  
barge t r a f f i c .  

The passage o f  a  commercial tow can 
impact  t h e  r i v e r  system i n  severa l  
ways. One way i s  resuspension o f  sed i -  
ments, r e s u l t i n g  i n  increased t u r b i d i t y ,  
r e l ease  o f  adsorbed n u t r i e n t s  and t o x i c  
compounds, changes i n  d i s s o l v e d  oxygen 
1 eve1 s, and subsequent t r a n s p o r t  o f  
sediment t o  p r o d u c t i v e  backwater h a b i t a t s  
(Lub insk i  e t  a l .  1981a). I n  a d d i t i o n ,  
t h e r e  may be d ramat i c  l o c a l i z e d  changes i n  
c u r r e n t  v e l o c i t y  (Eckblad 1981). These 



Table 36. P r i n c i p a l  spec ies sought by i n t e r v i ewed  ang le r s  f i s h i n g  
Pools 11 and 13 i n  1967-68 ( a f t e r  Wr igh t  1970). 

Species 

Numbers and percentages o f  ang le r s  
Pool 11 Pool 13 

Number Percent Number Percent  

B l  uegi 11 and Crappie 
Wal leye and Sauger 
Channel c a t f i s h  
B u l l  heads 
Largemouth bass 
White bass 
Freshwater drum 
Nor thern  p i k e  
Carp 
Yel low perch 
Any species 

Table 37. Est imated annual r e c r e a t i o n a l  use and expendi- 
t u r e s  f o r  t h e  Pool 11 t o  Pool Z a r e a c h  o f  t h e  Upper 
M i s s i s s i p p i  R i ve r  ( a f t e r  UMRCC 1982). 

A c t i v i t y  
Expendi ture 

A c t i v i t y  Av/person/day T o t a l  
days ($1 ($1 

Spor t  f i s h i n g  4,899,411 12.50 61,242,637 

Waterfowl hun t i ng  205,000 17.00 3,485,000 

Other r e c r e a t i o n  8,905,605 15.00 133,584,075 

To ta l  14,010,016 198,311,712 

a 
The r e c r e a t i o n a l  use da ta  i n  t h i s  t a b l e  were ob ta ined  
through surveys conducted d u r i n g  d i f f e r e n t  seasons between 
t h e  years 1972 and 1981. 

a b i o t i c  f ac to r s  a re  known t o  i n f l u e n c e  t h e  
s t r u c t u r e  and f u n c t i o n  o f  r i v e r  eco- 
systems. For  example, i nc reased  t u r b i d i t y  
reduces l i g h t  t ransmiss ion ,  which has been 
shown t o  i n h i b i t  ge rmina t ion  o f  aqua t i c  
macrophytes (Wetzel and McGregor 1968) ; 
i t  has a l s o  been shown t h a t  lower  
n;acrophyte popu la t i on  numbers are co r re -  
1 a ted  w i t h  h i ghe r  tow- t r a f f  i c 1 eve1 s on 
t he  Upper M i s s i s s i p p i  R i ve r  ( Lub insk i  
e t  a l .  1981b). A more complete d iscus-  

s i o n  of t h e  env i ronmenta l  impacts o f  
commercial n a v i g a t i o n  i s  presented i n  
UMRBC (1981). 

9.4 A SHALLOW RESERVOIR SYSTEM 

?he channel modi f icatkons ~tnd 
concomi tant  e c o l o g i c a l  changes on t h e  
Upper M i s s i s s i p p i  R ive r  have been 
summarized by Freml i n g  and C l  a f  1 i n  (1984). 



Table 38. Day use f o r  r e c r e a t i o n a l  a c t i v i t i e s a  exc l ud i ng  f i s h i n g  and 
hun t i ng  i n  Pools 11 t o  1 3  ( a f t e r  GREAT I3 1980f).  

A c t i v i t y  and y e a r  
Person-days 

Pool 11 Pool 12 Pool 13 

P i c n i c k i n g  
1977-1978 day use 72,261 104,924 101,003 
2000 ( p ro j ec ted )  88,592 127,420 115,810 
2025 ( p ro j ec ted )  105,176 146,757 131,323 

Campi ng 
1977-78 day use 
2000 ( p ro j ec ted )  
2025 ( p ro j ec ted )  

Swi mmi ng 
1977-78 day use 42,152 
2000 ( p ro j ec ted )  51,679 
2025 ( p ro j ec ted )  61,823 

Waterski  i ng 
1977-78 day use 30,109 37,032 53,868 
2000 ( p ro j ec ted )  36,913 44,972 61,765 
2025 ( p ro j ec ted )  43,823 51,797 76,039 

B o a t i  ng 
1977-78 day use 337,218 364,148 417,477 
2000 ( p ro j ec ted )  413,429 442,221 478,679 
2025 ( p ro j ec ted )  490,821 509,334 542,804 

a Data should be used p r i m a r i l y  f o r  comparison o f  r e c r e a t i o n a l  uses be- 
tween poo ls .  

They no te  t h a t  t he  low-head n a v i g a t i o n  
dams cons t r uc ted  i n  t h e  1930 ' s  t rans fo rmed 
a  f r e e - f l o w i n g  r i v e r  i n t o  a s e r i e s  o f  
sha l low impoundments t h a t  occup ied  most o f  
t h e  r i v e r ' s  f l o o d p l a i n .  The aqua t i c  
su r face  area was b o t h  i nc reased  and 
s t a b i l i z e d ,  r e s u l t i n g  i n  i n c reased  a q u a t i c  
p rod t l c t ion .  However, d u r i n g  t h e  ha? f 
cen tu ry  s i nce  impoundment, t h e  r o l e  o f  
these sha l low r e s e r v o i r s  as sediment t r a p s  
has reduced t h e i  i* i n i t i a l  d i v e r s i  t,y and 
p r o d u c t i v i t y .  1he r i v e r ' s  t r i b u t a r i e s  
have s teeper  g rad i en t s  t h a n  t h e  r i v e r  
i t s e l f  now has and d e l i v e r  sediments 
f a s t e r  t han  t hey  a re  removed, caus ing  t h e  
v a l l e y  f l o o r  t o  aggrade. Other  human 
in f luences  w i t h i n  t h e  watershed (e.  g. , 
d e f o r e s t a t i o n  and a y r i  c u l  t u r a l  develop- 
ment) have increased t h e  r a t e  o f  sediment 
d e l i v e r y  f rom uplands t o  t h e  r i v e r  v a l l e y .  
It i s  cause f o v  concern t h a t  p r e s e n t  r a t e s  

o f  aggrada t ion  c o u l d  f i  11 major  backwater 
areas w i t h i n  50 t o  100 years  (McHenry e t  
a l .  1984). Some o f  these changes between 
1956 and 1975 were addressed by GREAT I1  
(198Od) and a r e  shown i n  Table 39. 

The backwater h a b i t a t s  of t h e  
M i s s i s s i p p i  R i ve r  a re  o f t e n  s u b j e c t  t o  
ve ry  poor  water  c i r c u l a t i o n  d u r i n g  pe r i ods  
o f  low f low.  A l lochthonous m a t e r i a l s  can 
be d e l i v e r e d  t o  and entrapped i n  
backwaters d u r i n g  h i g h - f l  ow per iods  when 
sur round ing  l ands a re  overtopped w i t h  
water .  Th is  r e s u l t s  i n  t h e  accumulat ion 
o f  sediments and assoc i a t ed  n u t r i e n t s  t h a t  
can s t i m u l a t e  p l a n t  growth and acce le ra te  
t h e  process o f  e u t r o p h i c a t i o n  (Smart 
1977). k!c4 p rog ress i on  towards 
hypereutrophy i n  a  s h a l l  ow impoundment 
u s u a l l y  reduces t h e  d i v e r s i t y  o f  t h e  
aqua t i c  b i o t a .  



Tab!@ 39. Changes i n  area o f  off-channel hab i ta t s  between 1956 and 1975 
(from GREAT I 1  1980d). 

Type o f  change 
Area (acres) 

Pool 11 Pool 12 Pool 13 

Aggradation f i 11 
Natural  sedimentat ion 
Spo i l  disposal 
F i  11 f o r  development 

Erosion excavation 
Loss o f  fo res ted areas 
Excavation/borrow f o r  f i 11 

Other changes 
C lear ing  o f  woodlands f o r  a g r i c u l t u r e  204 2  2  0  
Development o f  a g r i c u l t u r a l  lands 12 6 9  42 
Development o f  o ther  hab i ta t s  7  151 24 
Vegetat ion o f  dredged spoi 1  19 14 0  

Pool Tota l  967 798 1,348 

9.5 SOME POSSIBLE FUTURE CHANGES 

As the  M iss i ss ipp i  River  continues t o  
be a  mul t ip le-use resource, there  w i l l  
cont inue t o  be proposed changes t h a t  might 
pe r tu rb  the  present dynamic system. I n  
recent  years such changes as the 
es tab l  ishment o f  a  1 2 - f t  nav iga t ion  
channel (as opposed t o  the present  9 - f t  
channel), the  dredging o f  backwater 
hab i ta t s ,  t he  b u i l d i n g  o f  more c l o s i n g  
dams, the extending o f  the  nav iga t ion  
season through the  w i n t e r  months, and the 
open-channel disposal o f  dredge s p o i l  have 
a l l  been suggested. Studies on the  
s p e c i f i c  impacts o f  these a c t i v i t i e s  are 
incomplete and f u r t h e r  eva lua t ion  would be 
needed t o  more accura te ly  p r e d i c t  t h e i r  
consequences f o r  the  Pool 11 t o  13 reach 
o f  r i v e r .  

The es tab l  i shment o f  t he  Small -Scale 
Hydroe lec t r ic  Development Program by t h e  
U.S. Department o f  Energy i n  1977 
s t imu la ted  a  search f o r  hyd roe lec t r i c  
generat ing capabi 1  i ti es a t  present1 y  
undeveloped s i t e s .  The low-head dams o f  
the Upper M iss i ss ipp i  do n o t  c u r r e n t l y  
have hyd roe lec t r i c  generat ing capabi l -  
i t i e s ,  b u t  a  number o f  them have been 
considered f o r  f u t u r e  development; thus 
f a r  t h i s  development has not  been 
economical l y  j u s t i f i a b l e .  A v a r i e t y  o f  
concerns about how t h i s  development might  
in f luence r i v e r  b i o t a  have been expressed 
(e. g. , Holland e t  a l .  1984b). Add i t iona l  
s tud ies  wi 11 be needed, p a r t i c u l a r l y  on 
the  impacts o f  f l u c t u a t i n g  water l eve l s ,  
t o  determine t h e  s t ress  imposed on the  
t a i  lwater  communi t i e s  and the  water 
suppl ies t o  product ive  backwater hab i ta ts .  
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