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The macrobenthic fauna of Navigat ion Pool No. 8 of t h e  Upper 

M i s s i s s i p p i  River was inven to r i ed  and c o r r e l a t e d  wi th  t h e  average 

physical-chemical condi t ions  encountered i n  t h e  pool.  Forty-one 

sampling a r e a s ,  numbered i n  o r d e r  of i nc reas ing  c u r r e n t  v e l o c i t y ,  

were d e l i n e a t e d  on t h e  b a s i s  of c h a r a c t e r i s t i c  chemical and phys i ca l  

p r o p e r t i e s  dur ing  t h e  summer of 1975. A t r end  toward decreasi.ng 

eutrophy occurred from a r e a  1 t o  a r e a  41. 

Benthos samples were c o l l e c t e d  twice  during t h e  summer i n  each 

of t h e  s tudy  a r e a s .  One hundred fo r ty - fou r  taxa  were found i n  t h e  

616 Ponar-dredge c c l l e c t i o n s .  Over h a l f  of t h e  c o l l e c t e d  t axa  w e r e  

i n s e c t  nymphs and l a r v a e .  A t o t a l  of 90,693 r e p r e s e n t a t i v e s  of t h e  

Phyla Platyhelnl inthes,  Nematoda, Annelida, Arthropoda, and Mollusca 

were counted,  w ~ i g h e d ,  and i d e n t i f i e d .  Oligochaetes  were by f a r  

t h e  most ub iqui tous  a n d  dominant macro inver tebra tes .  G r e a t e s t  o l igo-  

chae t e  d e n s i t i e s  were r e s p e c t i v e l y  recorded dur ing  Sampling Per iods  

I and I1 i n  a r e a s  3 (17,306.10/m2) and 18 (16,609198/m2) and i n  

a r e a s  1 (10,302. 11/m2) and 18 (10,894.18/m2). 

The q u a l i t a t i v e  and t h e  q u a n t i t a t i v e  compositions of t h e  ben th i c  

communities v a r i e d  among t h e  41 s tudy  a r e a s .  Hab i t a t  p re fe rences  of 

p a r t i c u l a r  ben th i c  forms were r e f l e c t e d  i n  t h e  d i s t r i b u t i o n a l  r e l a t i o n -  

s h i p s  between t h e  macro inver tebra tes  and t h e  physical-chemical  condi- 

t i ons .  Benthic product ion,  i n  terms of t h e  t o t a l  wet weight/m2 and t h e  

mean number of macroinvertebrates/m2 i n  cach a r e a ,  was g e n e r a l l y  

g r e a t e r  Ln t h e  more eu t roph ic  a r e a s .  The more eu t roph ic  a r e a s  supported 

fewer taxa.  These t axa  g e n e r a l l y  corls is ted of po l lu t ion- to l .e ran t  



organisms,  such  a s  01.igochaetes and c e r t a i n  chironomids,  which were  
I 

ca.pable o f  burrowing i n t o  t h e  deposi t i .ona1- type s u b s t r a t e s .  More 

I t a x a  and g r e a t e r  numbers of g i l l  b r e a t h e r s  and f i l t e r  f e e d e r s ,  such  
i 

as c a d d i s f l i e s ,  may f l i e s ,  s t o n e f l i e s ,  and d ip te ra r r s ,  were c o l . l ~ c t e d  

from t h e  less e u t r o p h i c  a r e a s .  
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LIST OF SYMBOLS AND ABBREVIATIONS 

Key t o  taxonomic symbols and a b b r e v i a t i o n s  

1 = Tur. ( = T u r b e l l a r i a  
= Nematoda 

3 = Oligo .  = O l i g o c h a e t a  
= Hirud inea  

5 = A. m i l  = A s e l l u s  m i l i t a r i s  
6 = H.azt.  = H y a l e l l a  a z t e c a  

= Decapoda 

= S i p h l o n u r u s  
12 = Steno.  = Stenonema 

= Tr3cory t l l cdes  
14 = Brach. = Brachycercus  
15 = Hex. = Hexagenia 
16 = Eph. . = Ephoron 
17 = Enal .  = Ena 11 ag-ma 
18 = Ophio. = Ophiogomphus 
19 = Cor ix .  - C o r i x i d a e  
20 = Neur. = N e u r e c l i p s i s  
21 = Cheum. = Cheumatopsyche 
22 = Hydro. = Hydropsyche 
2 3  = S t p r t n  = S t a c t o F i e l l a  
24 = Oec. = Oecetis 
25 = Nym. I =,Nymphula 
26 = Sten .  = Stenelmi 's  
27 = Chao. ' = Chaoborus 
28 = Simu. = S imul ium 
29 = Chiro.  = Chironomus 
30 = Crypto.  = Cryptochironomus 
31 = Endo. = Endochironomus 

= P o l  y p e d i l  um 
= Xenochironomus 
= T a n y t a r s u s  
= Coelo tanypus  
= Pentaneura 

Atrich. = Atr ichopogon  
= Palpomyia 
= Amnicola 
= Musculium 

phaer .  = Sphaerium 



INTRODUCTION ' 

The primary o b j e c t i v e  of t h i s  i n v e s t i g a t i o n  was t o  inventory  

f 
t h e  ben th i c  i n v e r t e b r a t e s  i n  Navigat ion Pool  No. 8 of t h e  Upper 

Mis s i s s ipp i  River  and thus  provide  adequate  q u a n t i t a t i v e  and q u a l i t a t i v e  

b a s e l i n e  d a t a  f o r  measuring f u t u r e  changes i n  t h e  q u a l i t y  of t h e  

aqua t i c  environment. Data were c o l l e c t e d  on t h e  composition of t h e  

bottom fauna, d i s t r i b u t i o n ,  a e n s i t y ,  number of t axa ,  number of ind iv id-  

d  t o t a l  wet weights  of t h e  ben th i c  communities. A 
I 

t o t a l  of 144 taxa ,  i nc lud ing  s e v e r a l  s p e c i e s  of ~ l i ~ o c h a e t a ,  Nematoda, 

Hirudinea, and T u r b e l l a r i a ,  were exami.ned . The l a r g e  taxonomic c a t e g o r i e s  

. i n  a d d i t i o n  t o  t hose  a l r eady  mentioned, included t h e  Isopoda, Amphipoda, 

Decapoda, Kydracarina, P lecoptera ,  Ephemeroptera, Odonata, Hemiptera, 

p t e r a ,  Lepfdoptera ,  Coleoptera ,  Dip tera ,  Gastropods, 

d Pelecypoda. This  s tudy  i s  an a t tempt  t o  r e . l a t e  t h i s  d a t a  t o  t h e  

emical ,  phys i ca l ,  and b i o l o g i c a l  cond i t i ons  I n . P o o l  8 and t o  i n v e s t i -  

t h e  r o l e  of b e n t h i c  macro inver tebra tes  a s  e c o l o g i c a l  i n d i c a t o r  

i s m s  and b ioassay  t o o l s .  



LITERATURE REVIEW 

Macrobenthic r e sea rch  has  been conducted i n  numerous a q u a t i c  

systems. ~ u c h a n a n  (1963) s t u d i e d  t h e  d i s t r i b u t i o n  of ben th i c  communities 

and bottom sediments  i n  an  a r e a  of t h e  North Sea o f f  t h e  coas t  of 

Northumberl-and. Three bottom communities were recognized and were 

found t o  be  poor ly  c o r r e l a t e d  w i t h  t h e  n a t u r e  of t h e  bottom sediments .  

Thorup (1963) s t u d i e d  t h e  growth and l i f e  cyc l e s  of Danish s p r i n g  
) 

i n v e r t e b r a t e  f a u 4  taken from two l a r g e  s p r i n g s  i n  t h e  Himmerland 

a r e a  of J u t l a n d ,  j old- Kilde and Ravnkilde, and t h e  in f luence  of 
J ,  

environmental condi t ions ,  such a s  temperature,  food supply,  and sediment 

. t ex tu re .  The composition and spatcal- temporal  d i s t r i b u t i o n s  of t h e  

bottom fauna bf 50 s treams i n  t h e  S c o t t i s h  Highlands were a s se s sed  

i n  I960 by Mcrgzn 2nd Egglisha:.~ (1965). Lilleha~;!er (1956) conducted 

three-year  b e n t h i c  r e sea rch  s tudy  on t h e  r i v e r  ~ u l d a l s l i ~ e n ,  West 

orway, and measured t h e  importance of i n f luenc ing  e c o l o g i c a l  f a c t o r s .  

he r e l a t i v e  abundance, d i v e r s i t y ,  and g e n e r a l  d i s t r i b u t i o n a l  p a t t e r n s  

t h e  macrobenthic fauna of t h e  River  Duddon, Lake D i s t r i c t ,  England, 

s tud ied  by Minshal l  and Kuehne (1969) . .  The fauna of t h e  Upper and 

Duddon were s t r i k i n g l y  d i f f e r e n t .  The d i s c o n t i n u i t y  of t h e  

na between t h e  two p o r t i o n s  of t h e  Duddon was thought t o  be  caused 

f f e r e n c e s  i n  n u t r i e n t s  o r  o t h e r  water  q u a l i t y  f a c t o r s ,  a l though 

r a t u r e  niay have been a  l i m i t i n g  f a c t o r .  The e f f e c t s  of p h y s i c a l  

rs, subs t ra tum d i f f e r e n c e s ,  v a r i a t i o n s  i n  d ischarge  and c u r r e n t  

t y ,  and behav io ra l  differences were thought t o  b e  r e l a t i v e l y  

f ic .ant .  Badcock (1954a) and Ulfs t rand  (1967) a s se s sed  t h e  ben th i c  

v e r t e b r a t e s  i n h a b i t i n g  Swedish s t reams.  Badcock undertook a 



q u a n t i t a t i v e  i n v e s t i g a t i o n  of t h e  ben th i c  fauna of t h e  ~ r i i n  and t h e  

skogsm;1leb~cken, two Swedish t r i b u t a r i e s  of t h e  ~ Z v i i n g e  River .  The 

s tudy concluded t h a t  t h e  r i c h ,  v a r i e d  ben th i c  communities could suppor t  

a  t h r i v i n g  salmonid populat ion.  The i n v e s t i g a t i o n s  of U l f s t r and ,  

conducted on t h e  r i v e r  Vindelglven and i t s  t r i b u t a r y  ~ j u l k ,  l o c a t e d  

i n  Swedish Lapland, d e a l t  p r imar i ly  w i t h  t h e  Ephemeroptera, P l ecop te ra ,  

Tr ichoptera ,  and Simuli idae (Diptera)  and t h e i r  a s s o c i a t i o n s  w i t h  depth ,  

cu r r en t  v e l o c i t y ,  &d s u b s t r a t e  conditl.on.s. Badcock (19546) a l s o  

; attempted t o  a s s e s s  t h e  problems encountered i n  c l a s s i f y i n g  s t reams 
J I 

f o r  comparative purposes.  The macro inver tebra tes  i n  s t reams were 

E r epor ted  t o  be  inf luenced  by such f a c t o r s  a s  geographical  d i s t r i b u t i o n ,  

' j temperature range  of t h e  water ,  r a i n f a l l  and topography, chemical 

composition of t h e  water ,  and s h e l t e r  provided by vege ta t ion .  

Stuciyiug tile aqua~ic ii1e i ~ i  inar~y d ive r se  Il~bi~aLs 01 iii~ie s CieiLuts 

r i v e r s  l oca t ed  i n A e a s t e r n  and southern  po r t ions  of t h e  United 

t e s ,  P a t r i c k  (1961) a s se s sed  t h e  q u a n t i t a t i v e  and q u a l i t a t i v e  

rn ing  a lgae ,  protozoa,  i n s e c t s ,  and. f i s h  i n h a b i t i n g  

s i m i l a r  and d i s s i m i l a r  r i v e r  types .  Richardson (1925) examined 

bottom fauna of t h e  I l l i n o i s  River  and Peor i a  Lake dur ing  t h e  summer 

23 and ca tegor ized  most of t h e  macro inver tebra tes  a s  po l lu t ion -  

. The d i s t r i b u t i o n ,  abundance, v a l u a t i o n ,  and index 

i n  t h e  s tudy  of s t ream p o l l u t i o n  of t h e  macrobenthic popula t ions  

e  Middle I l l i r i o i s  River were determined from a  s tudy  of 1,308 

ons taken from 1913 t o  1925 (Richardson 1928). Lee (1944) 

t a t i v e l y  s t u d i e d  t h e  marine i n v e r t e b r a t e s  i n h a b i t i n g  t h e  bottom 

e~nsha Bight which is  a f l ounde r  f i s h i n g  grounds i n  t h e  



Woods Hole region. A study concerning the vertical distribution of 

the macrobcnthos in the sediments of Douglas Lake, Michigan, concluded 

that the top 14 cm supported 93% of the benthic macroinvertebrates, 
\ 

with more individuals located in the 1-2 cm stratum than in any other 

level (Cole 1953). Hechtel (1968) inventoried the macrobenthic inverte- 

brates of Plax Pond, a marine tidal marsh-pond which is located near 

Long Island Sound, New York. The results of the five-year study of 

14 Ohio River and t ibutary stations were used to assess the relation- 

( ships between the b ological water quality and the physical-chemical 

water quality of the syst:em (Mason, Lewis, and Anderson 1971). Clark 

(1973) compiled a list of macrobenthic invertebrates which were collected 

during a general limnological survey of the Navasota River, Texas. 

Needham and Usinger (1956) and Britton and Averett (1974) conducted 

benthic surveys on aquatic habitats in California. The benthic 

investigation of Prosser Creek, California, by Needham and Usinger 

was an attempt to determine the number of samples necessary to give 

statistically significant figures on the total number and weight of 

organisms present, the number of samples needed to obtain representa- 

tives of all benthic forms present, the degree of variation introduced 

when more than one investigator is involved with the collection of 

amples, and the correlations between the macrofauna and physical 

ararneters of the aquatic habitat. They concluded that while only 

0 square foot samples are necessary to be reasonably certain of 

aining representatives of the dominant macroinvertebrates, an 

cessive number of samples would be required to provide signigicant 

weights and total numbers of bottom organisms. Also, 
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i f  c o l l e c t o r s  were proper ly  t r a i n e d ,  one i n v e s t i g a t o r  need n o t  c o l l e c t  

a l l  samples. B r i t t o n  and Avere t t  conducted a year-long l imno log ica l  

s tudy  of t h e  Sacramento River ,  C a l i f o r n i a .  A decrease  i n  t h e  d i v e r s i t y  

of t h e  ben th i c  macro inver tebra tes  was noted downstream and representa-  

{., I 
. t i v e s  of t h e  Order Dip tera ,  e s p e c i a l l y  t hose  belonging t o  t h e  Family 

Chironomidae, were found t o  be  t h e  most commonly c o l l e c t e d  organisms. 

The ben th i c  i n h a b i t a n t s  of s e v e r a l  a q u a t i c  systems i n  Ohio have been 

s tudied .  Q u a n t i t a t i v e  and q u a l i t a t i v e  d e s c r i p t i o n s  of t h e  bottom inve r t e -  

b r a t e s  of t h e  Hocking River ,  Ohio, were obta ined  and r e l a t e d  t o  

va r ious  physical-che i c a l  cond i t i ons  and seasonal  v a r i a t i o q s  by i 
Ludwig (1932). The s p e c i e s  composition, popula t ion  d e n s i t y ,  and 

seasonal  v a r i a t i o n s  of t h e  bottom popula t ions  of Sandusky Bay which 

is  loca t ed  i n  northwestern Ohio were s t u d i e d  by Lindsay and Herdendorf 

(1375). Ol ive  2nd S x i t h  (1375) surveyed the  ben th i c  fauna cf t h e  

Sc io to  River  Basin, Ohio, and a s ses sed  t h e  r o l e  of macroinvertebrates  

t h e  e v a l u a t i o n  of water  q u a l i t y .  Much ben th i c  r e sea rch  has  been 

ne on t h e  Great  Lakes and w a s  reviewed by Henson (1966). The phys i ca l ,  

emical ,  and b i o l o g i c a l  changes occu r r ing  i n  western Lake E r i e  were 

ssed  by B r i t t  e t  a l .  (1973). 

Benthic  communities of t h e  M i s s i s s i p p i  River  have a l s o  been 

e s t i g a t e d .  Dor r i s  (1958) conducted a l imnologica l  s tudy  of t h e  

d l e  M i s s i s s i p p i  River  and ad jacen t  waters  dur ing  August 1949 t o  

952. The seasona l  and annual  v a r i a t i o n s  i n  t h e  p lankton  and 

fauna of fou r  l a k e s  were s t u d i e d  and r e l a t e d  t o  environmental 

s. The Middle M i s s i s s i p p i  River  was s tud ied  by Ragland (1974) 

rposes  of eva lua t ing  t h r e e  s i d e  channels and t h e  main channel  



as fish habitat. Ninety-six percent of the benthic community was 

found to be composed of aquatic insects. Distinct habitat preferences 

of various benthic organisms were obvious. A biological survey of the 

Upper Mississippi River was conducted in 1926 to assess the effects 

of pollution from the Twin Cities on aquatic life and to determine the 

distance downstream,the effects of this pollution were detectable 

(Wiebe 1927). The Mississippi River between Minneapolis and Winona, 

Minnesota, and.tributaries including the Minnesota, St. CroLx, Cannon, 

and Chippewa rivers were investigated. The bottom macroinvertebrates 

collected from the Mississippi River ,above Minneapolis t,o Red Wing 

were all species. Clean-water species were taken 

at and below Red Wing, ,Minnesota. The more polluted sections of the 

study area yielded fewer taxa than did the less polluted or unpolluted 

waters. Carlson (1953) surveyed t h e  benthic fauna cf t h e  Upper 

Mississipp,i River above Dam 19, Keokuk, Iowa, during the summers of 

1960 and 1961. Sphaeriun~ transversum was the dominant organism in 1960 

and 1961. The dominant insects in 1960 and 1961 were respectively 

Hexagenia nymphs agd Tendipes (Chironomus) plumosus. Carlson characterized 

the benthic fauna as a climax community typical of mature streains and 

demonstrating no adverse effects from pollution. 

Benthic research has often focused on particular inhabitants of 

the bottom community. Klemm (1971, 1972) and Kopenski (1972) surveyed 

the distribution of leeches in Michigan. A systematic investigation 

f 30 species and subspecies of amphipods, excluding subterranean 
I 

Pecies, inhabiting the fresh waters of glaciated North America was 

dertaken by Bousfield (1958). White (1974) compiled a list of 
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s tonef  l ies  c o l l e c t e d  from t h e  S a l t  River ,  1(eniucky, dur ing  August 

1970 t o  J u l y  1971. The Ephemeroptera, especial- ly  t hose  r e p r e s e n t a t i v e s  

of t h e  Family Ephemeridae, of t h e  Upper M i s s i s s i p p i  River  (Carlander  

e t  a l .  1967, Fremling 1960, 1964, 1970, Gooch 1.967) and o t h e r  a q u a t i c  

systems (Burks 1953, G i l p i n  1969, Hamilton 1959) has  been compre- 

hens ive ly  s t u d i e d .  S c o t t  (1958) a s se s sed  t h e  T r i chop te ra  of t h e  
< 

River  Dean, Cheshire.  P a r f i n  (1952) compiled a l is t  of 23 genera,  

41  spec i e s ,  and n i n e  v a r i e t i e s  belonging t o  t h e  Orders Megaloptera 

and Neuroptera c o l l e c t e d  i n  Minnesota du r ing  t h e  y e a r s  1947 t o  1949.  

Wu (1931) and Obrecht (1949) r e s p e c t i v e l y  r e p o r t e d  on t h e  d i s t r i b u t i o n  

, . and b io logy  of S i m u l i u m  nd Michigan mosquitoes.  The b io logy ,  d i s t r i -  i" bu t ion ,  and l i f e  h i s t o r y  of t h e  d i p t e r a n  Family Chironomidae has  been 

s t u d i e d  by Ol ive r  (1971). Many i n v e s t i g a t o r s  have been involved wi th  

mollusks.  Shcup (1943) c o r r e l a t e d  t h e  d5s t r ibu t i . cn  of 47  dominant 

gastropods c o l l e c t e d  i n  Tennessee dur ing  t h e  f o u r  summers of 1938 

t o  1941 w i t h  measured v a l u e s  of t o t a l  s t ream a l k k l i n i t i e s .  Heard (1963) 

assembled informat ion  on t h e  b io logy  of t h e  p i l l  clam P i s i d i t r m  

( N e o p i s i d i u m )  c o n v e n t u s .  Isom (1974) compiled a l i s t  of 77 s p e c i e s  of 
I 

Pelecypoda c o l l e c t e d  from t h e  Green R ive r ,  Kentucky. The burrowing 

a b i l i t i e s  and s u r v i v a l  of S p h a e r i u m  t r a n s v e r s u m  and S. s t r i a t i n u m '  

under added s u b s t r a t e s  of sand, s i l t ,  and a mix ture  of sand and s i l t  

ere a s se s sed  by Rogers (1976). 

The e f f e c t s  of p o l l u t i o n  on macrobenthic fauna and t h e  r o l e  of 

a c r o i n v e r t e b r a t e s  a s  i n d i c a t o r s  of p o l l u t i o n  have been a s se s sed  by 

derson et a l .  (1965), Brown (1971), Claassen (1932), Gaufin (1958), 

u f i n  and Tarzwel l  (1952, 1956), Hawkes (1963), P a t r i c k  (1950), and 

urtz (1955). A s  i n d i c a t o r  organisms which r e f l e c t  environmental  



conditions, they can be used to characterize and monitor the water 

qua]-ity of an aquatic environment. Biological populations, responding 

to chemical and physical variations in the habitat, can be used to 

prevent, detect, assess, and control water pollution. Benthic macro- 

invertebrates differ in their ability to tolerate organic pollution. 

Although the assignment,of particular macroinvertebrates to specific 

levels of pollution tolerance is arbitrary, Weber (1973) defined 

three categories of pollution tolerance. Tolerant organisms are 

often associated with excessive organic contamination and low oxygen 

levels. Members of the Classes Oligochaeta and Hirudinea, Chisonomus, 

and Physa are often ered representatives of this pollution- 

tolerant category. Pollution-facultative macroinvertebrates are 

capable of surviving under a wide range of ecological conditions and 

are frequently associated with moderate levels of pollution. Intolerant 

or sensitive organisms are usually associated with clean waters having 

no or little organic contamination arid high oxygen contents. The 

distribution of a taxon within an aquatic habitat is not totally 

dependent on the amount of organic contamillation present but is modified 

by various environmental characteristics, such as substrate and current 

velocity (Weber 1973). Pollution-sensitive forms could therefore 

possibly survive in aquatic habitats containing moderate levels of 

organic contamination. 

Claassen (1932) reported that biological analyses are the most 

reliable methods of evaluating a stream. While chemical and physical 

evaluations of a body of water reflect the conditions or water quality 

at the moment of examination, biological analyses indicate water-quality 

conditiorls not on1.y at the time of examination but also over considerable 



time periods prior to sampling (Claassen 1932, Paine and Gaufin 1956, 

Patrick 1950). Patrick (1950) also reported that the biological 

composition of an environment represents the interaction of all the 

chemical and physical properties present. The chemical and physical 

monitoring of that environment cannot feasibly evaluate all such 

possible chemical-physical parameters. 
L 

Disadvantages and limitations concerning the biological monitoring 

i of aquatic environments exist. Mason (1975) has reported that the 
i' ;; 
k lack of positive and complete identifications of iinmature - benthic a 
I forms has caused much criticism concerning the assignment of benthic 

macroinvertebrates to definite biological pollution indicator categories. 

He also stated that the "p b llutional" classification of a macroinverte- 
brate, which takes into account the general ecological characteristics 

of that organism, is very sihjective and the res~ilta cannc~t frzquently 

be reproduced. ~eveyal other difficulties arise when trying to com- 

partmentalize benthic organisms according to pollution-tolerance levels. 

or example, many organisms which abound under polluted conditions 

re also present in limited numbers under cleaner situations (Gaufin 

8, Gaufin and Tarzwe11'1952). Many species occur so infrequently 

at their use as indicators is limited and discouraged (Gaufin and 

zwell 1952). Other factors, apart from the degree of organic 

tamination, may govern the occurrence and distribution of benthic 

isms. Depth, oxygen level, substrate type, current velocity, 

emperature, and food supply are a few controlling factors which 

verride the importance of contami.nation. Gaufin and Tarzwell 

have indicated that the entire benthic community and the 



r e l a t i v e  abundance of t h e  f auna l  c o n s t i t u e n t s  a r e  important and must 

be considered f o r  eva lua t ing  water  q u a l i t y .  

Many organisms have been promoted a s  good b i o l o g i c a l  i n d i c a t o r s  

of water  q u a l i t y .  Gcodnight and Whitley (1960), Brinkhurst  (1965), 

and Smith (1975) have reviewed t h e  importance of o l igochaetes  as 

i n d i c a t o r s  of water  q u a l i t y .  Fremling (1964) and B r i t t  (1975) i n v e s t i -  

gated t h e  r o l e  of mayfl iqs  a s  e c o l o g i c a l  i n d i c a t o r  organisms. The 

use  of mayf l ies ,  s p e c i f i c a l l y  Hexagenia b i l i n e a t a ,  H. Jimbata, and 
* 

Pentagenia v i t t i g e s a ,  a s  bioassay t o o l s  on t h e  Upper Miss i s s ipp i  River  

was eva lua ted  by Fremling. In h i s  seven-year s tudy which began i n  

1957, Fremling noted t h a t  s i g n i f i c a n t  mayfly popula t ions  were absen t  

from two s e c t i o n s  of t h e  Upper Miss i s s ipp i  River which were loca ted  

south  of t h e  Twin C i t i e s  a r$ S t .  Louis and which rece ived  l a r g e  

q u a t i t i e s  of i n d u s t r i s l  and municipel  westes .  Paine and Gaufin (1956) 

.and Mason (1975) examined t h e  u t i l i t y  of a q u a t i c  Diptera  a s  water- 

q u a l i t y  ind i -  - a t o m .  

The distribution of t h e  macrobenthic fauna i n  a q u a t i c  h a b i t a t s  

and the  governing f a c t o r s  have been d iscussed  by Allen (1959), Hynes 

(1960), and P a t r i c k  (1962). Brundin (1951) eva lua ted  t h e  r e l a t i o n s h i p s  

between macrobenthic i n v e r t e b r a t e s ,  e s p e c i a l l y  chironomid l a r v a e ,  and 

oxygen concen t ra t ions  a t  t h e  subs t ra te -water  i n t e r f a c e .  The importance 

f p l a n t  d e t r i t u s  a s  a f a c t o r  in determining t h e  d i s t r i b u t i o n  of t h e  

acrofauna i n  s t reams was examined by Egglishaw (1964). Egglishaw 

oncluded t h a t  t h e  benth ic  d i s t r i b u t i o n  of i n v e r t e b r a t e s  was s i g n i f i -  

n t l y  c o r r e l a t e d  wi th  t h e  d i s t r i b u t i o n  of p l a n t  d e t r i t u s .  Current  

a s  a f a c t o r  determining t h e  s p a t i a l  d i s t r i b u t i o n  of bottom 



inhabitants, was assessed by Dorier and Vaillant (1948), Nielsen (1950), 

Jaag and ~mbiihl (1963)~ and Edington (1965). Hunt (1930), Wene and 

Wickliff (1940), Cummins and Lauff (1969), Brusven and Prathzr (1974), 

and de March (1976) discussed the effects of substrate on macrobentllic 

distribution. Relat20nships.between the nature of the substrate and 

the distributional patterns ofimayflies (Eriksen 1968, Linduska 1942), 

chironomid larvae' (Wene 1940), and the fingernail clam Sphaerium 

transversum (Gale 1971) hhve been investigated. 

- 



METHODS AND MATERIALS ' 

F i e l d  Methods -- ---. 

Forty-one sampling a r e a s  i n  Navigat ion Pool No. 8 of t h e  Upper 

M i s s i s s i p p i  River  were de l inea t ed  on t h e  b a s i s  of c h a r a c t e r i s t i c  

chemical and plzysical p r o p e r t i e s  dur ing  t h e  summer of 1975. Two a r e a s  

were loca t ed  i n  t he  main channel of t h e  r i v e r .  The remaining 39 
\ 

a r e a s  were e s t a b l i s h e d  i n  ad j acen t  waters .  The s tudy  a r e a s  were 

numbered i n  o rde r  of i nc reas ing  c u r r e n t  v e l o c i t y .  

A sys t ema t i c  sampling procedure f o r  t h e  c o l l e c t i o n  of bottom 

samples (TtJeber 1973) was conducted i n  most of t h e  41 a r e a s .  L inear  

t r a n s e c t s ,  a long  whicfi sampling s t a t i o n s  o r  sites were loca t ed ,  were 

- e s t a b l i s h e d  a t  uniform i n t e r v a l s  with t h e  a i d  of a e r i a l  photographs. 

'T'5z tz2~lzecf iz  ~ . : r l r ~  C C ~ O / ?  Frnr? 237th t ~ )  c ~ ~ f - h  gn? 94v?!.i.ng s t a t i o n s  

along each t r a n s e c t  were c  ded from west t o  e a s t .  Depending on t h e  S ' ,  

of  t h e  sampling a r e a ,  a t  l e a s t  two (usua l ly  t h r e e )  t r a n s e c t s  

e r e  def ined  wi th  t h r e e  sampling s t a t i o n s  p e r  t r a n s e c t .  O f  t h e  t h r e e  

ampling s t a t i . ons ,  two were loca t ed  n e a r  oppos i t e  sho res  and one was 

t r a l l y  l oca t ed .  Sampling s i t e s  were randomly s e l e c t e d  (simple 

ndom sampling of t h e  e n e i r e  s tudy  a r e a )  i n  those  a r e a s  where t r a n s e c t s  

Id  not  be f e a s i b l y  e s t a b l i s h e d  (Webcr 1973). 

Benthos samples were co l lec- ted  twice  dur ing  t h e  summer. A minimum 

x samples was c o l l e c t e d  i n  most a r e a s  dur ing  each sampling 

. Bottom samples taken dur ing  t h e  f i r s t  sampling per iod  (15 June 

July 1975) contained a s i n g l e  dredge hau l  r ep re sen t ing  0.023 m 2 

om m a t e r i a l .  Those bottom sampl-es co l . lec ted  dur ing  t h e  second 



t 

sampling per iod  (15 J u l y  t o  15 August 1975) contained two dredge hau l s  

r ep re sen t ing  0.046 m2 of bottom m a t e r i a l .  Of t h e  616 samples analyzed,  

311 were composed of two dredge grabs  and 305 were composed of s i n g l e  

dredge grabs.  

Benthos samples were q u a n t i t a t i v e l y  c o l l e c t e d  wi th  a 6-in Ponar 

dredge. The c o l l e c t e d  samples were washed i n t o  p l a s t i c  t ubs  and l a b e l l e d  

wi th  regard  t o  l o c a t i o n ,  d a t e ,  and s i z e  of sample ( s i n g l e  o r  double 

dredge.hau1) .  The.benthos samples were then  washed i n  t h e  f i e l d  through 

> 
a U. S. Standard No. 30 s i e v e  i n t o  p l a s t i c  c o n t a i n e r s  and preserved  

i 

i n  10% formalin.  Rose bengal  s t a i n  was added t o  t h e  samples t o  f a c i l i t a t e  

t h e  s e p a r a t i o n  of t h e  ben th i c  organisms from t h e  debris  (Mason and 

Yevich 1967). 

L a b o r a t o n  Methods --. 

I n  t h e  l abo ra to ry ,  each sample was a g a i n  washed through a U. S.  

30 s i e v e  t o  remove t h e  formal-in. The b e n t h i c  i n v e r t e b r a t e s  

e hand s o r t e d  from t h e  r e s i d u a l  d e b r i s ,  placed i n  c l e a r  p l a s t i c  

i a l s ,  and preserved wi th  5-10% formal in .  A low power l e n s  was used 

r y  t o  a i d  t h e  hand s o r t i n g .  

T o t a l  w e t  weights  were obta ined  f o r  each sample. The organisms 

e hand s o r t e d  f r d s  t& excess  d e b r i s  and b l o t t e d  dry  (Davis 1938, 

i s  1958, L i l l e h a m e r  1966, Morgan and Egglishaw 1965, Needham and 

ger  1956). The organisms were then  placed on t a r e d  weighing paper,  

ed t o  a i r  dry f o r  two minutes ,  and weighed t o  t h e  n e a r e s t  0.01 

d e n t i f i c a t i o n s  of ben th i c  i n v e r t e b r a t e s  were c a r r i e d  down t o  t h e  

i n  most ca ses  and t o  t h e  s p e c i e s  l e v e l  whenever poss ib l e .  



Species  level.  i d e n t i f i c a t i o n s  were no t  always p o s s i b l e  o r  f e a s i b l e  

because of t h e  absence of a d u l t  forms needed f o r  p o s i t i v e  i d e n t i f i -  

c a t i o n ,  t h e  e a r l y  l i f e  h i s t o r y  s t a g e s  encountered,  and t h e  uncer ta in-  

t i e s  i n  t he  taxonomy, e s p e c i a l l y  i n  r e f e r e n c e  t o  t h e  Dip tera  (Hilsenhoff  

1975, Olive and Smith 1975, O l ive r  1971). I d e n t i f i c a t i o n s  were 

f a c i l i t a t e d  by t h e  use  of t h e  taxonomic keys found i n  Eddy and Hodson 

(1957), Hilsenhoff (1.975), Mason (1973), Pennak (1953), and Usinger 

(1956). One group of organisms o f t e n  r e q u i r i n g  s p e c i a l  p r e p a r a t i o n  

f o r  c o r r e c t  i d e n t i f i c a t i o n  was t h e  d i p t e r a n  (midge) l a r v a e ,  e s p e c i a l l y  
J 

those  l a r v a e  belonging t o  t h e  Fanlily Chirohomidae (Tendipedidae) 
i ' 

1 (Lindsay and Herdendorf 1975, Mason 1973). Head squashes were accom- 

p l i shed  by removing t h e  head capsules  of macy d l p t e r a n  l a r v a e  and 

exposing t h e  v e n t r a l  s t r u c t t r r a l  f e a t u r e s  necessary  f o r  proper  i d e n t i f i -  

ca t ion .  

The number of t a x a  and t h e  number of ben th i c  i n v e r t e b r a t e s  per  

taxon were recorded f o r  each sample. A l l  samples were represerved  i n  

% formalin.  

Data Analys is  - --- - 

i 
Simple l i n e a r  and m u l t i p l e  c o r r e l a t i o n s  were obta ined  us ing  t h e  

pu te r  program Mul.tiple ~ e g r e s s i o n / C o r r e l a t i o n  (Contr ibuted Program 

I C ,  MULREG, A 404-36178 A) which performs m u l t i p l e  l i n e a r  c o r r e l a t l  

eg re s s ion  on d a t a  us ing  t h e  model Y = B + B X 4- B X + . . . + 
0 1 1  2 2  

program was modified i n  o rde r  t o  accommodate 41 obse rva t ions ,  

r i a b l e s ,  and 16 r eg re s s ions  (Appendix 11). Twenty-two s e l e c t e d  

nacr0benthi.c fauna of Navigation Pool  No. 8 were 

B X .  
n n 



correlated with average physical-chemical parameters of the pool for 

each sampling period. Levels of signifi.cance were assigned at the 0.01 

and 0.05 levels. 



DESCRIPTION OF STUDY AREA. 

With a l eng th  of 2552 mi l e s  (4116.13 km), t h e  M i s s i s s i p p i  River  

i s  t h e  l a r g e s t  r i v e r  i n  t h e  United S t a t e s .  The dra inage  bas in  of t h e  

M i s s i s s i p p i  River  and i t s  164 t r i b u t a r i e s  encompasses an  a r e a  of 

1,250,000 squa re  mi l e s  (3.24 X 106 km2) o r  40% of t h e  t o t a l  a r e a  of 

t h e  United S t a t e s .  The waters  from 31 s t a t e s  and two Canadian 

provinces d r a i n  i n t o  t h e  Missf s s ipp f  River .  

The s e c t i o n  of t h e  M i s s i s s i p p i  River  from Lake I t a s c a  t o  Cairo,  

I l l i n o i s ,  t h e  mouth of t h e  Ohio River ,  is  de f ined  as t h e  Upper 

M i s s i s s i p p i  River .  From 1930 t o  1940, a s e r i e s  of 27 dams w a s  cons t ruc t ed  
1 

on t h i s  reach  of t h e  r i v e r J b y  t h e  U. S. Army Corps of Engineers  f o r  

purposes of commercial naviga t ion .  Two o t h e r  dams were p r i v a t e l y  

bui 1.t. The r e s u l t i n g  impoundments can b e  d iv ided  f i l to  two d i s t i n c t  

e c o l o g i c a l  a r e a s  (Fremling 1970). Immediately downstream from t h e  

dams a r e  t h e  t a i l w a t e r s  ~ilzich e s s e n t i a l l y  r e p r e s e n t  t h e  unmodified 

r i v e r .  The pools  upstream from t h e  dams resemble open lake-type 

systems whose sediments a r e  l a r g e l y  composed of s i l t .  These two a r e a s  

a.re separa ted  by t rans i . t iona  1, shKL1owcr ~narsIiy a r e a s .  

Navigation Pool No. 3 i s  t h e  r e s u l t  of a p r o j e c t  au tho r i zed  by 

t h e  River and Harbors Act of 3 J u l y  1930. This  a c t  provided f o r  a 2 
navigable  channel with a minimum depth of n i n e  f e e t  and a minimum 

width of 400 f e e t .  Lock and Dam No. 8 was completed i n  1937 and i t s  

c l o s u r e  c r e a t e d  a t  immediate 11 f o o t  rise i n  t h e  water  l e v e l  of t h e  

upstream pool  ( C l a f l i n  1973). The pool  i s  impounded by Loclc and Dam 

No. 8 loca t ed  a t  Genoa, Wisconsin, and i s  679.2 r i v e r  111il.e~ upstream 

from Cairo,  I l l i n o i s .  The pool  ex tends  northward t o  Lock and Dam No. 7 



l oca t ed  a t  Dresbach, Mirsnesota ( r i v e r  ml le  702.5) (P igs .  1 and 2) .  

Pool 8 is  bordered by La Crosse and Vernon Counties i n  Wisconsin and 

by Vinona and Ilouston Counties i n  Minnesota. The major t r i b u t a r i e s  

t o  t h e  M i s s i s s i p p i  River  i n  Pool  8 a r e  t h e  La Crosse River ,  which e n t e r s  

from t h e  e a s t  a t  r i v e r  mi le  698.1, and t h e  Root River ,  which e n t e r s  

from t h e  west a t  r i v e r  mi l e  693.8. 

Environmental S e t t i n g  

Wisc0nsi.n can be d iv ided  i n t o  two regions:  t h e  D r i f t l e s s  Area 

and t h e  Glac ia ted  Kegion, w i th  Navigat ion Pool  No. 8 l y i n g  i n  t h e  

D r i f t l e s s  Area. This  a r ea  was once thought t o  r e p r e s e n t  a l a k e  bed 
1 

.having d e p o s i t s  of f i n e  s i l t i o r  l o e s s .  The d e p o s i t s  of l o e s s  a r e  

now known t o  be c h i e f l y  wind-blown. The l o e s s ,  a s i l t  in t e rmed ia t e  

n p a r t i c l e  .size between c l a y  azd sand,  f o m c  a cover  o r  "cap" which 

v e r l i e s  o t h e r  p a r e n t a l ,  r e s i d u a l  s o i l s  t y p i c a l  of weathering processes  

c t i n g  on l imestone,  sandstone,  and c r y s t a l l i n e  rocks .  A uniform, 

mogeneous s u b s t r a t e  is thus  p re sen t  f o r  t h e  development of vege ta t ion .  

r t i n  (1965) repor ted  t h a t  t h e  t h i c k e r  l o e s s  d e p o s i t s  a r e  u s u a l l y  

h i n  10 t o  20 mi l e s  (16 t o  32 km) of t h e  M i s s i s s i p p i  River  and average 

o 15 f e e t  (3.05 t o  4.57 m) i n  t h i ckness .  These d e p o s i t s  can a t t a i n  

nesses  of 60 f e e t  (18.29 m) near  t h e  M i s s i s s i p p i  River .  Thinner 

i t s  of l o e s s  a r e  f o  d nd .- 50 t o  80 mi l e s  (80 t o  128 km) from t h e  

and have an average th i ckness  of l e s s  than  one f o o t  (0.305 m). 

v i g a t i o n  Pool No. 8 has an  e l e v a t i o n  of approximately 640 f e e t  

m). The pool  has a l eng th  of 23.3 r i v e r  m i l e s  (37.5 km), a 

.width of 2.9 mi l e s  (4.7 km), and a s u r f a c e  a r e a  of 20,810 a c r e s  



Fig.  1. A e r i a l  photograph, 1974,  of t h e  no r the rn  h a l f  of Navigation 
P o o l  No. 8 of the  Upper M i s s i s s i p p i  River ,  i nc lud ing  r ec t angu la r  
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Fig. 2. Aerial photograph, 1974, of the southern half of Navigation 
Poc l  No, 8 ~f the Upper F ~ i s s i s s t p p i  k iver ;  jnc luding-  rec tangular  
; r ~ ~ e i s  hh;ch iiidLLcLit. L:IL ~ V L O L ~ C T L  ;f ;;;.ip:fi~g ~lyctr;. 
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r e spec t ive ly .  Discharge t y p i c a l l y  averages between 5700 cub ic  f e e t  

pe r  .second ( c f s )  t o  286,000 c f s  dur ing  pe r iods  of f looding .  The pool. 

has  an aver,age annual  incoming sediment load  of 3,655,000 tons .  Pool  8 

has a n  es t imated  t r app ing  e f f i c i e n c y  of 27%, r e s u l t i n g  i n  t h e  depos i t i on  

of 987,000 tons  of sediment annual ly  (U. S. Army Corps of Engineers,  

S t .  Paul  D i s t r i c t  1974). 

Clay, s i l t ,  loam1, and occas iona l ly  sand c o n s t i t u t e  t h e  f l o o d p l a i n  

m a t e r i a l  (Martin 1965); a dark  c o l o r ' i s  imparted by organic  ma t t e r .  

. The floodpl 'ain ma.teria1 i s  10 t o  30 inches  (25.4 t o  76.2 cm) t h i c k  

and i s  unde r l a in  by s e v e r a l  f e e t  of sand, which o f t e n  grades  i n t o  

\ 
coa r se  g r a v e l  3 t o  6 f e e t  (0.91 t o  1.83 m) below t h e  s u r f a c e  (Martin. 

1965). I n  Wisconsilr t h e  d i o o d p l a i n  s. lopes southward from a n  e l eva i io l l  

of about 677 f e e t  ,(205.35 m) a t  P r e s c o t t  t o  592 f e e t  (180.44 m) a t  

t i n  1965). The M i s s i s s i p p i  River  t hus  descends 

5 f e e t  (25.91 m) between P r e s c o t t  and Dubuque (259 r i v e r  mi l e s ;  

17.74 km) and has a grade i n  Wisconsin of l e s s  t han  fou r  i nches  > (Martin 1965). Pool  8 thus  descends approximately 

from ~ o r t h  t o  South. 

I n  Wisconsin h igh  waters  t y p i c a l l y  occur  dur ing  t h e  months of 

il o r  May and poss ib ly  October. Low wa te r s  p r e v a i l  dur ing  December, 

anuary, and February wi th  a secondary low s t a g e  o f t e n  occu r r ing  

ing  t h e  summer. High waters  d i d  occur  dur ing  t h e  months of June 

Pool- 8 demonstrates  g r e a t  e c o l o g i c a l  d i v e r s i t y  due p a r t l y  t o  t h e  

e ,  d i v e r s e  land a r e a s . .  Low-lying marsh, meadow, 



, 

and low wetland f o r e s t  a r e a s  were inundated prodbcing l a rge - sca l e  

changes i n  t h e  h a b i t a t s  wiLhin t h e  a f f e c t e d  a rea  ( C l a f l i n  1973). 

Hab i t a t s  range from t h e  very  eu t roph ic  backwater a r e a s  t o  t h e  l e s s  

eu t roph ic  a r e a s  of t h e  main channel.  

Descr ip t ion  of t h e  Forty-one Study Areas ---.- 

Forty-one a r e a s  Tn Navigation Pool  No. 8 were des igna ted  f o r  

i n v e s t i g a t i o n  dvr ing  t h e  summer of 1975. According t o  Claf l i n  (1977)~  

t h e s e  a r e a s  possessed t h e  wides t  ranges of t h e  parameters  t h a t  could 

be encountered i n  t he  e n t i r e  pool .  The d i f f e r e n c e s  found between t h e s e  

. ecotypes o r  s tudy  a r e a s  were assumed t o  t y p i f y  t h e  d i f f e r e n c e s  found 

between s i m i l a r  ecotypes contained wi th in  t h e  e n t i r e  pool .  These 

a r e a s  were def ined  on thk b a s i s  of chemical and phys i ca l  parameters  

and were numbered i n  o rde r  of i n c r e a s i n g  c u r r e n t  v e l o c i t y .  Current  
, . 

v e l o c i t y  was be l ieved  t o  be t h e  most important  parameter infl..uencing 

a l l  o t h e r  phys i ca l  and chemical parameters ( C l a f l i n  1.977). The average 

. , 
values  f o r  a l l  chemical and p h y s i c a l  parameters  f o r  a l l  41- s tudy  

a r e a s  ( C l a f l i n  1977) a r e  given i n  Table 2. 

The fo l lowing  d e s c r i p t  modified from Sef t o n  (1-976), i nc lude  

c r i p t i o n s  of t h e  predominant a q u a t i c  macrophytes i n  each of t h e  

tudy a r e a s .  Re la t ive  biomasses (%) of t h e  major a q u a t i c  macrophytes 

u r r i n g  i n  each a r e a  were c a l c u l a t e d  by d iv id ing  t h e  t o t a l  d ry  weight 

s p e c i e s  i n  an  a r e a  by t h e  t o t a l  d ry  weight of a l l  s p e c i e s  i n  

a r e a  (Sef ton  1976). F igures  3-13 a r e  enlargements of t h e  de l inea t ed  

t i o n s  of Navigat ion Pool No. 8 shown i n  F igs .  1 and 2. 

Areas 1-5. These a r e a s  were loca t ed  above t h e  Goose ~ s l a n d  a r e a  



I 

i n  t h e  midsec t ion  of t h e  pool  (Fig. 4 ) .  They were smal l ,  eu t roph ic  

marsh openings ~f  s i m i l a r  s i z e .  The a r e a s  were d i f f e r e n t i a t e d  on t h e  

b a s i s  of t h e  s i z e  of t h e  c e n t r a l  opening of water .  There was no 

measurable c u r r e n t  v e l o c i t y  i n  any of  t h e  f i v e  a r e a s  and t h e  t u r b i d i t y  

was low. N i t r a t e  and organic  n i t r o g e n  l e v e l s  were much h ighe r  than  

t h e  l e v e l s  i n  t he .ma jo r i t y  of o t h e r  a r e a s .  The c l ay - s i ze  f r a c t i o n  

( f r a c t i o n  #6) dominated t h e  sediments .  A l l  a r e a s  contained l a r g e  

amounts of emergent vege ta t ion .  Area 1 had t h e  l a r g e s t  c e n t r a l  opening 

of water .  The mean depth was 1.70 m. Cera tophy l lum demersurn (17.4%) 
E 
I 
I - was t h e  predominant s p e c i e s  i n  t h e  opening. Pa tches  of Nuphar var iega tum 

(16.9%) occurred a long  t h e  edges of t h e  emergent S a g i t t a r i a  l a t i f o l i a  

(43.7%) surrounding t h e  a rea .  Area 2 had a  mean depth  of 1.20 m. 
L 

Cera tophy l lum demersum (11.7%) and Nuphar variegaturn (11.4%) were 

fcund i n  the opening. Dense s t a n d s  of S a g i t t a r i a  l a t i f o l i a  (66.92) 

bordered the opening. The mean depth of a r e a  3 was 1.10 m. Area 3 

contained emergent and f loa t ing- leaved  communities. The major emergent 

macrophytes were Saqi  t t a r i a  r ig- ida (32.0%), S a g i  t t a r i a  l a t i f o l i a  

3 . 6 % ) ,  and Sparqanium eurycarpum (18.6%). The f loa t ing- leaved  

mmunity was dominated by Nymphaea t u b e r o s a  (5.3%). The bui ldup  of 

naceae (12.3%) was marked d u r i n  t h e  summer. The mean depths  of > 
a s  4 and 5 were 1.00 m and 0.90 m y  r e s p e c t i v e l y .  Areas 4 and 5 

dense s t a n d s  of S a g i t t a r i a  c o n s i s t i n g  of 92..2% and 98.5% ~ a g i t t a r i a  

i f o l - i a  , r e s p e c t i v e l y .  

Area 6. Area 6 was loca t ed  i n  a s i d e  channel a long  t h e  e a s t  s i d e  

per  Raf t  Channel (Fig. 12). The mean depth was 1.08 m. The 

e n t  v e l o c i t y  measured 0.015 m/sec. R e l a t i v e  t o  t hose  a r e a s  wi th  



1 

g r e a t e r  c u r r e n t  v e l o c i t i e s ,  t h e  t u r b i d i t y  was low and t h e  o rgan ic  

n i t rogen  and n i t r a r e  l e v e l s  were somewhat h igher .  The c l ay - s i ze  f r a c t i o n  

(69.40%) was t h e  major c o n s t i t u e n t  of t h e  sediment. The c e n t e r  of 

t h e  a r e a  was open, bu t  t h e  margins possessed s t a n d s  of S a g i t t a r i a  

l a t i f o l i a  (57.2%), ~ a y i  t t a r i a  r i y i d a  (17.6%), and Nelumbo p e n t a p e t a l a  

(11.4%). 

Area 7. Located south  of t h e  main channel above t h e  "St '  curve -- 

below Brownsville,  Minnesota (Fig. 12 ) ,  a r e a  7 had a  mean depth of 

0.61 m and a  c u r r e n t  v e l o c i t y  of 0.016 m/sec which was due t o  i ts  

proximity t o  t h e  channel.  The c l ay - s i ze  f r a c t i o n  c o n s t i t u t e d  61.28% 

of t h e  sediment;  t h e  s i l t - s i z e  f r a c t i o n  c o n s t i t u t e d  35.43%. The a r e a  

contained a  s t and  of S a g i t t a r i a  l a t i f o l i a  (75.9%) surrounded by 

Nelumbo p e n t a p e t a l a  (8.0%), Potamoyeton nodosus  (4.5%), and Nymphaea 
P 

t u b e r o s a  ( 3 ,  / k ) ,  

Area 8. This  a r e a  was east of upper Raf t  Channel and was sepa ra t ed  -- 

from i t  by a  t h i n  land  mass (Fig. 11).  The mean depth was 0.98 m. 

The cu r ren t  v e l o c i t y  averaged 0.019 m/sec. The c lay-s ize  f r a c t i o n  

c o n s t i t u t e d  60.06% of t h e  sediment. This  was predominantly a  f l o a t i n g -  

leaved commuriity conta in ing  Nelumbo p e n t a p e t a l a  (37.7%), Nymphaea 

t u b e r o s a  (23.9%), arid submergent spec i e s .  S a g i t t a r i a  r i g i d a  

(6.95%) and S a g i t t a r i a  (6.2%) were found near  t h e  s h o r e l i n e .  

Area 9 .  This  a r e a  was loca t ed  1.7 km downstream from t h e  head -- 

Running Slough (Fig.  4 ) .  The mean depth was 1.60 m. The c u r r e n t  
1 

l o c i t y  averaged 0.020 m/sec and was a  r e s u l t  of c u r r e n t s  coming 

om Running Slol~g1-i. Clay (74.16%) was t h e  main c o n s t i t u e n t  of t h e  



sediment.  No q u a n t i t a t i v e l y  s i g n i f i c a n t  amount of v e g e t a t i o n  was 

I p r e s e n t  due t o  t h e  depth  of t h e  water .  

I a 

Area 10. Located immedia.tely downstream from s t u d y  a r e a  8 

(Fig.  l l ) ,  a r e a  10 was n o t  s epa ra t ed  from a r e a  8 by any obvious 

I chemicgl o r  p h y s i c a l  b a r r i e r s .  Area 10 had a mean depth  of 0.96 m 

1 :  and a c u r r e n t  v e l o c i t y  of 0.030 m/sec. The c l a y - s i z e  f r a c t i o n  con- 

I ' s t i t u t e d  55.60% of  t h e  sediment.  The s i l t - s i z e  f r a c t i o n  c o n s t i t u t e d  

40.22% of t h e  sediment.  This  was predominantly a f l oa t i ng - l eaved  

community con ta in ing  Nymphaea t u b e r o s a  (5.9%) and Nelumbo p e n t a p e t a l a  

(4.1%). The pe r ime te r  of t h e  a r e a  possessed  emergent S c i r p u s  v a l i d u s  

(27.6%) and S a g i t t a r i a  l a t i f o l i a  (21.5%). 

Area 11. Located immediately o f f  Running Slough a t  t h e  down- 

stream end of a r e a  35 [Fig.  3 ) ,  a r e a  11 had a mean depth  of 0.51 m 

and a mean c u r r e n t  v e l o c i t y  of 0.034 m/sec. The sediment c o n s i s t e d  

of c lay . (69 .32%) and s i l t  (28.32%). Potamogeton nodosus  (21..3%), 

Cera to2hy l lum demersum (13.8%), and Lemnaceae (10.3%) were predominant 

i n  t h e  open water .  Emergent macrophytes were S a g i t t a r i a  l a t i f o l i a  

(37.1%) and S a g i  t t a r i a  r i g i d a  (9.7%) . 
I 

Area 12. This  a r e a  i s  r e f e r r e d  t o  a s  Ebner 's  Gravel  P i t  and i s  

loca t ed  e a s t  of a r e a  (Fig.  3 ) .  The mean depth  and c u r r e n t  v e l o c i t y  i 
va lues  were 4.91 m and b.039 m/sec, r e s p e c t i v e l y .  The s i l t - s i z e  

f r a c t i o n  c o n s t i t u t e d  50.60% of t h e  sediment;  t h e  c l ay - s i ze  f r a c t i o n  

c o n s t i t u t e d  44.68%. Due t o  t h e  dep th ,  v e g e t a t i o n  was r e s t r i . c t ed  t o  
7 

the sha l lower  ci rcumference of  t h e  a r e a  and c o n s i s t e d  predominantly 

of C e r a t o p h y l l  urn d e m e r s u ~ i ~  (43.6%) and V a l l i s n e r i a  ( 4 3 . 4 % ) .  



Area 13. Area 13  opened a t  i t s  lower end i n t o  a r e a  11 (Pig.  3 ) .  

The mean depth was 1.50 m. The mean c u r r e n t  v e l o c i t y  was 0.042 mlsec. 

The sediment cons i s t ed  of medium sand (30.91%). Area 1 3  w a s  long and 

s l ende r .  It w a s  t oo  deep and t u r b i d  t o  suppor t  an  apprec i ab le  amount 

of a q u a t i c  vege ta t ion .  Emergent v e g e t a t i o n  was no t  p re sen t .  Sub- 

: mergent Cera tophy l lum demersum (64.35%) and Potamogeton f o l i o s u s  

, (21,4%) were t h e  predominant macrophyte s p e c i e s  encountered. 

Area 14. S i t u a t e d  i n  t h e  upper end of t h e  Stoddard'stump f i e l d  

(Fig.  6 ) ,  a r e a  14 had a  mean depth of 1.61 m w i t h  a mean c u r r e n t  

v e l o c i t y  of 0.078 mlsec. The water  c u r r e n t s  were b e s t  cha rac t e r i zed  

' a s  be ing  slow s h e e t i n g  movements t h a t  were uniform throughout , t h e  

e n t i r e  a r ea .  The sediments were composed of s i l t  (11.23%), f i n e  

sand (13.96%), and c l a y  (66.05%). Deep-water submergent communities 

t y p i c a l  or  t h e  soutnern  po r r ion  of t h e  pool  were p re sen l .  Tne primary 

macrophytes were V a l l i s n e r i a  americana (35.9%), Cera tophy l lum demersum 

(22.9%), and Elodea c a n a d e n s i s  (20.5%). 
a .  

Area 15. Area 15 was cont iguous wi th  and loca t ed  below a r e a  14 

Fig .  6 ) .  The mean depth  was 1.73 m. The c u r r e n t  v e l o c i t y  averaged 

0.102 mlsec. A s  i n  a r e a  1.4-, t h e  water  c u r r e n t s  were ca t egor i zed  a s  

iform, slow shee t ing  movements. S i l t  (16.67%) and c l a y  (41.88%) 

h a r a c t e r i z e d  t h e  s e d i ~ n  n t s .  Typica l  of t h e  southern  p o r t i o n  of t h e  e 01, deep-water submerg n t  communities were p re sen t .  The primary 

crophytes  were V a l l i s n e x i a  americana (66.3%), Cera tophy l lum demersum 

(16.8%), and Potamogeton nodosus  (11.6%). 
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Area 16. Located below a r e a  6 j u s t  e a s t  of Raf t  Channel (Fig.  12) ,  

a r e a  16 had a mean depth of 1.22 m and a c u r r e n t  v e l o c i t y  of 0.116 m/sec. 

I The increased  c u r r e n t  v e l o c i t y  was t h e  r e s u l t  of a chu te  o f f  Ra f t  

Channel l oca t ed  near  t h e  dowr~stream end of a r e a  6. The c l ay - s i ze  

f r a c t i o n  composed 46.44% of t h e  sediment.  The c e n t r a l  p o r t i o n  of t h i s  

a r e a  was deep and open. Float ing-leaved and emergent v e g e t a t i o n  was 

p re sen t  a long  t h e  per iphery  and cons i s t ed  of S a g i t t a r i a  l a t i f o l i a  

(50.5%), ~ a ~ i t t a r i a  r i g i d a  (27.7%), and Nymphaea t u b e r o s a  (14.2%). 

Area 17. Located below a r e a  16 (Fig.  12) ,  t h i s  a r e a  had a mean 

1 depth of 1.35 m w i t h  a c u r r e n t  v e l o c i t y  of 0.134 mlsec. A s  i n  a r e a  16, 
I ,  

t h i s  increased  c u r r e n t  v e l o c i t y  was due t o  t h e  chu te  o f f  Raf t  Ch.anne1, 

Clay and s i l t  c o n s t i t u t e d  53.64% and 30.65%, r e s p e c t i v e l y ,  of t h e  

sediment. The c e n t e r  of a r ea  17 was open and deep. Float ing-leaved 

2nd cccrgcz t  -:e,-c:acion rras :recent alen;; t h e  ec?;cs. S ~ y i t t z r 3 a  Lcti-fclir? 

(56.7%), Nymphaea t u b e r o s a  (20.1%), and C e r a t o p h y l l u m  (12.5%) were 

- Area 18. S i t u a t e d  west of t h e  main channel ,  downstream from t h e  
-4 

below Bro.r.msville, Minnesota (Fig.  12) ,  a r e a  18 had a mean 

depth of 0.95 m. The c u r r e n t  v e l o c i t y  was 0.136 m/sec. An in f low of 

t e r  from t h e  main channel  caused t h e  c u r r e n t s  i n  s tudy  a r e a  1.8. 

e sediment was 1-arge1.y composed of c l a y  (61.39%). A deep-water 

bmergent community dominated by V a l l i s n e r i a  americana (90.9%) w a s  

7 
Area 19. Area 19 was s i t u a t e d  downstream from a r e a  12 (F ig-  3)  

a r e a s  12 and 19 contained deep, dredged po r t ions .  The mean depth  



I 57.10% of the sediment, while clay composed 27.39% of the sediment. 

The central portion of the area was too deep to support aquatic vegeta- 

l tion. The shallower peripheral areas supported Cera tophy l lum demersum 

I ( 6 7 . 6 % ) ,  Lemnaceae ( 1 6 . 7 % ) ,  and H e t e r a n t h e r a  dub ia  ( 8 . 9 % ) .  

Area 20.  This area was located in the upper Goose Island back- 

waters (Pig. 4). The area was characterized as being pond-like 
I 

I Small feeder channels connected to Running Slough supplied an inflow 

, of water to the area. The sediments were primarily composed of fine 

, sand ( 4 0 . 0 7 % ) ,  clay ( 2 0 . 9 3 % ) ,  and medium sand ( 2 0 . 2 6 % ) .  Emergent, 

float.ing-leaved, and shallow-water submergent communities typical of 

I the midsection oZ Pool 8  were supported. S a y i t . i a ~ . i a  l a t i f o l i a  ( 3 6 . 5 % )  

I and S a g i t t a r i a  r i g i d a  ( 28 .7%)  were the major emergent macrophytes. 

The floating-leaved Nelumbo p e n t a p e t a l a  ( 8 . 0 % )  and the submergent 

Cera tophy l lum dernersum ( 9 . 8 % )  were also present. 

Area 21. Located at the lower end of the Stoddard stump field 

(Fig. 6 ) ,  study area .21 had a mean depth of 2.64 m with a current 

vel-ocity of 0 .206  m/sec. The sediments were composed of fine sand 

49.67%)  and silt ( 51 .19%) .  Area 2 1  was similar to areas 14 and 15; 

however, fewer landforms were present to protect it from the currents 

f the main channel; Tlie dominant macrophytes in this deep-water 

bmergent community were V a l l i s n e r i a  americana (63.8%), potamogeton 

osus ( 2 0 .  I % ) ,  a h  Ceratophyllurn ( 7 . 6 % ) .  ? 
Study area 22 was situated at the upper end of Crosby 



Slough (Fig. 9 ) .  It had a mean depth  of 2.26 m wi th  a c u r r e n t  v e l o c i t y  
? 

of 0.218 m/sec. Fine sand and medium sand c o n s t i t u t e d  58.15% and 

34.73%, r e s p e c t i v e l y ,  of t h e  sediments .  Macrophyte growth was n o t  

favored because of t h e  depth, s w i f t  c u r r e n t ,  and sediments of t h e  

channel. The sha l lower ,  p e r i p h e r a l  a r e a s ,  however, could suppor t  

p l a n t  comrnunlties i n  which t h e  dominant s p e c i e s  were S a g i t t a r i a  l a t i f o l i a  

(49.2%), C e r a t o p h y l l u m  demersum (16.2%), Nelurnbo (15.4%), and S a g i t t a r i a  

r i g i d a  (6.5%) . 

Area 23. S i t u a t e d  immediately downstream from a r e a  22 (Fig.  l o ) ,  

a r e a  23 had a mean depth of 1.84 m. The c u r r e n t  v e l o c i t y  of 0.235 m/sec 

was s l i g h t . 1 ~  higher  than  t h a t  of a r e a  22 probably due t o  t h e  shal lower 

depth  found i n  a r e a  23. A high i n f l u x  of sediments caused t h e  down- 

s t ream end t o  be f a i r l y  shaiiow. 'Lne sediment was mainLy composed or 

c l a y  (30.86%) and s i l t  (28.84%). Area 23 supported a macrophyte 

popula t ion  which was more dense than  a r e a  22. The major s h o r e l i n e  

macrophytes were S a g i t t a r i a  l a t i f o l i a  (54.3%), S a g i t t a r i a  r i g i d a  

(15.0%), and Elodea c a n a d e n s i s  (10.1%). 

Area 24. This  a r e a  was loca t ed  immediately above a r e a  21 i n  Phe 

Stoddard stump f i e l d  (Fig,  6 ) .  The mean depth  was 1.71 m. h c u r r e n t  

v e l o c i t y  of 0.282 m/sec was p re sen t .  The sediments were l a r g e l y  

composed of f i n e  sand (40.92%) and s i l t  (46.77%). Areas 21 and 24 

resembled one another  i n  genera l  e c o l o g i c a l  c h a r a c t e r i s t i c s  and 

vege ta t ion .  v a i l i s n e r i a  americana (66.9%), Nymphaea t u b s r o s a  (13.2%), 
I 

and H e t e r a n t h e r  d u b i a  (8.2%) were t h e  dominant macrophytes. ? 
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Area 25. Study a r e a  25 was loca t ed  w i t h  i t s  downstream end a t  

I t h e  lower end of Running Slough (Fig. 5 ) .  Numerous smal l ,  meandering 

channels f ed  t h i s  l a r g e  lake-type a r e a .  The mean depth was 0.61 m 

w i t h  a c u r r e n t  ve loc i ty  of 0.292 m/sec. The sediments were composed 

l a r g e l y  of s i l t  (54.68%), f i n e  sand (21.26%), and c l a y  (14.79%). 

Although t h e  a r e a  was shallow, t h e  growth of most a q u a t i c  macrophytes 

I could no t  be  supported.  A few pa tches  of Potamogeton nodosus  (6.5%) 

were p re sen t .  Sag i  t t a r i a  l a t i f o i i a  (67.2%) and S a g i t t a r i a  r i g i d a  

(20.3%) dominated t h e  s t ands  of emergent s p e c i e s  which bordered t h e  

a r ea .  

Area 26. This  a r e a  was loca t ed  immediately below a r e a  18 (Fig.  13). 

S imi la r  t o  a r e a  25, a r e a  26 was a l s o  a l a r g e  lake-type a r e a  w i t h  a 

mean depth of 1.02 m and a c u r r e n t  v e l o c i t y  of 0.301 m/sec. The 

rclci:l-~el-,- high CxrrcEt -b -c lzz l ty  c2n bc ~ t t r T b c t e 2  t? t h e  ~ z i n  cFsnq~1  

border ing  on t h e  e a s t e r n  boundary of a r e a  26 and t h e  numerous f eede r  

channels  o f f  Ra f t  Channel t o  t h e  west.  F ine  sand (18.04%), s i l t  (38.10%), 

and c l a y  (23.02%) comprised most of t h e  sediment.  A deep-water sub- 

mergent community dominated by V a l l i s n e r i a  americana (80.2%) and 

Heteran thera  d u b i a  (9.8%) was p r e s e n t .  

Area 27. Located o f f  Running Sl-ough (Fig. 4 ) ,  a r e a  27 was a 

sma l l  s idePchanne l  w i t h  a mean depth  of 2.34 m and a c u r r e n t  v e l o c i t y  

of 0.305 m/sec. The sediments were mainly composed of f i n e  sand 

(61.52%) and medium sand (26.22%). Vegetat ion was only  p re sen t  i n  

t h e  sha l lower ,  p e r i p h e r a l  waters .  S a g i t t a r i a  l a t i f o l i a  (67.5%), 

S a g i  t t a r i a  r i g i d a  ( I s%) ,  and Nymphaea t u b e r o s a  (6.6%) were we- 

dominant. 



Area 28. S i t u a t e d  i n  t h e  main channe l  w i t h  i t s  ups t ream end 

b o r d e r i n g  t h e  mouth of Crosby Slough (F igs .  9 and l o ) ,  s t u d y  area 28 

had a mean d e p t h  of 4.73 m. The c u r r e n t  v e l o c i t y  averaged  0.344 m/sec.  - 

P i n e  sand (67.47%) and medium sand (32.20%) predominated i n  t h e  

I sed iments .  The a r e a  possessed  v e g e t a t i o n  mainly  on t h e  s h a l l o w  

1 : 

b o r d e r s ,  w i t h  V a l l i s n e r i a  americana ( 5 9 . 0 % ) ,  Potamogeton p e c t i n a t u s  

(26.0%), and Potamoqeton nodosus  (13.3%) b e i n g  predominant.  

Area 29. Study area 29 was l o c a t e d  a l o n g  t h e  wes t  s i d e  of t h e  

main channe l  a t  t h e  lower end o f  t h e  "S" c u r v e  (Fig .  12) .  The mean 

d e p t h  was 1 .63 m w i t h  a c u r r e n t  v e l o c i t y  o f  0.352 m/sec. F i n e  sand  

' (30.70%), s i l t  (29.23%), and c l a y  (27.71%) l a r g e l y  composed t h e  

sed iments ,  Large  s t a n d s  of emergent S a g i t t a r i a  l a t i f o l - i a  bordered  

t h e  area. The predominant macrophytes were  V a l l i s n e r i a  americana 

I (54.0%), Nymphaea t u b e r o s a  (31.6%),  and Potamogeton nodosus  (14.4%).  

Area 30. T h i s  a r e a ' w a s  l o c a t e d  a s h o r t  d i s t a n c e  downstream from 

the e n t r a n c e  t o  R a f t  Channel (F ig .  11) .  T h i s  a r e a  was r e l a t i v e l y  deep 

.31% of  t h e  sedim6nts .  The dominant macrophytes  a l o n g  t h e  s h o r e l i n e  

ere S a q i t t a r i a  l a t i f o l i a  (48.8%),  S a q i t t a r i a  r i g i d a  (18 .8%) ,  and 

a sandbar  n e a r  t h e  e a s t e r n  s h o r e  o f  t h e  area. 

,Area 31. Located a t  t h e  downstrea~n end of area 27 a l o n g  w i t h  



s w i f t  (mean c u r r e n t  v e l o c i t y ,  0.393 m/sec) ,  and open c h a n n e l s .  The 

sed iments  were composed of f i n e  sand  (36.85%),  medium sand (22.32%),  

t 

1 and s i l t  (16.02%). S t a n d s  of S a g i t t a r i a  l a t i f o l i a  (74.1%), Ceratophyllurn 

demersum (6 .8%),  S a g i t t a r i a  r i g i d a  (5 .0%) ,  Nymphaea t u b e r o s a  (4 .6%),  

and Potarnogeton nodosus  (3 .4%) were  found a l o n g  t h e  p e r i p h e r y  o f  t h e  

. a r e a .  

Area 32. Study a r e a  32 bordered  t h e  downstream edge of area 30 

and i n c l u d e d  t h e  w i d e s t  p a r t  o f  R a f t  Channel (Fig .  1 2 ) .  The mean 

dept.h'was 2.01 m. The c u r r e n t  v e l o c i t y  averaged  0.407 m/sec.  F i n e  

sand  and medium sand comprised 62.17% and  27.95%, r e s p e c t i v e l y ,  of 

t h e  sed iments .  The r e l a t i v e l y  deep and open w e s t e r n  p o r t i o n  o f  t h e  

a r e a  s u p p o r t e d  a s m a l l  amount o f  V a l l i s n e r i a  americana (9 .6%) .  The 
t 

s h a l l o w e r  e a s t e r n  s h o r e  w a s  dominated by S a g i t t a r i a  l a t i f o l i a  (64.6%),  

C e r a t o p h y i l  will1 d e ~ ~ e r s u m  (i2.57b; , and iJy:~... . piihea tnb;.~osi i  (3.37;) . 

Area 33.  T h i s  area was l o c a t e d  i n  t h e  main channe l  a t  t h e  down- 

ream end o f  t h e  "S" c u r v e  (Fig .  6 ) .  The mean d e p t h  was 6 .71 m w i t h  

a n  c u r r e n t  v e l o c i t y  o f  0.411 m/sec. Sediment-s ize  f r a c t i o n  #4 

Area 34. Area 34, l o c a t e d  i n  t h e  midd le  r e a c h  of Running Slough 

0.448 m/gec. ~ e d i ~ h e n t - s i z e  f r a c t i o n s  (13 (medium sand)  and #4 

and) composed 40.63% and 41.56%, r e s p e c t i v e l y ,  o f  t h e  sed iments .  

n e r a l  eco log i . ca1  & t e r i s t i c s  o f  t h i s  



c u r r e n t  v e l o c i t y ,  however, b e c a u s e  o f  t h e  s i d e  c h a n n e l s  b r a n c h i n g  o f f  

a t  t h e  downstream end of a r e a  35. Nymphaea t u b e r o s a  (100%) was t h e  

o n l y  macrophyte sampled a l o n g  t h e  p e r i p h e r y .  

Area 35.  Located i n  t h e  upper  s e c i o n  of Running Slough ( F i g .  3 ) ,  

area 35 w a s  r e l a t i v e l y  deep (mean d e p t h ,  2.91 m) and was q u i t e  c h a n n e l l e d .  

The c u r r e n t  v e l o c i t y  was 0 .463 m/sec.  F i n e  sand and medium sand  made 

up 35.03% and  46.35%, r e s p e c t i v e l y ,  of t h e  sed iment .  The main c h a n n e l  

p rov ided  t h e  a r e a  w i t h  i t s  water flow. A q u a t i c  macrophytes c o u l d  

b e  s u p p o r t e d  o n l y  a l o n g  t h e  s h a l l o w e r  s h o r e l i n e  a r e a s .  Cera tophy l lum 

r demersum (70.4%) was t h e  dominant s p e c i e s .  

I 
I Area 36. Located o f f  t h e  east s i d e  of t h e  main c h a n n e l  and a 

s h o r t  d i s t a n c e  downstream from t h e  e n t r a n c e  t o  Running Slough (F ig .  8),  

I a r e r  35 r e c e i v e d  i t s  prj~1.7-y i n f 3 . o ~  of w a t e r  from t h e  main channe l .  

It £lowed back i n t o  t h e  main channe l  approx imate ly  350 m e t e r s  down- 

s t r e a m  from i t s  o r i g i n .  The mean d e p t h  w a s  1 .33 m. The c u r r e n t  

v e l o c i t y  averaged 0.470 m/sec. Sediment-s ize  f r a c t $ o n s  /I4 and  /I5 

comprised 49.71% and 32.13%, r e s p e c t i v e l y ,  of t h e  sed iments .  A q u a t i c  

macrophytes cou ld  n o t  b e  s u p p o r t e d  i n  t h e  c e n t r a l  p o r t i o n  o f  t h e  a r e a .  

e s p i t e  t h e  r e l a t f v e l y  s h a l l o w  w a t e r ,  t h e  h i g h  c u r r e n t  v e l o c i t y  and 

s a n d - l i k e  s e d i m e n t s  were  n o t  condusc ive  t o  macrophyte growth. Along 

he s h o r e l i n e ,  t h e  dominant macrophytes  were S a g i t t a r i a  l a t i f o l i a  

4.7%),  ~ a g i  t i a r i a  r i g i d a  (20.2%), Potamogeton nodosus  ( 1 4 . 9 % ) ,  and 

Heteran thera  dub ia  ( 1  1.3%).  
\\ 

Area 37. T h i s  ah a, l o c a t e d  downstream from t h e  S toddard  stump 7 
e l d  and bordered  on i t s  w e s t e r n  s i d e  by t h e  main c h a n n e l  (F ig .  71, 



rece ived  heavy flow from the  main channel.  ~ r e a '  37 had a mean depth 
I 

of 1.33 m and a c u r r e n t  v e l o c i t y  of 0.527 m/scc. The sediments were 

composed of f i n e  sand (31.72%) and s i l t  (52.60%). Large beds of 

submergent v e g e t a t i o n  were supported.  The dominant s p e c i e s  w e r e  

V a l l i s n e r i a  americana (G4.42), Potamogetorl nodosus  (1 6.7%) , and 

Lemnaceae (12.0%). 

Area 38. S i t u a t e d  i n  t h e  f a r t h e s t  downstreani p o r t i o n  of Running - , 

Slough t h a t  was sampled (Pig. 4 ) ,  s tudy  a r e a  38 was a channel led 

I 
a r e a  wi th  a mean depth of 1.89 m and a c u r r e n t  v e l o c i t y  of 0.534 m/sec. 

1 ,  The sediments were composed of medium sand (36.22%) and f i n e  sand 

(52.57%). Vegetat ion occurred mainly along t h e  s h o r e l i n e  a r e a s .  The 

I dominant s h o r e l i n e  s p e c i e s  were Potamoyeton nodosus  (28.95%), 

I S a g i t t a r i a  ri y i d a  (18.8%) , Nymphaea t u b e r o s a  (13.3%), and Sa y i  t t a r i a  

i 
Area 39. Area 39 was s i t u a t e d  below a r e a  32 (Fig.  12).  This  

s tudy  a r e a  was t h e  f a r t h e s t  downstream p o r t i o n  of Ra f t  Channel t h a t  was 

sampled. The depth  averaged 2.33 m wi th  a mean c u r r e n t  v e l o c i t y  of 

0.578 m/sec. Sediment-size f r a c t i o n  /I4 ( f i n e  sand) comprised 80.11% 

of t h e  sediment.  Due t o  t h e  depth and c u r r e n t  v e l o c i t y ,  ve ry  l i t t l e  

vege ta t ion  was p re sen t .  S a y i t t a r i a  l a t i f o l i a  (54.1%) and Potamoyeton 

nodosus  (13.0%) were t h e  predominant s p e c i e s  along t h e  sha l low e a s t e r n  

boundary and a long  t h e  c e n t r a l l y  l oca t ed  i s l a n d .  

Area 40. Located i n  t h e  uppermost p o r t i o n  of Raf t  Channel 

(Fig. l l ) ,  a r e a  40 had depth of 1.90 m and a c u r r e n t  v e l o c i t y  

of 0.587 m/sec. The v e l o c i t y  was caused by t h e  d i r e c t  



flow from the main channel. The sediments were largely composed of 

sediment-size fractton /I4 (82.07%). Most of area 40 was open with the 

S majority of macrophytes restricted to the peripheral areas. S a g i t t a r i a  

l a t i f o l i a  (84.0%), Potamogeton p e c t i n a t u s  (10.9%), and C e r a t o p h y l l u m  

demersum (3.1%) predominated. 

Area 41. Study area 41 was a narrow chute located along an out- 
- 

side curve of the main channel (Fig. 6). The area was relatively 

deep (mean depth, 3.70 m). The current velocity averaged.0.720 m/sec. 

Area 41 had the highest current velocity of all areas. Fine sand 

(51.64%) and medium sand (44.00%) were the main constituents of the 

' sediments. Aquatic vegetation was absent in the open areas of the 

, chute. The major species bordering the area were V a l l i s n e r i a  amesicana 

(56.6%), Nymphaea t u b e r o s a  (11.5%), and Potamogeton r i c h a r d s o n i i  







Fig .  4. . A e r i a l  photograph, 1974,  of 
backwaters of  t h e  upper Goose I s l a n d  

T J ~ F : ~  W z s i s s i n n j -  r~ . ?.:i.~.?pr, 

middle Running Slough and a d j o i n i n g  
area i n  Navigation Pool  No. 8 of 





Fig. 5. Aerial photograph, 1974, of lower Running Slough and ad jo in ing  
backwaters of the Goose I s l and  a r e a  i n  Navigation Pool No. 8 of the 
7 7  ---- ax.--: pF  . . 
,,yfl..L ~ ~ ~ ~ ~ ~ ~ ~ i ; g :  Xzi-C:. 





Fig.  6 .  A e r i a l  photograph,  1974 ,  o f  t h e  Stoddard stump f i e l d s  east of  
t h e  main c h a n n e l ,  a d j a c e n t  t o  S toddard ,  Wisconsin,  j n  N a v i g a t i o n  Pool  
I T p ,  8 pf t h o  I_T??er M i ~ c i c q j - ? ? j  P j ~ r ~ r ,  









Fig .  8. A e r i a l  photograph,  1974,  of  t h e  main channe l  and backwaters  
inlmediatelp downstream from the mouth of  Running Slough w i t h  t h e  mouth 
3 2  P,c;ot Ei-rer cr, t?-2 :.-zet z i - l r  of t h o  :r,zfn c 1 - z n ~ L  i n  ??zr;'?g?tic~ 
Pool  No. 8 of the  Upper M i s s i s s i p p i  R ive r .  





Fig.  9.  A e r i a l  photograph,  1974, of t h e  main channel and upper  Crosby 
Slough i n  Naviga t ion  Pool  No. 8 of t h e  Upper Mississippi River. 









Fig .  1 1 .  Aerial photograph, 1974,  o f  t h e  confluence of Raft Channel 
a ~ l d  the  m i r r  channelj iwmediately b e 1 . n ~ ~  B s o T ~ T I I s v ~ ~ . : ! ~ ~  rViFnnes0t-R i n  
'i;avi,gatlsn T o u i  ?;'.. 0 O VL .-,.' tlil ZLipGr ~ . : i s s ~ s s L p p i  I;ic;;, 













RESULTS 

An i n v e n t o r y  o f  t h e  b e n t h i c  f a u n a  o f  Naviga t ion  P o o l  No. 8 o f  

< 

t h e  Upper M i s s i s s i p p i  R i v e r  was p r e p a r e d  by s a ~ n p l i n g  t h e  4 1  s t u d y  

areas t w i c e  d u r i n g  t h e  summer of 1975 (Tab le  1). Copies of t h e  

o r i g i n a l  d a t a  are on  f i l e  a t  t h e  U n i v e r s i t y  o f  Wisconsin-La Crosse  

River  S t u d i e s  Cen te r .  The t a x a  c o l l e c t e d  p e r  sample,  t h e  number o f  

i n d i v i  d u a l s  p e r  taxon,  t h e  t o t a l  nuniher o f  c o l l e c t c ~ d  organisms p e r  

sample,  and t h e  t o r a l  wet w e i g h t s  f o r  e a c h  sample a r e  i n c l u d e d .  

One hundred f o r t y - f o u r  taxonomic c a t e g o r i e s  were  found i n  t h e  

616 b o t t o n  c o l l e c t i o n s .  A t o t a l  o f  90,693 representatives of t h e  

Phyla  P l a t y h e l i n i n t h e s ,  Ne~natoda, Annelids, Arthropoda,  and Mollusca  

were  countedi, weighed, and i d e n t i f i e d .  

'The  q u a l i t a t i v e  and c j v a n t i t a t i v e  compos i t ions  o f  t h e  b e n t h i c  

of p a r t i c u l a r  b e n t h i c  forms were r e f l e c t e d  i n  t h e  d i s t r i b u t i o n a l  
I 

r e l a t i o n s h i p s  between t h e  beritrhic m a c r o i n v e r t e b r a t e s  and t h e  chemica l ,  

'physical . ,  and b i o l o g i c a l  c o n d i t i o n s .  Members o f  t h e  C l a s s  O l i g o c h a e t a  

were u b i q u i t o u s  w h i l e  t h e  s p a t i a l  and t empora l  d i s t r i b u t i o n s  o f  many 

o t h e r  b e n t h i c  forms were  s p o r a d i c .  

Chemical-Physical  Water Q u a l i ~ y  -- -- 

( '  
Chemical-physical  w a t e r  d a t a  f o r  t h e  41 s t u d y  a r e a s  are 

sun~marized i n  Tab le  2. A t r e n d  toward d e c r e a s i n g  eu t rophy  o c c u r r e d  

from a r e a  1 t o  area 4.1. The t r o p h i c  s t a t u s  o f  each  a r e a  was p r i m a r i l y  

based on c u r r e n t  v e l o c i t y ,  t u r b i d i t y ,  d i s s o l v e d  oxygen l e v e l s ,  sed iment  



Table 1. Benthic niacroinvertebrates collected from all study areas, 
Navigation Pool No. 8, Upper Mississippi River, summer, 1975. 

PLATYHELMINTHES 

Turbellaria 

NEMATODA 

ANNEL IDA 

0li.gochaeta 
Hirudinea 

ARTHROPODA 

Crus tacea 

Malacos traca 

ISOPODA 

A s e l l u s  m i l i  t a r i s  Hay 

AMPHIPODA 

Ca,mr"ruc fa:sci?P!.ls Ssy 
H y a l e l l a  a z t e c a  (Saussure) 

DECAPODA 

Arachnoidea 

HYDRACARINA 

Unidentified Hydracarina 
A r r e n u r u s  
Hydrachna 

PLECOPTERA 

Perlidae 

P e r l e s t a  p l a c i d a  (Hagen) 

Unidentified Ephemeroptera 



Table 1. (cont'd) 

Siphlonuridae 

Unidentified Siphlonuridae 
l s o n y c h i a  Eaton 
S i p h l o n u r u s  Eaton 

Heptageniidae 

Unidentified Heptageniidae 
Stenonema Traver 

Tricorythidae 

T r i  cor y t h o d e s  Ulmer 

Caenidae 

Unidentified Caenidae 
B r a c h y c e r c u s  Curtis 
C a e n i s  Stephens 

Ephemeridae 

Unidentified Ephemeridae 
Hexagenia  Walsh 
H-.xz'~.-3~ia bi Iznc, tc (Cey) 
Hexagenia  l i m b a  t a  (Serville) 

I , P e n t a g e n i a  Walsh 

Polymi tarcidae - 
Ephoron Williamson 

ODONATA 

Lestidae 

L e s t e s  Leach 

Coenagrionidae 

Unidentified Coenngrionidae 
Enal lagma Charpentier 

Gomphidae 

~ron?ogomphus  S el y s 
Gomphus Leach 
Ophiogolfiphus Selys 



B 

Table 1. (cont'd) 

Aeshnidae 

Anax Leach 

HEMIPTERA 

Notonectidae 

Buenoa Kirkaldy 
Notonec ta  Linnaeus 

Corixidae 

Unidentified Corixidae 
Unidentified Corixidae female 
T r i  c h o c o r i x a  Kirkaldy 

MEGALOPTERA 

Uni.dentif ied Megaloptera 

Corydalidae 

C h a u l i o d e s  Latreille 

S i . a l i s  Latreille 

TRICHOPTERA 

Unidentified Trichoptera larva 
Unidentified Trichoptera pupa 

C y r n e l l u s  Banks 
N e u r e c l i p s i s  McLachlan 
P h y l o c e n t r o p u s  Banks 
Pol y c e n t r o p u s  Curtis 

Hydropsychidae 

Unidentified Hydropsychidae larva 
Unidentified Hydropsychidae pupa 
Cheumatopsyche Wallengren 
Hydropsyche Pictet 



Table 1. (cont'd) 

Hydroptilidae 

Unident:ified Hydrop tilidae pupa 
H y d r o p t i l a  Dalman 
S t a c t o b i e l l a  Martynov 

Leptoceridae 

Unidentified Leptoceridae larva 
Unidentified Leptoceridae pupa 
L e p t o c e r u s  Leach 
N e c t o p s y c h e  Miillcr 
Oecetis McLachlan 
T r i a n e n o d e s  McLachlan 

LEPIDOPTERA 

Pyralidae 

Nymphula Schrank 
Paraponyx  Hubner 

COLEOPTERA. 

Gyrinidae 

D i n e u t u s  MacLeay 
G y r i n u s  (Geoffroy in) MGller 

Hydrophilidae 

Helophorus  Fabrici.uk 

Elmidae 

Dubi raph ia  Sander son 
S t e n e l m i s  Dufour 

Chrysomelidae 

Donacia Fabricius 

DIPTERA 

Nematoccra 

Unidentified Nematocera larva 



Table 1. (cont'd) 

Psychodidae 

Psychoda Latreille 

Chaoboridae 

C l ~ a o b o r u s  Lichtens tein 

Unidentified Sinuliidae pupa 
E u s i m u l i  um Roubaud 
S i m u l i u m  Latreille 

Chironomidae 

Unidentified Chironomidae larva 
Unidentified Chironomidae pupa 
Unidentified Tanypodinae larva 
Chironomus Meigen 
Cryp toch i ronomus  Kieffer 
Cryp toc ladope lma  
Delni c r y p t o c h i r o n o m u s  
D i c r o t e n d i p e s  Kief fer , 
E.i.nfe 7 d i a  Thienemann 
EJI~oc, \~~-G~;GXC;S K i ,  f f ;?r 
G l  y p t o t e n d i p e s  Kief fer 
H a r n i s c h i a  Goetghebuer 
K i c r o t e n d i p e s  Kief fer 
Parachironomus  Eenz 
Parac l  adopelma 
P a r a l a u t e z - b o r n i e l l a  Lenz 
P a r a t e n d i p e s  Kief f er 
P o l y p e d i l u m  Kieffer ' 

Pseudochironomus  Malloch 
S t e n o c h i r o n o m u s  Kicffer 
S t i c t o c h i r o n o m u s  Kieffer 
Xenochironomus Kieffer 
Para t a n y t a r s u s  Bause 
Rheo tan  y t a r s u s  Bause 
S tenrpe l l  i n a  Bause 
T a n y t a r s u s  Van der Wulp 
Symnpot thas t ia  
C a r d i o c l a d i u s  Kief fer 
C r i c o t o p u s  Van der Wulp 
F=poicocladi u s  Zavrel 
~ u k i e f f e r i e l l a  Zavrel 
P s e c t r o c l a d i u s  Ki ef f er 
Smi t t i a  Holmgren 
C l i n o t a n y p u s  Kieffes 



Table 1. (cont'd) 

Coelo tanypus  Kieffer 
Pentaneura Philippi 
P r o c l a d i u s  (Skuse) Edwards 
P s e c t r o t a n y p u s  Kieffer 
Tanypus Meigen 

Ceratopogonidae 

Unidentified Ceratopogonidae larva 
Uniden.tified Ceratopogonidae pupa 
Atr ichopoqon Kief fer 
B e z z i a  Kief fer 
Dasyhelea Kieffer 
Palpomyia Meigen 

Brachycera 

Stratiomyiidae 

Euparyphus Gerstaecker 

Tabanidae 

Chrysops  Meigen 

P~OLLUSCA 

Gas tropoda 

Unidentified Gastropoda 

CTENOBRANCHIATA 

Amnicolidae 

Amnicola Gould and Haldeman 

Pleuroceridae 

Pleurocera  Rafinesque 
\ 

Valvatidae 

V a l v a t a  Miiller 
V a l v a t a  s i n c c r a  Say 
Valva  t a  t r i c a r i n a t a  (Say) 



Table I. (cone 'd) 

Viviparidae 

Campeloma Rafinesque 
L i o p l a x  Troschel 
V i v i p a r u s  Montfort 

S t a g n i c o l a  emarg ina ta  (Say) 

Physidae 

Aplexa Fleming 
Physa Draparnaud 

Planorbidae 

Gyraul  u s  Charpentier 
Heli soma Swainson 

Pelecypoda 

Unionidae 

Amblema r a r i p l i c a t a  Rafinesque 
Anodonta Laaarck 
Anodon to ides  Simpson 
Caruncu l ina  parva (Barnes) 
Fusconaia  undata  Ortmann 
L a m p s i l i s  Rafinesque 
Lasmigona Lea 
L i  gumi a Swains on 
O b l i g u a r i a  r e f l e x a  (Rafinesque) 
Quadrula  metanevra (Rafinesque) 
Quadruia  p u s t u l o s a  (Lea) 
Quadrula  quadrn la  (Rafinesque) 
Y r u n c i l l a  t r u n c a t a  (Rafinesque) 

Unidentified Sphaeriidae 
Musculiunz Link 
P i s i d i u m  Pfeif fer 
Sphaerium Scopoli 



tudy' , a r e a s ,  Nav iga t i on  P o o l  No. .8 , Upper ; . l i s s i s s ipg i  River, suzuner, 1975. 

-- - ----- 
Pl~ysicnl-CI:emical Pa rame te r  

- .--- -- -,- -------- - - 
S t a d y  
Ax2s - Sedimerlt Par t in . le  S i z e  F r a c t i o n  <%) 

Currrilt 
- 

Disso lved  Organ ic  Ea2 NO - PO 3- 
Denth  V e l o c i t y  Tu;rbidity Oxygan Tam9cratrtre Ni t rogen .. 2 4 
(m) (misec)  (NTi1) ' (ng/ l )  ( O C )  (vg/g) '  ( ~ g / g )  ( w i g )  ( i ~ g i g )  1 ‘. q 3 4 5 6 

22.0 
35.0 
26 .0  
25.0 
25.5 
21.5 
25.8 
21.5 
25.8 
21.1 
24.0 
25.0 
2L.5 
"4 .0  
25.0 
22.0 
25.0 
22.0 
24.0 
24.5 
21.7 
24.0 
25.0 
23.2 
2r,. 0 
23.0 
25.0 
23.5 
24.0 
24.C 
25.0 
24.0 
73.0 
25.0 
25.0 
25.0 
I S .  9 
20.0 
24. 0 
14.G 
25.L 



organic nitrogen and nitrate, sediment particle size, and macrophyte 

biomass. The more eutrophic areas (areas 1-18) were characterized 
L 

by undetectable or low current velocities, low turbidities, low 

dissolved oxygen levels, high sediment organic nPtrogen and nitrate 

concentrations, and fine sediments. These more eutrophic areas also 

supported larger amounts of macrophyte biomass than did the less 

eutrophic areas (Sefton 1976). Sefton reported that areas 4, 12, 19, 

22-36, and 38-41 did not support any significant macrophyte biomass. 

Depth ranged from 0.51 m (area 1L) to 6.71 m (area 33). Current 

velocities increased from undetectable (areas 1-5) to 0~720 m/sec 

(area 41). Turbidity was lowest in the most eutr0phi.c areas (areas 1-5) 

and ranged from values of 11 NTU and 12 NTU to 37 NTU in the less 

eutrophic areas. Dissolved oxygen measurements ranged from 0.40 mg/l 

(area 1) to 7.30 mg/1 (area 28). Water temperatures were relatively 

constant within a range of 19.9 C (area 37) to 26.0 C (area 3). 

Sediment organic nitrogen and nitrate levels were generally higher in 

the more eutrophic areas. Nitrite measurements ranged from 0.06 ~ g / g  

(areas 1 and 28) to 1.88 ug/g (area 20). Sediment phosphorus levels 

ranged from 0 pg/g (area 28) to 0.83 pg/g (area 26). A trerid toward 

decreasing sediment particle size was observed from the less eutrophic 

the more eutrophic areas. The bulk of the sediments in the 

rophic areas was composed of sediment particle size fraction 

f 6  (clay). Simple linear correlations (r) relating these mean physical- 

chemical parameters'are give1-i. in Table 3. 

'~ccording to Claflin (1973), total hardness levels in Navigation 

Pool No. 8 rarely exceeded 175 mg/l CaC03 except in areas of emergent 
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ground water .  Allcal ini ty  l e v e l s  were r e l a t i v e l y  cons t an t  and dev ia t ed  

s l i g h t l y  from 175 mg/& ( C l a f l i n  1973). Alka l ine  pH va lues  were 

obta ined  dur ing  most of t he  year  ( C l a f l i n  1973). Dissolved o rgan ic  

subs tances  leached from t h e  f o r e s t  f l o o r  of t h e  watershed imparted a 

brown co lo r  t o  t h e  water .  

i 

i Bio log ica l  Water Qua l i t y  

L I Area 1 - -. 

Sampling Per iod  I. Two bottom samples composed of s i n g l e  dredge 

I / 

hauls  were randomly c o l l e c t e d .  Only two taxononlic c a t e g o r i e s  were 

I found and examined. The dominant macro inver tebra tes  belonged t o  t h e  

Class  Oligochaeta  which averaged 75.5 i n d i v i d u a l s  pe r  sample and com- 

posed 99.34% of t h e  ben th i c  fauna. The o t h e r  taxon w a s  poor ly  repre-  

e 
8 sented by t h e  d i p t e r a n  f a y p u s  wfncil accounted f o r  0.662 oi ~ i l e  Seilt11i.c 

comun i ty .  ,An average of 76 i n d i v i d u a l s  p e r  bottom c o l l e c t i o n  was 

ca i cu la t ed .  The average wet weight pe r  sample was 0.23222 g ,  

Sampl.ing Per iod  T I .  TWO bottom samples composed of double dredge 

hauls  were randomly c o l l e c t e d .  The b e n t h i c  fauna was r ep re sen ted  

by 2 4  t axa  and cons i s t ed  of .most ly p o l l u t i o n - t o l e r a n t  and poll-ution- 

a c u l t a t i v e  macro inver tebra tes .  The dominant o l igochae te s  c o n s t i t u t e d  

.90% of t h e  organisms c o l l e c t e d  i n  t h i s  a r ea .  The amphipod ~yilella 

zte"cca. composed 14.29% of t h e  ben th i c  community. Twelve d i p t e r a n  

e r a  were p re sen t .  The uiajor d i p t e r a n  r e p r e s e n t a t i v e s  included 

lypedilum (3.17%), Pentaneura (2.39%), Cryptocladopelma (1.16%), 

Ptochironomus (1.00%), and Endochironomus (1.00%). The remaining 

t a x a  c o n s t i t u t e d  3.09% of t h e  organisms c o l l e c t e d .  F ive  mayfly 



t axa  were p re sen t  w i th  Hexagenia limbata predominating. The average  
0 

number of i n d i v i d u a l s  pe r  sample and t h e  average wet weight p e r  sample 

were 647.5 and 0.77285 g, r e s p e c t i v e l y .  

Area 2 -- - 

Sampling Per iod  I. Three t axa ,  r e p r e s e n t i n g  49 mac ro inve r t eb ra t e s  

and having a t o t a l  wet weight of 0.11303 g ,  were p re sen t .  The o l igo-  

chae t e s  (71.43%) and t h e  d i p t e r a n  Chironomus (26.53%) accounted f o r  

over 98% of t h e  macro inver tebra tes  col l .ected.  The t h i r d  taxon was 

r ep re sen t ed  by one i n d i v i d u a l  of t h e  d i p t e r a n  genus Endochironomus 

(2.04%). 

Sampling Per iod  11. Ten taxa  xiere found i n  two random bottom 

c o l l e c t i o n s .  The o l igochae t e s  and t h e  amphipod Hyalella azteca were 

t h e  major b e n t h i c  macro inver tebra tes  compris ing 64.39% and 28.41%, 

r e s p e c t i v e l y ,  of t h e  . co l l ec t ed  ben th i c  community. Leeches (3 .03%) ,  

nematodes (1.14%), and t h e  d i p t e r a n  Endochironomus (1.14%) accounted 

f o r  less than 6% of  t h e  ben th i c  fauna.  The remaining f i v e  t a x a  con- 

s f i t u t e d  1.89% of t h e  c o l l e c t e d  organisms.  TI;^ t o t a l  number of o r g a n i s  

per  sample averaged 132 i n d i v i d u a l s .  The average  wet weight pe r  

ample was 0.1626 g. 

Area 3 -- 

Sampling Per iod  I. Six teen  t axa  were c o l l e c t e d  i n  t h r e e  random 

tom samples. An average  of 435.3 organisms were c o l l e c t e d  p e r  

p l e .  Each b e n t h i c  c o l l e c t i o n  had an average w e t  weight  of 0.16334 g 

i.c fauna  was dominated by t h e  o l i gochae t e s  (92.34%). Hyalella 

embers of t h e  ~ i a s . s  Hirudinea and Phylum Nematoda accounted 



f o r  2.60%, 1.15%, and 1..00%, r e s p e c t i v e l y ,  of t h e  c o l l e c t e d  ben th i c  

fauna.. Eight  d i p t e r a n  genera were p re sen t .  The major d i p t e r a n  was 

Endochironomus which comprised 1.15% of t h e  bottom commuhity. The 

remaining e leven  taxa  (1.76%) included seven d i p t e r a n s ,  Ase l lu s  m i l i t a r i s ,  

Gyrinus, S t a c t o b i e l l a ,  and Hexagenia l imbata .  

Sampling Per:i.od 11. Four random ben th i c  co l l . ec t ions  were taken.  

The ben th i c  fauna was composed of 26 t axa  which were dominated by 

P Nyale l la  a z t e c a  (46.36%) and members of t h e  Class  Oligochaeta  (37.82%). 
I 
1 O f  t h e  n ine  d i p t e r a n  genera p re sen t ,  Polypedilum predominated and 
f: 

accounted f o r  1.88% of t h e  organisms c o l l e c t e d .  Members of t h e  Class 

Hirudinea and Phylum Nematoda c o n s t i t u t e d  8.73% and 1.33%, r e s p e c t i v e l y ,  

of t h e  ben th i c  fauna. The remainder of t h e  bottom community w a s  com- 

p r i s ed  of 21 taxa  (3.88%). Three mayfly genera were p re sen t  w i t h  

Hexagenia l imbata belng dominant, The average number of  i n d i v i d u a l s  

per sample and t h e  average wet weight per  sample were 412.5 and 0.86745 g ,  

r e spec t ive ly .  

Area 4 

Sampling Period I. Oligochaetes  (88.99%) and l eeches  (6.88%) 

dominated t h e  b e n t h i c  fauna.  The remaining s i x  t axa  included Chironomus 

. IS%),  Endochironomus (0.92%), ~ r o c l a d i u s  (0.92%), Hyale l la  a z t e c a  

.69%), Chrysops (0 .23%) ,  and ~ ryp toch i ronomus  (0.23%). A t o t a l  of 

t axa  were c o l l e c t e d  i n  t h e  two random samples. Each bottom c o l l e c t i o n  

a d ' a n  average of 218 macroinvertebra. tes  and an average t o t a l  wet 

igli t  of 0.21054 g. 

Sampling Period 11.. Fcurteen taxa  were found i n  two randomly 

d ben th i c  samples. Four t axa  occurred more f r equen t ly  i n  t h e  



ben th i c  commu.nity and accounted f o r  over  98% of t h e  organisms c o l l e c t e d .  

These organisms included members of t h e  Classes  Oligochaeta  (75.93%) 

and Hirudinea (1.11%), t h e  amphipod H y a l e l l a  a z t e c a  (20.19%), and t h e  

d i p t e r a n  Pentaneura (0.83%). The remaining t e n  t axa ,  i nc lud ing  f o u r  

d i p t e r a n  genera,  composed 1.94% of t h e  ben th i c  fauna. The average  

t o t a l  number of organisms per  sample was 361.5. The average w e t  weight 

per  sample was 0.40825 g. 

Area 3 

Sampling Period I. Two bottom samples composed of s i n g l e  dredge 

hau l s  were randomly c o l l e c t e d .  The b e n t h i c  fauna was r ep re sen ted  by 

e i g h t  taxa .  The average number of i n d i v i d u a l s  and w e t  weight pe r  
1 

I 

i sample were 81.5 and 0.02246 g,  r e s p e c t i v e l y .  Members of t h e  Classes  

Oligschacta  (95.03%) and Sfrudinca  (1.23%) sccountad f o r  over 96% of 
1 

t h e  ben th i c  fauna. The remaining s i x  taxa  included t h e  amphipods 

Gammarus f a s c i a t u s  (0.61%) and H y a l e l l a  a z t e c a  (0.61%), t h e  d i p t e r a n s  

. Cryp toc ladope ln~a  (0.61%), Endoch.ironomus (0.61%) and Polypedilurn (0.61%),  

and a member of t h e  Phylum Nematoda (0.61%). This  i s  one of t h e  few 

occasions t h a t  t h e  scud Gammarus f a s c i a t u s  appeared. 

Sampling Per iod  11. The ben th i c  fauna was randomly c o l l e c t e d  and 

' f ons i s t ed  of 19 taxa.  The average number of organisms per  sample was 

223. The wet weight p e r  sample averaged 0.3494 g. The o l igochae te s ,  

H y a l e l l a  a z t e c a ,  Endochironomus, l e eches ,  and Polypedilunz c o n s t i t u t e d  

70.18%, 13.23%, 8.74%, 2.02%, and 1.57%, r e s p e c t i v e l y ,  of t h e  macro- 

i n v e r t e b r a t e  community. The remaining 14 taxa  (4.26%) were dominated 

by s i x  d i p t e r a n  genera.  

I 



Area 6  -- 

Sampl.ing Period I. The 24 benthic taxa were dominated by pollution- 

tolerant and facultative forms. Pollution-tolerant forms accounted 
s 

for over 82% of the benthic fauna and included oligochaetes ( 6 8 . 4 2 % ) ,  

Chironomus ( 8 . 1 2 % ) ,  Musculium ( 3 . 7 4 % ) ,  and leeches ( 2 . 2 4 % ) .  The 

crustaceans H y a l e l l a  a z t e c a  (3 .77%)  and A s e l l u s  m i l i t a r i s  ( 1 .39%)  were 

the dominant facultative forms. The major pollution-sensitive macro- 

invertebrate was Hexagenia l i m b a t a  ( 7 . 6 9 % ) .  Seventeen taxa accounted 
5 

for the remaining collected organisms ( 4 . 6 3 % ) .  Representatives of these 

remaining 17 taxa were dominated by six dipteran genera. The average 

number of invertebrates and wet weight per sample were 312.1  and 

2.26658 g ,  respectively. 

Sampling Period 11. Thirty-nine taxa were collected. The average 

iitinibag uf u~i;aii;;lil; pc-; ;;a;;lple i;iis 256.7 a& t k e  a:ierclgc ~ - = t  r:zig:t Fcr 

sample was 1.29521 g. The fauna was dominated by oligochaetes ( 63 .45%)  

N y a l e l l a  a z t e c a  ( 1 6 . 7 0 % ) ,  Hexagenia l i m b a t a  ( 5 . 2 3 % ) ,  Chironomus ( 4 . 3 3 % )  

haerium ( 2 . 7 2 % ) ,  and Nematoda ( 2 . 2 5 % ) .  The remainder of the benthic 

fauna ( 3 3  taxa) accounted for 5.32% of the collected macroinvertebrates 

These 33 taxa were dominated by ten genera belonging to the Order 

Area 2 

Sampling Period L. Representatives of 18  taxa were collected 

in six random bottom samples. The. average benthic collection had 

130.8 individuals and a wet weight of 0.40775 g. The benthic fauna 

as primarily composed of oligochaetes ( 7 4 . 7 8 % ) ,  H y a l e l l a  a z t e c a  (9 .94% 



Hirudinea ( 5 . 6 1 % ) ,  Hexayenia l irnbata ( 2 . 5 5 % ) ,  and A s e l l u s  m i l i t a r i s  

(2 .42%) .  The remaining 13 taxa included eight genera of the Order 

Diptera and accounted for 4.71% of the organisms sampled. 

Sainpling Period - 11. ~e~resentati.;es of the Classes Oligochaeta 

(81 .05%) ,  Hirudinea ( 2 . 7 6 % ) ,  and Turbellaria (1 .63%) and Phylum Nematoda 

(1 .51%) ,  the amphipod H y a l e l l a  a z t e c a  ( 6 . 4 6 % ) ,  and the mayfly Hexayenia 

l i m b a t a  (1 .44%)  dominated the 30 taxa collected in the six random 

collections. Nine midge genera, two mayfly genera, and three caddisfly 

genera dominated the remaining 24 taxa which constituted 5.14% of the 

benthos taken. The benthic fauna averaged 265.7 individuals per sample 

and 0.82542 g wet weight per sample. 

i -- Area 8  
r 

h 

I Sanplrng Period I. Eight taxa domhatec? the 2E! ta:ra .=f EznthSc 
B 

fauna, accounting for almost 95% of the sampled community. Oligo- 

chaetes (69.57%) predominated at all stations. Chironomus ( 6 . 5 8 % ) ,  

. H y a l e l l a  a z t e c a  (5 .65%) ,  leeches ( 4 . 3 9 % ) ,  ~ e x a y e n i a  l i m b a t a  (3 .99%) ,  

Sphaerium ( 2 . 4 6 % ) ,  Musculium (1 .20%) ,  and nematodes (1 .13%) were also 

relatively abundant. The remainder of the macroinvertebrate sssem- 

blage was composed of 20 taxa which constituted 5.05% of the individuals 

ampled. Of these remaining 20 taxa, ten taxa represented the Order 

! iptera. The number of organisms per sample averaged 250.8.  The 

average bottom grab weighed 1.48897 g wet weight. 

Sampling Period 11. Twenty-five taxa were surveyed in the six 

random bottom collections. The average nunmber of macroinvertebrates 



r e s p e c t i v e l y .  The o l igochae te s  (75.39%) and 1iyal .el la a z t e c a  (8.08%) 

dominated t h e  i n v e r t e b r a t e  fauna. Representa t ives  of Sphaerium (5.19%), 

Chironomus (2.25%),  Hirudinea (2.25%) , and Musculium (0.83%) were 
P 

abundant. Hexagenia l i m b a t a  accounted f o r  2.25% of t h e  organisms 

c o l l e c t e d  i n  t h i s  a r e a .  Eighteen t a x a ,  i nc lud ing  seven d i p t e r a n  t axa ,  

represented  t h e  rest of t h e  benthos \and  c o n s t i t u t e d  8.20% of t h e  

i n v e s t i g a t e d  f a u n a l  forms. 

Area 9 -- 

6 

B Sampling Period I. Four random samples, averaging 175.3 i n d i v i d u a l s  
Q 

I and 0.97212 g p e r  sample, were c o l l e c t e d .  The macrobenthic community, 

b! 
b cha rac t e r i zed  by 18 taxa ,  cons i s t ed  p r i m a r i l y  of o l igochae te s ,  Hexaqenia 
1 
I 
f l i m b a t a ,  nematodes, and l eeches  which accounted f o r  82.17%, 6.42%, 

4.14%, and 2,14X, r e s p e c t i v e l y ,  cf t h e  assenblage .  Eight  d i p t e r a n  

genera dominated t h e  remaining 14 taxa  which c o n s t i t u t e d  5.14% of t hose  

organisms c o l l e c t e d  i n  t h e  a r e a .  

Sampling Per iod  IT. Twenty-two taxa  were c o l l e c t e d  i n  fou r  

om samples. lXepres&ntatives of t h e  Class  Oligochaeta  (72.50%) 

and the  pelecypod Musculium (5.70%) predom.inated i n  t h e  b e n t h i c  fauna. 

The d i p t e r a n  Chaoborus and t h e  pelecypod Sphaerium c o n s t i t u t e d  4.70% 

nd 3.60%, r e s p e c t i v e l y ,  of t h e  sampled benthos. The remainder of t h e  

o l l e c t i o n  was composed of 18 taxa  (13.50%) which were dominated by 

e i g h t  d i p t e r a n  and fou r  mayfly taxa.  Hexagenia l i m b a t a  was t h e  dominant 

mayfly and c o n s t i t u t e d  5.30% of t h e  benthos.  An average of 250 ind iv id -  

u a l s  and 1.4289 g wet weight were observed f o r  each sample. 

Area 10 -- 

Sampling Period I. The ben th i c  fauna was composed of a wide 

) 



v a r i e t y  of d i p t e r a n  taxa  involv ing  13 genera which included Chironomus 

(14.39%), Endochironomus (5.39%), G l y p t o t e n d i p e s  (4.88%), and C r i c o t o p u s  

(1.65%). Representa t ives  of t h e  Oligocaheta  (35.83%) and H y a l e l l a  a z t e c a  
P 

(18.07%) were t h e  major macro inver tebra tes  p re sen t  i n  t h e  benthos.  

Hirudinea (6.09%), Hexagenia l i m b a t a  (2.22%), A s e l l u s  m i l i t a r i s  (1.52%), 

Sphaerium (1.33%), Muscul.ium (1.27%), and T u r b e l l a r i a  (1.14%) were 

r e l a t i v e l y  abundant.  Of t h e  32 taxa  surveyed, 20 t axa  accounted f o r  

6.22% of t h e  macro inver tebra tes  i nven to r i ed .  An average of 262.8 

organisms were c o l l e c t e d  per  sample. Each ben th i c  c o l l e c t i o n  had an  

average wet weight of 1.36168 g. 

Sampling Period 11. During t h i s  sampling i n t e r v a l ,  a t o t a l  of 

27 t axa  were inven to r i ed .  The average sample had 105.3 i n d i v i d u a l s  

and a w e t  weight of 1.25032 g. The ben th i c  fauna was dominated by 

o l igochae te s  (36.71.%), Chironornus (18.832): H y a l e l l a  a z t e c a  (10.13%). 

Sphaerium (5.54%), leeches  (4.43%), and A s e l l u s  m i l i t a r i s  (3.64%).  

Of t h e  remaining 21 taxa ,  which c o n s t i t u t e d  20.73% of t h e  fauna ,  11 

genera r ep re sen t ing  t h e  Order Dip tera  were p re sen t  w i t h  Chironomus and 

Endochironomus (3.80%) being p reva len t .  Four taxa  of Ephemeroptera 

were p re sen t  and dominated by Hexagenia l i m b a t a  and H .  b i J i n e a t a  

which c o n s t i t u t e d  5.54% and 2.53%, r e s p e c t i v e l y ,  of t h e  t o t a l  c o l l e c t i o n  

f o r  t h e  a r ea .  

Area 11 -- 

Sampling Per iod  I. Thirty-one t a x a ,  i nc lud ing  18 r e p r e s e n t a t i v e s  

of t h e  Order Dip tera ,  were c o l l e c t e d  i n  s i x  bottom samples. An average 

of 292.5 organisms were c o l l e c t e d  pe r  sample. Each ben th i c  c o l l e c t i o n  



had an average wet weight of 1.03064 g. ~ e ~ r e s e n t a t i v e s  of t h e  

Class  Oligochaeta  a.nd t h e  d i p t e r a n  Endochironomus  predominated, accounting 

f o r  40.7[+% and 30.31%, r e s p e c t i v e l y ,  of t h e  ben th i c  fauna. Other 
B 

dominant i n v e r t e b r a t e s  included Hexagenia  l i m h a t a  (6.27%), H y a l e l l a  

a z t e c a  (5.36%), Hirudinea (3.02%), G l  y p t o t e n d i p e s  (2.74%), Chironomus  

(2.28%), Nematoda (1.54%), P o l y p e d i l u m  (1.48%), and D i c r o t e n d i p e s  

(0.85%). The remainder of t h e  ben th i c  fauna was composed of 21 t axa ,  

accounting f o r  5.41% of t h e  community. 

Sampling Period IT. The ben th i c  fauna was dominated by t h e  

o l igochae te s  (70.37%), leeches  (1-0.80%), Hexagenia  l i m b a t a  (5.24%),  

and t h e  d i p t e r a n  Chironomus  (3.10%). Of t h e  20 taxa  c o l l e c t e d ,  16 

t axa  (10.48%) composed t h e  remainder of t h e  sampled community. Apart 

1 from Chironomus ,  s i x  genera of t he  Order Dip tera  were represented .  

On1.y one Live specjmen of Physa was c o l l e c t e d  f o r  t h e  e n t i r e  a r e a  a t  

sampling s t a t i o n  11-1-2. A t  t h i s  same s t a t i o n  numerous empty s h e l l s  

o f , P h y s a  were p re sen t .  The average number of organisms and wet weight 

. per  sample were 155.8 i n d i v i d u a l s  and 1.3377 g, r e s p e c t i v e l y .  

Area 12 -- 

Sampling Per iod  I. Twenty-seven taxa ,  i nc lud ing  13  d i p t e r a n  

axa, c o n s t i t u t e d  t h e  ben th i c  fauna. The average number of organisms 

e r  sample was 166.9. The wet weight averaged 0.28206 g pe r  sample. 

The 01-igochaeta and Chironomus ,  accounting f o r  75.23% and 8.99%, 

r e s p e c t i v e l y ,  dominated t h e  c o l l e c t e d  benthos. P r o c l a d i u s  (3.93%) 

nd Palpomyia  (2.86%) were o the r  dominant d i p t e r a n s .  The remaining 

3 t axa  accounted f o r  8.99% of t h e  organisms inven to r i ed .  Three 



r e p r e s e n t a t i v e s  of t h e  Order Ephemcroptera were p re sen t  w i th  I iexagenia 

l irnbata (2.60%) p r e v a i l i n g .  

Sampling Per iod  11. The benthfc  fauna c o n s i s t e d  of a wide v a r i e t y  

of macro inver tebra tes .  Of t h e  39 t a x a  surveyed,  19 t a x a  were r ep re -  

~ e n t e d  by members of t h e  Order Dip te ra  and f o u r  by t h e  Order Ephemeroptera. 

The bottom community was dominated by t h e  o l i gochae t e s  (75.45%). 

Pentaneura (3.37%), Chironomus (3.19%), Hexagenia l i m b a t a  (3 .14%),  

P r o c l a d i u s  (2.22%), Chaoborus (1.90%), Coelo tanypus  (1.71%), Nematoda 

- (1.48%), Hirudinea ( 0 . ~ 3 3 % ) ~  and H y a l e l l a  a z t e c a  (0.74%) occur red  more 

f r e q u e n t l y . r e l a t i v e  t o  t h e  o t h e r  29 t a x a  which c o n s t i t u t e d  5.96% of 

t h e  i n v e s t i g a t e d  fauna. The averages of 240.3 i n d i v i d u a l s  p e r  sample 

and 0.55823 g wet weight p e r  sample were observed. 

Area 1.3 - -- 

Sampling Per iod  I. The ben th i c  fauna was composed of 27 t a x a ,  

i nc lud ing  14 d i p t e r a n  and t h r e e  mayfly t a x a ,  and was dominated by 

i 
' t h e  Oligochaeta  (58.51%) and Chironomus (16.52%). Of t h e  14 d i p t e r a n  

i 

I t axa ,  Chironomus,  Palpomyia (3.07%), P r o c l a d i u s  (3 .07%),  and Cryp to -  

1 cladopelma (2.05%) were most abundant.  The dominant mayfly was Hexagenia 

t l i m b a t a  which accounted f o r  6.02% of t h e  i n v e s t i g a t e d  b e n t h i c  assem- 
t 
E i 
E tiage . The remaining 21 t axa  c o n s t i t u t e d  10.76% of t h e  c o l l e c t e d  
i 
L organisms. The average  number of i n d i v i d u a l s  per  sample and t h e  

average  w e t  weight  pe r  sample were 86.8 and 0.44902.g, r e s p e c t i v e l y .  

S a m p l i n u e r i o d  11. Thir ty- four  t a x a ,  r e p r e s e n t i n g  an  average  

of 142.9 i n d i v i d u a l s  pe r  sample and an  average  w e t  weight of 0.67852 g 

p e r  sample, were inven to r i ed  i n  t h e  e i g h t  c o l l e c t e d  samples. Four 



t a x a  c o n s t i t u t e d  o v e r  85% of t h e  b e n t h i c  fauna and i n c l u d e d  t h e  o l i g o -  

c h a e t e s  (75.42%), H y a l e l l a  a z t e c a  (4 .64%),  Chironomus (3 .06%) ,  and  

Chaoborus (2 .27%).  Seventeen d i p t e s a n  genera  dominated t h e  remain ing  

30 t a x a  which accounted  f o r  14.61%-of t h e  c o l l e c t e d  fauna .  

Area 14 -- 

Sampling P e r i o d  I. The b e n t h i c  fauna  was r e p r e s e n t e d  by 29 

t a x a ,  i n c l u d i n g  seven  g e n e r a  b e l o n g i n g  t o  t h e  Order D i p t e r a .  A l l  

t h r e e  a r b i t r a r y  l e v e l s  of p o l l u t i o n  t o l e r a n c e  were  approx imate ly  

e q u a l l y  r e p r e s e n t e d .  The p o l l u t i o n - t o l e r a n t  component accounted  f o r  

o v e r  38% of  t h e  c o l l e c t e d  ben thos  and was dominated by t h e  f o l l o w i n g  

f o u r  t axa :  The O l i g o c h a e t a  (26.482),  Musculium ( 5 . 4 3 % ) ,  t h e  H i r u d i n e a  

(4.29%), and Chironomus (2.55%). P o l l u t i o n - f a c u l t a t i v e  o rgan i sms ,  

c o n s t i t u t f n g  a b c u t  43% of the  i n v e r t e b r a t e  community, were d o a i n a t e d  

by f i v e  t a x a  which i n c l u d e d  Sphaerium (22.14%), A s e l l u s  m i l i t a r i s  

(14.27%), t h e  nematodes ( 3 . 2 6 % ) ,  H y a l e l l a  a z t e c a  (1 .74%),  and t h e  

pelecypod P i s i d i u m  (1 .30%).  Hexagenia l i m b a t a  (4.94%) and t h e  g a s t r o p o d s  

Anmicola (4.77%) and  V a l v a t a  t r i c a r i n a t a  (3.20%) were  t h e  t h r e e  dominant 

t a x a  composing t h e  p o l l u t i o n - s e n s i t i v e  rank .  The remainder  o f  t h e  

b e n t h i c  community was a n  assemblage of 17 t a x a ,  account ing  f o r  5.64% 

[of t h e  t o t a l  f auna  c o l l e c t e d .  The a v e r a g e  sample was c h a r a c t e r i z e d  ', 
gy 204.8 m a c r o i n v e r t e b r a t e s  and a wet w e i g h t  o f  3.29989 g .  

Sampling P e r i o d  11. The domi-nant ben. th ic  fauna  accounted  f o r  

o v e r  93% of  t h e  organisms c o l l e c t e d  and i n c l u d e d  Sphaerium (35.32%),  

o l i g o c h a e t e s  (23.88%),  nematodes (8.01%), Chironomus (7 ,55%) ,  Musculiuln 

(6.18%), l e e c h e s  (5.60%), VaLvata t r i c a r i n a t a  (3.03%), A s e l l u s  m i l i t a r i s  



f 

(2.06%), and Amnicola (1.44%). Of t h e  41 i axa  sampled, t h e  remaining 

32 t axa  accounted f o r  6.92% of t h e  surveyed benthos and included 

12 genera belonging t o  t h e  Order Dip tera ,  excluding Chironomus. The 

average  number of organisms per  sample was 285.7. The wet weight 

averaged 4.57335 g pe r  sample. 

Area 15 --- - 

Sampling Period 1. A r e L a t i v e l y  l a r g e  number of taxa (43) were 

c o l l e c t e d  i n  n i n e  bottom samples,  The average number of i n d i v i d u a l s  

per.samp1e and t h e  average wet weight per  sample were 183.3 and 

3.83017 g, r e s p e c t i v e l y .  The dominant p o l l u t i o n - f a c u l t a t i v e  organisms 

accounted f o r  approximatel-y 54% of t h e  c o l l e c t e d  benthos.  These 

macro inver tebra tes  were represented  by t h e  pelecypod Sphaerium (27.82%), 

t h e  c rus t aceans  Hyale l la  a z t e c a  (14.55%) and A s e l l u s  m i l i t a r i s  (5.70%), 

members of t h e  Phylum Nematoda (4.36%), and t h e  d i p t e r a n  Polypedilum 

(1.39%). Members of t h e  Classes  Oligochaeta  (22;18%) and Hirudinea 

(4.30%) and t h e  pelecypod Musculium (3.64%) were t h e  dominant repre-  

s e n t a t i v e s  of t h e  p o l l u t i o n - t o l e r a n t  i e v e l ,  accounting f o r  30.12% of 

the  ben th i c  inventory  I n  t h i s  a r e a .  Major p o l l u t i o n - s e n s i t i v e  macro- 

i n v e r t e b r a t e s  were Xenochironomus, Hexagenia l imbata ,  and Amnicola, 

2.61%, 2.18%, and 1.94%, r e s p e c t i v e l y ,  of t h e  c o l l e c t e d  

d i p t e r a n  Xenochironomus was c o l l e c t e d  a t  only one sampling 

s t a t i o n  ( s i t e  15-3-1) i n  t h e  e n t i r e  a r e a .  The remaining 32 taxa  com- 

posed 9.33% of t h e  ben th i c  inventory  and included n i n e  r e p r e s e n t a t i v e s  

of t h e  Order Diptera .  

Sampling Period 11. The ben th i c  fauna cons i s t ed  of 43 t axa ,  



i nc lud ing  12 d i p t e r a n  taxa.  Eleven t axa  accounted f o r  approximately 
1 
I 
k 91% of t h e  community and included Sphaerium (32.95%), o l igochae te s  

(14.49%), Musculiun? (8.52%), HyaPella a z t e c a  (7.11%), T a n y t a r s u s  (6,38%),  

l eeches  (5.06%), A s e l l u s  m i l i t a r i s  (4.56%), Amnicola (3.69%), Chironomus 

(2.87%), V a l v a t a  t r i c a r i n a t a  (2.83%), and members of t h e  Phylum 

Nematoda (2.10%). The remainder of t h e  f a u n a l  assemblage c o n s i s t e d  

P 
8 

of 32 taxa ,  r ep re sen t ing  9.43% of t h e  c o l l e c t e d  benthos. Averages of 

Area 16 -- 

Sampling Per iod  I. The 25 ben th i c  t a x a  were dominated p r imar i ly  

by t h e  o l igochae te s  (82.73%) and seconda r i ly  by t h e  mayfly nymph 

I Hexagenia l i m b a t a  which accounted f o r  5.49% of t h e  ben th i c  organisms 

c o l l e c t e d  i n  t h i s  a r e a .  Other r e l a t i v e l y  abundant forms inc luded  t h e  

pelecypod Musculium (2.53%), H y a l e l l a  a z t e c a  (1.42%), l eeches  (1.26%), 

Chironomus (1.23%), A s e l l u s  m i l i t a r i s  (0.95%), Sphaerium (0.95%), 

and members of t he  Nematoda (0.91%). S ix t een  taxa  c o n s t i t u t e d  the  
> 

I remainder of t h e  ben th i c  assemblage and accounted f o r  2.53% of t h e  
L 

I' bottom inventory .  Nine of t h e s e  remaining t axa  r ep re sen ted  t h e  Order 

I f Diptera .  The average number of organisms was 281.1 pe r  sample. The 

I average wet weight per  sample was 0.99482 g. 

I Sampling Period 11. The bottom community cons i s t ed  of 44 t axa ,  

inc luding  16 genera of Dip tera  and fou r  taxa  belonging t o  Ephemeroptera. 

The Oligochaeta  (70.80%), Hexagenia l i m b a t a  (11.06%), and Sphaerium 

(4.03%) were dominant. The remaining 4 1  t a x a  accounted f o r  14.11% 

t h e  c o l l e c t e d  organisms. The average number of i n d i v i d u a l s  per  



sample and t h e  average wet weight per  sample were 181.9 and 2.81027 g, 

r e spec t ive ly .  

0 

Area 17 -- 

Sampling Period I. The o l igochae te s ,  accounting f o r  57.81% of 

t h e  c o l l e c t i o n ,  dominated t h e  32 taxa  of ben th i c  fauna. The o t h e r  

dominant macrobenthic i n v e r t e b r a t e s  were Hexagenia l i m b a t a  (16.14%), 

nematodes (7.20%), Musculium (4.76%), t h e  c rus t aceans  A s e l l u s  m i l i t a r i s  

(2.25%) and H y a l e l l a  a z t e c a  (1.74%), t h e  pelecypod ~ p h a e r i u m  (1.80%),  

and l eeches  (1.48%). The remainder of t h e  bottom fauna (24 t a x a )  

accounted f o r  6,82% of t h e  c o l l e c t e d  macro inver tebra tes .  These 24 

taxa  were dominated by n ine  genera and t h r e e  taxa  belonging t o  t h e  

q r d e r s  Dip tera  and Ephemeroptera, r e s p e c t i v e l y .  Averages of 172.8 

i n d i v i d u a l s  pe r  sample and 7.55521 g wet weight per  sample were ca l -  

cu l a  ted .  

Sampling Period 11. Benthic c o l l e c t i o n s ,  averaging 97.3 ind iv id -  

u a l s  and 1.22285 g wet weight ,  cons i s t ed  of 37 t axa  of which 11 repre-  

sen ted  d i p t e r a n s  and f o u r  involved mayf l ies .  Three macro inver tebra tes  

were most p reva len t  and included t h e  o l igochae te s  (77.85%), Hexagenia 

l i m b a t a  (6.74%), and H y a l e l l a  a z t e c a  (3.42%). The remaining 34 t a x a  

accounted f o r  11.99% of t h e  community. 

c'( 
Area 18 -- 

Sampling Per iod  I. Thirty-two t axa ,  inc luding  12 d i p t e r a n  

genera and t h r e e  mayfly taxa ,  were found i n  s i x  random bottom co l l ec -  

t i o n s .  Representa t ives  of t h e  Class  Oligochaeta  were t h e  major ben th i c  

o i n v e r t e b r a t e s ,  comprising 83.15% of t h e  c o l l e c t e d  ben th i c  conlmunity. 



H y a l e l l a  a z t e c a  (3.74%), Hexagenia l irnbata (3.38%), leeches (2.12%), 

A s e l l u s  m i l i t a r i s  (1.33%), turbellarians (1.01%), and V a l v a t a  t r i c a r i n a t a  

'a 
(0.50%) accounted for approximately 12% of the fauna. Less than 5% 

(4.78%) of the sampled macroinvertebrates consisted of 25 taxa. The 

total number of organisms averaged 464 per sample. The average wet 

weight per sample was 1.53392 g. 

Sampling Period 11. The six random bottom samples consisted of 

40 taxa and had an average of 691.3 organisms per sample and an average 

wet weight of 2.79548 g. Pollution-tolerant and facultative macro- 

invertebrates, representing over 91% of the fauna, dominated the benthic 

inventory. These macroinvertebrates included the pollution-tolerant 

oligochaetes (73.19%), leeches (2.3G%), and Physa (1.69%) and the 

pollution-facultative H y a l e l l a  a z t e c a  (7.21%), Sphaerium (4.48%), 

nematodes (1.37%), and turbellarians (0.77%). The major pollution- 

sensitive organism was Hexagenia l i m b a t a  (2.22%). Thirty-two taxa 

constituted the remainder (6.70%) of the benthic'community and included 

, 11 genera belonging to the Order Diptera. 

Area 1.9 - -- 

Sampling Period I. The benthic fauna consisted mainly of oligo- 

ichaetes (84.07%), nematodes (2.95%), P r o c l a d i u s  (2.58%), and H y a l e l l a  

1 z t e c a  (2.03%). Hexagenia l i m b a t a  constituted 1.75% of the macroinverte- 

brate community. Of the 32 taxa sampled, the remaining 27 taxa (6.63%) 

were dominated by 16 dipteran genera and five mayfly taxa. The average 

number of organisms per sample was 120.7. The wet weight per sample 

averagedo. 15508 g. , 

\ 



Sampl-ing Period IT. The ben th i c  fauna cons i s t ed  of 32 t axa  and 

w a s  dominated by t h e  o l igochae te s  (64.50%), Hexayenia l i m b a t a  (9.75%),  
0 

Polyped i lum (3.90%), and Pentaneura (3.51%). The remaining 28 taxa  

included 22 d i p t e r a n  genera and t h r e e  mayfly t a x a  and accounted f o r  

18.34% of t h e  f a u n a l  inventory .  Averages of 96.1 i n d i v i d u a l s  and 

0.43492 g w e t  weight were ca l cu la t ed .  

Area 20 -- 

* .  
Sampling Per iod  I. Representa t ives  of 34 t a x a  were surveyed i n  

i 
i t e n  bottom c o l l e c t i o n s .  The average b e n t h i c  sample had 91.6 macro- 
I ,  

L 
li i n v e r t e b r a t e s  and a wet weight of 0.93892 g. The dominant macroinverte-  I 

b r a t e s  were o l igochae te s  (37.12%), Endochironomus (13.32%), H y a l e l l a  

a z t e c a  (11.57%), Hexagenia l i m b a t a  (10.26%), Musculium (6.00%), 

l eeches  ( 4 , 9 1 % ) ,  A s e l l u s  n i l i t z r f s  (3.71%),  nematodes (2.73%), 

S p h a e r i ~ m ( l . 6 4 5 - I ) ~  and Simuliuln (1.53%). The remainder of t h e  b e n t h i c  

community was an  assemblage of 24 t axa  which included 15 d i p t e r a n  

. genera and accounted f o r  7.20% of t h e  t o t a l  c o l l e c t e d  fauna. 

Sampling Period I T .  The dominant ben th i c  fauna accounted f o r  

over 90% of t h e  organisms c o l l e c t e d  and included t h e  Oligochaeta  (47.98%), 

H y a l e l l a  a z t e c a  (9.55%), Hexayenia l i m b a t a  (9.07%), t h e  Nematoda (7.11%), 

t h e  Hirudinea (4.11%), t he  T u r b e l l a r i a  (3.07%),  Polyped i lum (3.00%), 

A s e l l u s  m i l i t a r i s  (2.58%), Endochironomus (1.95%),  and Sphaerium 

(1.88%). Of t h e  47 t axa  sampled, t h e  remaining 37 taxa  accounted 

f o r  9.69% of t h e  surveyed benthos and included 20 genera belong-ing t o  

t h e  Order Dip tera ,  excluding Polypcd i lum and Endochironomus. The average 

number of organisms per  sample was 143.4. The wet weight averaged 

0.81236 g per  sample.' 



Area 21 -- 

Sampling Per.iod I. Over-half (53.96%) of t h e  ben th i c  fauna 

cons i s t ed  of t h e  pelecypod Sphaerium. The Oligochaeta  (17.45%), 

Musc~i l ium (6.09%), Amnicola (5.48%),  nematodes (3.66%), and t u r b e l l a r i a n s  

(2.71%) were r e l a t i v e l y  preva len t  i n  t h e  inventory  which encompassed 

36 taxa .  C r i c o t o p u s  (2.11%), one of 11 d i p t e r a n  genera,  dominated t h e  

remaining 30 t a x a  which made up 10.64% of t h e  con~munity. The r e s p e c t i v e  

averages f o r  t h e  number of organisms and wet weight per  sample were 
! p 
t 200.6 and 2.38241 g.  
P 
I a 
f . Sampling Per iod  11. Thir ty-four  t axa  were c o l l e c t e d  i n  n i n e  - 
i bottom grabs which had an average of 172.1 macro inver tebra tes  and 

5.52486 g wet weight p e r  sample. No macro inver tebra tes  were taken 

B 
a t  s i t e  21-2-3. The b e n t h i c  fauna cons i s t ed  mostly of Sphaerium and 

assemblage. The o t h e r  dominant macro inver tebra tes  were Amnicola 

(10.85%), Musculium (7.62%), nematodes (6.78%) l eeches  (3.87%),  A s e l l u s  

m i l i t a r i s  (3.10%), P i s i d i u m  (2.45%), V a l v a t a  t r i c a r i n a t a  (1.61%), 

H y a l e l l a  a z t e c a  (1.29%), and Hexagenia l i m b a t a  (0.84%). Twenty-three 

taxa  accounted f o r  t h e  remaining benthos c o l l e c t i o n  which encompassed 

5.94% of t h e  t o t a l .  

Area 22 -- 

Sampling Per iod  I. Forty-one t axa ,  each represented  by few 

macro inver tebra tes ,  were examined Pn t h e  ben th i c  fauna. The- average 

ottom co l l ec t io r i  sampled only 21.8 organisms and weighed 0.09112 g 

wet weight.  Oligochaetes  accounted f o r  33.64% of t h e  organisms 



c o l l e c t e d .  Palpomyia (12.23%), H y a l e l l a  a z t e c a  (7.65%), P o l y p e d i l u m  

E (7.03%), Corixidae females (5.20%), Cheumatopsyche (4.89%), and 

Atr ichopogon  (1.83%) were p reva len t .  Palpomyia and Atr ichopogon  were 

p re sen t  i n  t h e  ma jo r i t y  of samples and were t h e  dominant f auna l  forms 

i n  t h e  c e n t r a l  a r e a s  of t h e  aqua t i c  environment. A s  i n  o t h e r  a r e a s ,  

t h e  mayfly Brachycercus  was o f t e n  a s s o c i a t e d  wi th  t h e s e  d i p t e r a n s .  I n  

t h e s e  open waters ,  only one r e p r e s e n t a t i v e  of t h e  Class  Oligochaeta  

was taken. The remaining 34 t axa ,  i nc lud ing  12 d i p t e r a n s ,  fou r  may- 

f l i e s ,  and t h r e e  c a d d i s f l i e s ,  accounted f o r  27.52% of t h e  b e n t h i c  

survey. 

Sampling Period 11. F i f t e e n  bo t ton  samples,  averaging only  - 

28.7 i n v e r t e b r a t e s  and 0.02768 g wet weight per  sample, r e s u l t e d  i n  

t h e  c o l l e c t i o n  of 39 poorly-represented taxa .  Of t h e  39 t axa ,  t h e  

Grders DPp'iera,  Epiiea~ei-opcera, and Tr ichoptera  r e s p s c t i v e l y  comprised 

20, 4, and 2 taxa .  Palpomyia (32.95%) and Atr ichopogon  (25.06%), 

c o l l e c t i v e l y  accounting f o r  over  58% of t h e  f a u n a l  conglomeration, 

dominated t h e  benthos. Often a s s o c i a t e d  w i t h  t h e s e  two d i p t e r a n s ,  

Brachycercus  c o n s t i t u t e d  4.18% of t h e  community. Less  than  11% (10.44%) 

of t h e  i n v e s t i g a t e d  fauna included t h e  o l igochae tes .  The remaining 

35 taxa  comprised 27.38% of t h e  t o t a l  c o l l e c t i o n .  

Area 23 -- 

Sampling Period I. The b e n t h i c  fauna cons i s t ed  of most ly t h e  

f 
o l igochae te s  (53.96%), H y a l e l l a  a z t e c a  (7.19%), Palpomyia (6.12%), 

and Hexagenia l i m b a t a  (5.76%). Of t h e  31 t axa  c o l l e c t e d ,  t h e  remaining 



( 1 3  t a x a ) ,  excluding Palpomy ia ,  predominated i n  t h e s e  taxa .  Averages 

of 30.9 i n d i v i d u a l s  and 0.27428 g per  sample were c a l c u l a t e d .  
0 

I Sampling Period 11. Representa t ives  of 34 t axa  were c o l l e c t e d  
I 

1 i n  n i n e  bottom samples. The average ben th i c  co l l ec t ion  had 37.4 

i r l ve r t eb ra t e s  and a wet wei.ght of 0.46584 g.  The ben1rhi.c fauna was 

dominated by o l igochae te s  ( 4 5 . 4 0 % ) ,  l e eches  (13 .65%)  , and Xenochironornus 

i ( 4 . 4 5 % ) .  The remaining 31 t axa  (36 .50%)  contained 16 genera belonging 

t o  t h e  Order Dip tera .  Few t axa  and few i n d i v i d u a l s  per  taxon were 

found i n  t h e  c e n t r a l  waters  of t h e  a r e a .  A t r i c h o p o g o n ,  Pa lpomy ia ,  
I 

o l igochae te s ,  S t i c t o c h i r o n o m u s ,  and B r a c h y c e r c u s  were t h e  more abundant 

macro inver tebra tes  i n  t h e s e  waters .  

Area 24 -- 

Ssrn~l- i  n& Period. T. A The pelecypods S p h a e r i  uln (38 .86%)  , M u s c u l i  urn 

( 1 0 . 1 7 % ) ,  and P i s i d i u m  ( 1 . 3 6 % ) ,  accounting f c r  over  50% of t h e  organisms 

c o l l e c t e d ,  dominated the  macrobenthic conglomeration. Members of t h e  ', 
.C la s ses  Oligochaeta  ( 2 6 . 5 9 % )  and Hirudinea ( 2 . 1 6 % ) ,  Amnico la  ( 6 . 3 1 % ) ,  

nematodes ( 2 . 6 7 % ) ,  Hexagenia  l i m b a t a  ( 2 . 1 6 % ) ,  t u r b e l l a r i a n s  ( 1 . 7 0 % ) ,  

and'. ~ a l v a t a  t r i c a r i n a t a  ( 1 . 4 2 % )  were common. Less than  7% (6 .59%)  of 

t he  fauna encompassed 31 t axa ,  11 of which were d ip t e rans .  The average 

mber of macro inver tebra tes  per  sample and t h e  average wet weight 

r sample were 195.6 and 4.60769 g,  r e s p e c t i v e l y .  

Sampling Period 11. The 41 ben th i c  t axa  were dominated by t h e  

1.ecypods S p h a e r i u m  (55 .57%)  and Muscul ium (14 .10%)  which accounted 

r 69.67% of t h e  fauna. Other dominant taxa were t h e  o l igochae te s  

( 6 . 9 1 % ) ,  A s e l l u s  m i l i t a r i s  ( 5 . 7 0 % ) ,  l e eches  ( 3 . 6 8 % ) ,  and t h e  gastropod 



Arnnicola (1 .972) .  The remaining 35 t axa  included 11 d i p t e r a n  genera 

and c o n s t i t u t e d  12.07% of t h e  organisms sampled. The average ben th i c  
i 
i c o l l e c t i o n  contained 202.6 i n d i v i d u a l s  and weighed 8.48620 g. 

Area 25 -- 
4 

Sampling Period I. Twenty-five t a x a  were surveyed i n  n i n e  bottom 

c o l l e c t i o n s .  The most abundant i nve r t eb ra . t e s  accounted f o r  approxi-  

mately 87% of t h e  ben th i c  inventory  and included t h e  Oligochaeta  (66.60%), 

Hexaqenia l irnbata (13.87%), and Musculium (6.09%). T~enty- two t axa ,  

encompassing t e n  d i p t e r a n  genera,  c o n s t i t u t e d  t h e  remaining 13.45% 

of t h e  benth ic  fauna. B o t t o m  samples taken i n  t h e  c e n t r a l  p o r t i o n s  

of t h e  a r e a  were gene ra l ly  cha rac t e r i zed  by possess ing  fewer t axa  . 

arid fewer r e p r e s e n t a t i v e s  p e r  taxon. No macro inver tebra tes  were co l -  

lec ted a t  s i t e  25-1-2. CollectTvely t h e  bottoril s m p l e s  a e r s g e d  

52.9 i n d i v i d u a l s  and '0.22430. g per  sample, 

Sampling Per iod  11. For ty-s ix  t axa ,  r ep re sen t ing  an average of 

79.4 i n d i v i d u a l s  per  sample and an  average wet weight of 1.12192 g 

r sample, were inven to r i ed  i n  t h e  n i n e  bottom c o l l e c t i o n s .  Dominant 

macro inver tebra tes  c o n s t i t u t e d  over  84% of t h e  ben th i c  fauna and inc luded  

t h e  o l igochae te s  (64.90%), Atrichopogon (6.43%),  Polypedilum (3.36%), 

mbata (2.94%), Ceratopogonidae pupae (2.66%), Hya le l l a  

%), arid Xenqchironomus (1.54%). Fcurteen d i p t e r a n  genera 

e r e  p reva len t  i n  t h e  remaining 39 t axa  which accounted f o r  15.80% 

f t h e  c o l l e c t e d  fauna. No macro inver tebra tes  were ro l l . ec t ed  a t  



Area 26 --- - 

Sampling !?'ri.od I. The ben th i c  fauna was randomly col l .ected - 

and cons i s t ed  of 40 taxa.  Averages of 299.5 i n d i v i d u a l s  per  sample 

and 1.59373 g wet weight per  sample were c a l c u l a t e d .  The o l igochae te s  

(70.34%) predominated. H y a l e l l a  a z t e c a  (8.68%), Sphaerium (3.73%), 

Hexagenia l i m b a t a  (2.59%), nematodes (2.39%),  t u r b e l l a r i a n s  (1.67%),  

I l eeches  (1. GI%), ~ u s c u l i u m  (1.39%), Amnicola (1.06%), and V a l v a t a  

I .  t r i c a r i n a t a  (0.95%) were common. The remainder (5.67%) of t h e  macro- 

. i n v e r t e b r a t e  community was cha rac t e r i zed  by 30 t a x a ,  i nc lud ing  11 

members of t h e  Order Dip tera .  

Sampltng Period I T .  The ben th i c  fauna cons i s t ed  of a wide v a r i e t y  

of macro inver tebra tes  encompassing a t o t a l  of 59 t axa  which inc luded  

18 d i p t e r a n  genera,  seven c a d d i s f l y  genera,  and four  mayfly t axa .  This  

3 
l c c t i o n  had 248.2 i n v e r t e b r a t e s  and a wet weight of 4.76095 g.  The 

Class  Oligochaeta ,  accounting f o r  45.74% of t h e  surveyed community, 

was dominant. Unident i f ied  Hexagenia nymphs (9.67%),  Sphaer ium (4.77%), 

,members of t h e  Phylum Nemaf oda (4.63%), H y a l e l l a  a z t e c a  (3.16%), 

Hexagenia Zimba t a  (2.08%), P l e u r o c e r a  (2.08%), Physa (1.75%),  sellu us 

m i l i t a r i s  (1.54%), ~ e n o c h i r o n o m u s  (1.41%), and Amnicola (1.28%) were 

o t h e r  common macrobenthic i n v e r t e b r a t e s .  Forty-eight  t axa  made up 

the remainder (21.90%) of 

Sampling Period ,I. 

i n  s i z e  from one organism 

t h e  bottom c o l l e c t i o n .  

A 

Area 27 -- - 

Nine bottom samples,  q u a n t i t a t i v e l y  ranging  

t o  43 organisms, were c o l l e c t i v e l y  composed 



of 14 taxa  and averaged 16.7 macro inver tebra tes  and 0.06521 g wet 

weight per  sample. The number of t axa  per  sample ranged from one 

t o  e i g h t  wi th  t h e  number of organisms per  taxon ranging  from one t o  

39. The o l igochae te s  a n d , d i p t e r a n  E n d o c h i r o n o m u s  accounted f o r  

56.00% and 21.33%, r e s p e c t i v e l y ,  of t h e  i n v e s t i g a t e d  benthos. I I y a l e l l a  

a z t e c a  (5.33%), G l  y p t o t e n d i p e s  (4.67%), and ~ a l p o m y i a  (1.33%) composed 

11.33% of t h e  t o t a l  community. Nine t axa  made up t h e  remainder (11.33%) 

of t h e  t o t a l  fauna whigh contained f i v e  d i p t e r a n  and t h r e e  t r i c o p t e r a n  

taxa .  

Sampling Period 11. Thi r t een  d i p t e r a n  t axa ,  f i v e  mayfly t axa ,  

a n d . t h r e e  t r i c h o p t e r a n  t axa  were contained i n  t h e  32 t axa  which w e r e  

dominated by t h e  o l igochae te s  (34.72%). The major d i p t e r a n  r e p r e s e n t a -  

t i v e s  included X e n o c h i r o n o m u s  (13.99%), P a l p o m y i a  (4.66%), P a r a t e n d i p e s  

( 4 . 6 6 % ) ,  P o l y p e d i l u m  (3.11%), A t r i c h o p o g o n  (2.59%), and G l y p t o t e n d i p e s  

(2.59%). The t r i c h o p t e r a n s  H y d r o p s y c h e  and C h e u m a t o p s y c h e  constituted 

5.70% and 3.63%, r e s p e c t i v e l y ,  of t h e  fauna. The b e e t l e  l a r v a e  of 

S t e n e l m i s  accounted f o r  3.63% of t h e  c o l l e c t e d  organisms. The remainder 

(20.73%) of t h e  ben th i c  inventory  cons i s t ed  of 22 t axa .  Averages of 

21.4 organisms pe r  sample and 0.14904 g per  sample were obta ined .  

The number of organisms per  sample ranged from t h r e e  t o  50 i n d i v i d u a l s .  

The number of taxa  per  sample ranged f o r  two t o  12 wi th  t h e  number of 

\organisms pe r  taxon ranging from one t o  44. 

Area 28 -- 

sampling Period I. F i f t e e n  bottom samples, q u a n t i t a t i v e l y  ranging 

i n  s i z e  from zero  organisms t o  31 organisms, were c o l l e c t i v e l y  composed 



of 15 taxa and averaged only 11.8 ~ n a c r o i n v e r t e b r a t e s  and 0.00600 g 

wet weight per  sample. The number of t axa  per  sample ranged from 

zero t o  e i g h t  wi th  a l l  t a x a  being p r e s e n t  a t  low d e n s i t i e s .  No f a u n a l  

r e p r e s e n t a t i v e s  were c o l l e c t e d  a t  s i t e  28-5-1. The ben th i c  fauna 

i n d i v i d u a l s  pe r  sample and 0.07561 g w e t  weight per  sample were ca l -  

cu la ted .  

kons is ted  mainly of o l igochae te s  (29.38%), Palpomyia (25.42%), and 

Atr ichopogon  (21.47%), Brachycercus  accounted f o r  10.73% of t h e  

fauna c o l l e c t e d .  Eleven t axa ,  i nc lud ing  f i v e  d i p t e r a n s ,  comprised 

t h e  remainder (12.99%) of t h e  benthos. 

Sampling Period TI. - The ben th i c  fauna cons i s t ed  of 32 poor ly  
6 

represented  t a x a ,  i nc lud ing  14 d i p t e r a n  genera and f i v e  mayfly t axa ,  

and w a s  dominated by f a c u l t a t i v e  p o l l u t i o n - t o l e r a n t  organisms. The 

major macro inver tebra tes  accounted f o r  almost 84% of t h e  b e n t h i c  

assemblage and included t h e  o l igochae te s  (29.65%), Palpomyia (16.98%), 

k t r i c h o p o g o n  ( I  6.-512), Hexdyenia ~ilnbalsd (7,55?ij, 3 r d ~ i l y c e r  cus  (6.26?d;, 

Cheumatopsyche (6.20X1, P a r a t e n d i p e s  (4.85%), and Xenochironomus 

(1.62%); The retzainder of t he  f a u n a l  conglomeration cons i s t ed  of 24 

taxa,  r e p r e s e n t i n g  16.44% of t h e  c o l l e c t e d  benthos. Averages of 24.7 

Area 29 -- - 

Sampling Period - I. The ben th i c  fauna cons i s t ed  of 27 t a x a ,  

i nc lud ing  e i g h t  d i p t e r a n  and t h r e e  mayfly r e p r e s e n t a t i v e s ,  and was 

dominated by t h e  o l igochae te s  which composed 91.51% of t h e  surveyed 

community. Members of t h e  Phylum Nematoda (2.20%), rrcxagenia l i m b a t a  

(1.86%), H y a l e l l a  a z t e c a  (1.1.9%), Sphaerium (0.822),  and l eeches  (0.40%) 



were r e l a t i v e l y  abundant. Approximately 2.02% of t h e  benthos con- 

s i s t e d  of t h e  remaining 21 taxa.  The average number of i n d i v i d u a l s  

and w e t  weight pe r  sample were 272.8 and 0.39395 g ,  r e s p e c t i v e l y .  

Sampling Period 11. Representa t ives  of t h e  Class  Oligochaeta ,  

accounting f o r  87.87% of t h e  fauna, dominated t h e  benthos which con- 

s i s t e d  of 39 t axa ,  inc luding  15 genera belonging t o  t h e  Order D ip te ra .  

The major d i p t e r a n  r e p r e s e n t a t i v e s  included Cryptochironomus (0.73%) 

and S t i c t o c h i r o n o m u s  (0.49%). Members of t h e  Phylum Nematoda (3.20%), 

u n i d e n t i f i e d  e a r l y  i n s f a r s  of Hexagenia (2.59%), H y a l e l l a  a z t e c a  

(0.83%), and Hexagenia l i m b a t a  (0.56%) were common. The remaining 

32 t a x a  c o n s t i t u t e d  3.72% bf t h e  organisms c o l l e c t e d .  The average 

bottom.sample y i e lded  340.8 macro inver tebra tes  and weighed 0.39233 g 

wet weight.  

Sampling Period I. Representa t ives  of t h e ' C l a s s  Oligochaeta  

. (47.15%) and t h e  cadd i s f ly  Cheumatop,syche (30.89%) composed over  

78% of t h e  c o l l e c t e d  community. Seven d i p t e r a n  genera and f o u r  mayfly 

taxa  con t r ibu ted  most t o  t h e  remaining 16 t a x a  which included 21.95% 

of t h e  t o t a l  benthos. Averages of 20.5 i n d i v i d u a l s  and 0.01468 g 

per  sample were ca l cu la t ed .  Numbers of organisms and t a x a  per  sample 

ranged from f i v e  t o  58 and two t o  n ine ,  r e spec t ive ly .  A l l  t a x a  were 

poorly represented  i n  terms of numbers of i n d i v i d u a l s  pe r  taxon. 

Sampling Period 11. Five  taxa  dominated t h e  35 t axa  of ben th i c  

fauna. These macro inver tebra tes  accounted f o r  over 92% of t h e  sampled 

benthos and included t h e  o l igochae te s  (78.87%), t h e  t r i c h o p t e r a n s  



t' 
Hydropsyche (5.12%) and Cheumatopsyche (2.40%), and t h e  d i p t e r a n s  

I 
I ~olypedilum (3.38%) and Xenochironomus (2.40%), The remainder of t h e  
C 

macroinver tebra te  assemblage was composed of 30 t axa  which c o n s t i t u t e d  

7.84% of i n  t h e  i n d i v i d u a l s  sampled. Of t h e s e  remaining 30 t axa ,  14 

represented  t h e  Order Dip tera .  One hundred f i f t y - t h r e e  i n v e r t e b r a t e s  

c o n s t i t u t e d  t h e  average benthos sample which had a wet weight of 

Area 31 -- 

Sampling Period I. Representa t ives  of 17 ben th i c  t axa  were 

c o l l e c t e d  i n  f i v e  random samples. The average  bottom sample had 50 

i n v e r t e b r a t e s  and a wet weight of 0.20172 g. No macro inver tebra tes  
6 

were c o l l e c t e d  a t  s i te  31-1. The ben th i c  fauna was p r imar i ly  composed 

of o l igochae te s  (S0.40%). S i x  percent  of t h e  c o l l e c t e d  benthos was 

composed of t h e  mayfly nymph Hexagenia lim5ata. The remaining 15 taxa ,  

accounting f o r  ' 13.60% of t h e  organisms sampled, included t e n  d i p t e r a n  

genera of which Cryptochironomus w a s  t h e  dominant r e p r e s e n t a t i v e .  

Sampling Period 11. The ben th i c  fauna c o a s i s t e d  of 20 t axa ,  

i nc lud ing  e i g h t  d i p t e r a n  genera and fou r  mayfly t axa .  The dominant 

macro inver tebra tes  included t h e  Class  Oligochaeta (37.66%), t h e  t r ichop-  

t e r a n  Cheumatopsyche (25.97%), and t h e  d i p t e r a n  Xenochironomus (13.64%). 

The remainder of t h e  ben th i c  community was a n  assemblage of 17 t axa ,  

accounting f o r  22.73% of t h e  t o t a l  fauna co l l ec t ed .  The average number 

of organisms pe r  sample was 30.8. The wet weight averaged 0.04002 g 

per  sample. 



Area 32 -- 

Sampling Period I. Benthic c o l l e c t i o n s ,  averaging 99.7 ind iv id -  

u a l s  and 0.77749 g v e t  weight,  cons i s t ed  of 34 t axa  of which t h e  Orders 

Dip tera ,  Ephemeroptera, and Tr ichoptera  were represented  by 1.1, 6 ,  

and 3 taxa,  r e s p e c t i v e l y .  Two macrobenthic t axa  accounted f o r  over  

80% of t he  organisms c o l l e c t e d  and inc luded  t h e  Oligochaeta  (57.36%) 

and Cheumatopsyck2e (22.91%). The remaining 32 taxa  made up 19.73% 

of t h e  c o l l e c t i o n .  

Sampling Period 11. Oligochaetes  (72.73%) dominated t h e  28 t axa  

of ben th i c  fauna. Of t h e  16 r e p r e s e n t a t i v e s  of t h e  Order D ip te ra ,  

P o l y p e d i l u m  (5.00%) and H a r n i s c h i a  (3.33%) were t h e  most abundant.  

The mayfly Hexagenia l i m b a t a  accounted f o r  3.48% of t h e  ben th i c  inven- 

t o ry .  Twenty-four t axa  constituted t h e  remaining benthos c o l l e c t i o n  

wh ich  encnmpkssed 15.452 of t h e  total. The r e s p e c t i v e  averages f o r  t h e  

numher of organisms and wet weight p e r  sample were 110 and 0.31268 g. 

Area 33 -- - 

Sampling Period I. Because of t h e  depth (6.71 m). and c u r r e n t  

v e l o c i t y  (0.411 m/sec) of t h i s  a r e a ,  a v a l i d  r e p r e s e n t a t i v e  bottom 

sample could no t  be c o l l e c t e d  dur ing  t h i s  sampling i n t e r v a l .  

Sampling Period I_I. Nine bottom samples, averaging 305.9 inve r t e -  

b r a t e s  and 2.17551 g wet weight p e r  sample, resul. ted i n  t h e  co l l -ec t ion  

of 38 t a x a  of which 14 eaxa involved r e p r e s e n t a t i v e s  of t h e  Order 

Diptera .  Seven ben th i c  c o l l e c t i o n s  contained fewer than  165 macro- 

i n v e r t e b r a t e s ,  whi le  s i t e s  33-1-3 and 33-3-1 c o l l e c t e d  632 and 1622 

I 

. . 



organisms, r e s p e c t i v e l y .  The o l igochae te s  predominated, composing 

87.58% of t h e  fauna. Other dominant macro inver tebra tes  inc luded  t h e  

nematodes (3.05%), u n i d e n t i f i e d  e a r l y  i n s t a r s  of Hexagenia (1.45%),  

leeches  (1.45%), and Sphaer ium (1.42%). The remaining 33  t axa  con- 

s t i t u t e d  5.05% of t h e  t o t a l  ben th i c  inventory  f o r  t h i s  a r ea .  

Area 34 -- 

Sampling Period I. Twelve bottgm samples averaged only  15.8 

f auna l  r e p r e s e n t a t i v e s  and 0.02271 g pe r  sample, w i th  most samples . 

possess ing  fewer than  40 i n v e r t e b r a t e s  and t e n  taxonomic c a t e g o r i e s .  

' 

No macrobenthic i n v e r t e b r a t e s  were c o l l e c t e d  i n  t h e  c e n t r a l  open 

waters  except  a t  sampling s i t e  34-2-2 a t  which a s o l e  specimen repre-  

s e n t i n g  t h e  Family Ceratopogonidae (Ord'er Dip tera)  was inven to r i ed .  
6 

The 31 surveyed t a x a  included 14 d i p t e r a n  genera,  s i x  rntiyfly t axa ,  

and t h r e e  c a d d i s f l y  taxa.  A l l  t a x a  were poorly represented  i n  terms 

of numbers of i n d i v i d u a l s  per  taxon. The dominant ben th i c  forms, 

c o n s t i t u t i n g  67.89% of t h e  sampled benthos,  inc luded  t h e  Oligochaeta  

(39.47%), t h e  c a d d i s f l y  Cheuma.topsyche (13.68%), and t h e  d i p t e r a n s  

Endochironomus (8.95%) and G l y p t o t e n d i p e s  (5.79%). The remainder of 

t h e  sampled community (32.11%) cons i s t ed  of 27 taxa .  

Sampling Period -- I T .  A l l  ben th i c  samples and taxa  were poor ly  

represented .  The average number of specimens and wet weight p e r  sample 

were 11 and 0.00998 g, r e spec t ive ly .  The number of taxa  pe r  sample 

ranged from one t o  n ine  wi th  a range of one t o  22 r e p r e s e n t a t i v e s  p e r  

taxon i n  each sample. The fou r  dominant t a x a  accounted f o r  71.59% of 

t h e  c o l l e c t i o n  and included o l igochae te s  (37.50%), t h e  d i p t e r a n s  



Atr ichopogon  (15.91%) and PaZpomyia (12.50%), and t h e  mayfly Brachycercus  

(5.68%). The remaining 17 taxa (28.41%) included s i x  genera belonging 

t o  t h e  Order Dip tera .  

Area 35 -- 

Sanipli-ng Period I. Thir ty-four  poor ly  r ep re sen ted  t axa ,  i nc lud ing  

15 d i p t e r a n ,  f i v e  mayfly, and two t r i c h o p t e r a n  t axa ,  were inven to r i ed  

i n  n ine  bottom c o l l e c t i o n s .  The dominant ben th i c  i n v e r t e b r a t e s  included 

t h e  Oligochaeta  (27.55%), t h e  d i p t e r a n s  G l y p t o t e n d i p e s  (8.67%) and 

Chironomus (6.12%), t h e  t r i c h o p t e r a n  Cheumatopsyche (9.69%) and t h e  

mayfly Hexagenia l i m b a t a  (7.14%). The ceratopogonids ~ ' t r i c h o p o g o n  

and Palpomyia were p re sen t  i n  most samples,  o f t e n  being t h e  dominant 

o r  s o l e  organisms c o l l e c t e d .  Inc luding  t h e s e  two d i p t e r a n s ,  29 t axa  

composed t h e  remaining 40.822 of t h e  benthos.  Averages of 2 i . 8  i nd iv id -  

u a l s  and 0.09650 g  t o t a l  wet weight were ca l cu la t ed .  

Sampling Per iod  11. Members of t h e  Class  Oligochaeta  c o n s t i t u t e d  

45.95% of t he  ben th i c  assemblage. Representa t ives  of t h e  Phylum 

Nematoda (7.44%), Hexayenia l i m b a t a  (7 ,28%),  u n i d e n t i f i e d  e a r l y  i n s t a r s  

of - Hexagenia (4.85%), P o l y p e d i l  um (4.69%), Cheunatopsyche (4.05%), 

H y a l e l l a  a z t e c a  (3.24%), Pentaneura (3.07%), Sphaerium (2.27%), 

'\ ~ r a c h y c e r c u s  (1.94%), and Hydropsyche (1.94%) were r e l a t i v e l y  abundant 

and accounted f o r  almost 41% of t h e  ben th i c  survey. Of t h e  38 t a x a  

sampled, 27 t a x a  composed l e s s  than  14% (13.28%) of t h e  t o t a l  ben th i c  

c o l l e c t i o n .  These 27 t axa  were dominated by 14 genera of D ip te ra .  

The average ben th i c  c o l l e c t i o n  contained 68.7 i n d i v i d u a l s  and weighed 



Area 36 -- 

Sampling Period I. The o l i g o c h a e t e s  were t h e  dominant macro- 

ben th i c  i n v e r t e b r a t f s  and c o n s t i t u t e d  84.24% of t h e  b e n t h i c  fauna.  

The remaining 17 t axa  were do~ilinated by t e n  r e p r e s e n t a t i v e s  of t h e  

Order D ip t e r a  and accounted f o r  15.76% of t h e  community. A l l  b e n t h i c  

samples and t a x a  were poor ly  r ep re sen t ed .  The average b e n t h i c  c o l l e c t i o n  

sampled 23.6 r e p r e s e n a t a t i v e s  of t h e  fauna and had a w e t  weight  of 

0.10177 g. The number of mac ro inve r t eb ra t e s  and t a x a  pe r  sample 

r e s p e c t i v e l y  ranged from zero  ( s i t e  36-2-3) t o  127 and ze ro  ( s i t e  

36-2-3) t o  11. Two samples (36-2-2 and 36-3-2) were e n t i r e l y  composed 

of on ly ' two o l igochae t e s  each. I n  each sample t h e  minimum and maximum 

numbers of i n d i v i d u a l  r e p r e s e n t a t i v e s  p e r  taxon were one and 114, 

r e s p e c t i v e l y .  

Atrichopogon (10.19%), and Cheu;mtopsycha (8.33%) dominated t h e  24 
d 

b e n t h i c  taxa .  Twenty t a x a  c o n s t i t u t e d  t h e  remainder (31.48%) of t h e  

bottom community. A l l  bottom c o l l e c t i o n s  and .taxonomic c a t e g o r i e s  

were poor1.y r ep re sen t ed .  Averages of  15.4 i n d i v i d u a l s  and 0.01152 g 

pe r  sample were ob ta ined .  

Sampling Per iod  - I. The 43 t a x a  of  b e n t h i c  fauna c o n s i s t e d  

mostly of o l i gochae t e s  (47.57%). Sphaerium (10.57%), Cr ico topus  (8.76%), 

and Hya le l l a  a z t e c a  (3.76%) were t h e  o t h e r  major mac ro inve r t eb ra t e s .  

Hya le l l a  a z t e c a  occurred more abundant ly  i n  t h e  c e n t r a l  p o r t i o n s  of 

t h i s  a r e a .  Fourteen d i p t e r a n  genera and f o u r  e a d d i s f l y  taxa were 



t h e  main components of t h e  remaining 39 Caxa (29.35%). The average  

number of specimens pe r  sample was 79.9. The t o t a l  wet weight p e r  

c o l l e c t i o n  averaged 1.06906 g .  

Sampling Per iod  11, The Oligochaeta  (51.23%) dominated t h e  

i n v e s t i g a t e d  benthos (36 t a ~ a ) ~  Other  p r i n c i p a l  b e n t h i c  c o n s t i t u e n t s  

accounted f o r  a lmost  33% of t h e  f a u n a l  e lements  c o l l e c t e d  and inc luded  

H y a l e l l a  a z t e c a  (14.62%), S p h a e r i u ~ n  . (9 .43%),  t h e  Nemztoda (5.05%), 

and P i s i d i u m  (3.83%). Specimens of H y a l e l l a  a z t e c a  were more p r e v a l e n t  

i n  t h e  c e n t r a l  reg ions  of t h e  a r e a .  Twelve members of t h e  Order 

Dip te ra  made up t h e  bu lk  of t h e  remaining 31 t a x a  (15.85%). The 

average  number of. organisms and wet weight  per  sample were 81.3 i nd iv id -  

u a l s  and 0.97234 g, r e s p e c t i v e l y .  

, - Area 38 -- 

Sampling Period I. The p r i n c i p a l  components of t h e  community 

were members of t h e  Class  Oligochaeta  (41.83%) and Cheumatopsyche  

(18.93%). Seventeen d i p t e r a n  genera,  f o u r  mayfly t a m ,  and f o u r  caddis -  

f l y  t axa  fo-rmed t h e  l a r g e s t  taxonomic c a t e g o r i e s  conta ined  w i t h  t h e  

35 sampled t axa .  The f i v e  dominant r e p r e s e n t a t i v e s  of D ip t e r a  accounted 

f o r  over  24% of t h e  benthos and inc luded  G l y p c o t e n d i p e s  (7.94%), 

q o l  y p e d i l  um (4.73%), S i m u l i u m  (4.27%), Endochironomus  (4.12%), and 

k h e o t a n y t a r s u s  (3.21 5 6 ) .  ~ w e n t y - e i g h t  t a x a  comprised t h e  remainder 

(14.81%) of t h e  surveyed assemblage. The q u a n t i t a t i v e  and q u a l i t a t i v e  

compositions of t h e  bottom c o l l e c t i o n s  v a r i e d  widely.  C o l l e c t i o n s  

taken  i n  t h e  c e n t r a l  open wa te r s  were g e n e r a l l y  devoid of macroinverte-  

b r a t e s  ( s i t e  38-1-2) o r  contained few r e p r e s e n t a t i v e s  of t h e  macroinverte-  

b r a t e  fauna.  The fou r  samples taken  i n  t h e s e  p o r t i o n s  of t h i s  a r e a  



c o l l e c t i v e l y  cons i s t ed  of n ine  organisms inc lud ing  f i v e  specimens of 

PaLpomyia, t h r e e  of Atricllopogon, and one o l igochae te .  Samples co l -  

l e c t e d  near  sho re  a l s o  v a r i e d  q u a n t i t a t i v e l y  and q u a l i t a t i v e l y .  The 

a,verage ben th i c  sample contained 59.5 i n v e r t e b r a t e s  and weighed 

0.05647 g.  

Sampling Per iod  11. Forty-six t a x a  were c o l l e c t e d  i n  12 bottom 

grabs which averaged 55.2 macro inver tebra tes  and 0.68254 g w e t  weight 

per  sample. The b e n t h i c  fauna cons i s t ed  most ly of o l igochae te s  and 

Hyale l la  a z t e c a ,  accounting f o r  43.50% and 16.31%, r e s p e c t i v e l y ,  of 

t h e  c o l l e c t e d  organisms. 'O the r  dominant macro inver tebra tes  were 

Cheumatopsyche (7.70%), S tene lmis  (3.47%), Endochironomus (2.57%) , 

Palpomyia (2.57%), Hexagenia l imbata  (2.27%), and r e p r e s e n t a t i v e s  of 

the  Class  Hirudinea (1.96%). Thi r ty-e ight  t a x a ,  i nc lud ing  15 d i p t e r a n ,  

s i x  mayfly, and i o u r  caddisf!y raxa, accounr~d f o r  the remaining 

benthos c o l l e c t i o n  which encompassed 19.64% of t h e  t o t a l .  Samples 

taken i n  t h e  c e n t r a l  p o r t i o n s  of t h e  a r e a  contained few organisms and 

c d k c t i v e l y  were composed of t h e  ceratopogonids Palpomyia and Rtrichopogon, 

t h e  mayfly Brachycercus, t h e  d i p t e r a n  Para tendipes ,  a n  u n i d e n t i f i e d  

e a r l y  i n s t a r  of Hexagenia, one o l igochae te ,  and one nematode. 

Area 39 -- 

Sampling Period I. The o l igochae te s  (77.53%) and the  pelecypod 

Musculium (3.75%) accounted f o r  over 81% of t h e  benthos. The mayfly 

nymphs Brachycercus (3.75%) and Hexagenia l imbata  (3.56%), and t h e  

pelecypod Sphaeriurn , (2.8 1%) were common. The remainder (8.61%) of 

t h e  benthos cons i s t ed  of 21 t axa ,  i nc lud ing  f i v e  d i p t e r a n  genera.  



Averages of 89 i n d i v i d u a l s  and 0.56703 g pe r  sample were c a l c u l a t e d .  

Sampling Period 11. The ben th i c  fauna (22 taxa)  cons i s t ed  most ly 

of o l igochae te s  (83.10%). A p p r o x i ~ a t e l y  13% of t h e  fauna was composed 

C 
t of Harn i sch ia  (2.84%), IIexagenia e a r l y  i n s t a r s  (2.84%), Brachycercus  

(2.41%), S t i c t o c h i r o n o n l u s  (1.99%), Hexagenia l i m b a t a  (1.28%), and 

Padpomyia (1.14%). The remaining 15 t axa ,  i nc lud ing  n ine  specimens 

I 
of Dip tera ,  accounted f o r  4.40% of t h e  c b l l e c t e d  organisms. The average 

ben th i c  sample was cha rac t e r i zed  by 117.3 macro inver tebra tes  and a wet 

weigh2 of 0.08528 g. 

Area 40 
-7 

I Sampling Per iod  -- I. The Oligochaeta  (80.75%), S imul ium (5.16%),  

and Hexagenia l i m b a t a  (3.57%) accounted f o r  over 89% of t h e  fauna.  

Less than  112 (10.52%) of t h e  remaining bo t ton  c o l l e c t d o c  consFsted 

of 20 t a x a  which included e i g h t  repr -esenta t ives  of t h e  Order Dip tera .  

Eighty-four macroinvertebra ' tes ,  averaging 1.24728 g t o t a l  wet weight ,  

1 c o n s t i t u t e d  t h e  t y p i c a l  ben th i c  sample. 

Sampling Per iod  11. The bottom community cons i s t ed  of 21 t axa ,  

inc luding  12 d i p t e r a n  genera.  The average number of organisms per  

sample was 18.3. The t o t a l  wet weight averaged 0.00820 g. Palpomyia 

(29.09%), o l igochae te s  (20,00%),  ~ t r i c h o p o g o n  (14.55%), Brachycercus  

(6.36%), and Xenochironoinus (5.45%) accounted f o r  75.45% of t h e  t o t a l  

ben th i c  inventory .  Approximately one-fourth (24.55%) of t h e  remaining 

macro inver tebra te  fauna cons i s t ed  of 16 taxa .  

Area l+l --- -- 

Sampling Period - I. Representa t ives  of 36 taxa  were surveyed i n  , 



n ine  bottom co2lect:ions. The average benth ic  sample had 67.2 macro- 

i n v e r t e b r a t e s  and a w e t  weight of 0.76156 g o  The dominant ben th i c  

r e p r e s e n t a t i v e s  accounted f o r  over 81% of t h e  organisms c o l l e c t e d  and 

included t h e  Oligochaeta  (38.18%), t h e  Nematoda (16.86%), H y a l e l l a  

a z t e c a  (8.93%), A s e l l u s  i n i l i  t a r i s  (4.79%) ,- t h e  T u r h e l l a r i a  (4.30%), 

Xenochironomus (3.14%), t h e  Hirudinea (2.81%), and Polyped i lum (2.31%). 

The remaining 28 t a x a ,  accounting f o r  18.68% of t h e  surveyed benthos ,  

included t e n  specimens c h a r a c t e r i z i n g  t h e  Order Dip tera .  

Sampling Period 11. The b e n ~ h i c  fauna cons i s t ed  of a wide v a r i e t y  

of macro inver tebra tes  encompassing a t o t a l  of 54 t a x a  which included 

19 d i p t e r a n  genera,  f i v e  c a d d i s f l y  t axa ,  and fou r  mayfly t axa .  This  

was t h e  second l a r g e s t  number of t a x a  found. The average bottom 

c o l l e c t i o n  had 195.1 organisms and a w e t  weight of 2.28926 g. Oligo- 

chae t e s ,  accounting f o r  59.05% of t h e  i n v e s t i g a t e d  community, were 

dominant. Other major macrobenthic i n v e r t e b r a t e s  included nematodes 

(6.66%), H y a l e l l a  a z t e c a  (4.84%), Xenochironomus (4.61%),  Sphaeriunl 

(2,16%), Cheuma t o p s y c h e  (2.11%), t u r b e l l a r i a n s  (1.82%) , Leeches (1 .71%),  

Pentdneura (1.42%), Hexagenia l i m b a t a  (1.25%), D i c r o t e n d i p e s  (1 ,20%),  

Amnicola (1.08%), Physa (1.08%), and A s e l l u s  m i l i t a r i s  (1.03%). Fo r ty  

t axa  made up t h e  remainder (9.96%) of t h e  bottom c o l l e c t i o n .  

Table 4 and Figs .  14 and 15 summarize t h e  t o t a l  number of ben th i c  

taxa  c o l l e c t e d  i n  each a rea .  During sampling per iod  I, a r e a s  15 and 

37 and a r e a s  1, 2, 4, and 5 ,  r e s p e c t i v e l y ,  supported t h e  l a r g e s t  and 

sma l l e s t  numbers of taxa.  Areas 26 and 41, suppor t ing  59 and 54 t axa ,  

r e spec t ive ly ,  y i e lded  t h e  l a r g e s t  number of taxa  c o l l e c t e d  dur ing  



Table 4 .  Total number of taxa, 41  study areas, Navigation Pool No. 8, 
Upper Mississippi River, 1975. 

Number of Taxa 
Study Area 

Sampling Period I Sampling Period I1 











I sampling per iod  11. The s m a l l e s t  nunibers of t a x a  were c o l l e c t e d  i u  p 
a r e a s  2 and 4 du r ing  t h e  second sampling pe r iod .  The most eu t roph ic  

a r e a s  g e n e r a l l y  y i e lded  fewer numbers of t a x a  p e r  a r e a .  Grea t e r  

numbers of t a x a  t y p i c a l l y  occurred i n  t h e  less eu t roph ic  a r e a s ,  Within 

each a r e a ,  t h e  number of t a x a  c o l l e c t e d  a t  each  sampling s i te  v a r i e d  and 

presumably r e f l e c t e d  t h e  r e l a t i o n s h i p s  e x i s t i n g  between l o c a l i z e d  

chemical-physical  cond i t i ons  and t h e  s p e c i f i c  h a b i t a t  p r e f e r ences  of 

t h e  b e n t h i c  macro inver tebra tes .  

Data concerning t h e  average  t o t a l  wet weight p e r  square  meter  

i n  each  s tudy  a r e a  a r e  summarized i n  Table  5 and F igs .  16 and 17. The 

l a r g e s t  s t and ing  c rops  dur ing  t h e  f i r s t  sampling i n t e r v a l  were recorded 

i n  a r e a s  13 and 24 which y i e lded  va lues  of 164.88881 g and 198.36105 g,  
h 

b r e s p e c t i v e l y ,  Areas 5, 28, 30, and 34 supported t h e  s m a l l e s t  s t a n d i n g  

c rops .  CurLng the  second sanp2mg i n t c r v s l ,  t h z  g r z a t c s t  biox;sszz 

occur red  i n  a r e a s  15 (116.67150 g ) ,  21 (118.95024 g ) ,  and 24 

(182.70788 g ) .  Mi.nimun average biomass v a l u e s  of 0.21487 2 ,  0.24803 g,  

and 0.17655 g were r e s p e c t i v e l y  found i n  a r e a s  34,  36, and 40. The 

more eu t roph ic  a r e a s  g e n e r a l l y  tended Co suppor t  l a r g e r  s t and ing  c r o p s  

of macro inver tebra tes .  The m a j o r i t y  of low biomass measurements were 

recorded i n  t h e  less e u t r o p h i c  a r e a s  ( a r ea s  27-41). Within each  a r e a ,  

t h e  s t and ing  c rop  c o l l e c t e d  a t  each  sampling s i te  v a r i e d ,  depending 

lol l  t h e  l o c a l i z a t i o n  of s t a b l e  h a b i t a t s  which were l e a s t  a f f e c t e d  by 

such f a c t o r s  a s  wind, c u r r e n t  ve loc i - ty ,  and f l u c t u a t i n g  water  l e v e l s .  

Grea te r  numbers of organisms p e r  squa re  meter were g e n e r a l l y  

found i n  t h e  more eu t roph ic  s tudy  a r e a s  i n  Navigat ion Pool  No. 8  

(Table 6, F igs .  18 and 1 9 ) .  During both s a~np l ing  pe r iods ,  a r e a  18 



Table  5. Average t o t a l  wet we igh t  p e r  square mete r ,  4 1  s t u d y  a r e a s ,  
Nav iga t ion  P o o l  No. 8, Upper M i s s i s s i p p i  River, 1975. 

Average T o t a l  W e t  Weight 
(g/rn2> 

Study Area  - 

- Sampling PerFod I Sampling P e r i o d  I1 







Fig.  17.  Average t o t a l  wet weight p e r  square-meter, 4 1  s t u d y  areas ,  
M:-.y!pti?r_ P33:L W O .  8, fiFF:-r M i . z s i ~ ~ i ~ p i _  ?.?.vn.rI Q r p ~ ~ , ! - i v g  , , P ~ r i . ~ d  TL, 1.975, 





Table 6. The mean number of macroinvertebrates per square meter, 
41 study areas,. Navigation Pool No. 8, Upper Mississippi River, 1975. 

Mean Number of Macroinvertebraqes 
Study Area . .  

Sampling Period I Sampling Period I1 
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Other high readings  of 18,739.7 and 13,940.7 organisms pe r  squa re  

. meter were recorded i n  a r e a s  3 (Sampling Period I )  and 1 (Sampling 

Period I I ) ,  r e s p e c t i v e l y .  The s m a l l e s t  numbers of ben th i c  organisms 

were c o l l e c t e d  i n  a r e a s  28 (Sampling Per iod  I )  and 34 (Sampling Period 

I 11). Within each s-tudy a r e a ,  t h e  number of macro inver tebra tes  c o l l e c t e d  

a t  each s i t e  va r i ed .  Grea ter  numbers were t y p i c a l l y  col l -ected from 

I t h e  more s t a b l e  h a b i t a t s  of t h e  a r ea .  

I Simple l i n e a r  and m u l t i p l e  c o r r e l a t i o n s  r e l a t e d  v a r i o u s  chemical- 

- phys i ca l  parameters  w i th  c h a r a c t e r i s t i c s  of t h e  inven to r i ed  b e n t h i c  

9 
conununity (Tables 7  and 8 ) .  Simple c o r r e l a t i o n  c o e f f i c i e n t s  were 

low and ranged from -0.534 t o  0.686 (Sampling Period I )  and from 

I -0.568 t o  0.608 (Sampling Period 11 ) .  Most of t h e s e  s imple c o r r e l a t i o n  

c o e f f i c i e n t s  w e r e  nc t  s i g n i f i c a c t  st t h e  0.01 o r  0.05 l e v e l s .  A l l  

I m u l t i p l e  c o r r e l a t i o n  c o e f f i c i e n t s  (mult i - r)  were s i g n i f i c a n t  a t  t h e  
E 

0.01 l e v e l  and ranged from 0.539 t o  0.869 (Sampling Per iod  I )  and 

I from 0.520 t o  0.928 (Sampling Period 1 1 ) .  

Dominant - Groups of Benthic  Macro inver tebra tes  

I Tables  9  and 10 p a r t i a l l y  summarize t h e  ben th i c  macro inver tebra te  

. composition of each s tudy  a r e a  and d e p i c t  h a b i t a t  p re fe rences .  The 

dominant ben th i c  fauna and those  organisms of p a r t i c u l a r  i n t e r e s t  a r e  

f included and s h a l l  be  discussed.  

Class  T u r b e l l a r i a  (Fhylum Pla tyhe lminthes) .  Flatworms inhab i t ed  



Table 7. Simple l inez r*  and ir,ultiple* c o r r e l a t i o n s  of selectee! benthic  dependent v a r i a b l e s  with mean physical-chernical paraslptfrs i n  a l l  
s t ady  a reas ,  Navigation Pooi No. 8 ,  Upper Pdss i s s ipp i  River, Sampling I e r l o d  I, 19i5. 

Physicsl-Chemical Paraneter  
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::c V -=.- i .-..-,... '-a -.323.' -.j:,9- -.29i -.I74 -.368.. .270 .348" .169 . I23 -.042 -,070 -.386" -.L22' .02b .541' .3?2- 
C.?S,;.?~ c~?.?ycbc 2 .323-'  .303 .?16.. -. 131 -. 107 -.294 -.062 -.I18 -.I17 -.I55 .313" ,306.. -.1L5 -.319" .536' 
~,zstir .I40 .218 .298 L.151 -. 278 -.03> .3LOS. .090 ,415- .I07 -. 107 -.0$7 .061 .461- - . 2 2 3  .553- ,.-: ,..?,.n-..Z .,.-- L. . -  ....... - . 1 ~ 9  -.425. -.417' -. 242 -.282 .3h~: ' .1.83 -.lo6 -.I26 -.I44 -.215 -.286 -.360-- . i 3 1  .5?9- .. - . ?*4' . , - -- - d  . ,- .-ill.l2. -. -.I350 .19i .I29 .216 -. 083 -.013 , -. 134 .066 -. 163 . i44 -.069 .058 . I38 -.019 -. 182 .529' 
~3doc:lizor.cous -.224 -.191 -.222 -.I74 -.001 -.06L - . O l O  ' .060 -.I81 -.I24 -.I52 -.I81 -.212 . O j l  .265 .584 " 
,>c137:c;i x2;, -.Of38 .014 -. 044 . O l i  - .21i -. 051 . lo0  .030 -.038 .077 -.I89 .064 -. 154 -.026 .I16 .67?' 
.yc,:=jliFrc;23:;!~.3 -. . 

.10k .I02 -. 021 .053 . I51 . lo6  . lo6  .Oi7 .110 .563' -.040 .161 - .e l9  -.I48 -.031 .856' 
L O ~ - ~ : ~ . ~ ; ' S U S  - . i i l  -.036 -.041 -. 141 -.I39 .067 .316" .112 .I52 . I99  -.090 -.350" -.221 .375'. .1LQ .6LGe 
?e:~ t ? T ! i - ~ I i  -..208 -.216 -. 186 -.I15 -. 136 . I27 .339. ' -.054 .084 -.067 -.229 -.332" -.38L" .152 . &sz- .579. 
3 , ? -,,-,..' 
-&-<a ..5-2 .490e -.052 .098 .394.' ,051 -.34EU -.416' - , I67  -.4b4' -.I53 -.I12 .222 .Cleo - 0 1  - . i s 2  .;;$a 
:.--;-p- .i....r+..-l.+ .017 -.056 .043 -. 162 -.I95 .148 .431e .029 .192 . 185 - . O i l  -. i21  -.!I01 . I80 .ti38 .S:I- 
.~p,~:aezi sn .03@ -.056 .1?6 -.1.51 -. 198 . l l C  .357" .060 .253 .264 -.053 -. 135 .076 .?30 -.C35 .854. 

---- --- ------- I .  --.- 

.--Significmt a: t h e  0.01 l e v e l  . .--r.; .-.: =: o - & ~ - ~ - c a n t  a t  t I ie 0.05 l e v e l  
*--:;S degrses of freedom 
0--24 degrees cf  freedom 



T e b l r  8.  Sb .p lo  l i n e s r *  and mu l r ip i c3  c o r r e l a t i o n s  of s e l e c t e d  b e n t h i c  dependent v a r i a b l e s  w i t h  t h e  mean physical-chemical pa rame te r s  
i o  ail s:udy a r e a s ,  Xa-gigation Pcol No. 8, ilpyer Mississ ippj .  R b e r ,  Sampling Pe r iod  11, 1975. 

Be- rh ic  - physical-chemical. P a r m e t e r  -.--- -----.-- 
ijs?er.dent Ffdlti-r  
P a r i & l e  -- Sediment P a r t i c i e  S i z e  F r a c t i o n  -._ 

Current  D i s sn lvea  Orgznie 
3cpckc Ve loc i ty  TurbiZitqr Cxygen Ten~pe ra tu re  Ni t rogen 

- 
NO3 MO - PO 3- 1 2 3 4 5 .- 6 

2 4 -- -. - L__ 
>; . q . c . . e ~  of t a s e / a r e  .1L3 .249 .328-.  .708 -. 294 - . I88 . I 57  ,313' '  -359" 5 -.07: . I 78  .034 .I60 -.22? .SSS. 
::car. c o r a l  h - i ~ c h s s / a ~  -.OSS -.12; ,028 -.237 -. 245 .28? ,589' . I19  .469- .%29 -.064 -.201 -. 110 -228 . i 25  .819' 
;<ezx ? 3f ~ac=siriirerrebrarea!n2 -. I42 -.472- -,1,22- -.511' -. 130 . 54q3  .600' .Oh2 .327.' -.050 .:I1 -.3O4 -.431' -.057 .571' .785 '  
- . r l . - - .T  :~-s+i-c- i .?  -.216 -.035 -.I22 -. .094 - 0  .OF6 .386" .541. .213 -.I27 -.025 -.532 -.184 -.OSO -200 ."i, $ ' Q .  

? F . ~ Z : ~ ? C  .0E4 .0!7 .OX7 -. 109 -.082 . I47 . 4 5 7 .  .297 .292 -.095 -.039 - .MI - . 046  -.021 . ! 5 2  .8 i4 .  
Glj.poc+-<cca -.073 - . 38 i**  -.355.- - .37&-- -.137 .453 ' .402' ,020 .232 -.159 ,091 -.256 -.350" -.OM .LX2. . XPF - 
Zt~uZ,Lnan -.231 -.4!?. -.434' -:'.02' .I32 .?02 -429. . I 20  .Q24 .Q75 -.a55 -.?55" -.391- '  -.GI3 -5-"  3 L 

'Q3. . . ,. 
.<,o :..,= -... . ...- -- .- ..a 2 2 i a r i s  - , I ?&  -.182 -.063 - .209 -. 034 .313. '  .55S' .245 .31;" ,276 -.038 -.I84 -.I59 ,176 .A - .7h6' ' 5' 
:..= 3 - , ..> ..?L.Lz dzieca - . 2 & 8  -.!+19- - .543-  -.568' -681 .324. .  .363" . 0 0 7  -105 . - . O W  .129 - . I t 1  -.369" - . I30 . 4 i b  .12?: 
i-- ,. - ^ . ,.. :-.. is -.0?3 -.258 -. 160 -. 252 -. 193 .254 .3:8" .326" .222 -.026 . I42 -.174 -.361a. .GI4 .363.' . ? la '  
.-i ..,..- .;-., -.:.. is .. ..--.." ..... : 7 . 50 i '  ' 6  :.?. .386" .C47 -.404. -.325" -. 135 -. 135 .2i7 . i s 2  .415' .232 - . loo -.4?2'  .696' 
,:>-<- .' . . -.. .-.S .061 .I30 .285 -. 136 -.315.- .030 .45Om .132 .484' .O71 -.05L -.I05 .023 .353" -.087 .S70- 
c:,: -,,..-- . .--. .IV..~.~S -.;?r~ - . 3 5 s m -  -.320. '  - . I 13  -. 221 .41b. .415' -.C97 -.a03 -.044 -.I96 - . 3 0 i ' -  -.340" .083 .426 .SF1' 
5:; -. st2c:kr,2.ccmus .:kg .07?  .lo5 -. -,* ~ o b  - - .I71 . l i l  .l;a -. 125 .425- -. 129 -07: . l o 5  .004 .084 -. 120 . T l j .  
;i.165.17.?;~0,~07l5 -.I86 - .297  -.3S4" -.130" .09i? .202 . I03  .0?6 .039 .037 .252 .019 - .184 -. 119 . i 7 9  S S O '  . .'- 
.>p-; -:,* 2: I a; -.04L -.2!9 -. 252 -.(?09' . GI3 .2%4 .a77 0 .217 -.064 .286 .07C -.I42 -.064 -131 .?GZ'  
>- ..,- -.- + .' -- -- *,. = .. .:._~.._,.j..V..l-_ -097 .503'  .355.. . 2 4  . I56 -.2:7 -.098 -.081 .080 .073 -.036 .365" .202 -.076 -.315" .7?i- 
.. ~ -ss..:razy?zj .19? -.134 .Oi7 -,01C -.I15 .0&7 .309- '  .135 . i s 5  - .081 -.060 -.2i8 -.269 -301 ,163 .?30'  
.-n-L1.-r..r' - -,.- - . .  -. - .05& --.349" -.358" -.L37' -.OF9 .316-. .348" ,007 .'93 -. 134 .226 -.038 --.370" .Oi9 . 3G8 ' .  .7?5' 
Zs;,?-,.?ji;; . I 57  .?87 .29G .483' .a39 - . 3 3 4 . '  -.497' --.207 -,309" -. i 9 5  -.I69 .371" .496' - .28i - .42t -  - 7 1 7 -  
.? z-.: co i a .a34 -.030 .092 -. 159 -.290 .066 .329" .OF9 . I86  .361" -.Oi5 -.056 .059 .242 -.013 .S20' 
z-h2a?;,x -__.._-__ -.363 - . I35 -025 --. 128 -. 128 .285 .SO>. .~40 -256 .236 -.o?& - . l a ?  -.068 .151 . i l 5  . i A l '  

------ --- -- 
. - - s c G - $ ~ ;  -,..-LL~.:nt -- a t  t 5 e  9.01 l e v e l  

- . - -5 igc i f i caz t  a t  :he 0.05 l e v e l  
*-39 deg rees  of f r eedon  
5-23 dcgrees  sf f r eedog  
H--Correlatior: cou ld  n o t  be calcul . s ter i .  A s q w r e  of a n e g a t i v e  argumeat 

was ob t a ined .  



) Table 9. The mean numbcr of selected macroinvertebrates per square 
i meter, 4 1  study areas, Navigation Pool No. 8, Upper Mississippi 

Rl.ver, Sampling Peri.6d I, 3.975. 

Study 4 - 

Area 
Tur. Nem. Oligo. M r .  A .  mil. H. azt:. G. fasc. 

- -- - 

1 3250.28 



Table 9. (cont'd) 

Study 
Area  

- 

Deca. Hydra. P - p l a c .  S i p h .  Steno. T r i .  Brach.  
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Table 9. (cont 'd )  

Study - Area 
Hex. Eph. Enal. Ophio. Corix. S i a l i s  Neur. 



T a b l e  9. ' (cont ' d)  

I Study 
Area 

Cheum. Hydro. Stacto.  Oec. Nym. Sten. Chao. Simu. 
, 



Study 
Area 

Chiro. Cryptn .  Endo. Glypto. Poly.  Xeno. Tany. 



Table 9. (cont'd) - 

Taxon 
Study 
Area 

Coelo. Pent. Atrich. Palp .  Physa h n i .  Musc. Sphaer .  



Table 10. The mean number of selected macroFnvertebrntes per square 
meter, 41 study areas, Navigation Pool No. 8, Upper Mlss-issippi 
River, Sampling Period 11, 1975. 

Taxon 
1 Study - 

Area 
Tur . Nem . Oligo. Hir. A. m i l .  H. azt. G. fasc. 



Table 10. (cont'd) 

Taxon 
S tudy  - 
Area 

Deca. Hydra. P. p lac .  S iph .  Steno. Tri. Z3racl.l. 



Table 10. (cont'd) 

Taxon 
Study 
Area 

Hex. Eph. Enal. Ophio. Corix. S i a l i s  Neur. 



Taxon 

- 

Cheum. Hydro. S t ac to .  Oec. Nym. Sten.  Chao. Simu. 
-- 

10.77 

21.53 
21.53 

7 
I 10.77 

2.37 2.37 4 .74  2.37 
3.66 3.66 7 .10  

7 .10  
10.77 252.98 

3.66 
2.37 4 .74  98.18 

2 .80  69.97 
2.37 12.06 2.37 
7 . 1 0  14 .43  2.37 9.47 

4.74 7 .10  2.37 2.37 
4.74 4 . 7 4  2.37 2.37 

17.57 25.19 3.66 
2 .80  2 .80  64.59 
8 . 6 1  4.31 

43.06 4 .74  
4 .31  1 . 5 1  1 . 5 1  1 .51  

7 .10  2.37 
2.37 26.27 2.37 9.47 

23.90 7 .10  2.37 
21.53 3 .66  50.16 17.87 7 .10  
16 .79  26.27 16 .79  4 .74  
32.94 4 .31  I 2 .80  

9 .04  3.66 
79.02 168.58 7.10 

1 7 2 . 2 4  8 .61  
t 3.66 3.66 

19 .16  16 .79  16 .79  
8 .18  5 .38  

59.85 28 .63  2.37 2.37 12.06 
27.77 3 .01  3 .01  

16 .79  4.74 2.37 
91 .50  9 .04  1 .72  1.72 41 .34  

7.1.0 
10.77 

88 .49  2.37 14 .43  2.37 21.53 12.06 
- 



Taxon 
Study --- 
Area 

Chiro. Crypto. Endo. Glypto. Poly. Xeno . Tany . 



Taxon 
Study 
Area 

Coelo. Pen t .  A t r i c h .  P a l p .  Physa Amni. Musc . Sphaer . 

333.72,  
10.77 
43.06 
64.59 
10.77 21.53 

4.74 1.4.43 7 .10  2.37 2.37 52.53 150.71 
21.53 39.40 3 ; 6 6  7 .10  7 .10  43.06 
21.53 50.16 3.66 64.59 405.41 

64 .59  7 306.80 193.77 
14.43 28 .63  39.40 50.16 125.52 

68.25 3.66 14 .43  10.77 
88.49 174.61  4.74 2.37 12.06 28.63 , 

48.44  13.56 2.80 5.38 56 .62  
31.00 31.00 i 2.37 88.49 380'.44 2172.1.6 

14.43 28.63 191.4C 447.39 1729.50 
35.96 2.5'i 4.14 54.85 i 5 i . 8 1  
23.90' 16.79 38.32 

111.. 31 132.84 251.26 82.56 75 .36  667.43 
53.83 72.77 8 .18  21.53 

' . 12.92 40.91 2.15 4.31 10.77 32.30 60 .28  
7 .10  7 .  S O  401.97 282.26 1.370.82 

155.02 213.79 2.80 
4 .74  23.90 28.63 12.06 

38.32 43.06 2.37 86.12 614.90 2423.42 
7 .10  110.02 12.06 2.37 9.47 7 .10  

75.36 103.99 3.65 93.22 68 .25  17.87 254.70 
4.74 12.06 21.53 2.37 
7 . 1 0  55.98 90.43 2.80 1.51 2.80 

9 .04  28.63 10.77 1 .72  3.66 10.77 
3.66 7.10 17 .87 '  7 .10  

4.31 
32.30 17.87 7 .10  39.40 

16.79 . ' 16 .79  26.27 9.47 14.43 4.74 93.22 
37.68 29.71 

12.06 . 45.43  7 .10  28.63 4 .74  
33.80 43.06 

4.74 31 .00  31.00 165.14 
7 .10  1G.1.5 37.68 12.49 1.72 1.72 3.66 
3.66 X4.43 28.63 3.66 

57.49 11.4.75 
7.1.0 66.96 9 :47 16.79 . 45.43 45 .43  7 .10  90.86 

------ ---.- 



a r e a s  10 t o  26 (Appendix Fi.g. 1-1). The g r e a t e s t  d e n s i t i e s  were  

recorded  i n  areas 21 (Sampling P e r i o d  I )  and 1 8  (Sampling P e r i o d  I I ) .  

High d e n s i t i e s  were  e v i d e n t  i n  b o t h  ex t remes  of eu t rophy .  

Phylum Nematoda. R e p r e s e n t a t i v e s  o f  t h e  Phylum Nematoda were  

found i n  a l l  s t u d y  a r e a s  e x c e p t  4 and 36 (Appendix P ig .  1-2).  High 

d e n s i t i e s  were  recorded  i n  a  wide v a r i e t y  of h a b i t a t s  and under  a 

wide r a n g e  o f  e c o l o g i c a l  c o n d i t i o n s .  Areas 17 and 41 (Sampling P e r i o d  I )  

and area 14 (Sampling P e r i o d  11) s u p p o r t e d  t h e  l a r g e s t  s t a n d i n g  c r o p s  

o f  nematodes. The l a r g e r  s t a n d i n g  c r o p s  were g e n e r a l l y  d i s t r i b u t e d  

more f r e q u e n t l y  i n  t h o s e  areas hav ing  i n t e r m e d i a t e  c u r r e n t  v e l o c i t i e s .  

Class O l i g o c h a e t a  (Phylum Anne l ida ) .  The o l i g o c h a e t e s  were 

u b i q u i t o u s  ( ~ p h e n d i x  F ig .  f-3) and were by f a r  t h e  most abundant  and 

dominant b e n t h i c  org,snfsms i n v e n t o r i e d .  The genera l  d i s t r l b u t f o n  of 

t h e s e  m a c r o i n v e r t e b r a t e s  f a v o r e d  t h e  more e u t r o p h i c  areas ( a r e a s  1-18). 

m re ate st' d e n s i t i e s  were  recorded  i n  areas 3 and 18 (Sampling P e r i o d  I )  

and a r e a s  1 and 18 (Sampling P e r i o d  1 1 ) .  T h i s  d i s t r i b u t i o n  a g r e e s  w i t h  

t h e  g e n e r a l  e c o l o g i c a l  c h a r a c t e r i s t i c s -  of t h e  o l i g o c h a e t e s  which can 

t h r i v e  i n  h a b i t a t s  hav ing  f i n e  sed iments  h i g h  i n  o r g a n i c  matter, low 

c u r r e n t  v e l o c - i t i e s ,  and low d i s s o l v e d  oxygen l e v e l s .  

C l a s s  I l i rud inea  - (Phylum Anne l ida ) .  A11 a r e a s  e x c e p t  27 and 39 

suppor ted  b e n t h i c  conlmunities hav ing  l e e c h e s .  The more e u t r o p h i c  a r e a s  

( a r e a s  1-18) favored.  l a r g e r  s t a n d i n g  c r o p s  o f  l e e c h e s  (Appendix F ig .  1-4).  

Areas 4 - a n d  10 (Sampling P e r i o d  I) and area 3 (Sampling P e r i o d  11)  

suppor ted  t h e  g r e a t e s t  d e n s i t i e s  d u r i n g  t h e  r e s p e c t i v e  sampl ing i n t e r -  

vals. This d i s t r i b u t i o n a l  p a t t e r n  corresportds t o  t h e  g e n e r a l  



pre fe rence  of l e eches  f o r  sha l low h a b i t a t s  having unde t ec t ab l e  o r  low 

c u r r e n t  v e l o c i . t i e s  and s u f f i c i e n t  d e b r i s  and p l a n t  m a t e r i a l  t o  a f f o r d  

concealment and adequate  s u b s t r a t e  f o r  a t tachment .  

Order Isopoda -- (Phylum Arthropoda, Class  Crus tacea) .  A s e i l u s  m i l i t a r i s  

was t h e  on ly  b e n t h i c  r e p r e s e n t a t i v e  of t h e  Order Isopoda t o  b e  col-  

l e c t e d .  Represen t a t i ve s  of t h i s  s p e c i e s  occurred i n  a l l  b e n t h i c  

assemblages except  t hose  found i n  areas 1, 9 ,  13, 28, 31, 36, 39, and 

40. The g e n e r a l  d i s t r i b u t i o n  of A s e l l u s  m y l i t a r i s  favored t h o s e  a r e a s  

of i n t e rmed ia t e  eu t roph ic  s t a t u s  ( a r e a s  14-26) (Appendix F ig .  1-5). 

Area 14 supported t h e  g r e a t e s t  d e n s i t y  of a. m i 2 i t a r i s  (1257.92 i nd iv id -  

u a l s /  m2) dur ing  t h e  f i r s t  s an~p l ing  pe r iod .  The g r e a t e s t  d e n s i t i e s  

dur ing  t h e  second sampling pe r iod  were recorded i n  a r e a s  24 (248.89 

i n d i v i d u a l s  /m2) and 15 (239.20 individuals/rn2) . Grea te r  numbers 

of A. ~ n i l i  L r is Nere g e ~ l t l r a i i ~  PuuL~;L i l l  sii&lc)wcr h a b i t a t s  supper i i l i g  
3 -  i 

s u f f i c i e n t  v e g e t a t i o n  and d e b r i s  which could f u r n i s h  p r o t e c t i o n ,  con- 

cealment,  and s u b s t r a t e s  f o r  a t tachment .  

Order Amphipoda (Phylum Arthropoda, Class Crus tacea) .  The Order 

Amphipoda was r ep re sen t ed  by two s p e c i e s ,  Gammarus f a s c i a t u s  and 

Hyale l la  a z t e c a .  HyalelLa az t eca  was by f a r  t h e  dominant amphipod. 

No specimens of Gamrnarus f a s c i a t u s  were taken  du r ing  Sa.n~pling Period 11. 

During Sampling Per iod  I ,  r e p r e s e n t a t i v e s  were taken  i n  only s i x  a r e a s  

(a reas  5, 17, 31, 32, 34, and 39).  The g r e a t e s t  d e n s i t y  (21.53 ind iv id -  

2 .uals/m ) of t h i s  amphipod was recorded i n  a r e a  5. Nyale l ia  a z t eca  

was p r e s e n t  i n  a l l  a r e a s  except  a r e a s  31 and 40 (Appendix F ig .  1-61. 

Those a r e a s  numbered lower t han  20 supported t h e  l a r g e s t  s t and ing  



c r o p s  o f  H. a z t e c a .  These a r e a s  s u p p o r t e d  l a r g e  biornasses of vege ta -  

t i o n  ( S a y i t t a r i a  l a t i f o l i a ,  Potamoyeton c r i s p u s ,  and Ceratophyl lum 

demersum) and d e b r i s  which a f f o r d e d  p r o t e c t i o n  and concealment .  

! Greatest d e n s i t i e s  were  recorded  i n  area 10 d u r i n g  Sampling P e r i o d  I 

and a r e a s  1 and 3 d u r i n g  Sampling P e r i o d  11. 

Order Decapoda (Phylum Arthropoda,  Class C r u s t a c e a ) .  Only one  

r e p r e s e n t a t i v e  o f  t h i s  o r d e r  was c o l l e c t e d  and. c o n s i s t e d  of a n  uniden- 

t i f i e d ,  p a r t i a l  specimen. Th is '  r e p r e s e n t a t i v e  was t a k e n  d u r i n g  t h e  

second sampling p e r i o d  i n  area 3 .  

Order Hydra.cari.na (Phylum Arthropoda,  Class Arachnoidea) .  Three  - 

I r e p r e s e n t a t i v e s  of t h i s  o r d e r  were su rveyed  and i n c l u d e d  A r r e n u r u s ,  

Hydrachna, and  an  u n i d e n t i f i e d  r e p r e s e n t a t i v e .  These w a t e r  m i t e s ,  

p r e s e n t  i n  low d e n s i t i e s ,  w e r e  r e p r c a e n t e d  i n  m l y  si:: a r e a s  ( a r e a s  

6, 15, 20, 26 , ' 35 , '  and 37) .  The g r e a t e s t  dens i t - i e s  were  s u p p o r t e d  i n  

areas 26 (Sampling P e r i o d  I )  and 6 (Sampling P e r i o d  1 1 ) .  

Order  P l e c o p t e r a  -- (Phy11.lin A.rthropoda, Class I n s e c t a ) .  P e r l e s t a  

p l a c i d a  was t h e  s o l e  r e p r e s e n t a t i v e  o f  t h i s  o r d e r  and was p o o r l y  

r e p r e s e n t e d  i n  o n l y  f o u r  a r e a s  c h a r a c t e r i z e d  by b e i n g  less e u t r o p h i c  

and hav ing  c u r r e n t  v e l o c i t i e s  g r e a t e r  t h a n  o r  e q u a l  t o  0.159 rnlsec 

( a r e a s  20, 27, 35, and 38) .  The g r e a t e s t  d e n s i t y  of 11..62 i n d i v i d u a l s  

p e r  m2 was r e c o r d e d  i n  a r e a  38. No r e p r e s e n t a t i v e s  were  t a k e n  d u r i n g  

t h e  second sampling p e r i o d .  

Order Ephemeroptera (Phylum Ar thropoda ,  C l a s s  I n s e c t a ) .  Kepre- 

a t i v e s  of t h e  Family S i p h l o n u r i d a e  were Xsonychia, S iph lonuruS ,  

. . - , . . - ... . .- . . - .. .. . . . . , . , . - . . . . . . . . . - -, 



and a n  u n i d e n t i f i e d  specimen. A l l  r e p r e s e n t a t i v e s  were obta ined  

dur ing  t h e  f i r s t  sampling per iod  i n  a r e a s  24, 35, and 39. Area 24 

supported t h e  g r e a t e s t  d e n s i t y  (14.21 specimens/m2). 

Stenonema occurred i n  t h e  l e s s  eu t roph ic  a r e a s  ( a r eas  17, 18, 

28, 30, 31, 32, 34, 3.5, 36, 38, and 39) and most f r equen t ly  i n  those  

a r e a s  having cu r ren t  v e l o c i t i e s  g r e a t e r  t han  o r  equal  t o  0.385 m/sec. 

Dens i t i e s  dur ing  Sarnpling Per iod  I were cons tan t  a t  approximately 

7.32 individuals /m2.  Area 38 supported t h e  g r e a t e s t  d e n s i t y  (16.15 

individuals /m2) dur ing  Sampling ~ e k i o d  11. 

Areas 8 ,  18, 22, and 26 supported r e p r e s e n t a t i v e s  of T r i c o r y t h o d e s  

dur ing  Sampling Period I. The d e n s i t y  of t h i s  mayfly was cons t an t  a t  

2  approximately 7.32 organisms/u~ . T r i c o r y t h o d e s  was c o l l e c t e d  from 

a r e a s  9,  10, 17, 28, and 30 dur ing  t h e  second sampling per iod .  The 

g r e a t e s t  d z n s t t y  was reccrded ' in a r e a  30. 

The gene ra l  d i s t r i b u t i o n  of Brachycercus  favored t h e  l e s s  eu t roph ic ,  

sandy a r e a s .  Area 39 y i e l d e d . t h e  h ighes t  d e n s i t i e s  dur ing  bo th  sampling 

per iods  . 
1 

Species  belonging t o  t h e  genus Hexaqenia included H. b i l i n e a t a  

and H. l i m b a t a .  Many e a r l y  i n s t a r s  of Hexagenia were encountered and 

could no t  be  ca tegor ized  a s  belonging d e f i n i t e l y  t o  e i t h e r  of t h e  

two spec i e s .  Representa t ives  of Hexagenia were found i n  a l l  s tudy  

a r e a s  except  a r e a s  2 and 36 (Appendix Fig.  1-7). The d i s t r i b u t i o n  

p a t t e r n  of Hexaqenia tended t o  be  l o c a l i z e d  between a r e a s  5 and 21 

which provided s u i t a b l e  s u b s t r a t e s  and d e b r i s  f o r  burrowing. High 

d e n s i t i e s  of 1334.55 representa t ives /m2 and 1195.93 representa t ives /m2 

were respective1.y recorded i n  a r e a s  17 and 6 dur ing  Sampling Period I. 

Areas 1G'and 26 supported h igh  d e n s i t i e s  of 526.19 and 628.03 mayf l i e s  



pe r  m2, r e s p e c t i v e l y ,  dur ing  Sampling Period 11. 

The l a r g e s t  s t and ing  crops of Ephoron occurred i n  a r e a s  34 and 

35 (Sampling Period I) and 26 (Sampling Period 11 ) .  Ephoron occurred 

most f r equen t ly  i n  those  a r e a s  numbered h ighe r  than  1.5. 

Order Odonata (Phylum Arthropoda, Class  I n s e c t a ) .  Two of t h e  

dominant r e p r e s e n t a t i v e s  of t h e  Order Odonata were Enailagma and 

Ophiogomphus, both of which a r e  t y p i c a l l y  a s s o c i a t e d  wi th  submerged 

vege ta t ion .  The d i s t r i b u t i o n  of Enallagma favored t h e  more eu t roph ic  

a r e a s  numbered lower than  21. Areas 8 and 10 y i e lded  t h e  g r e a t e s t  

s tanding  crops  dur ing  t h e  f i r s t  sampling per iod .  During t h e  second 

sampling per iod ,  a r e a  4 had t h e  h ighes t  d e n s i t y  of Enallagma (10.77 

rnacroinvertebrates/m2). High d e n s i t i e s  were a l s o  supported i n  a r e a s  

37 and 4 1  dur ing  t h i s  second sampling i n t e r v a l .  Ophiogomphus was 

c o l l e c t e d  more f r e q u e n t l y  i n  those  a r e a s  numbered lower than  30. The 

g r e a t e s t  dens/lt ies were found i n  a r e a  29 (Sampling Period I )  and a r e a s  

7 and 18 (Sampling Period 11). 

Order Hemiptera (Phylum Arthropoda, Class  I n s e c t a ) .  Un iden t i f i ed  

females b e l o ~ g i i l g  t o  t h e  Fanlily Corixidae (water boatmen) were t h e  

dominant t r u e  bugs. Representa t ives  were taken most f r e q u e n t l y  from 

those  a r e a s  having an in t e rmed ia t e  t r o p h i c  s t a t u s .  Areas 22 and 23 

(Sampling Per iod  I) and a r e a s  10 and 22 (Sampling Period 11)  supported 

t h e  l a r g e s t  s t and ing  crops .  R e l a t i v e l y  h igh  d e n s i t i e s  were a l s o  

supported i n  a r e a s  8 and 40 dur ing  Sampling Per iod  I. 

Order Megaloptera (Phylum Arthropoda, Class  I n s e c t a ) .  S i a l - i s ,  

t h e  dominant megalopteran, was most f r equen t ly  found i n  t h e  more 



eu t roph ic  a r e a s  ( a r eas  3 t o  20) whose f i n e  sediments were s u i t a b l e  

f o r  burrowing. Sialis was c o l l e c t e d  from only  two a r e a s  ( a r e a s  13  

and 15) dur ing  t h e  f i r s t  sampling per iod .  High d e n s i t i e s  of 16.15 

and 59.21 megalopterans/m2, r e s p e c t i v e l y ,  were supported i n  a r e a s  

3 and 9 dur ing  t h e  second sampling per iod .  

Order T r i c h o p t e r s  (Phylum Arthropoda, Class  ~ n s e c t a ) .  The d i s t r i -  

bu t ion  of Neureclipsis tended t o  favor  t h e  l e s s  eu t roph ic  a r e a s  w i th  

h igher  c u r r e n t  v e l o c i t i e s  which helped t o  b i l l ow t h e  trumpet-shaped 

s i l k e n  n e t s  which a r e  cons t ruc ted  by t h i s  organism, The g r e a t e s t  

d e n s i t i e s  were found i n  a r e a s  32 (Sampling Period I) and 31 (Sampling 

Per iod  11) .  

Cheumatopsyche (Appendix F ig .  1-6) and Hydropsyche were t h e  

dominant r e p r e s e n t a t i v e s  of t h e  Family Hydropsychidae. Both genera 

were most f r e q u e n t i y  founa r n  t h e  less eutrophic a r e a s  wriere currenE 

v e l o c i t i e s  were s u f f i c i e n t l y  h igh  t o  b i l l o w  t h e i r  s i l k e n  ca t ch  n e t s .  

Cheumato@syche w a s  most abundant i n  a r e a s  32 and 38 (Sampling Per iod  I) 

and a r e a s  31, 38, and 41 (Sampling Per iod  11): Areas 38 (Sampling 

Period I )  and 30 (Sampling Period 11)  supported t h e  l a r g e s t  numbers 

of Hydropsyche. Cheumatopsyche was more widely d i s t r i b u t e d  than  was 

Hydropsyche and occurred more f r e q u e n t l y  i n  a r e a s  of g r e a t e r  eutrophy 

and having lower c u r r e n t  v e l o c i t i e s .  No r e p r e s e n t a t i v e s  of e i t h e r  

Cheumatopsyche o r  Hydropsyche were found i n  t h e  s t agnan t  waters  of 

a r e a s  1-5. 

The Family Hydropt i l idae  was p r imar i ly  represented  by Stactobiella. 

Stactobiella was s p o r a d i c a l l y  d i s t r i b u t e d  i n  a wide v a r i e t y  of l e n t i c  

and l o t i c  h a b i t a t s  and under d i v e r s e  e c o l o g i c a l  cond i t i ons .  The 



g r e a t e s t  d e n s i t i e s  d u r i n g  Sampling P e r i o d  L were r e c o r d e d  i n  areas 3 

(28.84 r e p r e s e n t a t i v e s / m 2 ) ,  21 (18.94 r e p r e s e n t a t i v e s / m 2 ) ,  and  38 

(27.55 r e p r e s e n t a t i v e s / m 2 ) .  Area 18 y i e l d e d  t h e  g r e a t e s t  d e n s i t y  

(17.87 r e p r e s e n t a t i v e s / m 2 )  d u r i n g  t h e  second sampling p e r i o d .  

Oecetis (Family L e p t o c e r i d a e )  was more abundant i n  t h e  l e s s  

e u t r o p h i c  areas numbered h i g h e r  t h a n  12 (Appendix F i g .  1-9). The 

l a r g e s t  s t a n d i n g  c r o p s  were suppor ted  i n  areas 21, 26, and 37 (Sampling 

P e r i o d  I )  and a r e a  26 (Sampling P e r i o d  11). 

Order L e p i d o p t e r a  (Phylum Arthropoda,  C l a s s  I n s e c t a ) .  Nymphula, 

a l o n g  w i t h  Paraponyx,  was one of t h e  dominant r e p r e s e n t a t i v e s  o f  t h e  

Order L e p i d o p t e r a .  The g e n e r a l  d i s t r i b u t i o n  of t h i s  t axon  f a v o r e d  

t h e  most e u t r o p h i c  a r e a s  ( a r e a s  1-7). I n  t h e s e  a r e a s  Nymphrlla was 

c l o s e l y  a s s o c i a t e d  w i t h  v a r i o u s  v e g e t a t i o n  i n c l u d i n g  emergent S a q i t t a r i a  

f a t ~ f o l i a  and S.  r i g i d a ,  suDmergenr p o ~ a m o y e t o n  c r i s p u s ,  2. nodosus, 

and Cera tophy l lum dernersum, and f l o a t i n g - l e a v e d  Nymphaea t u b e r o s a  and 

Nelumbo p e n t a p e t a l a .  During Sampling P e r i o d  I, Nymphula was c o l l e c t e d  

o n l y  {n areas 15 (18.94 a q u a t i c  c a t e r p i l l a r s / m 2 )  and 26 (7 .32 r e p r e -  

2  s e n t a t i v e s l m  ). Nymphula was c o l l e c t e d  i n  areas 1, 3, 4,  5 ,  6 ,  7 ,  37, 

and  41. d u r i n g  t h e  second sampling p e r i o d .  Areas 3 and 4  (21.53 r e p r e -  

2  2  senta , t ives /m ) and areas 1 and 5  (10.77 r e p r e s e n t a t i v e s j m  ) y i e l d e d  t h e  

g r e a t e s t  numbers of Nymphula. 

Order  C o l e o p t e r a  (Phylum A r t h r o p o d a , , C l a s s  I n s e c t a ) .  S t e n e l m i s  

(Family Elmidae) was a r e p r e s e n t a t i v e  member o f  t h e  Order C o l e o p t e r a  

and o c c u r r e d  i n  t h o s e  less e u t r o p h i c  areas numbered h i g h e r  t h a n  14. 

The l a r g e s t  s t a n d i n g  c r o p s  were  found i n  a r e a s  35 and 41 (Sampling 



P e r i o d  I) and a r e a s  26, 27, 38, and 41 (Sampling P e r i o d  1 1 ) .  

Order D i p t e r a  (Phyl-um Arthropoda,  C l a s s  I n s e c t a )  . The g e n e r a l  

d i s t r i b u t i o n  of C h a o b o r u s  (Family Chaoboridae)  favored  t h o s e  a r e a s  

nuinbered between 7 and 20. C h a o b o r u s  was c o l l e c t e d  from o n l y  t h r e e  

a r e a s  ( a r e a s  11, 12,  and 19) d u r i n g  t h e  f i r s t  sampl ing p e r i o d .  Area 

2 12 s u p p o r t e d  t h e  g r e a t e s t  d e n s i t y  (33.58 phantom midges/ni ). The 

2 l a r g e s t  s t a n d i n g  c r b p  (252.98 phantom midgeslm ) was c o l l e c t e d  i n  a r e a  9 

d u r i n g  t h e  second.sampling p e r i o d .  Areas  1 2 ,  13, and 19 y i e l d e d  r e l a -  

t i v e l y  h i g h  d e n s i t i e s .  

S i m u l i u m  (Family S i m u l i i d a e )  was c o l l e c t e d  o n l y  from area 25 

(2.37 b l a c k  f l i e s / m 2 )  d u r i n g  Sampling P e r i o d  11. The g e n e r a l  d i s t r i -  

b u t i o n  d u r i n g  Sampling P e r i o d  I f a v o r e d  t h e  less e u t r o p h i c ,  l o t i c  

a r e a s .  G r e a t e s t  c o n c e n t r a t i o n s  o c c u r r e d  i n  a r e a s  20, 38, and 40. 

Midges be long ing  Co t he  Family  Chironomidae were t h e  dominanr 

d i p t e r a n s  and o c c u r r e d  i n  e v e r y  area and under  d i v e r s e  e c o l o g i c a l  

c o n d i t i o n s . .  The g e n e r a l  d i s t r i b u t i o n  o f  C h i r o n o m u s  f a v o r e d  t h e  more 

e u t r o p h i c  areas ( a r e a s  1-16) (Appendix F i g .  1-10). The g r e a t e s t  

d e n s i t i e s  o f  C h i r o n o m u s  were r e c o r d e d  i n  a r e a s  6 and 10 (Sampling 

P e r i o d  I )  and a r e a s  10 and 14 (Sampling P e r i o d  1 1 ) .  D e n s i t i e s  i n  

2 t h e  liess e u t r o p h i c  . a r e a s  ( a r e a s  17-41) d i d  n o t  exceed 61.99 midges/m . 
C r y p t o c h i r o n o r n u s  was c o l l e c t e d  i n  e v e r y  a r e a  e x c e p t  a r e a s  2 ,  3 ,  5 ,  and 

7 ( ~ ~ G e n d i x  F i g .  1-11). C r y p t o c h i r o n o r n u s  was equa.l%y d i s t r i b u t e d  i n  

alX t y p e s  of h a b i t a t s  a l t h o u g h  l a r g e r  s t a n d i n g  c r o p s  were  g e n e r a l l y  

recorded  i n  a r e a s  10,  31, and 32 (Sampling P e r i o d  I) and a r e a s  1, 26, 

32, and 41 (Sampling P e r i o d  1 1 ) .  The g e n e r a l  d i s t r i b u t i o n  of E n d o c h i r o n o m u s  

f a v o r e d  t h e  more e u t r o p h i c  a r e a s  numbered lower  t h a n  20 (Appendix F i g .  1-12). 



i 2 Greatest d e n s i t i e s  were recorded  i.n a r e a s  10 (610.02 r e p r e s e n t a t i v e s / m  ), 

1 11 (3817.24 r e p r e s e n t a t i v e s / m 2 ) ,  and 20 (525.21 r e p r e s e n t a t i v e s / m 2 )  

d u r i n g  t h e  f i r s t  sampl ing p e r i o d .  Areas 1, 5 ,  and 10 r e s p e c t i v e l y  y i e l d e d  

I h i g h  d e n s i t i e s  of 139.95, 419.84, and 86.12 r e p r e s e n t a t i v e s / m 2  d u r i n g  

Sampling P e r i o d  11. G l y p t o t e n d i p e s  was s p o r a d i c a l l y  d i s t r i b u t e d  and 

I was most abundant  i n  a r e a s  10,  11, and 38 (Sampling P e r i o d  I )  and 

areas 1 and 41 (Sampling P e r i o d  1 1 ) .  Polyped i lum was c o l l e c t e d  i n  a l l  

areas and i t s  g e n e r a l  d i s t r i b u t i o n  d i d  n o t  a p p e a r  t o  f a v o r  any p a r t i - .  

c u l a r  t y p e  of h a b i t a t  .(Appendtx P i g .  1-13). Areas 11, 15,  and 38 

.(Sampling P e r i o d  I) and a r e a s  1, 3 ,  20, and 30 (Sampling P e r i o d  1 1 )  

1 ma in ta ined  t h e  l a r g e s t  s t a n d i n g  c r o p s .  lYenoch i ron~mus  was g e n e r a l l y  
\$ 

I more abundant  i n  t h e  less e u t r o p h i c  a r e a s  numbered h i g h e r  t h a n  22 

I (Appendix F i g .  1-14). Xenochironomus was c o l l e c t e d  i n  o n l y  s i x  areas 

durirlg t h e  f i r s t  sarr;plirig p e r i o d ,  Areac 15 acd 4 1  suppor ted  t h e  l a r g e s r  

2 s t a n d i n g  c r o p s  of 205.78 and 105.04 midges/m , respective1.y.  Xenochironomus 

was most abundant i n  a r e a s  31 and 41 d u r i n g  t h e  second sampl ing  p e r i o d .  

Tany tarsus .  was g e n e r a l l y  more f r e q u e n t l y  erlcountered i n  t h o s e  areas 

hav ing  a n  i n t e r m e d i a t e  t r o p h i c  s t a t u s  and was most abundant i n  areas 
J 

19 ($ampling P e r i o d  I )  "and 15 (Sampling P e r i o d  1 1 ) .  The g e n e r a l  

d i s t r i b u t i o n  of Coelo tanypus  centei-ed around t h e  a r e a s  hav ing  i n t e r -  

I mediy te  e u t r o p h i c  s t a t e s  and was g r e a t e s t  i n  a r e a s  7 and 37 (Sampling 

I P e r i o d  I )  and a r e a s  12, 18,  and 26 (Sampling P e r i o d  11)  (Appendix 

I Fig... 1-15). The g e n e r a l  d i s t r i b u t i o n  of Pentaneura f a v o r e d  t h e  more 

e u t r o p h i c  areas ( a r e a s  1-20) (Appendix P i g .  1-16). Pentaneura w a s  

t a k e n  i n  a l l  a r e a s  e x c e p t  a r e a s  34 and 36 and was most abundant  i n  

s t u d y  area 11 (Sampling P e r i o d  I) and areas 1, 12,  and 18 (Sampling 



P e r i o d  IT). 

The c e r a t o p o g o n i d s  Atr ichopogon  and Palpomyia (Appendix F i g .  1-17) 

were t y p i c a l l y  more common and c o u l d  compete b e t t e r  i n  t h e  less e u t r o p h i c  

a r e a s  hav ing  sandy sed iments  and h i g h e r  mean c u r r e n t  v e l o c i t i e s .  

The g r e a t e s t  d e n s i t i e s  of Atr ichopogon  were suppor ted  i n  a r e a  28 

(Sampling P e r i o d  I) and a r e a s  22 and 25 (Sampling P e r i o d  11). Palpomyia. 

was most abundant  i n  a r e a s  12 ,  13 ,  2 2 ,  and 28 (Sampling P e r i o d  I )  

and a r e a s  22,  28, and 40 (Sampling P e r i o d  11). Both o f  t h e s e  b i t i n g  

midges were  more c o n c e n t r a t e d  i n  t h e  d e e p e r ,  c e n t r a l  p o r t i o n s  i n  each  

a r e a  where t h e  c u r r e n t  v e l o c i t i e s  were  g r e a t e s t ,  t h e  sed iments  were  

of a s a n d i e r  n a t u r e ,  and few c o m p e t i t o r s  were p r e s e n t .  Palpomyia 

was more w i d e l y  d i s t r i b u t e d  t h a n  was Atr ichopogon  and o c c u r r e d  i n  t h e  

more e u t r o p h i c  a r e a s  numbered between 5 and 19.  

Class G a s  LL oppcia <FLY ;urn Muliuscaj . kligsa auci iinlrlicuia wkr e 

r e p r e s e n t a t i v e  gas t ropods .  Physa,  whose m a n t l e  c a v i t y  s e r v e s  as a 

lung ,  abounded i n  t h e  more e u t r o p h i c  areas and was most d e n s e  i n  

areas 15 a n d . 1 8  (Sampling P e r i o d  I )  and a r e a  18 (Sampling P e r i o d  11). 

Thle g e n e r a l  d i s t r i b u t i o n  of Arnnicola, which p o s s e s s e s  a n  operculum 

and g i l l s ,  f a v o r e d ,  t h o s e  areas h a v i n g  i n t e r m e d i a t e  e u t r o p h i c  s t a t e s  

( a r e a s  14-24) (Appendix F ig .  1-18) .  The g r e a t e s t  d e n s i t i e s  of Amr~icola  

i' were m a i n t a i n e d  i n  a r e a s  14,  21 ,  and 24 (Samplirlg Per%od I )  and a r e a s  

15 and 21 (Sampling P e r i o d  11). 

C l a s s  Pelecypoda (Phyluin Molluscs) . The f i n g e r n a i l  c lams Jfuscul ium -- 

and Sphaerium were wide ly  d i s t r i b u t e d  and were by f a r  t h e  most common 

b i v a l v e  molluslcs. Both clams were  n o t  p r e s e n t  i n  t h e  most eu t roph ic . ,  



s t a g n a n t  areas 1-5. The g e n e r a l  d i s t r i b u t i o n s  o f  Musculium and 

Sphaerium f a v o r e d  t h o s e  areas numbered between 6 and 27. Musculium 

abounded i n  a r e a s  6 ,  14 ,  17, 21, and 24 (Sampling P e r i o d  I) and  areas 

9 ,  14, 15, 21, and 24 (Sampling P e r i o d  11). The g r e a t e s t  d e n s i t i e s  

o f  Sphaerium were recorded  i n  areas 14 ,  15, 21, and 24 (Sampling 

P e r i o d  I) and a r e a s  14,  15,  21, and 24 ( S a ~ ~ i p l i n g  P e r i o d  11) (Appendix 

Fig.  1-19). 



DISCUSSION 

The ben th i c  community of a body of water cons i s t ed  of t hose  l i f e  

forms which a r e  a s soc i a t ed  wi th  t h e  bottom sediments dur ing  some 

s t a g e  i n  t h e i r  l i f e  I.iistory. Turbe l l a r i ans ,  nematodes, a n n e l i d s ,  

c rus t aceans  , i n s e c t s  , a.nd ~nol.lusks are,  t h e  p r i n c i p a l  taxonomic con- 

s t i t u e n t s  of f resh-water  benthos. I n  a well-balanced e c o l o g i c a l  

system, benzhic macro inver tebra tes  occupy t h r e e  major t r o p h i c  l e v e l s  

(herb ivore ,  omnivore, ca rn ivo re )  and inc lude  depos i t  and d e t r i t u s  

f eede r s ,  p a r a s i t e s ,  scavengers ,  g r a z e r s ,  and preda tors .  

I Benthic  macro inver tebra tes ,  r ep re sen t ing  t h e  Phyla P la tyhe lminthes ,  
I 

t ' l  
Nematoda, Annelids, Arthropoda, and t fol lusca,  of Navigation Pool No. 8 

1 

1 of t h e  Upper M i s s i s s i p p i  River were inven to r i ed  and t y p i f i e d  t h e  t h r e e  

I 
a r b i t r a r y  ranks  of p o l l u t i o n  t o l e r a n c e  and t h e  t h r e e  major trophFc 

l e v e l s .  ikiiclabers 02 ~ i ~ e  C ~ Y S  O i i g t ~ ~ i l a e i - d  (F;~jiliiii A i t u = I i & )  W E L ~  

ubiqui tous  and were t h e  dominant b e n t h i c  macro inver tebra tes  i n  most 

s tudy  a reas .  G i s t r i b u t i o n  of o t h e r  bent l l ic  orga.nisms was more o r  l e s s  

r k s t r i c t e d  a i d  tended t o  r e f l e c t  h a b i t a t  preference;  

Th.e .Phylum Platyhelminthes was represented  by t h e  f r e e - l i v i n g  

t u r b e l l a r i a n  flatworms which a r e  gene ra l ly  considered t o  be p o l l u t i o n -  

£ a ~ u l t a . t i v e  (Weber 1973). The c o l l e c t e d  r e p r e s e n t a t i v e s  of t h e  Class  

T u r b e l l a r i a  were widely d i s t r i b u t e d  throughout t h e  41 s tudy  a r e a s  

dnd were gene ra l ly  more abundant i n  t hose  a r e a s  demonstrat ing i n t e r -  

mediate  t r o p h i c  s t a t e s  (Tables 9 and 10, Appendix Pig.  1-1).  Large 

s tanding  crops  of submergent V a l l i s n e r i a  americana and C e r a t o p h y l l u m  

demersum were p re sen t  i n  most of t h e s e  a r e a s  (Sefton 1976) t o  o f f e r  

conceal.n!ent f o r  t h e s e  negat ive ly  p h o t o t a c t i c  t u r b e l l a r i a n s .  T u r b e l l a r i a n  



r 

d i s t r i b u t i o n  and d e n s i t y  were h igh ly  c o r r e l a t e d  wi th  t h e  average  phys ica l -  

chemical parameters  encountered i n  Pool 8  (Sampling Per iod  I: 

mul t i - r  = .680, P < 0.01; Sampling Period 11: mult i - r  = ,819, P  < 0.01). 

Fresh-water t u r h e l l a r i a n s  can be found everywhere and a r e  u s u a l l y  on 

o r  c l o s e l y  a s s o c i a t e d  wi th  any kind of s u b s t r a t e  where t h e r e  i s  an  

appropr i a t e  food supply (Pennalr 1953). Th i s  l a c k  of p re fe rence  f o r  

p a r t i c u l a r  s u b s t r a t e  types is supported by the  low c o r r e l a t i o n s  ob- 

t a ined  between the  number of t u rbe l l a r i ans /m2  i n  each a r e a  and t h e  

s i x  sediment p a r t i c l e  s i z e  f r a c t i o n s  (Tables 7  and 8 ) .  Although t u r -  

be l l a r i ans  a r e  t y p i c a l l y  c h a r a c t e r i s t i c  of t h e  shal lows,  no such 

r e l a t i o n s h i p  between depth and t u r b e l l a r i a n  abundance could be  pro- 

posed, Wetzel (1975) r epo r t ed  t h a t  an i n v e r s e  r e l a t i -onsh ip  e x i s t s  

between t u r b e l l a r i a n  abundance and c u r r e n t  v e l o c i t y .  T u r b e l l a r i a n s ,  

as w e l l  a s  many ocher ben th i c  forms, cannot wifhstaz~d the  rrlectranicai 

abras ion  of s h i f t i n g  s u b s t r a t e s  found i n  l o t i c  s t reams and i n  l i t t o r a l  

zones where breaking waves o c c u r . '  No sue11 re la t j -onship  occurred i n  

t h e  p r e s e n t  i n v e s t i g a t i o n  (Tables  7 and 8 ) .  

' . Free- l iv ing  nema~odes have been ca tegor ized  a s ' p o l l u t i o n - f a c u l t a t i v e  

macro inver tebra tes  (Weber 1973). Pennak (1953) s t a t e d  t h a t  nematodes 

: are e c o l o g i c a l l y  and phys io log ica l ly  perhaps t h e  most h igh ly  adap tab le  
t i  

among a l l  t h e  metazoan phyla.  The r e s u l t s  c o l l e c t e d  in. t h e  p re sen t  

, i n v e s t i g a t i o n  tend  t o  ag ree  w i t h  Pennak's s ta tement .  Nematodes were 

widely d i s t r i b u t e d  throughout t h e  41 s tudy a r e a s  and t h e i r  d e n s i t i e s  

i n  each of t he  a r e a s  were s t r o n g l y  c o r r e l a t e d  wi th  t h e  e x i s t i n g  

physical-chemical parameters  (Sampling Period I: m u l t i  = ,797, 

P < 0..01; Sampling Period 11: mult i -r  = .814, P < 0.01). Larger  



s t and ing  crops  were gene ra l ly  c o l l e c t e d  fiom those  a r e a s  having i n t e r -  

mediate  t r o p h i c  s t a t e s  (Tables 9 and 10 ,  Appendix -Fig. 1 - 2 ) .  

Two major groups belonging t o  t h e  Phylurn Annelida ,are  represented  

i n  f r e s h  water:  t h e  Classes  Oligochaeta  ( aqua t i c  earthworms) and 

Hirudinea (1eech . e~ ) .  The o l igochae te s  were ub iqu i tous  and were by 

f a r  t h e  most abundant and dominant macro inver tebra tes  i n  t h e  p re sen t  

iwes t iga t : i .on .  A s  showrr i n  Tables  7 and 8 ,  o l igochae te  d i s t r i b u t i o n  

and d e n s i t y  were s t r o n g l y  c o r r e l a t e d  wi th  t h e  average  physical-chemical 

va lues  obtained f o r  t h e  s tudy  a r e a s , i n  Navigation Pool  No. 8. The 

e e a e r a l  d i s t r i b u t i o n  of t h e  01-igochaetes favored t h e  more eu t roph ic  

a r e a s  having undetec tab le  o r  low c u r r e n t  v e l o c i t i e s ,  low d i s so lved  

oxygen l e v e l s ,  and s i l t  o r  c l a y  sed.iments h igh  i n  organic  m a t t e r  

(Tables 9 and 10, Appendix Fig.  1-3). SignLf i c a ~ i t ,  nega t ive  r e l a t i o n -  

s h i p s  a t  t h e  0.01 and 0.05 l e v e l s  were obtz ined  between o l igochaece  

1 abundance a n d - c u r r e n t  v e l o c i t y ,  t u r b i d i t y ,  d i s so lved  oxygen, and 

IJi sediment p a r t i c l e  s i z e s  #3 and # 4 .  Oligochaete  d e n s i t y  was p o s i t i v e l y  

c o r r e l a t e d  a t  t h e  two l e v e l s  of s i g n i f i c a n c e  wi th  sediment o rgan ic  

n i t rogen ,  sediment n i t r a t e ,  and sediment p a r t i c l e  s i z e  # G .  During 

Sampling Period I, a r e l a t i v e l y  s t r o n g  p o s i t i v e  c o r r e l a t i o n  ( r  = .624, 

P < 0.0.1) between oli-gochaete abundance and sediment p a r t i c l e  s i z e  #6 

( c l ay )  was obta ined .  S imi la r  observa t ions  have been made by Pennak (1953) . 
He s t a t e d  t h a t  a q u a t i c  o l igochae te s ,  conunon i n  t h e  mud and d e b r i s  

J 

s u b s t r a t e s  of s t agnan t  ponds and pools  and i n  s t reams and l a k e s  every- 

wh,ere, a r e  capable  of su rv iv ing  under nea r  anaerobic  conditi.ons and 

hay be a b l e  t o  withstand t h e  complete absence of oxygen f o r  extended 

time i n t e r v a l s .  Oligochaetes  a r e  t hus  ca t egor i zed  a s  being po l lu t ion -  



s i d e r e d  a n  i n d i c a t i o n  of organic  contaminat ion.  Goodnight and Whitley 

(1960), s tudy ing  a  dra inage  d i t c h  soutlzeast of ~ a ' f a y e t t e ,  Ind iana ,  ,. 

r epo r t ed  t h e  p o s s i b i l i t y  of us ing  t h e  abundance of o l igochae te s  i n  

r e l a t i o n  t o  t h e  t o t a l  benth ic  community a s  a  f a s t ,  simple b i o l o g i c a l  

i n d i c a t i o n  of t h e  degree of p o l l u t i o n  i n  s t reams o r  dra inage  d i t c h e s .  

Smith (1975) poin ted  out  t h e  importance of o l igochae te s ,  e s p e c i a l l y  

t h e  Naididac and Tubi f ic idae ,  in. monitor ing water  q u a l i t y  s i n c e  l a r g e  

popula t ions  may occur under organic,a.l ly po l lu t ed  s i t u a t i o n s  where 

p reda to r s  and compet i tors  have been e l imina ted .  He a l s o  s t a t e d  t h a t  

proper  i d e n t i f i c a t i o n  i s , needed  s i n c e  d i f f e r e n t  o l igochae te  s p e c i e s  

have d i f f e r e n t  eco lo~g ica l  requirements .  Brink.hurst (1965) has  been 

more r e l u c t a n t  t o  u se  ~ l i g o c h a % ~ t e s ,  s p e c i f i c a l l y  members of t h e  Family 

Tub i f i c idae ,  as i n d i c a t o r s  of organic  p o l l u t i o n .  H e  has termed such 

schemes of p o l l u t i o n  d e t e c t i o n  and assessment na ive  s i n c e  o l igochae te s  

are &xce\edingly nonrandom i n  d i s t r i b u t i o n ,  a s i t u a t i o n  causing l a r g e  

sampling va r i ab i l - i t y .  Brinkhurst  f u r t h e r  s t a t e d  t h a t  t h e  d i s t r i b u t i o n ,  

h a b i t a t  requirements ,  and competi t ive.  r e l a t i o n s h i p s  between o l igochae te  

.species  must be  more i n t e n s e l y  analyzed be fo re  t h e  group can be f u l l y  
_; ' 

' u sed  i n  p o l l u t i o n  d e t e c t i o n  and assessment s i n c e  t h e  number of un ident i -  

. ' f ied o l igochae te  s p e c i e s ,  o r  t h e  proporti .on of a l l  o l i gochae te s  i n  
, . 

the fauna, and p o l l u t i o n  a r e  no t  simply o r  numerical ly  r e l a t e d .  
* .  

\\ . The gene ra i  d i s t r i b u t i o n  of leeches  favored t h e  more eu t roph ic ,  

shal low h a b i t a t s  having undetec tab le  o r  low c u r r e n t  v e 1 o c i t i . e ~  and 
. , 

.') . ! 

s u f f i c i e n t  d e b r i s  and p l a n t  m a t e r i a l  t o  a f f o r d  concealment and adequate  

s u b s t r a t e  f o r  a t tachment  (Tables 9 and 10, Appendix Fig.  1-4).  These 



a r e a s  supported t h e  l a r g e s t  t o t a l  macrophyte biomasses (Sefton 1976). 

This  d i s t r i b u t i o n  was h ighly  c o r r e l a t e d  wi th  t h e  average phys ica l -  

chemical cond i t i ons  e x i s t i n g  i n  t h e  41. s tudy  a r e a s  (Sampling Per iod  I: 

mul t i - r  = .846, P  < 0,Ol; Sampling Period 11: mult i - r  = .793, P < 0.01).  

S i g n i f i c a n t ,  nega t ive  c o r r e l a t i o n s  were obta ined  wi th  depth ,  c u r r e n t  

v e l o c i t y ,  t u rb id i ty ,  d i sso lved  oxygen, and sediment p a r t i c l e  s i z e s  

/,3 (medium sand) and /I4 ( f i n e  sand) .  S i g n i f i c a n t ,  p o s i t i v e  c o r r e l a t i o n s  

between l e e c h  abundance and sediment o rgan ic  n i t rogen ,  sediment n i t r a t e ,  

and sediment p a r t i c l e  s i z e  /I6 ( c l ay )  were obta ined  (Tables 7  and 8) .  

Severa l  i n v e s t i g a t o r s  have. independent ly made s i m i l a r  observa t ions .  

Although t h e  abundance of l eeches  i s  h igh ly  v a r i a b l e  i n  d i f f e r e n t  

h a b i t a t s ,  l e e c h  abundance and t h e  p r o d u c t i v i t y  of an a q u a t i c  h a b i t a t  

are d i r e c t l y  r e l a t e d  (Wetzel 1975). Areas of g r e a t e r  p r o d u c t i v i t y  

gzne ra l ly  prcvi.de l e e c h  populc t icns  w i th  i c c r e a s i n g l y  d i v e r s e  - 'ant  rAL 
J 

and sediment s u b s t r a t e s  and g r e a t e r  food a v a i l a b i l i t y .  Pennak (1953) 

r epo r t ed  t h a t  wh i l e  leeches  gene ra l ly  demonstrat& l i t t l e  habitafs 

preference ,  g r e a t e s t  d e n s i t i e s  t y p i c a l l y  occur  i n  warm, p ro t ec t ed  shal lows 

where wave a c t i o n  i s  absent  and adequate  s u b s t r a t e  f o r  concealment 

and adhesion i s  p re sen t .  Although he r epo r t ed  l eeches  usua l ly  cannot 

su rv ive  on pure  mud o r  c l a y  s u b s t r a t e s ,  r e l a t i v e l y  h igh ,  s i g n i f i c a n t  

c o r r e l a t i o n s  (Sampling Period I: r = .629, P < 0.01; Sampling Period 
/ 

11:: r = .551, P  < 0.01) were obta ined  between l eech  abundance and 

sed'i.ment p a r t i c l e - s i z e  /,G ( c l ay )  i n  t h e  p re sen t  i n v e s t i g a t i o n .  Klemm 

(.1971,1972) surveyed 40 s p e c i s s  of l eeches  i n  Washtenaw County, Michigan. 

Water v e l o c i t y ,  depth,  and s u b s t r a t e  were t h e  major f a c t o r s  l i m i t i n g  

the' d i s t r i b u t i o n  and abundance of leeches .  The scour ing ,  d e p o s i t i n g ,  



and d i s r u p t i n g  phenomena caus ing  s u b s t r a t e  i n s t a b i l i t y  under l o t i c  

cond i t i ons  were no t  f avo rab le  t o  l e e c h  s u r v i v a l .  Depths g r e a t e r  than  

1.5 m were r epo r t ed  t o  r e s t r i c t  l eech  abundance due t o  t h e  l a c k  of 

vege ta t ion  and s u b s t r a t e  f o r  a t tachment ,  low d isso lved  oxygen l e v e l s ,  

and i n s u f f i c i e n t  food. Klemm a l s o  found t h a t  l eeches  favored those  

a r e a s  which provided some type  of s u b s t r a t e ,  such a s  rocks ,  v e g e t a t i o n ,  

and l i t t e r ,  which could be used f o r  a t tachment .  

The dominant phylurri i n  terms of d i v e r s i t y  was t h e  Phylum Arthropoda 

which was r ep re sen ted  by t h e  Classes  Crustacea,  Arachnoidea, and 

Insec t a .  The dominant a r thropods  belonged t o  t h e  Class  I n s e c t a ,  more 

s p e c i f i c a l l y  t o  t h e  Order Dip tera .  The Chironomidae was t h e  most 

d i v e r s e  d i p t e r a n  family.  

The Orders Isopoda ( aqua t i c  sow bugs) and Amphipoda (scuds,  

sideswiluniers j were i i ~ e  riiosi a ' vunda r~~  crus'saceans . The only  isopod 

t o  be  c o l l e c t e d  was AseJlus  m i l i t a r i s .  S imi l a r  observa t ions  were made 

by Pennak (1953) who s t a t e d  t h a t  i n  t h o  same h a b i t a t  only one isopod 

spec, ies  i s  t y p i c a l l y  found and i t  i s  very  unusual t o  f i n d  two o r  more 

spec i e s .  A s e l l u s  m i l i t a r i s ,  o f t e n  c l a s s i f i e d  a s  a  p o l l u t i o n - f a c u l t a t i v e  

s p e c i e s  (ldeber 1973), had a  wide d i s t r i b u t i o n  i n  Navigation Pool  No. 8 ,  

cen te r ing  around those  a r e a s  having in t e rmed ia t e  eu t roph ic  s t a t e s  

(Tables 9 and 10, Appendix Fig.  1-5). A s  shown i n  Tables  7 and 8,  

t h e  d i s t r i b u t i o n  of Ase l lu s  i n i l i t a r i s  was h ighly  c o r r e l a t e d  wi th  t h e  

average physical-chemical cond i t i ons  measured i n  t h e  p re sen t  i nves t iga -  

t i o n  (Sampling Period I: mul t i - r  = .700, P < 0.01; Sampling Per iod  11: 

\mul t i - r  = :766, P < 0.01).  Although isopods a r e  gene ra l ly  found i n  

' sha l low h a b i t a t s  (< 1 m), depth d i d  no t  appear t o  be a l i m i t i n g  f a c t o r  



/ 

(Sampling Period I: r = -. 118, P > 0.05; Sampling Period I T :  

r = -.154, P > 0.05) and smal l  numbers of i.sopods were c o l l e c t e d  i n  

t h e  p re sen t  i n v e s t i g a t i o n  from t h e  t h r e e  deepest  a r e a s  which had depths  

of 4.91 m, 6.1.0 m, and 6.71 m, Great depths  presumably r e s t r i c t  

isopod abundance due t o  t he  l a c k  of v e g e t a t i o n  and d e b r i s  ava i l ab l e  

f o r  p r o t e c t i o n  and i n s u f f i c i e n t  food. Isopods, u sua l ly  absen t  from 

open waters ,  a r e  t y p i c a l l y  found under d e b r i s ,  rocks ,  and a q u a t i c  

macrophytes. Submergent macrophytic cornmuni.ties, o f t e n  inc lud ing  

V a l l i s n e r i a  americana and Cera t o p h y l l u m  demersum, were p re sen t  i n  

t hose  a r e a s  f avo r ing  popula t ions  of A s e l l u s  m i l i t a r i s .  

Amphipods are gene ra l ly  r e s t r i c t e d  t o  t h e  sediments and a r e  

f r e q u e n t l y  a s s o c i a t e d  wi th  a q u a t i c  vegeization. Gammarus f a s c i a t u s  

: and H y a l e l l a  a z t e c a  were c o l l e c t i v e l y  most abundant i n  t h e  more 

eu t rophic  a r e a s  &upportfng l a r g e  s t and ing  crops of vege ta t ion  such as 

S a g i t t a r i a  l a t i f o l i a ,  Potamogeton c r i s p u s ,  and C e r a t o p h y l l u m  delnersum 

(Tables 9 and 10, Appendix F ig .  1-6). Highly s ign i f i can . t  c o r r e l a t i o n s  

between t h e  number of ~ ~ a i e l l a  a z t a c a / m 2  i n  each a r e a  and t h e  phys ica l -  

chemical cond i t i ons  encountered i n  each a r e a  (Sampling Per iod  I: 
?fj 

mult i - r  = .694 ,  P < 0.01; Sampling Per iod  11: mult i - r  = ,722, P < 0.01) 

were obtained.  Bousfield (1958) r epo r t ed  t h a t  whi le  t h e  d i s t r i b u t i o n  

of G a m a r u s  f a s c i a t u s  f avo r s  l a k e s  and l a r g e ,  l e n t i c  r i v e r s  t h a t  a r e  

r e l a t i v e l y  t u r b i d  and warm i n  t h e  summer, N y a l e l l a  a z t e c a  can  be found 

1-i.n a l l  permanent f r e s h  water  t h a t  exc-eeds a  monthly mean temperature 

10 C i n  t h e  summer. Al-though high l e v e l s  of d i sso lved  oxygen a r e  

s u a l l y  r equ i r ed  f o r  t h e  maintenance of amphipod popula t ions ,  a  nega t ive ,  

n i f i c a n t  r e l a t i o n s h i p  e x i s t e d  between amphipod abundance and d isso lved  



oxygen l e v e l s  (Sampling Period I: r = -.319, 'P < 0.05; Sampling 

Period 11: r = -.568, P  < 0.01).  S i g n i f i c a n t ,  nega t ive  c o r r e l a t i o n s  

a l s o  occurred wi th  depth, c u r r e n t  v e l o c i t y ,  t u r b i d i t y ,  and sediment 

p a r t i c l e  s i z e  #4 (Tables 7 and 8 ) .  Sediment organic  n i t rogen ,  sediment 

n i t r a t e ,  and sediment p a r t i c l e  s i z e  #6 were s i g n i f i c a n t l y  and p o s i t i v e l y  

c o r r e l a t e d  w i t h  t h e  dens i ty  of Hya le l l a  az t eca .  

The Order Kydracarina (water mi t e s )  represented  t h e  Class  

Arachnoidea. Arrenurus,  Hyclrachna, and u n i d e n t i f i e d  specimens were 

i n f r e q u e n t l y  and s p o r a d i c a l l y  d i s t r i b u t e d  among rooted v e g e t a t i o n  and 

t y p i c a l l y  i n  water less than  two meters  deep (Tables 9  and LO). 

The dominant, d i v e r s e  Class  1nse.cta was represented  by t h e  Orders 

P lecoptera  ( s t o n e f l i e s ) ,  Ephemeroptera (mayf l ies ) ,  Gdonata (dragon- 

f l i e s ,  d a m s e l f l i e s ) ,  Hemiptera ( t r u e  bugs) ,  Megaloptera ( a l d e r f l i e s ,  

f i s h f  l i e s ,  dcbeonf lies!, Tr ichoptera  (cadclisf l i e s )  , Lepidoptera  (aquati-c 

c a t e r p i l l a r s ) ,  Coleoptera  ( b e e t l e s ) ,  and Dip tera  ( f l i e s ,  mosquitoes,  

midges). The OrdeP Plecoptera  was n o t  w e l l  r epresented  i n  Navigat ion 

Pool  No. 8. The gene ra l  d i s t r i b u t i o n  of t h e  only  s t o n e f l y  representa-  

t i v e ,  P e r l e s t a  p l a c i d a ,  favored t h e  p e r i p h e r a l  a r e a s  of t h e  less eu t roph ic ,  

l o t i c  h a b i t a t s  having sediments of a  c o a r s e r  na tu re ,  r e l a t i v e l y  h igh  

d isso lved  oxygen l e v e l s ,  and s u f f i c i e n t  s h o r e l i n e  v e g e t a t i o n  (Tables 

9 and 10) .  Comparable r e s u l t s  have been c o l l e c t e d  by Cummins and 

Lauff (1969). Although t h e  nymphs were shown t o  t o l e r a t e  s lower c u r r e n t  

v e l o c i t i e s ,  they c l a s s i f i e d  P e r l e s t a  p l a c i d a  a s  a  fas t -water  s p e c i e s  

which i s  u s u a l l y  found among coa r se  s u b s t r a t e  m a t e r i a l s .  White (1974) 

' s tudied t h e  d i s t r i b u t i o n  of s t o n e f l i e s  i n  t h e  S a l t  River  of Kentucky. 

H e  too  found P e r l e s t a  p l ac ida  t o  be t h e  most abundant s t o n e f l y  and most 



commonly c o l l e c t e d  i t  from sma l l ,  i n t e r m i t t e n t  s t reams having bottom 

m a t e r i a l s  of bedrock, sand, g r a v e l ,  and l a r g e  s tones .  White f u r t h e r  

found t h a t  t h e  ex t ens ive  beds of water  wil low  u us ti cia arnericana) 

l oca t ed  I n  h i s  s tudy  a r e a  were n o t  necessary  f o r  t h e  s u r v i v a l  of 

P e r l e s t a  p l a c i d a .  Wlere t h i s  v e g e t a t i o n  was p r e s e n t ,  t h e  a d u 1 . t ~  of 

P. p l a c i d a  d i d  use  i t  f o r  a s i t e  f o r  mating and egg depos i t i on .  

Members of t h e  Order Ephemeroptera a r e  widely d i s t r i b u t e d  through- 

o u t  a v a r i e t y  of h a b l t a t s  i n  Wisconsin (Hilsenhoff 1975) .  S imi l a r  

r e s u l t s  were obta ined  i n  t h e  p re sen t  i nves t iga ' r i on ,  Although mayfly 

nymphs t y p i c a l l y  p r e f e r  shal low s t reams and t.he l i t t o r a l  zones of 

l a k e s ,  where oxygen is  abundant, water  movements and t h e  n a t u r e  of 

t h e  s u b s t r a t e  o f t e n  r e s t r i c t  many s p e c i e s  t o  p a r t i c u l a r  t ypes  of 

h a b i t a t .  Some occur  only a s s o c i a t e d  w i t h  v e g e t a t i o n  and d e b r i s ,  

burrowed in'inud bottcms, hidden under o r  b.ecweei; rocks ,  o r  confined 

t o  l o t i c  o r  l e n t i c  environments. Considerable  morphological v a r i a t i o n s  

and adap ta t ions  of t h e  nymphs r e f l e c t  t h e s e  h a b i t a t  p re fe rences .  

The mayf l ies  examined i n  t h e  p re sen t  i n v e s t i g a t i o n  can b e  divided 

i n t o  two b a s i c  groups on t h e  b a s i s  of h a b i t a t  p references :  t hose  

gene ra l ly  favor ing  l e n t i c  environments and those  most commonly col-  

l e c t e d  i n  and adapted t o  l o t i c  h a b i t a t s .  Those nymphs most abundant 

i n  l e n t i c  h a b i t a t s  .can be f u r t h e r  d iv ided  i n t o  t h e  following t h r e e  
\G 

subgroups: c l imbers  ,' bottom spra.wlers,  and burrowers.  Climbers a r e  

:+ as soc ia t ed  wi th  submerged vege ta t ion  and a r e  capable of r a p i d  move- 

, ,  ments. S i p h l o n u r u s  (S iphlonur idae) ,  t h e  only r e p r e s e n t a t i v e  of t h i s  

subgroup, was c o l l e c t e d  from only t h r e e  a r e a s  which had c u r r e n t  v e l o c i t i e s  

, .  , g r e a t e r  than  o r  equal  t o  0.282 m/sec, sediments p r imar i ly  composed of 



f i n e  sand, and s i g n i f i c a n t  s h o r e l i n e  submergent communities of macro- 

phytes  o f t e n  composed of Ceratophyllum demersum, Potamogeton nodosus, o r  

VaLlisneria  americana (Table 9 ) .  The Fami l ies  Caenidae (Brachycercus, 

Caenis) and Tr i co ry th idae  (Tricorythodes)  were r e p r e s e n t a t i v e  bottom 

sprawlers .  Although bottom sprawlers  a r e  t y p i c a l l y  found s lowly 

crawling over  a l l  types  5f s u b s t r a t e  i.n both l e n t i c  and l o t i c  h a b i t a t s  

(Pennak 1953), t h e  gene ra l  d i s t r i b u t i o n  of Brachycercus favored t h e  

l e s s  eu t rophic ,  sandy a r e a s  having h igh  c u r r e n t  v e l o c i t i e s  (Tables  9 

and 10).  Burroxing ~ n a y f l i e s ,  widely d i s t r i b u t e d  i n  t h e  s tudy  a r e a s  

of Navigation Pool No. 8 ,  were t h e  dominant mayf l i e s  and were represented  

I 
P by u n i d e n t i f i e d  e a r l y  i n s t a r s  of Hexaqenia, H. b i l i n e a t a ,  H. l imbata ,  

l and Pentagenia of t h e  Family Ephemeridae and by Ephoron of t h e  Farnily 

Polymitarcidae.  S imi l a r  r e s u l t s  have been repor ted  by Fremling (1970). 

Iie Itas s t a t e d  cha t  biirrowing mzyf l ies  a r e  abundant alorig t h e  Mlssiss i .ppi  

River  and a r e  dominated by Hexagenia b i l i n e a t a ,  H. l imbata ,  and 

(II Pentagenia v i t t i y e r a .  In  t h e  p re sen t  s tudy  s e v e r a l  r e p r e s e n t a t i v e s  

of Ephoron were c o l l e c t e d  and were more commonly taken from a r e a s  

having h igh  c u r r e n t  v e l o c i t i e s  and coa r se  sediments composed l a r g e l y  

1 of medium-sized sand (Tables 9 and 10) .  These r e s u l t s  do n o t  e x a c t l y  ;I: 
a g r e e  wi th  h i l s enhof f  c1975) who has r epo r t ed  t h a t  t h e  nymphs of 1:phoron 

a r e  r e l a t i v e l y  uncommon i n  Wisconsin and a r e  t y p i c a l l y  found under 

rocks  i n  r a p i d ,  medium-sized s t reams.  High s tanding  crops  of Hexagenia 

s p e c i e s  were g e n e r a l l y  supported i n  t hose  h a b i t a t s  having f i n e r  sediments 

J/ r,+ .-and low o r  i n t e rmed ia t e  c u r r e n t  v e l o c i t i e s  (Tables 9 and 10, Appendix 

:Kg. 1-7) .  Strong,  ' p o s i t i v e  c o r r e l a t i o n s  between Hexagenia abundance 

i 1 4 I 

and t h e  physical-chemical parameters  i n  t h e  s tudy a r e a s  of t h e  pool 

I 



(Sampling Per iod  I: mul t i - r  = .812, P < 0.01; Sampling Per iod  11: 

I mult i -r  = .718, P < 0.01) were obta ined .  A s  shown i n  Tables  7 and 8 ,  

I s i g n i f i c a n t ,  negati.ve c o r r e l a t i o n s  occurred between t h e  d e n s i t y  of 

i Hexagenia and depth (Sampling Period I ) ,  c u r r e n t  v e l o c i t y  (Sampling 

Per iod  I ) ,  temperature (Sampling Per iod  I), and sediment p a r t i c l e  

s i z e s  /I3 (Sampling Period I )  and /I4 (Sampling Per iods  I and 1 1 ) .  

P o s i t i v e  c o r r e l a t i o n s  c o e f f i c i e n t s  of .541 (P < 0.01) and .360 (P < 0.05) 

f o r  Sampling Per iods  I and I T ,  r e s p e c t i v e l y ,  were obtained w i t h  sediment 

p a r t i c l e  s i z e  #6 (clay).  This  apparent  p re fe rence  f o r  f i n e ,  undis turbed  

C sediments was a l s o  s t a t e d  by Er iksen  (1968). H e  f u r t h e r  concluded 

I t h a t  Hexagenia does n o t  burrow i n t o  coa r se  s u b s t r a t e s .  Such a con- 

I c l u s i o n  cannot be drawn from t h e  r e s u l t s  of t h i s  i n v e s t i g a t i o n  s i n c e  

I r e p r e s e n t a t i v e s  of Hexagenia w e r e  c o l l e c t e d  f r o m  a wide v a r i e t y  of 

I s u b s t r a t e s  which were encountered throughout t h e  4 1  s tudy  a r e a s .  ilexayenia 

l i m b a t a  was t h e  dominant specie 's c o l l e c t e d  i n  Pool 8. This  obse rva t ion  

c o n t r a d i c t s  Fremling (1960) whose f i n d i n g s  i n d i c a t e d  t h a t  H .  l i m b a t a  

1 i s  gene ra r ly  l e s s  abundant than  H. b i l i n e a t a  on t h e  Upper M i s s i s s i p p i  

River  al though i t  does become more abundant i n  t h e  no r the rn  s e c t i o n s  of 

t h e  r i v e r .  

Mayfly nymphs favor ing  l o t i c  environments can be  ca t egor i zed  

a s  being free-ranging spec i e s  of r a p i d  waters  o r  c l i n g i n g  s p e c i e s  

(Pennak 1953). The free-ranging s p e c i e s  o f t e n  c l i n g  t o  s u b s t r a t e s  

bu t  a r e  capable  of r a p i d  movements d e s p i t e  t h e  s w i f t  c u r r e n t .  I s o n y c h i a  

, (Siphlonuridae)  was t h e  only c o l l e c t e d  r e p r e s e n t a t i v e  of t h i s  subgroup. 

Although poor ly  represented  i n  Navigat ion Pool No. 8 ,  i t  is commonly 
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found throughout Wisconsin i n  a  v a r i e t y  of s t reams (Hilsenhoff 1975). 

The only c o l l e c t e d  c l i n g i n g  mayfly belonged t c  t h e  genus Stenonema 

(Heptageni idae) .  Stenonenla was most abundant i n  t h e  l e s s  eu t roph ic  

I 
I 

a r e a s  having c u r r e n t  v e l o c i t i e s  g r e a t e r  than  o r  equa l  t o  0.385 ndsec. 

The l a r g e s t  s t and ing  crop of Stenonema was c o l l e c t e d  i n  a r e a  38 which 

had a c u r r e n t  v e l o c i t y  of 0.534 m/sec (Tables 9 and 10) .  

The O r d e r e a  was r ep re sen ted  by t h e  Famil ies  Coenagrionidae 

(Enallagma), Gomphidae (D.romogomphus, Gomphus, ~phiogomphus) ,  Les t idae  

( ~ e s t e s )  , and Aeshnidae ( ~ l ? a x ) .  Enallagma and Ophiogomphus were t h e  
( 

dominant odonate nymphs and were c o l l e c t e d  most f r e q u e n t l y  from l e n t i c  

h a b i t a t s  which were shal low (< 1 m) and which had s u f f i c i k n t  vege ta t ion  

and f i n e  sediments (Tables 9 and 10) .  The exzmined odonate nymphs 

f e l l  i n t o  two e c o l o g i c a l  ca t egor i e s :  c l imbers  and burrowers.  In  

agreement w i th  t h e  d e s c r i p t i o n s  given by Pennak (19533, r h e  c i imbers ,  

which included t h e  Famil ies  Aeshnidae, Coenagrionidae, and Les t idae ,  

tended t o  f avo r  t hose  l e n t i c  h a b i t a t s  o r  p o r t i o n s  of t hose  h a b i t a t s  

having dense v e g e t a t i o n  and ' f i n e  sediments .  Eurrowing odonate nymphs, 

inc luding  members of t h e  Gomphidae family,  burrow i n t o  s i l t ,  mud, o r  

sand s u b s t r a t e s .  

The l a r g e  Order Hemiptera i s  p r imar i ly  t e r r e s t r i a l  and i s  one 

of t h e  few o r d e r s  i n  which some of t h e  a d u l t s  a r e  adapted t o  a q u a t i c  

h a b i t a t s .  This  order  was represented  i n  Navigation Pool No. 8 by t h e  

a q u a t i c  Famil ies  Notonectidae and Corixidae,  both of which a r e  

e x c e l l e n t  swimmers and which c l i n g  t o  submerged o b j e c t s  and vege ta t ion .  

'The no tonec t id s  (back swimmers) Buenoa and Notonecta were taken  

' in f requent ly .  This  s tudy,  t h e r e f o r e ,  does no t  suppor t  Hilsenhoff  (1975) 

. , >  

who repor t ed  t h a t  they a r e  commonly found throughout t h e  s t a t e  of 



Wisconsin and a r e  a s soc i a t ed  wi th  emergent vege ta t ion .  Un iden t i f i ed  

females and T r i c h o c o r i x d  represented  t h e  Family Corixidae (water  

boatmen) which was widely d i s t r i b u t e d  throughout most of t h e  s tudy  a r e a s .  

The genera l  d i s t r i b u t i o n  of t h e  u n i d e n t i f i e d  females favored those  

a r e a s  havqi.ng in t e rmed ia t e  eu t rophic  s t a t e s  (Tables 9 and 10) .  liepre- 

s e n t a t i v e s  were no t  c o l l e c t e d  from t h e  f i v e  s t agnan t ,  eu t roph ic  marsh 

openings ( a r e a s  1-5), a l though Pennak (1953) has  r epo r t ed  t h a t  they 

can he found i n  muddy s t agnan t  pools .  

The Megaloptera,  commonly found i n  both l e n t i c  and l o t i c  environ- 

ments, can becf requent ly  c o l l e c t e d  from l i t t o r a l  zones and from under- 

nea th  rocks i n  streams. The o r d e r  can be d iv ided  i n t o  t h e  two Fami l ies  

S i a l i d a e  ( a l d e r f l i e s )  and Corydalidae (dobsonf l ies ,  f i s h f l i e s ) .  

Corydal idae was r ep re sen ted  by a  few specimens of t h e  f i s h f l y  l a r v a  

C h a u l i o d e s ,  which i s  t y p i c a l l y  a s s o c i a t e d  wi th  vege ta t ion .  The a l d e r k l y  

S i a l i s  ( S i a l i d a e ) ,  t h e  dominant megalopteran, was i n f r e q u e n t l y  c o l l e c t e d  

(Tables 9 and 10) and w a s  most abundant i n  t h e  more l e n t i c ,  eu t roph ic  

a r e a s  whose s i l t  and c l a y  sediments were poss ib ly  conducive t o  burrowing 

(Hil.senhoff 1975). Comparable obse rva t ions  were made by Cummins and 

Lauff (1969) who c l a s s i f i e d  S i a l i s  v a y a n s  a s  a  s low-wate~  s p e c i e s  

which i s  t y p i c a l l y  a s s o c i a t e d  wi th  d e t r i t u s  and a q u a t i c  macrophytes. 

They f u r t h e r  repor ted  t h a t  t h e  l a r v a e  p r e f e r e n t i a l l y  s e l e c t  sediment 

p a r t i c l e  s i z e s  i n  t h e  g r a v e l  range but  a r e  a b l e  t o  t o l e r a t e  s i l t y  

sediments.  

The t r i c h o p t e r a n  fauna was r ep re sen ted  by l a r v a e  and pupae 

/ 
belonging t o  t h e  Fami l ies  Hydropsychidae, Hydropt i l idae ,  Leptoceridae,  

sand Polycentropodidae. The dominant c a d d i s f l i e s  were Cheumatopsyche ,  



Hydropsyche, Neurec l ip s i s ,  O e c c t i s ,  and S t a c t o b i e l l a .  Hydropsyclle 

and Cl~eur~~atopsyche a r e  perhaps t h e  most abundant and widespread caddis -  

f l i e s  i n  Wisconsin (Hilsenhoff 1975). The fou r  f a m i l i e s ,  c o l l e c t i v e l y  

r e p r e s e n t i n g  12 genera,  can be d iv ided  i n t o  t h e  EoSlowing two s imple,  

b a s i c  groups: n e t  s p i n n e r s  and c a s e  b u i l d e r s .  Case b u i l d e r s ,  such 

a s  Leptocer idae ,  o f t e n  c o n s t r u c t  i n t r i c a t e  ca se s  from a v a i l a b l e  s u b s t r a t e  

p a r t i c l e s ,  d e b r i s ,  and l e a f  m a t e r i a l .  They a r e  u s u a l l y  r e s t r i c t e d  t o  

l e n t i c  h a b i t a t s  having low o r  moderate c u r r e n t  v e l o c i t i e s .  Hydropsychidae, 

Hydropt i l idae ,  and Polycentropodidae c o n s t r u c t  n e t s  which t r a p  micro- 

organisms and d e t r i t r a l  p a r t i c l e s  i n  f lowing waters .  

Although c a d d i s f l i e s  a r e  g e n e r a l l y  found i n  a l l  types  of f r e sh -  

water  h a b i t a t s ,  Edington (1965) s t a t e d  t h a t  t h e  l e n t i c  and l o t i c  h a b i t a t s  

i n  any one styeam a r e  o f t e n  occupied by d i f f e r e n t  s p e c i e s ,  The p re sen t  

st~djj apgears  t o  supporE t h i s  s t a t emen t .  The d i s t r i b u t i c n  of D e c c t i s ,  

a c a s e  b u i l d e r ,  was h igh ly  c o r r e l a t e d  w i t h  t h e  average physical-chemical  

parameters  encountered i n  each a r e a  (Sampling Per iod  I: mul t i - r  = .853, 

P < 0.01; Sampling Per iod  I T :  mul t i - r  = .870, P < 0.01) and favored  

those  a r e a s  having in t e rmed ia t e  c u r r e n t  v e l o c i t i e s  (Tables 9  and 10, 

Appendix F ig .  1-9). Those c a d d i s f l i e s  t h a t  c o n s t r u c t  s i l k e n  c a t c h  n e t s ,  

such a s  C1~eumat:opsyche (Appendix Fig.  I -8) ,  Hydropsyche, and ~ e u r e c l i p s i s ,  

a r e  t y p i c a l l y  r e s t r i c t e d  t o  l o t i c  h a b i t a t s  (Tables 9  and 10 ) .  The 

d i s t r i b u t i o n  of Clleumatopsyche and c u r r e n t  v e l o c i t y  were s i g n i f i c a n t l y  

c o r r e l a t e d  (Sampling Per iod  I: r = .323,  P  < 0.05; Sampling Per iod  11: 

r = ,504, P < 0.01).  S imi l a r  obse rva t ions  concerning N e u r e c l i p s i s  

bimaculata  and Hydropsyche angus t ipenn i s  were made by Jaag  and ~ ~ n b i i h l  

(1963). The running waters  a i d  i n  t h e  d i s t e n s i o n  of t h e  n e t s  and permit  
( .  

t hose  n e t s  t o  p rope r ly  f u n c t i o n  i n  t r app ing  food p a r t i c l e s .  C o r r e l a t i o n  
Z 1 



c o e f f i c i e n t s  of .606 (P < 0.01) and ,696 (P < 0.01) were obta ined  

dur ing  Sampling Per iods  I and 11, r e s p e c t i v e l y ,  between t h e  abunciance 

of Cheumatopsyche and t h e  e x i s t i n g  physical-chemical cond i t i ons  (Tables 

7 and 8) .  

According t o  S c o t t  (1958), s u b s t r a t e  and food d i s t r i b u t i o n  a s  

w e l l  a s  c u r r e n t  v e l o c i t y  a r e  t h e  major c o n t r o l l i n g  f a c t o r s  governing 

t r i c h o p t e r a n  l a r v a l  d i s t r i b u t i o n .  H e  r epo r t ed  t h a t  d e n s i t i e s  of 

t r i c h o p t e r a n  popula t ions  tended t o  i n c r e a s e  wi th  i n c r e a s i n g  sediment 

p a r t i c l e  s i z e  p r imar i ly  due t o  t h e  g r e a t e r  v a r i e t i e s  of mic rohab i t a t s  

and g r e a t e r  s t a b i l i t y  dur ing  f lood ing  af forded  by s u b s t r a t e s  of  a 

coa r se r  na tu re .  When t h e  t o t a l  t r i c h o p t e r a n  fauna i s  cons idered ,  

t h i s  t rend  seemed evident  i n  t h e  p re sen t  i n v e s t i g a t i o n .  This  t r end  

does no t  appear  a s  obvious when each t r i c h o p t e r a n  genus o r  s p e c i e s  i s  

considered separste:y. C h e u m a t ~ p s y c h e  was negatively c o r r e l a t e d  with 

sedimevnt p a r t i c l e  s i z e  #6 (Sampling Per iod  I: r = - .319, P  < 0.05; 

Sampling Per iod  11: r = -.422, P < 0.01) and p o s i t i v e l y  c o r r e l a t e d  wi th  

sediment s i z e  f r a c t i o n  #3 (sampling Per iod  I: r = .313, P  < 0.05; 

Sampling Per iod  11: r = .415, P < 0,Ol) .  

The Order Lepidoptera (aquat ic  c a t e r p i l l a r s ,  moths) is  predominantly 

'1 t e r r e s t r i a l  and i s  widely d i s t r i b u t e d  over  t h e  United S t a t e s .  Only 

a  few s p e c i e s  of t h e  Family P y r a l i d i d a e  have immature s t a t e s  t h a t  

have become adapted t o  aqua t i c  h a b i t a t s .  These h a b i t a t s  a r e  t y p i c a l l y  

l e n t i c ,  shal low and densely overgrown wi th  vege ta t ion .  P re sen t  

observa t ions  suppor t  t h i s  gene ra l  s ta tement .  Representa t ives  of 

Mymphula, t h e  dominant lep idopteran ,  and Paraponyx were g e n e r a l l y  

taken from t h e  most e u t r o p l ~ i c ,  l e i l t i c  a r e a s  which had l a r g e  s t a n d s  of 

\. , 



t h e  emergent S a g i t t a r i a  l a t i f o l i a  and S. r i g i d a ,  submergent Potamogeton 

c r i s p u s ,  P. nodasus, and Ceratophyllum demersum, and f loa t ing- leaved  

Nymphaea tuberosa and Nelumbo pen tape ta l a  (Tables 9 and 10) .  Both 

Nyrnphula and Paraponyx b u i l d  ca ses  ou t  of p l a n t  m a t e r i a l  and can be 

f r e q u e n t l y  found feeding  on t h e  unders ides  of f l o a t i n g  l eaves .  L i t t l e  

i s  known about  t h e  Lepidoptera  of Wisconsin (Hilsenhoff 1975). 

Bee t l e s  belong t o  t h e  l a r g e s t  ordeP of i n s e c t s ,  t h e  Coleoptera .  

This  very  d i v e r s e  o rde r  i s  similar  t o  t h e  Order Hemiptera i n  t h a t  t h e  

a d u l t s  of a  f e w s p e c i e s , a s  w e l l  a s  t h e  immature s t a g e s ,  have become 

adapted t o  a q u a t i c  s i t u a t i o n s .  Wetzel (1975) r epo r t ed  t h a t  t hose  b e e t l e s  

having both l a r v a l  and a d u l t  a q u a t i c  s t a g e s  a r e  phy logene t i ca l ly  more 

p r i m i t i v e  than  t h e  o t h e r  co leopteran  groups. La rva l  forms from t h e  

fol lowing f o u r  f a m i l i e s  were c o l l e c t e d  i n  t h e  p re sen t  i n v e s t i g a t i o n :  

Chrysolmelidae ( l ea f  b e e t l e s ) ,  Elmidae ( r i f f l e  b e e t l e s ) ,  Gyrinidae 

( w h i r l i g i g  b e e t l e s ) ,  and Hydrophilidae (water scavenger b e e t l e s ) .  

The Elmidae were f r equen t ly  encoun te red inNav iga t ion  Pool No. 8. The 

o t h e r  t h r e e  f a m i l i e s  were represented  by only a  few specimens. 

Although Chrysomelidae i s  a  ve ry  l a r g e  t e r r e s t r i a l  fami ly ,  

a q u a t i c  l a r v a e  of t h e  s l u g g i s h  Donacia were uncommon i n  t h e  s tudy  

a r e a s  of Pool  8. Hilsenhoff (1975) has  s t a t e d  comparable f i n d i n g s  

throughout t h e  s t a t e  of Wisconsin. Donacia is  t y p i c a l l y  a s s o c i a t e d  

wi th  aqua t i c  vege ta t ion ,  e s p e c i a l l y  water  l i l i e s ,  from which i t  o b t a i n s  

oxygen. It possesses  n ine  p a i r s  of s p i r a c l e s ,  t h e  l a s t  p a i r  being 

f u n c t i o n a l  and loca t ed  a t  t h e  base  of two caudal  sp ines .  These s p i n e s  

a r e  used t o  p e n e t r a t e  i n t o  t h e  p l a n t  t i s s u e s  of submerged r o o t s  and 

stems. 



The dominant Family Elmidae was r ep re sen t ed  by Dubiraphia and 

Stene lmis .  Members of t h i s  family are typ i .ca l ly  found s lowly crawling 

on t h e  s u b s t r a t e  i n  l o t i c  h a b i t a t s .  Support ive evidence was g iven  

i n  t h e  p r e s c n t  s tudy .  S tene lmi s  was col lect ,ed most f r e q u e n t l y  from 

those  less eu t roph ic  a r e a s  having h igh  c u r r e n t  v e l o c i t i e s  (Tables  9 

and 10). 

The smal l  Family Gyrinidae is  w e l l  adapted t o  t h e  a q u a t i c  environ- 

ment. The l a r v a l  forms, u n l i k e  t h e  a d u l t s ,  a r e  completely independent 

I of t h e  s u r f a c e  f o r  r e s p i r a t i o n .  Dineutus and G y r i n u s  were infrequent]-y 

c o l l e c t e d  i n  t h e  p re sen t  i n v e s t i g a t i o n  b u t  have been r epo r t ed  t o  be 

common i n h a b i t a n t s  of Wisconsin wa te r s  (I-IilserihofP 1975) . These two 

genera a r e  widely d i . s t r i bu t ed  throughout t h e  United S t a t e s  and a r e  

g e n e r a l l y  a s s o c i a t e d  wi th  sha l low environments having submerged vegeta-  

t i o n .  

The Hydrophi l idae was uncommon i n  Navigation Pool No. 8 and w a s  

r ep re sen t ed  by one genus, Helophorus .  Most of t h e  hyd roph i l i d s  a r e  

extremely s l u g g i s h  c rawlers ,  f avo r ing  sha l low q u i e t  pools  having 

abundant vege t a t i on .  

Although most ly  t e r r e s t r i a l - ,  t h e  l a r g e ,  d i v e r s e ,  holometabolous 

Order D ip t e r a  formed a major component of t h e  benth,ic community i n  

bo th  Lent ic  and l o t i c  a q u a t i c  h a b i t a t s .  Members of t h e  Family Chironomidae 

-were  p a r t i c u l a r l y  widespread. Navigation Pool No. 8 supported a r i c h  

d i p t e r a n  fauna  c o n s i s t i n g  of two suborders ,  seven f a m i l i e s ,  and 46 

genera,  The Suborder Erachycera was uncommon i n  Pool. 8 and bras repre-  

s en t ed  by t h e  two Fami l ies  S t ra t iomyidae  ( s o l d i e r  f l i e s )  and Tabanidae 

(horse  f l i e s  and deer  f l i e s ) .  Each of t h e s e  f a m i l i e s  was r ep re sen t ed  



. . 
by a  s i n g l e  genus: Stratiomyidae--Euparyphus and Tabani-dae--Chrysops. 

Suborder Nematocera, encompassing f i v e  f a m i l i e s  and 44 genera,  

included most of t h e  aqua t i c  Dip tera .  With 36 genera t h e  Chironomidae 

w a s  t h e  most d i v e r s e  and ubiqui tous  d i p t e r a n  family.  Many chironomids 

were very  s e l e c t i v e  i n  t h e i r  choice  of h a b i t a t .  Paine and Gaufin 

( 1 9 5 6 ) ,  i n  t h e i r  s tudy  of 1 ,y t l e  Creek, Ohio, r epo r t ed  s i m i l a r  observa- 

t i o n s .  They found t h a t  chironomid r e p r e s e n t a t i v e s  could adapt  t o  

many d i f f e r e n t  s t ream h a b i t a t s ,  some s p e c i e s  demonstrat ing a  high 

degree of h a b i t a t  s e l e c t i v i t y .  Ol iver  (1971) s t a t e d  t h a t  t h e  Chironomidae 

has r a d i a t e d  i n t o  may d i f f e r e n t  h a b i t a t  types .  Chironominae, Ortho- 

c l ad inae ,  and Tanypodinae, t h e  dominant sub fami l i e s  i n  Navigation 

Pool No. 8, have been r epor t ed  t o  be  t h e  most common subfami l i e s  i n  

t h e  United S t a t e s  and t o  have a  world-wide d i s t r i b u t i o n  (Mason 1975, 

O l ive r  1 9 7 i j .  

The d i s t r i b u t i o n  and abundance of d i p t e r a n  l a r v a e  a r e  o f t e n  

r e s t r i c t e d  by c u r r e n t  v e l o c i t y ,  s u b s t r a t e  type, depth ,  t h e  degree  of 
i 

.organic  contamination, and food a v a i l a b i l i t y .  Wene (1940) r epo r t ed  

t h a t  s o i l  type,  t e x t u r e ,  and o rgan ic  ma t t e r  conten t  were important  

f a c t o r s  i n f luenc ing  t h e  abundance of chironomids. He found t h a t  loan1 

and clay-loam types  of s o i l  w i th  h igh  organic  content  supported t h e  

g r e a t e s t  biomass of chironomids. The chironomid popula t ions  found 

i n  sandy s o i l s  of low organic  content  were gene ra l ly  smal l .  I n  t h e  

p re sen t  i n v e s t i g a t i o n  p a r a l l e l  obse rva t ions  were made when a l l  c o l l e c t e d  

chironomids were considered a s  a u n i t .  However, when each genus w a s  

examined s e p a r a t e l y ,  h a b i t a t  p re fe rences  became apparent  and t h e  

. . p o s i t i v e  r e l a t i o n s h i p  between popula t ion  d e n s i t y  and sediment organic  

i 



content  and t e x t u r e  was not  obvious. Some chironomids, such as 

Cryptochi.ronomus and Polypedilum, showed no obvious h a b i t a t  p re fe rences  

and were widely d i s t r i b u t e d  throughout t h e  41 s tudy  a r e a s .  The d i s t r i -  

bu t ion  of o t h e r  chironomids o f t e n  favored those  a r e a s  having an  i n t e r -  

mediate t r o p h i c  s t a t u s  and moderate c u r r e n t  v e l o c i t i e s  (Coelotanypus and 

  any tars us), t h e  l e s s  eu t roph ic ,  l o t i c  a r e a s  ( ~ a l p o m y i a ,  Simnlium, and 

Xenochironomus), o r  t h e  more eu t roph ic ,  l e r ~ t i c  a r e a s  (Chironomus, 

Endoch.ironomus, and ~ e n t a n e u r a ) .  

The g e n e r a l  d i s t r i b u t i o n s  of Chironomus and t h e  average phys ica l -  

chemical parameters  i n  Navigat ion Pool  No. 8  were s i g n i f i c a n t l y  

c o r r e l a t e d  (Sampling Period I: mul t i - r  = .729,  P < 0.01; Sampling 

Period 11: mult i - r  = .691, P  < 0.01). The more eu t roph ic  areas having 

f i n e  sediments and undetec tab le  o r  low c u r r e n t  v e l o c i t i e s  supported 

t h e  l a r g e s t  s t and ing  crops  of CI?irenomus (Tables 9 arid 10, Appendix 

Fig.  1-10). A s i g n i f i c a n t ,  nega t ive  c o r r e l a t i o n  was obta ined  between 

t h e  abundance of Chironomus and c u r r e n t  vel.ocity (Sampling Period I: 

r = - .425 ,  P < 0.01; Sampling Period 11: r = -. 358, P < 0.05) .  AS 

ghown i n  Tables  7 and 8 ,  s i g n i f i c a n t ,  p o s i t i v e  c o r r e l a t i o n s  were ob- 

t a i n e d  wi th  sediment organic  n i t rogen ,  sediment n i t r a t e ,  and sediment 

p a r t i c l e  s i z e  /I6 ( c l ay ) .  Apparently,  t h e r e f o r e ,  t h e  popula t ion  dens i ty  

of Chirononius appeared d i r e c t l y  p ropor t iona l  t o  t h e  p r o d u c t i v i t y  of 

t h e  s tudy  a r e a  and i n v e r s e l y  p ropor t iona l  t o  t h e  sediment t e x t u r e .  

The gene ra l  d i s t r i b u t i o n  of Simulium (Family Simuli idae)  favored 

the  l e s s  eu t roph ic ,  l o t i c  a r e a s  (Tables 9  and 10) .  The l a r g e s t  popula- 

t i o n s  of t h e s e  b l ack  f l i e s  gene ra l ly  occurred i n  those  s tudy  a r e a s  

having c u r r e n t  v e l o c i t i e s  g r e a t e r  than  0.50 m/sec. Wu (1931) has  c o l l e c t e d  



comparable da t a .  Larvae of S i m u l i u m ,  gene ra l ly  found i n  t h e  shal lows 

of s w i f t  s t reams,  have a  d e f i n i t e ,  i nhe ren t  requirement f o r  c u r r e n t  

(Wu 1931). Upon t ransplan ta t i -on  t o  h a b i t a t s  having slower c u r r e n t  

v e l o c i t i e s  t han  t h e  o r i g i n a l  h a b i t a t s ,  some S i m u l i u m  l a r v a e  have 

been r epor t ed  by Wu t o  v o l u n t a r i l y  d e s e r t  t h e  new l o c a l i t y  i n  s ea rch  

f o r  a more f avo rab le  h a b i t a t  having a  h ighe r  c u r r e n t  v e l o c i t y .  

The a q u a t i c  spec i e s  of Ceratopogonidae have been r epor t ed  t o  

i n h a b i t  a  wide v a r i e t y  of l e n t i c  h a b i t a t s  i n  Wisconsin (klilsex~hoff 1975). 

I n  t h e  p re sen t  s tudy ,  however, t h e  dominant ceratopogonids A t r i c h o p o g o n  

and Palpomyia (Appendix F ig .  1-17) w e r e  most abundant i n  che l e s s  

eu t roph ic  a r e a s  having sandy, o r g a n i c a l l y  poor sediments and h ighe r  

average c u r r e n t  v e l o c i t i e s  (Tables 9  and 20). Within each of t h e s e  

a r e a s ,  h igher  d e n s i t i e s  of t h e s e  b i t i n g  midges were recorded i n  t h e  

deeper ,  c e n t r a l  l o c a t i o n s  where t h e  ceratopogonids presumably rece ived  

1 - i t t l e  competi t ion.  These h a b i t a t s  supported l i t t l e ,  i f  any, vege ta t ion  

and few b e n t h i c  macro inver tebra tes  due t o  t h e  s w i f t  cu r r en t  v e l o c i t i e s ,  

. sandy s u b s t r a t e s ,  and depth.  The d i s t r i b u t i o n  of Palpomyia  was s t r o n g l y  

c o r r e l a t e d  wi th  t h e  d i s t r i b u t i o n  of t h e  physical-chemical parameters  

i n  t h e  41 s tudy  a r e a s  (Sampling Per iod  I: mul t i - r  = .779, P  < 0.01; 

Sampling Period 11: mult i -r  = .717, P  < 0.01).  A s  shown i n  Tables  

7  and 8, s i g n i f i c a n t ,  p o s i t i v e  c o r r e l a t i o n s  were obta ined  between t h e  

abundance of Palporlzyia and depth,  d i s so lved  oxygen, and sediment p a r t i c l e  

s i z e s  #3 (medium sand)  and i'4 ( f i n e  sand) .  Palpontyia abundance was 

nega t ive ly  c o r r e l a t e d  a t  t h e  s i g n i f i c a n c e  l e v e l s  of 0.01 and 0.05 

w i t h  sediment o rgan ic  n i t rogen ,  sediment n i t r a t e ,  sediment phosphate,  

- and sediment p a r t i d e  s i z e  lf6 ( c l a y ) .  



L it 

1 The Phylum Mollusca can be  d iv ided  i n t o  two c l a s s e s ,  t h e  un iva lve  

! 
I 
I 

Gastropoda ( s n a i l s ,  l impe t s )  and t h e  b i v a l v e  Pelecypoda (clams, musse ls ) .  
I 
i 
i Almost every t ype  of f resh-water  h a b i t a t ,  i nc lud ing  Navigat ion Pool  

No. 8, suppor t s  a c h a r a c t e r i s t i c  gastropod popula t ion .  S n a i l s  a r e  

u s u a l l y  found feed ing  on t h e  s u b s t r a t e s  in. sha l low,  hard waters  

t y p i c a l l y  less than  t h r e e  meters deep. A t  g r e a t e r  dep ths  food a v a i l -  

i ,: 
I a b i l i t y  is  presumably no t  conducive t o  gastropod growth. While hard 

wa te r s  a r e  g e n e r a l l y  more f avo rab l e  envi ro iments  f o r  gastropod,  as 

w e l l  a s  pelecypod; s u r v i v a l  and growth (Shoup 1943), i t  i s  very  d i f f i c u l t  

1 t o  s e p a r a t e  t h e  importance of water  q u a l i t y  from geographica l  d i s t r i b u -  

,I, t i o n ,  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  of t h e  h a b i t a t ,  and food a v a i l a b i l i t y  
I 

. a s  f a c t o r s  promoting s p e c i e s  abundance a t  any l o c a l i t y  (Boycott  1936). 

The sum of t h e  e c o l o g i c a l  f a c t o r s  may o v e r r i d e  t h e  importance of calciurn 

i n  'determining t h e  d i s t r i b u t i z n  cf t h e  Castrcpoda (Shoup 1P43). 

Shoup (1943) r epo r t ed ,  however, t h a t  t h e r e  i s  a  g e n e r a l  tendency f o r  

more a l k a l i n e  o r  ha rde r  waters  t o  suppor t  g r e a t e r  s t and ing  c rops  of 
i 

gastropods.  Calcium carbonate  is  t h e  e s s e n t i a l  b u i l d i n g  b lock  used 

I by,mol lusks  i n  s h e l l  cons t ruc t ion .  H e  found t h a t  h a h i t a t s  having t o t a l  

methyl orange a l k a l i n i t i e s  w i t h i n  a  range of 140 t o  180 ppm suppor ted  

t h e  r i c h e s t  gastropod bottom faunas .  A l k a l i n i t y  l e v e l s  i n  Navigat ion 

Pool  No. 8 a r e  r e l a t i v e l y  cons t an t  and average  175 mg CaCO / 1 ( C l a f l i n  3 

1973). 

The gas t ropods  of Navigat ion Pool  No. 8 can be  grouped i n t o  two 

a 
t g c a t e g o r i e s  accord ing  t o  t h e i r  means of r e s p i r a t i o n ,  t hose  gas t ropods  

which have i n t e r n a l  g i l l s  and t h o s e  which o b t a i n  oxygen through a  

. . pulmonary c a v i t y  o r  "lung". The Order Ctenobranchiata  pos se s se s  i n t e rna l .  



g i l l s  o r  c tenidium which a r e  s p e c i a l i z e d  f o l d s  of t h e  mantle.  An 

except ion  is  Valvata which has d e l i c a t e ,  plumose, e x t e r n a l  g i l l s .  

Ctenobranchiata was the  dominant o rde r  i n  t h e  p re sen t  s tudy  and was 

represented  by Amnicola (Amnicolidae), t h e  r i v e r  s n a i l  P leurocera  

(P leurocer idae)  , t h e  round-mouth s n a i l  va lva t a  (Valvat idae)  , and 

Campeloma, Lioplax,  and Viviparus V iv ipa r idae ) .  Due t o  t h e  use  of $ 
g i l l s  i n  a q u a t i c  r e s p i r a t i o n ,  most members of t h i s  o r d e r ,  a s  w e l l  a s  

o t h e r  g i l l - b r e a t h i n g  ben th i c  forms, a r e  u s u a l l y  r e s t r i c t e d  t o  c l e a n e r  

h a b i t a t s  (Gaufin and Tarzwell  1956). I n  Navigat ion Pool. No. 8 t h e  

gene ra l  d i s t r i b u t i o n  of Amnicola, one of t h e  dominant c t enobranch ia t e s ,  

favored those  a r e a s  having in t e rmed ia t e  eu t roph ic  s t a t e s  (Tables 9 and 

10, Appendix F ig .  1-18). This  d i s t r i b u t i o n  was s t r o n g l y  c o r r e l a t e d  wi th  

t h e  d i s t r i b u t i o n  of t h e  meac physical-chemical parameters  encountered 

i n  t h e  g ~ ~ i  ( S m p l - i ~ g  P n ~ i n d  'I. multj-r = .831, ? < n , O J ;  Sz=rrn~l.!.ng 

Period 11: mul t i - r  = .928, P < 0.01) .  

The Order Pulmonata does no t  posses s  g i l l s  o r  opercula .  Resp i r a t ion  
i 

is  accon~plished by means of an i n t e r n a l  s a c l i k e  "lung" o r  pulmonate 

c a v i t y  which is  a s p e c i a l i z e d ,  a i r - f i l l e d ,  h igh ly  vascu la r i zed  p o r t i o n  

of t h e  mantle  c a v i t y .  The pulmonate s n a i l s '  c o l l e c t e d  from ~ a v i ~ a k i o n  

Pool No. 8 belonged t o  t h e  t h r e e  f a m i l i e s  Lymnaeidae (pond s n a i l s ) ,  

Physidae (pouch s n a i l s ) ,  and Planorb idae  (orb s n a i l s ) .  Physidae was 

t h e  dominant fami ly  and included Physa, which was t h e  dominant pulmonate, 

and Aplexa. Iielisoma and Gyraulus were r e p r e s e n t a t i v e  p lanorb ids .  

S t agn ico la  emarginata was t h e  only lymnaeid. Most pulmonate s n a i l s  a r e  

capable of t 'hriving under po l lu t ed  cond i t i ons  a s  a consequence of t h e i r  

d i r e i t  a c c e s s i b i l i t y  t o  atmospheric oxygen. Physa, which abounded i n  
i 

, . 

, ' 

. \ 



t h e  more eu t roph ic  s tudy  a r e a s  of Pool 8 (Tables 9 and 10),  was found 

by Gaufin and Tarzwell  (1956) t o  be a  major component of t h e  po l lu t ion -  
I 

I 
I t o l e r a n t  cornn~unities i n  Ly t l e  Creek, Oliio. Working spec i f j - ca l ly  wi th  

Physa i n t e g r a ,  Gaufin and Tarzwell  r epo r t ed  t h a t  t h e  a b i l i t y  of t h i s  

s n a i l  t o  d i r e c t l y  u t i l i z e  atmospheric oxygen enabled i t  t o  b e n e f i t  

from the  abundant food s u p p l i e s  i n  t h e  enriched p o r t i o n s  of t h e  a q u a t i c  

h a b i t a t .  The s n a i l  w a s  much more abundant i n  t h e  p o l l u t e d  zones a s  

compared t o  t h e  c l eane r  a r e a s  of L y t l e  Creek. S imi la r  exp lana t ions  

can presumably t o  advanced t o  account  f o r  t h e  p re fe rence  of Physa 

f o r  t h e  more eu t roph ic  h a b i t a t s  i n  Pool  8. 

A l l  members of t he  Class  Pelecypoda, t h e  dominant mollusks i n  

Navigation Pool. No. 8,  a r e  e n t t r e l y  a q u a t i c .  This  i s  unl fke  t h e  Class  

Gastropods which inc ludes  a  few t e r r e s t r i a l  spec i e s .  Pelecypods have 

been r epor t ed  t o  Gccur a o r z  f r equen t ly  i n  uripollueed shal lows of l a r g c  

r i v e r s  where they burrow i n t o  t h e  sediments o f t e n  u n t i l  t h e  excu r ren t  

and i n c u r r e n t  s iphons a r e  t h e  only s t r u c t u r e s  v i s i b l e  above t h e  s u b s t r a t e .  

S t a b l e  sediments gene ra l ly  suppor t  t h e  l a r g e s t  mussel  population.^, 

wh i l e  s h i f t i n g  sediments and environments of high t u r b i d i t y  a r e  not  

conducive t o  t h e  growth of t h e s e  g i l l - b r e a t h i n g ,  f i l t e r - f e e d i n g  b iva lves .  

~ a v i g a t i o n  Pool  No. 8 supported pklecypods belonging t o  t h e  

Famil ies  Unionidae (pea r ly  mussels o r  na i ads )  and Sphaer i idae  (fingernail 

clams, ' s eed  s h e l l s ) .  More genera were. c o l l e c t e d  from t h e  Unionidae 

family and included Amblema r a r i p l i c a t a ,  Anodonta, ~ n o d o n t o i d e s ,  

Tarunculina parva ,  Fusconaia undata,  Lampsi l is ,  Lasmigona, Ligumia , 

Obl iquar ia  r e f l e x a ,  Quadrula mnetanevra, Q. pus tu losa ,  Q. quadrul.a, and 
t 
, 

~ . u n c j l l a  t r u n c a t a .  These unionids appeared s p o r a d i c a l l y  and were 
h .  



, 

o f t e n  r e p r e s e n t e d  by a s o l e  specimen. No h a b i t a t  p r e f e r e n c e s  cou ld  

t h e r e f o r e  b e  l e g i t i m a t e l y  p o s t u l a t e d .  S p h a e r i i d a e  w a s  r e p r e s e n t e d  by 

g r e a t e r  numbers of i n d i v i d u a l s  and i n c l u d e d  ~ ~ r s c u l i  zm, P i s i d i u m ,  and 
1 

Sphaerium. Musculium and Sphaerium (Appendix F i g .  1-19),  t h e  dominant 

pelecypods,  were widespread th roughout  t h e  4 1  s t u d y  a r e a s  b u t  d i d  n o t  

o c c u r  i n  t h e  f i v e  s t a g n a n t ,  marshy open ings  ( a r e a s  1-5). T h e i r  g e n e r a l  

d i s t r i b u t i o n  f a v o r e d  t h o s e  i n t e r m e d i a t e  e u t r o p h i c  a r e a s  h a v i n g  i n t e r -  

media te  c u r r e n t  v e l o c i t i e s  and f i n e  sed iments .  Presumabiy,  t h e s e  

i 
1 s ed iments  were s r r f f i c i e n t l y  s t a b l e  s o  as n o t  t o  i n t e r f e r e  w i t h  t h e  

g i l l . - b r e a t h i n g  and f i l t e r - f e e d i n g  a c t i v i t i e s  of t h e s e  pe lecypods .  

The d i . s t r i b u t i . o n  o f  Sphaerium was s i g n i f i c a n t  i n  r e l a t i o n  t o  t h e  

phys ica l -chemica l  p a r a m e t e r s  (Sampling P e r i o d  I: m u l t i - r  = . %64, 

P < 0.01; S a m p l i ~ i g  P e r i o d  11: m u l t i - r - =  .741, P < 0 .01) .  The composi- 

t i o n  of the substrate i s  c n c  f a c t o r  de?ermining t h e  e c o l o g i c a l  d i s t r i -  

b u t i o n  of s p h a e r i i d  clams (Gale  1971, Heard 1963) .  Under e x p e r i m e n t a l  

c o n d i t i o n s  Ga le  (1971) - r e p o r t e d  t h a t  t h e  f i n g e r n a i l  clam Sphaerium 

t ransversum p r e f e r r e d  mud, sandy mud, and sand s u b s t r a t e s  o v e r  h a r d  

c l a y ,  rock ,  and p e b b l e  sed iments .  H e  f u r t h e r  concluded t h a t  under  

n a t u r a l  coad i - t ions  i n  P o o l  19 o f  t h e  M i s s i s s i p p i  R iver  t h i s  s u b s t r a t e  

p r e f e r e n c e  was found t o  b e  modi f i ed  by such  f a c t o r s  a s  p r e d a t i o n ,  

. .  c o m p e t i t i o n ,  d i s e a s e ,  and!or p a r a s i t i s m .  

The q u a l i t a t i v e  and q u a n t i t a t i v e  compos i t ions  of t h e  b e n t h i c  

communities co l l . ec tkd  from t h e  41 s t u d y  a r e a s  i n  Naviga t ion  P o o l  NO. 8 

v a r i e d .  The more e u t r o p h i c  a r e a s  g e n e r a l l y  s u p p o r t e d  fewer  t z x a  

Tab le  ,4 ,  F i g s .  14 and 15), g r e a t e r  biornasses o r  wet  w e i g h t s  (Tab le  5 



Figs.  16 and 17) ,  and g r e a t e r  numbers of macro inver tebra tes  (Table 6 ,  

P igs .  18 and 19).  One o r  poss ib ly  two s p e c i e s  were dominant i n  t h e s e  

a r eas .  These dominants composed most of t h e  bottom community and 

usua l ly  belonged t o  t h e  Class  Oligochaeta .  S imi l a r  r e s u l t s  were 

1 ob ta ined  by de  March (1976) and Ol ive  and Smith (1975). Ol ive  and 
! 
1 Smith assumed t h e s e  r e s u l t s  t o  be  a t t r i b u t a b l e  t o  low oxygen concentra-  

t i o n s  and uniform, uns t ab le  f i n e  sediments  which probab1.y e l imina ted  

compet i tors  and p o s s i b l e  p reda to r s .  The s i l t - c l a y ,  depos i t i ona l -  

type  sediments were poss ib ly  too  u n s t a b l e  f o r  t hose  forms which c l i n g  

t o  s t a b l e ,  erosional-- type s u b s t r a t e s  (Olive and Smith 1975). According 

t o  Hynes (1960), depos i t i ng  s u b s t r a t e s ,  p r imar i ly  composed of s i l t  

o r  mud, occur  x o s t l y  i n  l e n t i c  waters  and t y p i c a l l y  have low oxygen 

l e v e l s .  Eroding s u b s t r a t e s  of rock ,  s tone ,  o r  g r a v e l  a r e  p r i n c i p a l l y  

Four2d 3.n l o t i c  environments and a r e  w e l l  oxvgenated. According t o  

de March (1976), t h e  reduced number of s p e c i e s  o r  taxa  p re sen t  was t h e  

r e s u l t  of fewer h a b i t a t s  o r  i n t e r s t i c e s  a v a i l a b l e  i n  f i n e  sediments.  

De Narch a l s o  r epo r t ed  t h a t  t h e  l a c k  of i n t e r s t i c e s  i n  f i n e ,  s i l t y  
i 

sediments dould l i m i t  t h e  t o t a l  numbers of macrobentlrlic organisms 

p re sen t .  Thi,s observa t ion  was con t r ad ic t ed  i n  t h e  p re sen t  i n v e s t i g a -  

t i on .  Grea ter  numbers of ben th i c  macro inver tebra tes  were c o l l e c t e d  from 

' f i n e  sediments.  More taxa ,  sma l l e r  biomasses, and fewer macroinverte-  

b r a t e s ,  i n d i c a t i v e  of e c o l o g i c a l l y  more s t a b l e  cond i t i ons  (Pafirick 

1950),  were y i e lded  from t h e  l e s s  eu t roph ic  a r e a s  where presumably 

 omp petition f o r  food and space was g r e a t e r .  Consequently no one macro- 

i n v e r t e b r a t e  could become dominant (Gaufin and Tarzwell  1956, P a t r i c k  1950). 

A s  shown i n  Tables  7 and 8, s t r o n g ,  p o s i t i v e  c o r r e l a t i o n s  e x i s t e d  



1, 
1 
i between t h e  average physical-chemical condi t ions  encountered i n  t h e  
i 
% pool  during t h e  sulnnler of 1975 and t h e  number of t axa / a rea  (Sampling 

1 .  Per iod  I: mul t i - r  = .760, P < 0.01; Sampling Per iod  11: mul t i - r  - .860, 
I ! 

P < 0.01), t h e  mean t o t a l  biomass/m2 (Sampling Period I: mul-ti-r = .739, 

P < 0.01; Sampling Period 11: mul t i - r  = .819, P < 0.01) ,  and t h e  mean 

i 
number of macroinverkebrates/m2 (Sampling Period I: mul t i - r  = .869, 

.I P < 0.01; Sampling Period 11: mul t i - r  = .785, P < 0.01).  C e r t a i n  

physical-chemical parameters ,  e s p e c i a l l y  c u r r e n t  v e l o c i t y  and s u b s t r a t e  
E 
I type,  s ignLf i can t ly  i n f luence  t h e  occurrence and d i s t r i b u t i o n  of ben th i c  

i n h a b i t a n t s  i n  r i v e r s  (Brusven and P r a t h e r  1974, Gaufin and Tarzwell  

1956, Hynes 1960, P a t r i c k  1962). Nielsen (1950) s t a t e d  t h a t  f a s t -  

water ben th i c  communities a r e  composed of few spec i e s .  No such cor- 

r e l a t i o n  seemed s t r o n g l y  ev ident  i n  t h e  p re sen t  i n v e s t i g a t i o n  (Tables 

1 7 and 8). Cor re l a t ion  c o e f f i c i e n t s  of .332 (P < 0.05) and .249 (P > 0.05) 
S 

were r e s p e c t i v e l y  obtained dur ing  Sampling Per iods  I and I1 between 

t h e  number of  t axa / a rea  and t h e  average c u r r e n t  v e l o c i t y  i n  each a r e a .  

Although depth  and temperature have been repor ted  a s  being important  

phys i ca l  f a c t o r s  i n f luenc ing  t h e  compositon of t h e  ben th i c  community 

.(PIynes 1960, Patr ick 1962) ,  most of t h e  observed ben th i c  v a r i a b l e s  

were not  s i g n i f i c a n t l y  c o r r e l a t e d  with these  two parameters  (Tables 

7 and 8 ) .  Dissol.ved oxygen, sediment organic  n i t rogen  and sediment 

n i t r a t e ,  i n  a.dditi.on t o  c u r r e n t  v e l o c i t y  and sediment p a r t i c l e  s i z e ,  

appeared t o  be t h e  dominant governing f a c t o r s ,  e s p e c i a l l y  when c o r r e l a t e d  

2 wi th  t h e  mean number of macroinvertebrates/m . The va lues  obta ined  

f b r  t he  mean number of macroinvertebrates/m2 i n  each a r e a  were s i g n i f i -  

rl t ly c o r r e l a t e d  wi th  c u r r e n t  v e l o c i t y ,  t u r b i d i t y ,  d i sso lved  oxygen, 



sediment organic  n i t rogen ,  sediment n i t r a t e ,  sediment p a r t i c l e s  s i z e s  

Ii3, #4, and # G .  Grea te r  numbers of macroinvertebrates/m2 were found 

i n  f i n e ,  o r g a n i c a l l y  r i c h ,  depos i t iona l - type  sediments .  These r e s u l t s ,  

p rev ious ly  obta ined  i n  terms of biomass/m2 by C l a f l i n  (1973) i n  

Navigation Pool No. 8 ,  tend t o  c o n t r a d i c t  those  obta ined  by de March 

(197G) and S c o t t  (1958). S c o t t  concluded t h a t ,  p r imar i ly  due t o  t h e  

g r e a t e r  v a r i e t y  of h a b i t a t s  and g r e a t e r  s t a b i l i t y  dur ing  f lood ing  o f f e r e d  

by l a r g e  s t o n e s ,  t h e  d e n s i t y  of t h e  general bottom fauna i n c r e a s e s  

w i th  i n c r e a s i n g  sediment p a r t i c l e  s i z e .  

1 In~poundments r e s u l t  i n  t h e  product ion of ex t ens ive ,  sha l low 
J 

backwater a r e a s .  C l a f l i n  (1973) r epo r t ed  t h a t  t h e  c l o s u r e  of Lock 

and Dam No. 8, c r e a t i n g  an 11-foot r i s e  i n  t h e  upstream pool ,  r e s u l t e d  

i n  t h e  inundat ion  of many l a r g e ,  d i v e r s e  h a b i t a t s  and an  i n c r e a s e  i n  

t h e  s u r f a c e  a r e a  of t h e  pool.  The energy f l u x  i n  thzss shal low,  

eu t rophic  a r e a s  t y p i c a l l y  having s i l t y ,  o r g a n i c a l l y  rTch  sediments  i s  

h igh  and consequent ly p r o d u c t i v i t y  a t  a l l  t r oph id  l e v e l s  i s  h igh  ( C l a f l i n  

1973). Product ion,  i n  terms of ben th i c  biomass and number, was gene ra l ly  

h ighe r  i n  t h e s e  a r e a s  i n  t h e  p re sen t  i n v e s t i g a t i o n .  D i v e r s i t y ,  i n  

t e r m s  of t h e  number of d i f f e r e n t  taxa ,  however, was lower.  Macro- 

i n v e r t e b r a t e s ,  e s p e c i a l l y  o l igoc t lae tes ,  capable  of su rv iv ing  under 

i reduced oxygen cond i t i ons  tended t o  dominate t h e  b e n t h i c  communities. 

Popula t ion  d e n s i t i e s  can be  used a s  i n d i c e s  of water  q u a l i t y  

(Olive and Smith 1975). Organica l ly  po l lu t ed  o r  enr iched  a r e a s  gene ra l ly  

l suppor t  t h e  l a r g e s t  macro lnver tebra te  popula t ions  which a r e  t y p i c a l l y  

composed of o l igochae te s  and chironomids (Hynes 1960, Ol ive  and Smith 

' 7 ) .  Although t h e  macro inver tebra te  d e n s i t i e s  v a r i e d  cons iderably  



I amo~lg t h e  41 s tudy  a r e a s  i n  Navigat ion Pool  No. 8 and wj.thin each study 

a r e a ,  macro inver tebra te  d e n s i t y  appeared d i r e c t l y  p r o p o r t i o n a l  t o  t h e  

p r o d u c t i v i t y  of t h e  a r e a .  The more eu t roph ic  a r e a s  ( a r eas  1-18) 

supported t h e  l a r g e s t  macro inver tebra te  popula t ions .  These popula t ions  

I were domi.nated by p o l l u t i o n - t o l e r a n t  organisms, such a s  o l igochae te s ,  
1 

c e r t a i n  chironomids (e .g. ,  Chironomus), and l eeches ,  which could 

r _  
b e n e f i t  from t h e  abundant food s u p p l i e s  and t h e  absence of s e v e r e  

competi t ion and preda t ion .  Most compet i tors  and p reda to r s  cannot 

s u s t a i n  robus t  popula t ions  due t o  t h e  low d i s so lved  oxygen l e v e l s  and 

t h e  f i n e ,  uniform sediments which do n o t  provide f i r m  s u b s t r a t e s  a l -  

lowing f o r  movement and t h e  maintenance of p o s i t i o n .  

The ben th i c  faunas  i n h a b i t i n g  t h e  more product ive  a r e a s  i n  

Navigation Pool  No. 8 were t y p i c a l l y  p o l l u t i o n - t o l e r a n t  worm o r  worm- 

l i k e  organisms capabie  of su rv iv ing  and burrowing i n t o  the s i i c y ,  

depos i t iona l - type  sediments .  Most of t h e s e  organisms had low oxygen 

requirements  o r ,  l i k e  Physa, possessed s p e c i a l  adap ta t ions  f o r  ob ta in ing  

atmospheric oxygen. The o l igochae te s  were dominant and ubiqizitous 

,throughout t h e  41 s tudy  a r e a s  b u t  t h e i r  abso lu t e  abundance and t h e i r  

' abundance i n  r e l a t i o n  t o  t h e  t o t a i  b e n t h i c  community tended t o  decrease  

.from t h e  more product ive  a r e a s  t o  t h e  less product ive  a r e a s .  Chironomids, 

- e s p e c i a l l y  Chironomus, Endochironomus, and Glyptotendipes,  l eeches ,  

t h e  pelecypods Sphaerium and Musculium, and t h e  mayfly Hexagenia 

were o f t e n  capable  of mainpaining hea l thy  popula t ions  i n  t h e  more 

. eut rophic  a r e a s .  The amphipod Hyale l la  a z t e c a ,  which i s  no t  gene ra l ly  

considered a  p o l l u t i o n - t o l e r a n t  organism and which r e q u i r e s  l a r g e  con- 

e n t r a t i o n s  of d i s so lved  oxygen f o r  i t s  s u r v i v a l ,  o f t e n  composed a  



l a r g e  propor t ion  of t h e  t o t a l  ben th i c  communi-ty i n  t h e s e  more pro- 

duc t ive  a reas .  S imi la r  f i nd ing  were r epo r t ed  by Ol ive  and Smith (1975).  

They concluded t h a t  t h e  r e l e a s e  of phosphates,  n i t r a t e s ,  and o the r  

p l a n t  n u t r i e n t s  from d iges t ed  organic  m a t e r i a l  i n d i r e c t l y  c o n t r i b u t e s  

t o  t h e  high d e n s i t i e s  of c a d d i s f l i e s  a s  we l l  a s  amphipods. These 

amphipods and c a d d i s f l i e s  a r e  abundant i n  p l a n t  communities of 

f i lamentous a l g a e  and aqua t i c  va'scular p l a n t s .  The r e l e a s e  of phos- 

pha tes ,  n i t r a t e s ,  and o t h e r  p l a n t  n u t r i e n t s  s t i m u l a t e s  t h e  growth of 

t h e s e  p l a n t  communities which i n  t u r n  Provides more l i v i n g  space  f o r  

t h e  amphipods and c a d d i s f l i e s .  I n  t h e  p re sen t  i n v e s t i g a t i o n ,  Hyalella 

azteca was p o s i t i v e l y  c o r r e l a t e d  a t  t h e  0.01 s i g n i f i c a n c e  l e v e l  wi th  

sediment o rgan ic  n i t rogen  and phosphate (Tables 7 and 8).  

Small mac ro in~re r t eb ra t e  popula t ions  were supported i n  t h e  Less 

eu t rophic  a r e a s  having s t a b l e ,  e ros iona l - type  s u b s t r a t e s .  More t axa  

were p r e s e n t  presumably due t o  t h e  more seve re  l e v e l s  of compet i t ion  

and p reda t ion  ope ra t ing  i n  t h e s e  h a b i t a t s .  The ben th i c  cormuni t ies  

I i n  t h e s e  a r e a s  contained g r e a t e r  numbers of p o l l u t i o n - s e n s i t i v e  forms 

which a r e  u s u a l l y  e l imina ted  from o r g a ~ i i c a l l y  enr iched  a r e a s  because 

1 of inadequate  oxygen concen t r a t ions ,  h a b i t a t  d e s t r u c t i o n  caused by 

s i l t a t i o n ,  and t h e  presence of t o x i c  subs tances ,  such a s  ammonia, 

i which a r e  f r e q u e n t l y  found i n  organic  p o l l u t i o n  (Hynes 1960) .  More 

's ben th i c  macro inver tebra tes  dependent on g i l l  b r ea th ing  and f i l t e r  
i i 

a 
! feeding  a s  t h e  primary modes of r e s p i r a t i o n  and feeding  were i n  t h e s e  
I 
i 

E - a r e a s  a s  compared t o  t h e  more eu t roph ic  a r eas .  This  was p a r t i a l l y  
1 

t h e  r e s u l t  of an i n c r e a s e  i n  t h e  number of immature s t a g e s  of i n s e c t s  

n t hese  a r e a s .  A few of t h e  more abundant i n s e c t  r e p r e s e n t a t i v e s  

ncluded t h e  mayfly Hrachycercus, t h e  c a d d i s f l i e s  Cheumatopsyche and 



4 
Hydropsyche, and t h e  d i p t e r a n s  Atrichopoqon, Cricotopus,  I Iarnischia ,  

> 
I Palpornyia, Simulium, and .Yenochironomus. Unlike t h e  burrowers found 

> 
j 

i n  t h e  more eu t roph ic ,  l e n t i c  s tudy  a r e a s  of Navigation Pool No. 8 ,  

many of t h e s e  so-ca l led  "clean-water" forms were adapted t o  c l i n g i n g  

t o  s t a b l e  s u b s t r a t e s  i n  l o t i c  h a b i t a t s .  

The s e p a r a t i o n  of t h e  more eu t roph ic  and t h e  l e s s  eu t roph ic  s tudy 

a r e a s  i n  terms of t h e  fauna c h a r a c t e r i s t i c  t o  each of t h e s e  two h a b i t a t  

types i s  no t  d i s t i n c t .  Many ben th i c  macro inver tebra tes  a r e  capable  

of t o l e r a t i n g  a wide v a r i e t y  of physical-chemical parameters .  These 

t r a n s i t i o n a l  o r  p o l l u t i o n - f a c u l t a t i v e  organisms can su rv ive  under both 

I 
4 extremes of t r o p h i c  s t a t u s  o r  under an in t e rmed ia t e  t r o p h i c  s t a t u s .  

I 
1 I n  t h e  p re sen t  i n v e s t i g a t i o n ,  such forms were t y p i f i e d  by nematodes, 

t u r b e l l a r i a n s ,  t h e  isopod A s e l l u s  m i l i t a r i s ,  t h e  d i p t e r a n s  Crypto- 

~ I ~ i r o i i o m i ~ s  &id Pelypedilum, aild t h e  gas t ropsd  Aiiiiiico1a. 'rhz S c l i n e z t i o n s  

between t h e  faunas of t h e  more product ive  and t h e  l e s s  product ive  

1 
a r e a s  a r e  f u r t h e r  b l u r r e d  s i n c e  t h e  fauna c h a r a c t e r i s t i c  of one of 

t h e s e  types of a r e a  may occur  i n  t h e  ben th i c  community of t h e  o t h e r  

t ype  of a rea .  The presence o r  absence of a  macro inver tebra te  i n  a  

I 
I 
I p a x t i c u l a r  ben th i c  community may depend more on environmental cond i t i ons ,  

such a s  s u b s t r a t e  o r  cu r r en t  v e l o c i t y ,  r a t h e r  than  on t r o p h i c  s t a t u s .  
. . 

Oligochaetes  and Physa, both ' regarded a s  p o l l u t i o n - t o l e r a n t  organisms, 

were a l s o  c o l l e c t e d  i n  t h e  less eu t roph ic  a r e a s  i n  t h e  p re sen t  i n v e s t i -  

g a t i o n  (Tables 9 and 10). Although t h e  c a d d i s f l i e s  Cheumatopsyche, 

4 *j Hydropsyche, and S t a c t o b i e l l a  were more abundant i n  t h e  l e s s  eu t roph ic ,  

l o t i c  s tudy a r e a s ,  they were occas iona l ly  p re sen t  i n  t h e  more product ive  

st, 1i a r e a s  (Tables  9 and 10). 



Role of Macrobenthic I n v e r t e b r a t e s  i n  Pool 8 -- -- - -- --- "- 

Apart from t h e i r  r o l e s  a s  b i o l o g i c a l  i n d i c a t o r s ,  macro inver tebra tes  

s e r v e  o the r  func t ions .  A s  a v i t a l  component of t h e  food web (Cummins 

1973), macrobenthic organisms a r e  an  important  source  of food f o r  

f i s h  i n  Navigation Pool  No. 8 (Th ie l  1977, Wynes 1976). The Chironomidae 

(Mason 1975), Ephemeroptera ( B r i t t  1975, Fremling 1964),  and Mo1l.usca 

(Heard 1963, Pennak 1.953, Wetzel 1975) may s e r v e  as s i g r ~ i f i c a n t  food 

sources  f o r  f i s h ,  b i r d s ,  and o t h e r  a q u a t i c  and t e r r e s t r i a l  l i f e .  

Benthic i n h a b i t a n t s  a r e  a l s o  p o t e n t f a l  c o n t r i b u t o r s  t o  pub l i c  h e a l t h  
I 

and r e c r e a t i o n a l  problems, p e s t  and p a r a s i t e  nu isances ,  and n u t r i e n t  

r ecyc l ing .  Many macro inver tebra tes ,  such a s  s n a i l s ,  s e rve  a s  i n t e r -  

mediate h o s t s  f o r  p a r a s i t e s  of f i s h  and b i r d s  and a c t  a s  v e h i c l e s  f o r  

I t h e  t ransmiss ion  of d i seases .  Clams a r e  capable  of concen t r a t ing  

i J 

i bc;zZcrfn r;;: -i-Lrascs (Sr5r.c; 1977). >fany, cs>ecizl l3-  tlic Dl;ter?, 

1 
'i a r e  p e s t s  a s  b i t e r s .  Enlergences of l a r g e  nuiinbers of d i p t e r a n s  and 

i 

i ephemeropterans c r e a t e  s imple nuisance  s i t u a t i o n s .  These emergences 

I of ben th i c  i n v e r t e b r a t e s  may a i d  i n  t h e  t r a n s p o r t  of n u t r i e n t s  t o  

o t h e r  zones of t h e  a q u a t i c  environment (Wetzel 1975). Wetzel has  

a l s o  r epo r t ed  t h a t ' t h e  burrowing z c t i v i t i e s  of s e v e r a l  ben th i c  organisms 

may d i s r u p t  t h e  sediment.-water i n t e r f a c e  and s i g n i f i c a n t l y  a l t e r  t h e  

1 ox id ized  microzone of t h e  bottom s u b s t r h t e .  The e f f e c t  of t h i s  phys i ca l  

d i s r u p t i o n  on n u t r i e n t  exchange and cyc l ing  i s  unc lea r  and i s  probably 

i n s i g n i f i c a n t  i n  r e l a t i o n  t o  t h e  dominant chemical-microbial r egu la to ry  

processes .  The r o l e  t h a t  t h e  e x c r e t i o n  of n u t r i e n t s  by macrobenthi& 

i n v e r t e b r a t e s  p l ays  i n  t h e  r egene ra t ion  of n u t r i e n t s  i s  a l s o  u n c e r t a i n  

e t z e l  1975). Some benth ic  organisms, e s p e c i a l l y  pelecypods , a r e  



t 
of economic importance, The use  of mussels i n  t h e  bu t ton  and p e a r l  

i n d u s t r i e s ,  a l though once impor tan t ,  ha s  been dec l in ing  a s  t h e  r e s u l t  

of s y n t h e t i c  s u b s t i t u t e s  and t h e  degrada t ion  of mussel beds. Human 

in f luences ,  such a s  darning,  dredging,  and a g r i c u l t u r a l  r u n o f f ,  have 

e l imina ted  much of t h e  mussel h a b i t a t  by causing inc reased  s i l t a t i o n .  

Man's Impact 

Man has  had a  s e r i o u s  impact on t h e  ben th i c  communities of t h e  

Upper M i s s i s s i p p i  River  (Brigham 1971, E l l i s  19311, a s  w e l l  a s  on those  

communities of o t h e r  r i v e r  systems (Raplan e t  a l .  1974, La Roe 1972, 

1 

4, M i l l s  19G6) .  The impoundment of t h e  upper s e c t i o n  of t h e  M i s s i s s i p p i  

! River  has  promoted an  inc rease  i n  t h e  depos i t i on  of suspended m a t e r i a l s ,  
I 

1 
i 
I a  n a t u r a l  r e s u l t  of decreas ing  t h e  c u r r e n t  v e l o c i t y  of t h e  r i v e r .  

These u n s t s b l e ,  s h i f t i n g  s i l t  sediments have a bigh orzanbc cnntent  

j and p l ace  a l a r g e  oxygen demand on t h e  a q u a t i c  system. A s  a  conse- 

'? quence, those  p o l l u t i o n - t o l e r a n t  ben th i c  organisms capable  of su rv iv ing  

under poor oxygen cond i t i ons ,  i nc lud ing  c e r t a i n  o l igochae te s ,  chironomids, 

and pulmonate s n a i l s ,  become abundant and r ep lace  t h e  clean-water 

forms which r e q u i r e  more s t a b l e  s u b s t r a t e s  having high oxygen con ten t s .  

A s  mentioned previous ly ,  t h e  inc reased  s i l t a t i o n  has r e s u l t e d  i n  t h e  
1 '  

e l imtna t ion  of once-important commercial mussel popula t ions .  These 

changes i n  t h e  b e n t h i c  fauna may have adverse  e f f e c t s  on t h e  f i s h  

n i t i e s  which may be l i m i t e d  t o  t hose  f i s h  which can u t i l i z e  t h e  

CoLerant macrobenthic i n v e r t e b r a t e s  a s  food i t e m s .  Duck popula t ions  

which feed on mollusks may a l s o  exper ience  unfavorable  r epe rcuss ions  

(Brigham 1971). 



. . 
The graded cond i t i on  of t h e  M i s s i s s i p p i  River  i s  a l s o  aggravated 

by increased  a g r i c u l t u r a l  t i l l a g e  and dredging. Dredging has  had 

many adverse  e f f e c t s  on ben th i c  assemblages (Brigham 1971, Kaplan 

e t  a l .  1974, La Roe 1972). These e f f e c t s  can be di,vided i n t o  t h r e e  

c a t e g o r i e s ,  immediate e f f e c t s ,  t r a n s i t o r y  o r  semipermanent e f f e c t s ,  

and permanent changes (Raplan e t  a l .  1974). Immediate e f f e c t s  i nc lude  

increased  s i l t a t i o n ,  t h e  removaP from t h e  water  column of p l ank ton ic  

organisms which s e r v e  a s  food i t ems  f o r  macrobenthic f i l t e r  f eede r s ,  

and changes i n  t h e  chemical water  q u a l i t y  a s  subs tances  a r e  r e l e a s e d  

from t h e  dredged s u b s t r a t e s  and d i s so lved .  Dredging a l s o  causes  

increased ,  i r r e g u l a r  suspension of m a t e r i a l s  which reduce l i g h t  penetra-  

t i o n  snd,  t h e r e f o r e ,  photosynthesis .  These suspended m a t e r i a l s  a l s o  

i n t e r f e r e  w i t h  t h e  f i l t e r - f e e d i n g  mechanisms of many ben th i c  organisms. 

m ~ r a u s i t o i y  e f f e c t s  i n c l u d s  the  n2chanica l  r ensva l  of t h e  b e c t h i c  fauna 

and changes i n . t h e  s u b s t r a t e  t ype .  Benthic  organisms, capable  of 

su rv iv ing  on t h e  r e s u l t i n g  s u b s t r a t e ,  w i l l  even tua l ly  r eco lon ize  t h e  

p rev ious ly  dredged a rea .  Kaplan e t  a l .  (1974) noted however t h a t  

t h e  ben th i c  conununities p r i o r  t o  dredging ope ra t ions  g e n e r a l l y  had 

l a r g e r  biomasses, g r e a t e r  numbers and g r e a t e r  numbers of spec i e s .  

<. Disrupt ion  of t h e  e x i s t i n g  c u r r e n t  p a t t e r n s  and v e l o c i t i e s  cause per- 

manent e c o l o g i c a l  changes. 

Human a c t i v i t i e s  tend t o  e x e r t  a monotypic i n f l u e n c e  on a q u a t i c  

environments. Damming, dredging, p o l l u t i o n ,  and c a r e l e s s  a g r i c u l t u r a l  

p r a c t i c e s  o f t e n  cause  t h e  s i m p l i f i c a t i o n  of t h e  environment and t h e  

e l imina t ion  ni.ches . The "heal  thy" community (Pa t r i c k  1950), which 

is  composed of  many taxa ,  smal l  biomasses,  a.nd few numbers due t o  



ba lanced ,  s e v e r e  c o m p e t i t i o n ,  is p l a c e d  under  s t r e s s  and i s  g r a d u a l l y  

r e p l a c e d  by a community hav ing  fewer  t a x a ,  g r e a t e r  biornasses,  and 

g r e a t e r  numbers. Many s p e c i e s  a r e  e l i m i n a t e d  and t h e  few t h a t  s u r v i v e  

a r e  a b l e  t o  f r e e l y  m u l t i p l y  due t o  t h e  reduced compet i t i -on.  



SUMMARY AND CONCLUSIONS 

One hundred for ty- four  macrobenthic t axa ,  i d e n t i f i e d  i n  most 

ca ses  t o  t h e  gene r i c  l e v e l ,  were found i n  t h i s  survey of 41 s tudy  a r e a s  

i n  Navigation Pool No. 8 of t he  Upper l . l i s s i ss ippi  River dur ing  t h e  

summer .Of 1975. Over h a l l  of t h e  c o l l e c t e d ,  taxa were i n s e c t  nymphs 

and larvae. The mollusks were second i n  importance i n  terms of t h e  

number of t axa  examined. A t o t a l  of 90,693 r e p r e s e n t a t i v e s  of t h e  

Phyla P la tyhe lminthes ,  Nematoda, Anne.lida, Arthropoda, and Mollusca 

were counted, weighed, and i d e n t i f i e d .  Members of t h e  Class  OligocIiaeta 

were by f a r  t h e  most ub iqui tous  and dominant macro inver tebra tes  found 

in.  t h e  616 bottom c o l l e c t i o n s .  S p a t i a l  d i s t r i b u t i o n  of many o t h e r  

ben th i c  forms v a r i e d  and r e f l e c t e d  h a b i t a t  p reference .  

Pool 8' demonstrates g r e a t  e c o l o g i c a l  d i v e r s i t y  due part3.y t o  t h e  

-jl;;ildatic;; af lZrsh, d<--.-,rse ZVI; land zLuscd by clGssyc a= Lo,-:; 

and Dam No. 8. Hab i t a t s  range from t h e  very  eu t roph ic  backwater a r e a s  

t o  t,he less eu t roph ic  a r e a s  of t h e  main channel and ad jacen t  waters. 

Although h a b i t a t  p re fe rences  of s p e c i f i c  m a c ~ o i n v e r t e b r a t e s  were apparent  

and were o f t e n  governed by p a r t i c u l a r  physical-chemical parameters ,  

such a s  c u r r e n t . v e l o c i t y  and substratum, t h e s e  e c o l o g i c a l l y  d i v e r s e  

h a b i t a t s  supported c h a r a c t e r i s t i c  ben th i c  macro inver tebra te  communities. 

P ~ o c e e d i n g  f r o m - t h e  more eu t roph ic  a r e a s  t o  t h e  l e s s  eu t roph ic  a r e a s ,  

t h e  fo l lcwing  t r ends  i n  t h e  ben th i c  macrofauna were observed: 

1. The number of taxa  pe r  a r e a  increased .  

2. Benthic product ion,  i n  terms of t h e  t o t a l  wet weight/m2 and 

t h e  mean number of macroinvertebrates/m2 i n  each a r e a ,  decreased.  

, ' 
? 

, / -  



3 .  The r e l a t i v e  abundance of p o l l u t i o n - t o l e r a n t  forms which 

have low oxygen requirements  o r  which have s p e c i a l  adap ta t ions  

t o  o b t a i n  atmospheric oxygen decreased.  

4. An i n c r e a s e  i n  t h e  abundance of po l lu t ion - - sens i t i ve  forms 

occurred.  

5. The number of g i l l  b r e a t h e r s  and f i l t e r  f eede r s  i nc reased .  

6. There was an i n c r e a s e  i n  t h e  r e l a t i v e  number of i n s e c t s ,  

i nc lud ing  caddisf  l i e s ,  mayf l ies ,  s t o n e f l i e s ,  and d i p t e r a n s .  

7. Burrowing organisms adapced t o  l e n t i c ,  silty h a b i t a t s  tended 

t o  be  rep laced  by rnacroinvertebrates  favor ing  l o t i c  h a b i t a t s  

and found c l ing ing  t o  e ros iona l - type  sediments.  
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Appendix I. Distribution of selected macrobentic invertebrates in 
all study arsas of Xsvigation Pool No. 8 of the Z p p r  Mississippi 
Kiver during ~ h e  summer of 1 ~ 1 5 .  



Appendix F i g .  
( ~ u r b e l l a r i a . )  
R i v e r ,  summer 

1-1. Average number of  organisms p e r  s q u a r e  m e t e r  
, 41 s t u d y  a r e a s ,  N a v i g a t i o n  P o o l  No. 8, Upper i v i i s s i s s i p p i  
, 1975. 





Appendix Fig. 1-2. Average number of organisms per square meter 
(Nematoda), 41 study areas, Navigation Pool No. 8, TTpper Hississippi 
1 ~ L V ~ E ,  S ~ U L L T L ~ ~ ,  1375. 













Appendix P i g .  1-5. Average number of organisms p e r  s q u a r e  m e t e r  
 sellus us rn i .L i tar i s ) ,  4 1  s t u d y  a r e a s ,  1Jsvigat ion Poo l  No, 8, Upper 
1 4 i a ~ i ~ ~ i p p . i .  Kivei, a(.iWier, l s i '5 .  





Appendix Fig. 1-6. Average number of organisms per square meter 
(Hyale//a a z t e c a )  , 41 sCudy areas ,  Navigation Pool No. 8, Upper 

. r .  ~LPPLasippi Xiver ,  Su%iir, i 975 .  
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Appendix Fig. 1-7. Average number of organisms per square meter 
( ~ e x n g e n i a ) ~  41 study areas, Navigation Pool No. 8, Upper 1.lississippi 
n2----. 
s . ~ ~ , ~ ,  x m e r ,  1975. 
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Appendix Fig. 1-8. Average number of organisms per square meter 
(Cheumatopsyche). 41 study areas, Navigation Pool No. 8, Upper 
M.-.-i-c-:?ni p.4-,0r - -  -.,.--, r u ~ ~ e r  1975. 
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Appendix Fig. 1-9. Average number of organisms per square meter 
( ~ e c e t i s ) ,  41 study areas, Navigation Pool No. 8, Upper i . i i s s i s s i p p i  
River, summer, 1975. 
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Appendix Fig.  1-10. Average number of organisms pe r  squa re  meter 
(Chironomtls), 41 s tudy  Ereas ,  N ~ v i g a t i o n  Pool  No. 8, Upper 
iuij.ssibsipbpi E v e r ,  surul~le;, i 975 .  





Appendix F i g .  1-1 1. Average number of  organisms p e r  s q u a r e  lneter  
(~.ryptochironomus), 41 s t u d y  a r e a s ,  N a v i g a t i o n  Poo l  No. 8 ,  Upper 
:~&sLzs~;I;~ 3 h c r ,  g.;;fzi2r, 1375. 
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Appendix F ig .  1-13. Average number of ~ r g a n i ~ s m s  s q u a r e  meter 
( ~ o l y p e d i l m n ) ,  41 s t u d y  areas ,  Navigation Pool  No 

M i c c j  c c i n n i  R i ~ r e r -  s r l m m o r ,  1975,  - .  





Appendix F ig .  1-14. Average number o f  organisms p e r  s q u a r e  mete r  
(~'eaocliiuanomusj, 41  s t udy  areas, I Jav iga t ion  P o ~ l  Tic. 8, Upper 
Mississippi Kiver ,  summer, 1375. 





Appendix Fig. 1-15, Average number of organisms per square meter 
( C c ~ ? l o t a n y p u s ) ,  41 study ? r ea s ,  Navigat ion P o n l  No. 8; Upper . . . 

C L L S S ~ S S ~ ~ J ~ ~  Xiger9 SEliiiiiki 1775.  
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Appendix Fig. 1-16. Average number of organisms per square meter 
(~entanerzra),  41 study areas, Navigation Pool No. 8,' Upper Mississippi 
Fiive~., scllrt~nef, 1475.  





Appendix Fig. 1-17. Average nu~nber of organisms per square meter 
( ~ a 2 p o n i y i a ) ,  41  s t u d y  areas, Navigation Pool Bc. 8, Upper Nississippi 
kiver, summer, 1975. . . 
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Appendix F i g .  1-18. Average number o f  organisms p e r  s q u a r e  mete r  
( ~ m n i c o l a ) ,  4 1  s t u d y  areas, Naviga.tion P o o l  N o .  8 ,  Upper M i s s i s s i p p i  
River ,  sUirfiiiisP, 1975. 
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Appendix Fig. 1-19. Average number of organisms per square meter 
(Sphaerium), 41 study areas, Navi.gation Pool No. 8, TJpper Mjssissippi 
y.zvzy, ~ ~ ~ ~ A ~ ~ 3  :975, 
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