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ABSTRACT

-

The macrobenthic fauna of Navigation Pool No. 8 of the Upper
Misaissippi River was inventoried and correlated with the average
physical-chemical conditions encountered in the pool. Forty-one
sampling areas, numbered in order.of increasing current velocity,
were delineated on the basis of charécteristic chemical and physical
propertieé dufing the summer of 1975. A trend toward decreasing
eutrophy occurred from area 1 to area 41.

Benthos samples were collected twice during the summer in each
of the study areas. One hundred forty-four taxa were found in the
616 Ponar_drédge cellections, Owver half of the colleéted taxa were
insect nymphs and larvae. A’total of 90,693 representatives of the
Phyla Platyhelminthes, Nematoda, Annelida, Arthropoda, and Mollusca
were counted, weighed, and identified. 0Oligochaetes Qere by far
the most ubiquitous~and dominant macroinvertebrates. Greatesé oligo~
chaete densities were respectively recorded during Sampling Periods
I and IT in areas 3 (17,306.10/m?) and 18 (16,609.98/m?) and in
areas 1 (10,302.11/m?) and 18 (10,894.18/m2).

The qualitative and the quantitative compositions of the benthic
communities varied among the 41 study areas. Habitat prefereﬁces of
particular benthic forms were reflected in the distributional relation-
ships between the macroinvertebrates and the physical-chemical condi-
tions. Benthic production, in terms of the total wet weight/m2 and the
mean number of macroinvertebrates/m2 in each area, was generally
grea@er in the more eutrophic areas. The more eutrophic areas supported

fewer taxa. These taxa generally consisted of pollution-tolerant




iid

~

organisms, such as oligochaetes and certain chironomids, which were
} : ’

capable of burrowing into the depositional-~type substrates. More
taxa and greater numbers of gill breathers and filter feeders, such

< ‘
as caddisflies, mayflies, stoneflies, and dipterans, were collgcted

from the less eutrophic areas.

’
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INTRODUCTION

5

The primary objective of this investigation wasg to inventory

the benthic iﬁverteb;atés in Navigation Pool No. 8 of the Upper
Mississippl River and thus provide adequate quantitative and qualitative
baseline data for measuring future changes in the quality of the

aquatic environment. Data were collected on the composition of the
botﬁom fauna, distriﬁutibn, density, number of taxa, number of individ-
uals per taxon, é%d total-weg weights of the benthic Fommunities. A
total of 144 taxa, including several species of Oligoéhaeta, Nematoda,
Hirudinea, and Turbellaria, were examined. The large taxonomic categories
-in addition to those already mentioned, included the Isopoda, Amphipoda,
Decapoda, Hydracarina, Plecoptera, Ephemeroptera, Odonata, Hemiptera,
fMegaloptéra, Trichoptera, Lepidopteré, Coleoptera, Diptera, Gastropoda,
.and Pelecypoda. This study is an attempt to relate this data to the
chemical, physical, and biological conditions in'Pool 8 and to investi-

 gate the role of benthic macroinvertebrates as ecological indicator

organisms and bioassay tools.




z ‘ / LITERATURE REVIEW

Macrobenthic research has been conducted in numerous aquatic
systems. Buchanan (1963) studied the distribution of benthic communities
and bottom sediments in an area of the North Sea off the coast of

Northumberland. Three bottom communities were recognized and were

found to be poorly correlated with the nature of the bottom sediments.

Thorup (1963) studied the gfowth and life cycles of Danish spring

invertebrate fauna taken from two large springs in the Himmerland

area of Jutland, Rold Kilde and Ravnkilde, and the influence of
environmental conditions, such as temperature, food suppl&, and sediment
‘texture. The compésition and spatial-temporal distributions of the
bottom fauna of 50 streams in the Scottish Highlands were assessed

in 1960 by Mcrgan and Egglishaw (1965). Lillehammer (1966) conducted
& three-year benthic research study on the river Suldalslégen, West
Norway, and measured the importance of influencing ecological factors.
The relative abundance, diversity, and general distributional patterns
’of the macrobenthic fauna of the River Duddon, Lake District, England,
~ was studied by Minshall and Kuehne (1969). . The fauna of tﬁe Upper and
Lower Duddon were strikingly different. The discontinuity of the

‘  kfauna between the two ﬁortions of the Duddon was thought to be caused
by differences in nutrients or other water quality factors, although
C?mperature may have been .a limiting factor. The effects of physical
,'barpiers, substratum differences, variations in discharge and current
élocity, and behavioral differences were thought to be relatively

insignificant. Badcock (1954a) and Ulfstrand (1967) assessed the benthic

Macroinvertebrates inhabiting Swedish streams. Badcock undertook a



-~

quantitative investigation of the benthic fauna of the Braan and the
Skogsmollebacken, two Swedish tributaries of the Kavlinge River. The
study concluded tpat the rich, varied benthic coﬁmunities could support
a tﬁriving salmonid population. The investigations of Ulfstrand,
conducted on the river Vindeldlven and its‘tributary Tjulan, located

in Swedish Lapland, dealt primarily with the Ephemeroptera, Plecoptera,
Trichoptera, and Simuliidae (Diptera) and their associations with depth,
current velocity, d substrate cond1t10n¢. Badcock (1954b) also
attempted to assess the problems encountered in classifying streams

for comparative purpoées; The macroinvertebrates in streams were
reported to be influenced by such factors as geographical distribution,
témperature range of the water, rainfall and topography, chemical
composition of the water, and shelter provided by vegetation.

Studying tlie aguatic 1ife in many diverse habicais of alie streaus

~and rivers located in eastern and socuthern portions of the United

States, Patrick (1961) assessed the quantitative and qualitative

variations concerning algae, protozoa, insects, and fish inhabiting

 the similar and dissimilar river types. Richardson (1925) examined

the bottom fauna of the Illinois River and Peoria Lake during the summer

of 1923 and categorized most of the macroinvertebrates as pollution-
FQlerant species. The distribution, abundance, valuation, and index

~:Value in the study of stream pollution of the macrobenthic populations

Qf the Middle I1linois River were determined from a study of 1,308

'T b§nthic collections taken from 1913 to 1925 (Richardson 1928). Lee (1944)

“qUantitatlvely studied the marine invertebrates inhabiting the bottom

Ssediments of Menemsha Bight which is a flounder fishing grounds in the




Woods Hole region. A study concerning the verﬁical distribution of
the macrobenthos in the sediments of Douglas iake, Michigan, concluded
that the top 14 cm supported 93% of the benthic macroinvertebrates,
5
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 ¥Flax Pond, a marine tidal marsh~pond which is located near
Lonngsland 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 gzological water quality and the physical-chemical
water quality of theréysﬁem (Mason, Lewis, and Anderson 1971). Clark
(1973) compiled a ligt of macrobenthic inveftebrates which were collected
during a géneral limnological survey of the Navaséta River, Texas.
.Needham énd Usinger {(1956) and Brittén and Averett (1974) conducted
Eenthic surveys on aquatic habitats in California. The benthic
investigation of Proéser Creek, California, by Needham and Usinger
was an attempt to détermine the number of samples necessary to give
statistically significant figures on the total number and weight of
organisms present, the number of samples peeded to obtain representa-
tives of all benthic forms present, the degree of variation introduced
Wﬁen more than one investigator is involved witﬁ the collection of
samples, and the correlations between the macrofauna and physical
- parameters of the aquatic habitat, They concluded that while only
two square foot samples are necessary to be reasonably certain of
 obtaining representatives of the dominant macroinvertebrates, an
exceésive-number of samples would be required to provide signigicant

,ﬁa;a on total weights and total numbers of bottom organisms. Also,

S —




if collectors were properly trained, one investigator need not collect
ali samples. Britton and Averett conducted‘a year-long limnological
study of the Sacramento River, California. A decrease in the diversity
of the benthic macroinvertebrates was noted downstream and representa-
tives of the OrderKDiptera, especially those belonging to the Famiiy
Chironomidae, were found to be the most commonly collected organisms.
The benthic inhabitants of several aquatic systems in Ohio have been
sfudied. Quantitative and quglitative descriptions of the bottom inverte-
‘brates of the Hocking River, Ohio, were obtained and,relatéd to

various physical~cheg;cal conditions and seasonal variations by

Ludwig (1932). The species composition, population density, and
seasonal variations of the bottom populations of Sandusky Bay which

is located in northwesfern Ohio were studied by Lindsay and Herdendorf
(1975). Oiive and Smith (1975) surveyed the benthic fauna of the
 Scioto River Basin,thio, and assessed the role of macroinvertebrates
in the evaluation of water quality. Much benthic research has been
done on the Great Lakes and was reviewed by Henson (1966). The physical,
"chemical, and biolégical changes occurring in western Lake Erie were
éssessed by Britt et al. (1973).
Benthic communities of the Mississippi River have also been
‘ investigated. Dorris (1958) conducted’a limnological study of the
 Midd1e Mississippi River and adjacent waters during August 1949 to
July 1952, The seasonal and annual variations in the plankton and
abbttom fauna of four lakes were studied and related to environmental
aétors. The Middle Mississippi River was studied by Ragland (1974)

:Qr purposes of evaluating three side channels and the main channel



as figh 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 iﬂ 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 Migsissippi River betweenﬁMinneapolis and Winona,
Minnesota, and tributaries including the Minnesota, St. Croix, Cénnon,
and Chippewa rivers were investigated. The bottom macroinvertebratgs
collected from the Mississippi River above Minneapolis to Red Wing

were all pollution-t@lerant species. Clean-water spécies 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 {1968} surveyed the benthic fauna of the Upper
Mississippi River abqﬁe Dam 19,AKeokuk, Iowa, during the summers of
1960 and 1961. Sphaerium transversum was the dbminant organism in 1960
and 1961. The dominant insects in 1960 and 1961 were respectively
Hexagenia nymphs and Tendipes (Chironomus) plumosus. Carlson characterized
the benthic fauna as a climax community typical of mature streams 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
of 30 species and subspecies of amphipods, excluding subterranean
species, inhabiting the fresh waters of glaciated North America was

undertaken by Bousfield (1958). White (1974) compiled a list of




stoneflies collected from the Salt River, kenéucky, during August

1970 to July 1971. The Ephemeroptera, especially those representatives

of the Family Ephemeridae, of the Upper Mississippi River (Carlander

et al. 1967, Fremling 1960, 1964, 1970, Gooch 1967) and other aquatic

systems (Burks 1953, Gilpiﬁ 1969, Hamilton 1959) has been compre-

hensively studied. Sg9tt (1958) assessed the Trichoptera of the

River Dean, Cheshire. Parfin (1952) compiled a list of 23 genera,

41 species, and nine varieties belonging to the Orders Megaloptera

and Neuroptéra collécted in Minhesota during the years 1947 to 1949.

Wu (1931) and Obrecht (1949) respectively reported on the distribution

and biology of Simulium and Michigan mosquitoes. The biolagy,‘distri—

bution, and life historéjof the dipteran Family Chironomidae has been
 studied by Oliver (1971);" Many investigators have been involved with
mollusks. Shoup (1943) correlated the distributicon of 47 dominant
gastropods collected/in Tennessee during the four summers of 1938

to 1941 with measured values of toﬁal stream alkélinities; Heard (1963)
assembled information on the biology of the ﬁill clam Pisidium
‘(Neopisidium) conventus. Isom (1974) compiled a list of 77 species of
Pelecypoda collected féom the Green River, Kentucky. The burrowing
abilities and survival of Sphaerium transversum and S. striatinum
under added substrates of sand, silt, and a mixture of sand and silt
‘Were assessed by Rogers (1976).

The effects of pollution on macrobenthic fauna and the rol¢ of
maproinvertebrates as indicators of pollution have been assessed by
k_Anderson et al. (1965), Brown (1971), Claassen (1932), Gaufin (1958),

’ Gaufin and Tarzwell (1952, 1956), Hawkes (1963), Patrick (1950), and

~Wurtz (1955). As indicator organisms which reflect environmental



conditions, they can be used to characterize and monitor the water
quality of an aquatic environment. Biologiéal populations, responding
to chemical and physical variations in therhabitat, can be used to
prevent, detect, assesé, 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 arbitréry, Weber (1973) defined
three categories of pbllufion tolerance. Tolerant prganisms are
often associaﬁed with excessive ofganic contamination and‘low oxygen
levels. Members of the<Classes‘Oligochaeta and Hirudinea, Chironomus,
and Physa are often considered representatives of this pollution-
tolerant category. Pollﬁtién—facﬁltative macroinvertebrates are
capable of surviving under a wide range of ecological conditions and
are frequently associatéd with moderate levels of pollution. Intolerant
_or sensitive organisms are usually associated with clean waters having
no or little organic contamination and high oxygen contents. The
distribution of a taxon within an aquatic habitat is not totally
dependent on the amount of organic contamination 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.
Clagssen (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

conditions not only at the time of examination but also over considerable




time periods prior to sampling (Claassen 1932, Paine and Gaufin 1956,
Patriék 1950). Patrick (1950) also reported that the biological
composition of an environment represents the interaction of all the
chemical and physicél properties present. The chemical and physical
monitoring of that environment cannot feasibly evaluate all such
possible chemical~physical parameters.

. Disadvantages and iimitations concerning the biological monitoring
of aquatic envifonmentsvexisf. Mason (1975) has reported that tﬁe
lack of positive and complete identifications of ipméture benthic
forms has caused much criticism concerning the assignment of benthic
macroinvertebrates to definite biological pollutianindicator categories.
He also stated that the "p llﬁtional" classification of a macroinverte-
Abrate, which takes into account the general ecological characteristics
of that organism, is very subjective and the results cannot frequeﬁtly
be reproduced. Severél;other difficulties arise when trying to com-
partmentalize benthic organisms according to pollution-tolerance levels.
.For'example, many organisms which abound under polluted conditions
are also present in'limited numbers under cleaﬁer situations (Gaufin
1958, Gaufin and Tarzwell’1952). Many species occur so infrequently
that their use as indicators is limited and discouraged (Gaufin and
;Tarzwell 1952). Other factors, apart from the degree of organic
_contamination, may govern the occurrence and distribution of benthic
~organisms. Depth, oxygen level, substrate type, current velocity,
;PH, temperature, and food supply are a few controlling factors which
_may override the importance of contamination. Gaufin and Tarzwell

(1952) have indicated that the eﬁtire benthic community and the
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relative abundénce of the faunal constitueﬁts'aré important and must
be considered for evaluating water quality. |

Many organisms have been promoted as good biological indicators
of water quality. Gecodnight and Whitley (1960), Brinkhurst (1965),
and Smith (1975) have reviewed the importance of oligochaetes as
indicators of water quality., Fremling (1964) and Britt (1975) investi-
gated the role of mayfliqs as ecological indicator organisms. The
use of mayflies, specificaily Hexagenia bilineata; H. limbata, and

Pentagenia vittigera, as biocassay tools on the Upper Mississippi River

'was evaluated by Fremling. In his seven-year .study which began in.

1957, Fremling noted that significant mayfly populations were absent

from two sections of the Upper Mississippi River which were located

" south of the Twin Cities aéﬂ St., Louis -and which received large

quantities of industrial and municipal wastes. Paine and Gaufin (1956)

-and Mason (1975) examined the utility of aquatic Diptera as water-
'guality indicators. .

Thé distribution of the macrobenthic fauna in aquatic habitats
and the governing factors have been discussed by Allen (1959), Hynes
(1960); and Patrick (1962). Brundin (1951) evaluated the relationships
between macrobenthic irdvertebrates, especially chironomid larvae, and
oXygen concentrations at thersubstrate~water inferface. The importance
of plant detritus as a factor in determining the distribution of the

"_macrofauna in streams was examined by Egglishaw (1964). Egglishaw
concluded that the benthic distributiop of invertebrates was signifi-
cantly correlated with the distribution of plant detritus. Current

velocity, as a factor determining the spatial distribution of bottom
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inﬁabitants, was assessed by Dorier and Vaillant (1948), Nielsen (13950),
Jaag and Ambuhl (1963), and Edington (1965). Hunt (1930), Wene and
Wickliff (1940), Cummins and Lauff (1969), Brusven and Prather (1974),
and ‘de March (1976) discussed'the effects of substrate on macrobenthic
distribution, Relationships between the nature of the substrate and

the distributional patterns of/mayflies (Eriksen 1968, Linduska 1942),
chironomid larvae’ (Wene 1940), and the fingernail clam Sphaerium

transversum (Gale 1971) have been investigated.
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METHODS AND MATERIALS

Field Methods

Forty-one sampling areas in Navigation Pool No. 8 of the Upper
Mississippi River were delineated on the basis of characteristic
chemical and physical properties during the summer of 1675. Two areas

were located in the main channel of the river. The remaining 39
o Y

areas were established in adjacent waters; The study areas were
numbered in order of increasing current velocity.

. | A systematic sampling procedure for the coilection of bottom
éamples (Weber 1973) was conducted in most of the 41 areas. Linear
transeéts, along which sampling stations or sites were located, were ﬁi

-+ established at uniform intervals with the aid of aerial photographs.
The tranecects were coded from novth to couth and the eampling stations
along each transect were coded from west to east. Depending on the

size of the sampling area, at least two (usually three) transects

were defined with three sampling stations per transect., Of the three

sampling stations, two were located near opposite shores and one was
centrally located. Sampling sites were randomly selected (simple

- ~random sampling of the entire study area) in those areas where transects

could not be feasibly established (Weber 1973).

Benthos samples were collected twice during the summer. A minimum
fOf:six samples was collected in most areas duriﬁg each sampling

~§ériod. Bottom saméles taken during the first sampling period (15 June
6'15 July 1975) contained a single dredge haul representing 0.023 m?

f bottom material. Those bottom samples collected during the second
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sampling period (15 July to 15 August 1975) contained two dredge hauls
representing 0. 046 m2 of bottom material. Of the 616 samples analyzed,
311 were composed of two dredge grabs and 305 were composed of single
dredge grabs.

Benthos samples were quantitatively collected with a 6-in Ponar
dredge. The collected samples were washed into plastic tubs and labelled

with regard to location, date, and size of sample (single or double

dredge haul). Thg.benthos samples were then washed in the field through
a U. §. Standard No. 30 siébe into plastic containérs and preserved

in 10% formalin. Rose bengal stain was a&ded to the samples to facilitate
the separation of the benthic organisms from the debris (Mason and

- Yevich 1967).

Laboratory Methods

In the laboratory, each sample was again washed through a U. S.
Standard No. 30 sieve to remove the formalin. The benthic invertebrates
were hand sorted from thé residual debris, placed in clear plastic
vials, and preserved with 5-10% formaiin. A low power lens was used
‘when necessary to aid the hand sorting.

Total wet weights were obtained for each sample. The organisms
were hand sorted from ;%é‘exceSS debris and blotted dry (Davis 1938,
Dorris 1958, Lillehammer 1966, Morgan andrEgglishaW'l965, Needham and
bsinger 1956). The organisms were theﬁ placed on tared weighing paper,

lowed to air dry for two minutes, and weighed to the nearest 0.01

Identifications of benthic invertebrates were carried down to the

neric. level in most cases and to the species level whenever possible.
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Species level identifications were not always possible or feasible
because of the absence of adult forms needed for positive identifdi-
cation, the early life history stages encountéred, and the uncertain-
ties in the taxonomy, especially in reference to the Diptera (Hilsenhoff

1975, Olive and Smith 1975, Oliver 1971). Identifications were

facilitated by the use of the taxonomic keys found in Eddy and Hodson
(1957), Hilsenhoff (1975), Mason (1973), Pennak (1953), and Usinger
(1956). One group of organisms often requiring special preparation

for correct identiﬁication was the dipteran (midge) larvae, especially
those larvae belonging to tge Family Chirohomidae (Tendipedidae)
. (Lindsay and Herdendorf 1975, Mason l973). Head sqﬁashes were accom—
plished by':emoving the head capsules of many dipteran lar&ae and
% , - -exposing the ventral structural features necessary for proper identifi-~
caﬁién.

The number of taxa and the number of benthic invertebrates per

taxon were recorded for each sample. All samples were represerved in

5% formalin.

Data Analysgis

rjﬁ

Simple linear and multiple correlations were obtained using the
ZCOmputer program Multiple Regression/Correlation (Contributed Program
BASIC, MULREG, A 404~36178 A) which performs multiple linear correlation

nd ' a usi > = X .
! regression on data using the model Y BO + lel + BZXZ + + Bn 0

his program was modified in order to accommodate 41 observations,
vavariables, and 16 regressions (Appendix II). Twenty-two selected

arameters of the macrobenthic fauna of Navigation Pool No. 8 were
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correlated with average physical-chemical parameters of the pool for
each sampling period. Levels of significance were assigned at the 0.0l

and 0.05 levels.
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DESCRIPTION OF STUDY AREA.

With a length of 2552 miles (4116.13Ikm), the Mississippi River
is the largest river in the United States. The drainage basin of the
Mississippi River and its 164 fributaries encompasses an area of
1,250,000 square miles (3.24 X 100 km2) or 40% of the total area of
the United States. The waters from 31 states and two Canadian
provinces drain into the Missisgippi River.

The séction of the Mississippi River from Lake Itaséa to Cairo,
Illinois; the mouth of the Ohio River, is defined as the Upper

Mississippi River. From 1930 to 1940, a series of 27 dams was constructed

A
on this reach of the river/by the U. S. Army Corps of ‘Engineers for
pﬁfposes of commercial na%igation. Two other dams were privately
'builf, The resulting impoundments can be divided into two distinct
ecoiogical areas (Fyemling~1970). Tmmediately downstream from the
dams are the tailwaters which essentially represent the unmodified
river. The pools upstream from the dams resemble open lake~type
systems whose sediments are largely composed of silt. These two areas
'dre separated by transitional, shallower marshy areas.

Navigaﬁion Pool No. 8 is the result of a project authorized by
the River and Harbors Afquﬁ 3 July 1930. This act provided for a
navigable channel with a minimum depth of nine feet and a minimum
width of 400 feet. Lock and Dam No. 8 was completed in 1937 and its
closure created at immediate 11 foot rise in the water level of the
upstream pool (Claflin 1973). The pool is impounded by Lock and Dam
No. 8 located at Genoa, Wisconsin, and is 679.2 river miles upstfeam

from Cairo, I1linois. The pool extends northward to Lock and Dam No. 7




s
located at Dresbach, Minnesota (river mile 702.5) (Figs. 1 and 2).
Podl 8 is bordered by La Crosse and Vernon Counties in Wisconsin and
by Winona and Houston Counties in Minnesota; The major tributaries
to the Mississippi River in PoélA8 are the La Crosse River, which enters
from the east at river mile 698.1, and the Root River, which enters
from the west at river mile 693.8.
B
Environmental Setting

Wisconsin can be divided into two‘regions: the Driftless Area

and the Glaciated Region, with Navigation Pool No. 8 lying in the

Driftless Area. This area was once thought to represent a lake bed
having deposits of fine siltr or loess. The deposits of loess are
" now known to be chiefly wind~blown. The loess, a silt intermediate

in particle eize between clay and sand, forms a cover or 'cap' which

overlies other parental, residual soils typical of weathering processes

acting on limestone, sandstone, and crystalline rocks. A uniform,
'homogeneous substrate is thus present for the development of vegetation.
Martin (1965) reported that the thicker loess deposits are usually
within 10 to 20 miles (16 to 32 km) of the Mississippi River and average
 10 to 15 feet (3.05 to 4.57 m) in thickness. These deposits can attain
thicknesses of 60 feet (18,29 m) near the Mississippi River. Thinner
keposits of loess are fodnd 50 to 80 miles (80 to 128 km) from the

Siver and have an average thickness of less than one foot (0.305 m).
Navigation Pool No. 8 has an elevation of approximately 640 feet
95.07 m). The pool has a length of 23.3 river miles (37.5 km), a

ximum width of 2.9 miles (4.7 km), and a surface area of 20,810 acres

17



Fig. 1. Aerial photograph, 1974, of the northern half of Navigation
Pool No. 8 of the Upper Mississippi River, including rectangular
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Fig., 2. Aerial photograph, 1974, of the southern half of Navigation
Pool No. 8 of the Upper Mississippi River, ivncluding rectangular
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(8,425.10 ha). The shoreline (perimeter) and the federal land above
the flat pool involve 85 miles (136 km) and 10,282 acres (4,162.75 ha),
respectively. Discharge typically averages between 5700 cubic feet
per second (cfs) to 286,000 cfs during periods of flooding. The pool
has an averagé annual incoming sediment load of 3,655,000 tons. Pool 8
has an estimated trapping efficiency of 27%, resulting in the deposition
of 987,000 tons of sédimeﬁt annually (U. S. Army Corps of Engineers,
St. Paul District 1974). |
Clay, silt, loam, and occasionaliy-sand constitute the floodplain
material (Maftin 1965); a dark color ‘is imparted by organic matter.
The floodpfain material is 10 to 30 inches (25.4 to 76.2 cm) thick
and is underlain by several feet of sand, which often grades into
éoarse gravel 3 to 6 fget (0.91 to 1.83 m) below the surface (Martin
bi965). In Wisconsin the floodplain slopes southward from an elevation
of about 677 feet (206.35 m) at Prescott to 592 feet (180.44 m) at
Dubuque, Iowa (Mértin 1965). The Mississippi River thus descends
85 feet (25.91 m) between Prescott and Dubuque (259‘river miles;
417.74 km) and has a grade in Wisconsin of less than four inches
(10.2 cm) per mile (Martini%965). Pool 8 thus descends'approximately
7.75 feet (2.36 m) from North to South.

In Wisconsih high waters typically occur during the months of
April‘or May and possibly October. Low waters prevail during December,
January, and February with a secéndary low stage often occurring
’during the summer. High waters did occur during the months of June
‘and July, 1975.

Pool 8 demonstrates great ecological diversity due partly to the

inundation of large, diverse land areas.. Low—lying marsh, meadow,
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and low wetland forest areas were inundated producing large-scale
changes in the habitats within the affected area (Claflin 1973).
Habitats range from the very eutrophic backwater areas to the less

eutrophic areas of the main channel.

Deécrigtion of the Forty-one Study Areas

- Forty—~one areas in Navigation Pool No. 8 were designated for
investigation duringvthe summer of 1975. ‘According to Claflin (19%7),
these areas possessed the widest ranges of the parameters that could
be encountered in thé entiré pool. ‘The differences found between these
ecotypes or study areas were assumed to typify the differences found
between similar ecotypes contained within the entire pool. These

areas were defined on the basis of chemical and pﬁysical parameters
and were‘numbered in order of increaéing current velocity. Current
velocity was believed to be the most important parameter influencing
all other physical and chemic;i parameters (Claflin 1977). The average
values for all chemicai and phﬁsicél parameters for all 41 study
areas (Claflin 1977)kare given in Table Z.

The following descriptiong,modified from Sefton (1976), include
descriptions of the predominant aquatic macrophytes in each of the
41 study areas. Relative biomasses (%) of the méjor aquatic macrophytes
occurring in each area were calculated by dividing the total dry weight
' gf a species in an area by the total dry weight of all species in

an area (Sefton 1976). TFigures 3-13 are enlargements of the delineated

Sections of Navigation Pool No. 8 shown in Figs. 1 and 2.

Areas 1-5, These areas were located above the Goose Island area
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in the midsection of the pool (Fig. 4). They were small, eutrophic
mafsh openings of similar size. The areas were differentiated on the
basis of the size of the central opening of Qater. There was no
measurable current velocify in any of the five areas and the turbidity
was low. Nitrate and organic nitrogen levels were much higher than
the levels in the.majority of other areas. The clay-size fraction
(fraction #6) dominated the sediments. All areas contained large
amounts of emergent vegetétion. Area 1 had the largest central opening
of water. The mean depth was 1.76 m. Ceratophyllum demersum (17.4%)
was the predominant species in the opening. Patches of Nuphar variegatum
;(16;92) oécurred along the edées of the emergent Sagittaria latifolia
(43.77%) surrounding Fhe/afea. Area 2 had a mean depth of 1,20 m.
Cerétophyllum demérsuﬁ (11.7%) and Nuphar variegatum (11.4%) were
foﬁﬁd‘in the cpening. Dense stands of Sagittaria latifolia (66.9%)
bordered the opening. fhe mean depth of area 3 was 1.10 m. Area 3

contained emergent and floating-leaved communities. The major emergent

.macrophytes were Sagittaria rigida (32.0%), Sagittaria latifolia
(23.6%), and Sparganium euryéa;pumv(i8.6%). The floating-leaved
community was dominated by &ympbaea tuberosa (5.3%). The buildup of
Lemnaceae (12.3%) was marked durié} the summer. The mean depths of

_ areas 4 and 5 were 1.00 m and 0.90 m, respectively. Areas 4 and 5

~had dense stands of Sagittaria conéisting of 92.2% and 98.5% Sagittaria

latifolia, respectively.

Area 6. Area 6 was located in a side channel along the east side
of upper Raft Channel (Fig. 12). The mean depth was 1.08 m. The

urrent velocity measured 0.015 m/sec. Relative to those areas with
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greater current velocities, the turbidity was low and the organic
nitrogen and nitrate levels were somewhat higher. The clay-size fraction
(69.40%) was the major constituent of the sediment. The center of

the area was oﬁen, but the margins possessed stands of Sagittaria
latifolia (57.2%), Sagittaria rigida (17.6%), and Nelumbo pentapetala

(11.47%).

Area 7. Located south of the main channel above the "S" curve
below Browﬁsville, Minnesota (Fig. 12), area 7 had a mean depth of
0.61 m and a current velécity of 0.016 m/sec which was due to its
prbximity to the channel. The clay—size fraction constituted 61.28%
~of the sedimgpt; the silt-size fraction constituted 35.43%. The area
contained a stand Qf Sagitta?ia latifolia (75.9%) surrounded by
.Nelémbovpentapetalg (S,OZ), Potamogeton nodosus (4.5%), and Nymphaea
tuberoSa (3.7%). . .
Areéa 8. This area was east of upper Raft.Chanﬁel and was separated
from it by a thin land mass (Fig. 11).. The mean depth was 0.98 m.
The cur?ent velocity averaged 0.019 m/sec. The clay-size fraction
constituted 60.06% of the sediment. This was predominantly a floating-
leaved community containingiNélumbo pentapetala (37.7%), Nymphaea
tuberosa (23.9%), and associated submergent species. Sagittaria rigida

(6.95%) and Sagittaria latif;EEa (6.2%) were found near the shoreline.

Area 9. This area was located 1.7 km downstream from the head
of Running Slough (Fig. 4). The mean depth was 1.60 m. The current
Velocity averaged 0.020 m/sec and was a result of currents coming

from Running Slough. Clay (74.16%) was the main constituent of the
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sediment. No quantitatively significant amount of vegetation was

present due to the depth of the water.

Area 10, chated immediately downstream»from studf area 8
(Fig. 11), area lO,was/not separated from area 8 by any obvious
chemical or physical barriers. Area 10 had a mean depth of 0.96 m
and a current velocity of 0.030 m/sec. The clay-size fractién con-
stituted 55.60% of fhe sediment. The gilt-size fraction constituted
40.22% of the sediment. This was predominantly a floating-leaved
community containing Nymphaea tuberosa (5.9%) and Nelumbo pentapetala
’(4.12). The periﬁeter of the area possessea emergent Scirpus validus

(27.6%) and Sagittaria latifolia (21.5%).

Area 11. .Locaﬁéd"immediately off. Running Siough at the down-
stream eﬁd of area 35 (fig. 3), area 11 had a mean depth of 0.51 m
and é mean current velqéity of 0.034 m/sec. The sediment consisted
of clay. (69.32%) and silt (28.32%). Potamogeton nodosus (21.3%),
Ceratophyllum demersum (13.8%), and Lemnaceae (10.3%) were predominant
in the open water. Emergent macrophytes were Sagittaria latifolia

(37.1%) and Sagittaria rigida (9.7%).

Area 12, This area is referred to as Ebner's Gravel Pit and is
located east of area 11 (Fig. 3). The mean depth and current velocity
values were 4.91 m and%%.039 m/sec, respectiveiy. The silt-size V
fraction constitute@ 50.60% of the sediment; the clay-size fraction
constituted 44.68%. Due to the depth, vegetation was restricted to

the shallower circumference of the area and consisted predominantly

of Ceratbpbyllum demersum (43.6%) and Vallisneria (43.47%).



27

Area 13. Areé 13 opened at its lower end into area 11 (Fig. 3).
Thé mean depth was 1.50 m. The mean currenﬁ velocity was 0.042 m/sec.
The sediment consisted of medium sand (30.91%). Area 13 was long and
slender. It was too deep‘and turbid to support an appreciable amount
of aquatic vegetation. Emérgent vegetation was not present. Sub-
mergent Ceratéphyllum demérsum (64.35%) and Potamogeton foliosus

(21.47%) were the predominant macrophyte species encountered.

Area 14; Situated in fhe upper end of the Stoddard stump field
(Eig. 6), area 14 had a mean depth of 1.61 m with a mean current
velocity of 0.078 m/sec. The water currents wefe best characterized
" as being slow sheeting movements that were uniform throughout ‘the
entire area. The sediments were composed of .silt (11.23%), fine
sand (13.967%), and clay'<66.052). Deep-water submergent communities
typiéal'of the southern portion of the pool were preseut. The primary
macropﬁytes were Vallisneria americana (35.9%), Ceratophyllum demersum

(22.9%), and Elodeé canadensis (20.5%).

Area 15. Area 15 was contiguous with and located below area 14
(Fig. 6). The mean depth was 1.73 m. The current velocit§ averaged
0,102 m/sec. As in area 14, the water currents were categorized as
uniform, slow sheeting &ovememts. 8ilt (16.67%) and clay (41.88%)
charécterized the sediments. Typical of the southern portion of the
‘pool, deep-water submeriint communities were present. The primary
. macrophytes were Vallisneria americana (66.3%), Ceratophyllum demersum

(16.8%), and Potamogeton nodosus (11.6%).

A
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Area 16. Located below area 6 just east of Raft Channel (Fig. 12),
area 16 had a mean'depth of 1.22 m and a current velocity of 0.116 m/sec;
The increased current velocity was the reéult of a chute off Raft
Channel located near the downstream end of area 6. The clay-size
fraction composed 46,442 of the sediment. The central portion of this
area was deep and opeh. Floating—-leaved and emergent vegetation was
preseﬁt along the periphefy and consisted of Sagittaria latifolia

(50.5%), Sagittaria rigida (27.7%), and Nymphaea tuberosa (14.2%).

| Area 17. Located below area 16 (Fig. 12), this area had a mean
depth of 1.35 m with a current veloéity of 0.134 m/sec. As in area 16,
this increased current velocity was due to the chute off Raft Channel.
" Clay and silt constituted 53.64% and 30.65%, respectively, of the

sédiment. The .center of area 17 was open and deep. Floating-leaved

(56.7%), Nymphaea tuberosa (20.1%), and Ceratophyllum (12.5%) were
present.

-

Area 18. Situated wést of the main channel, aownstream from the
"S".curve belgﬁ Brbwnéville, ﬁinnesota (Fig. 12), area 18 had a mean
depth of 0.95 m. The current velocity was 0.136 m/sec. An inflow of
water from the main channel caused the currents in study area 18.

The ' sediment was largely composed of clay (61.39%). A deep-water

Submergent community dominated by Vallisneria americana (90.97) was

Li

Area 19, Area 19 was situated downstream from area 12 (Fig. 3).

A

iBoth areas 12 and 19 contained deep, dredged portions. The mean depth

found here.
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was 6.10 m. The current velocity was O.Iaolm/Sec. Silt composed
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-
tion. The shallower peripheral areas supported Ceratophyllum demersum

(67.6%), Lemnaceae (16.7%), and Heteranthera dubia (8.9%).

Area 20. This area was located in the upper Goose Island back-
waters (Fig. 4). The a?ea was characterized as being pond-like
with a mean depth of 0;81 m and a current velocity of 0.159 m/sec.
Small feeder channels connected to Running Slough supplied an inflow
of water to the area. The sediments were primarily composed of fine
. sand (40.07%), clay (20.93%), and medium sand (éOf26%). Emergent,
floétingfleaved, and shallow-water submergent communities typical of
‘the midsection of Pool 8 weré supported. Sagittaria latifolia (36.8%)
and éagitﬁaria-rigida (28.7%) were the major emergent macrophytes.
The fiéating—leaved Nelumbo pentapetala (8.0%) and the submergent

Ceratophyllum demersum (9.8%) were also present.

Area 21. Located at the lower end of the Stoddard stumﬁ field
(Fig. 6), stﬁdy area ‘21 had a mean depth of 2.64 m with a current
-velocity of 0.206 m/seé. The sediments wére composed of fime sand
(49.67%) and silt (51.19%). Area 21 was similar to areas 14 and 15;
however, fewer landforms were present to protect it from the currents
of the main channeii The dominant mécrophytes in this deep-water
éubmergent community were Vallisneria americana (63.8%), Potamogeton

N
nodosus (20.1%), and%Ceratophyllum (7.6%).

‘Area 22. Study area 22 was situated at the upper end of Crosby
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Slough (Fig. 9). It had a mean depth of 2.26 m with a current velocity
of O.21é m/sec. Fine sand and medium sand constituted 58.15% and

34.73%, respectively, of the sediments. Macrophyte growth was not
favored because of the depth, swift current, and sediments of the
channel. The shallower, peripheral areas, however, could support

plant communities in which the dominant species were Sagittaria latifolia
(49.2%), Ceratophyllum demersum (16.2%), Nelumbo (15.4%), and Sagittaria

rigida (6.5%).

Areén23. Situated immediately downstream from area 22 (Fig. 10),
area 23 had a mean depth of 1.84 m. The current velocity of 0.235 m/sec
- was slightly higher than that of area 22 probably due to the shallower
» depth found_in’area 23. A high influx of sediments caused the down-
stream end to be fairly shallow. ‘The sediment was mainly composed of
‘cléy (36.86%) and silt (28.84%). Area 23 supported a macrophyte
population which was more dense than area 22. The major shofeline
macrophytes were Sagittaria latifolia (54.37), Sagittaria rigida

(15.0%), and Elodea canadensis (10.1%).

Area 24. Tbis areé was located immediately above area 21 in the
Stoddard sEump fielé (Fig§;6). The mean depth was 1.71 m. A current
velocity of 0.282 m/sec was presén;. The sediments were largely
composed of fine sand (40.92%) and silt (46.77%). Areas 21 and 24
" resembled one agother in general ecological characteristics and
vegetation. Vallisneria americana (66.9%), Nymphaea tuberosa (13.2%),

and Heteranthe;% dubia (8.27%) were the dominant macrophytes.
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Area 25. Study area 25 was located with its downstream end at
‘the lower end of Running Slough (Fig. 5). Numerous small, meandering
channels fed this large lake-type area. The‘mean.depth was 0.61 m
with a current velocity of 0.292 m/sec. The sediments were composed

largely of silt (54.68%), fine sand (21.26%), and clay (14.79%).

Although the area was shallow, the growth of most aquatic macrophytes
couldAnotvbe supported. A few patches of Potamogeton nodosus (6.5%)
were present. Sagif%aria latifolia (67.2%) and Sagittaria iigidé
(20.3%) dominated the stands of emergent species which bordered the

area.

Area 26. This area was located immediately below area 18 (Fig. 13).
Similar to area 25, area 26 was also a large lake-type area with a
mean depth of 1.02 m and a current velocity of 0.301 m/sec. The

+ high current wvelccity con be attributed to the main channel
boidering on the eastern boundary of area 26 and the numerous feeder
channels off Raft Channel to the west. Fine sand (18.04%), silt (38;10%),
and clay (23.02%) comprised most of the sediment. A deep-water sub-

mergent community dominated by Vallisneria americana (80.2%) and

Heteranthera dubiad(9.8%) was present.

Area 27. tocated off Running Slough (Fig. 4), area 27 was a
small side “channel wi£h\é mean depth of 2.34 m and a current velocity
of 0.305 m/sec. The sediments were mainly composed of fine sand
(61.52%) and medium sand (26.22%). Vegetation was only present in
the shallower, peripherax waters. Ségittaria latifolia (67.5%),
Sagittaria rigida (IST}Z); and Nymphaea tuberosa (6.6%) were pre-—

~

rdominant.
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Area 28. Situated in the main cbannel with its upstream end
- bordering the mouth of Crosby Slough (Figs. 9 and 10), study area 28
had a mean depth of 4.]3 m. The current velécity averagéd 0.344 m/sec.
Fine sand (67.47%) and medium sand (32.20%) predominated in the
sediments. The area possessed vegetation mainly on the shallow
borders, with Vallisneria americana (59.07%), Potamogeton pecfinatus

(26.0%), and Potamogeton nodosus (13.3%) being predominant.

Area 29. Stu&?larea 29 was located along the west side of the
main channel at the lower end of thé "s" curve (Fig. 12). The mean
depth was 1.63 m with a current velocity of 0.352 m/sec. Fine sand

'ﬂ£30.70%), silt (29.23%), and clay (27.71%) largely composed the
" sediments. Large stands of emergent Sagittaria létifblia bordered

the area. The predominant macrophytes were Vallisneria americana

(54.0%), Nymphaea tuberosa (31.6%), and Potamogeton nodosus (14.4%).

Area 30. This area was located a short distance downstream from

the entrance to Raft Channel (¥Fig. 11). This area was relatively deep
(mean deptﬁ, 1.57 m) and open with algradual slope on the eastern
shore. The mean current velocity was 0.385 m/sec. Silt comprised
59.31% of the sediments. The dominant macrophytes along the shoreline
were Ségittaria latifolia (48.8%), Sagittaria rigida (18.8%), and
Nelumbo pentépetala (7.2%); Potamogeton nodosus (14.1%) also occurred

-

n a sandbar near the eastern shore of the area.

Area 31. Located at the downstream end of area 27 along with
some flow from lower Runn%?g¢81ough (Fig. 4), study area 31 was a small

channel system consisting of relatively deep (mean depth, 1.48 m),
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swift (mean current velocity, 0.393 m/sec), and open channels. The

sediments were coﬁposed of fine sand (36.85%), medium sand (22.32%),

and silt (16.02%). Stands of Sagittaria latifolia (74.1%), Ceratophyllum

demersum (6.8%), Sagittaria rigida (5.0%), Nymphaea tuberosa (4.6%),

and Potamogeton nodosus (3.4%) were found along the periphery of the

area. : |

Area 32. Study area 32 bordered the downstream edge of area 30

and included the widest part of Raft Channel (Fig. 12). The mean

depth was 2.0l m. The current velocity averaged 0.407 m/sec. Fine

sand and medium sand comprised 62.17% and 27.95%, respectively, of

the sediments. K The relatively deep and open western portion of the
~area supported a small amount of Vallisneria americana (9.6%). The

J

1

shallower eastern shore was dominated by Sagittaria latifolia (64.6%4), ‘j
' | |

ar

Ceratophyllum demersum {(i2.5%), and Nymphaea tubzsrosa {(3.3%).

Area 33. This area was located in the main channel at the down-

stream end of the "S" curve (Fig. 6). The mean depth was 6.71 m with 'J

a mean current velocity of 0.411 m/sec. Sediment-size fraction #4
(fine sand) composed 80.11% of the sediments; No aquatic macrophytes , |

were present.

Area 34. Area 34, located in the middle reach of Running Slough
(Figs. 3 and 4), had a mean depth of 2.41 m and a current velocity
6f>0.448 m/;ec. Sediﬁent~size fractions #3 (medium sand) and #4
(fine~sand) composed 40.63% and 41.56%, respectively, of the sediments.
Tﬁe general ecological é<arécteristics of tbis area and upper Running

Slough (area 35) were very similar. Area 34 had a slightly slower
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current velocity, however, because of the side channels branching off
at the downstream end of area 35. Nymphaea tuberosa {(100%) was the

only macrophyte sampled along the periphery.

Area 35. Located in the upper secion of Running Slough (Fig. 3),
area 35 was relat;vely deep (mean depth, 2.91 m) and was quite channelled.
The cu?rent velocity was 0.463 m/sec. Fine sand and medium sand made
up 35.03% and 46.35%, respectively, of the sediment. The main channel

provided the area with its water flow. Aquatic macrophytes could

be supported only along the shallower shoreline areas. Ceratophyllum

demersum (70.4%) was the dominant species.

Area 36. Located off the east side of the main channel and a

short distance‘downstream from the entrance to Running Slough (Fig. 8),

{9

area 26 raceived its priwavy\inflqw of water from the main channel.
It flowed back into the main channel approximately 350 meters down-
stream from its origin. The mean depth was 1.33 m. The current
velocity averaged 0.470 m/sec. Sediment-size fractions #4 and #5
comprised 49,717 and 32.13%, respectively, of the sediments. Aquatic
macrophytes could‘not be supported in the'central portion of the area.
Despite the relatively shallow water, the high current velocity and
éand~like sedimeqts were not conduscive to macrophyte growth. Along
the shoreline, the dominant macrophytes were Sagittaria latifolia

(44.7%), sagittaria rigida (20.2%), Potamogeton nodosus (14.9%), and

Heteranthera dubia (11.3%).

Area 37. This dféf,‘located downstream from the Stoddard stump

field and bordered on its western side by the main channel (Fig. 7),
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received heavy flow from the main channel.',Afea‘37 had a mean depth
of 1.33 m and a current velocity of 0.527 m/seé. The sediments were
composéd of fine sand -(31.72%) and silt (52.60%). Large beds of
submergent vegetation were supported. The dominanﬁ species were

Vallisneria americana (64.4%), Potamogeton nodosus (16.7%), and

Lemnaceae (12.0%).

Area 38. Situated in thg farthest downstream portion of Running
Slough that was sampled (Fig. 4), study area 38 was a channelled

area with a mean depth of 1.89 m and a current velocity of 0.534 m/sec.
The se&iments were composed of medium sand (36.22%) and fine sand
>(52.57Z). Vegetation occurred mainly along the shoreline areas. The
dominant shoreline species were Potamogeton_nodosus (28.95%),
Ségittaria rigida (18.8%), Nymphaea tuberosa (13.3%), and Sagittaria

107

latifolia (12.1%).

Area 39. Area 39 was situated below area 32 (Fig. 12). This
study aréa was the farthest downstream portion of Raft Channel that was
" sampled. - The depth averaged 2.33 m with a mean current velocity of
0.578 m/sec. Sediment-size fraction #4 (fine sand) comprised 80.11%
of the sediment. Due to the depth and current velocity, very little
vegetation was present. Sagittaria latifolia (54.1%) and Potamogeton
nodosus (13.07%) were the predominant species aléng the shallow eastern

boundary and along the centrally located island.

®

Area 40. Located in the uppermost portion of Raft Channel
(Fig. 11), area 40 had a mean depth of 1.90 m and a current velocity

of 0.587 m/sec. The h;;& current velocity was caused by the direct




flow from the main channel. The sediments were largely composed of
sediment-size fraction #4 (82.07%). Most of aréa 40 was open with the
majority of macrophytes restricted to the péribheral areas., Sagittaria
latifolia (84.0%), Potamoéeton pectinatus (10.9%), and Ceratophyllum

demersum (3.1%) predominated.

“Area 41. Study area 41 was a narrow chute located along an out-
side curve ofathe main channel (Fig. 6). The area was relatively
deep (mean deﬁth, 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
Vsedimeﬁts.l Aquatic vegetation was absent in the open areas of the
chute. The major species bordering the area were Vallisneria americana
(56.6%), Nymphaea tuberosa (11.5%), and Potamogeton richardsonii

Z

{(8.4%).
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Fig. 4.  Aerial photograph, 1974, of middle Rumning Slough and adjoining
backwaters of the upper Goose Island area in Navigation Pool No. 8 of

the Unper Miaegiessippi River,
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Hi Fig. 5. Aerial photograph, 1974, of lower Running Slough and adjoining
il backwaters of the Goose Island area in Navigation Pool No. 8 of the
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Fig. 6. Aerial photograph, 1974, of the Stoddard stump fields east of
the main channel, adjacent to Stoddard, Wisconsin, in Navigation Pool
No, 8 of the Unper Miseieginni River, '







Fig, 7.
Pool No. & of the Upper Miss
Stodaara, wWisconsin.
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Fig. 8. Aerial photograph, 1974, of the main channel and backwaters
immediately downstream from the mouth of Running Slough with the mouth

£ +1 ~ DS~y + 1. - 3 A 3 - i 3
of the Reocot River cn tho woast cide of the moin channel in Noviaotion

Pool No. 8 of the Upper Mississippi River.







Fig. 9. Aerial photograph, 1974, of the main channel and upper Crosby
Slough in Navigation Pool No. 8 of the Upper Mississippi Kiver.







Fig. 10. Aerial photograph

glough in Navigation Poo
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Fig. 11. Aerial photograph, 1974, of the confluence of Raft Channel
and the main channel, immedizately below Brownsville, Minnesota, in

- . . \ o 2 Y P, 1 - P ST I
Ravigation Tool No. & ol the Upper Mississippi River.
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Fig. 12. Aerial photograph, 1974, of middle Raft Channel and associated
bYackwater areas below Browneville, Minnesota, in Navigation Pocl No. 8

of the Upper MMississippi River.







Fig. 13. Aerisgl photograph, 1974, of the lower reaches of Raft Channel
and associated hackwater areas,; dowmstresm from Brownﬁville, Minnesota,
ia Naevigatlion Tool No. & ur Lue Upper Hississippi River,







RESULTS

An inventory of the benthic fauna of Navigation Pool No. 8 of
Athe Upper Mississippi River was prepared by sampling the 41 study
are;s twice during the summer of 1975 (Table 1). Copies of the
original data are on file atﬁéhe University of Wisconsin-La Crosse
River Studies Center. The taxa collected per sample, the number of
individuals per taxon, the total number of collected organisms per
sample, and tﬁe total wet weights for each sample are included.

One hundred forty-four taxonomic categories were found in the
616 bottom collections. A total of 90,693»representatives of the
Phyla”Platyhelminthes, Nematoda, Annelida, Arthropoda, and Mollusca
were counted@:weighed, and idéntified._

" The qualitative and quantitative compositions of the benthic
communities ﬁafied‘among the 41 study areas. Habitat prelereunces
of particular benthic forms were reflected in the distributional
relationships between the benthic macroinvertebrates and»the-chemical,
physical, and biologi¢a1 conditions. Members of the Class Oligochaeta

were ubiquitous while the spatial and temporal distributions of many

other benthic forms were sporadic.

Ll Chemical~Physical Water Quality
< B

Chemical-physical water quality data for the 41 study areas are
summarized in Table 2. A trend toward decreasing eutrophy occurred
from area 1 to area 41. The trophic status of each area was primarily

based on current velocity, turbidity, dissolved oxygen levels, sediment
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Table 1. Benthic macroinvertebrates collected from all stﬁdy areas,
Navigation Pool No. 8, Upper Mississippi River, summer, 1975.
PLATYHELMINTHES
Turbellaria
NEMATODA
ANNELIDA

Oligochaeta
Hirudinea

ARTHROPODA
Crustacea
Malacostraca
ISOPODA
Asellus m;litaris Hay

AMPHIPODA

Gammarus fagsciatug Say

Hyalella azteca (Saussure)
DECAPOﬁA
Arachnoidea
HYDRACARINA

Unidentified Hydracarina

Arrenurus
Hydrachna
Insecta
o ' PLECOPTERA
Perlidae
Perlesta placida (Hagen)
EPHEﬁEROPTERA

Unidentified Ephemeroptera
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Table 1. (cont'd)
Siphlonuridae
Unidentified Siphlonuridae
Isonychia Eaton
Siphlonurus Eaton

Heptageniidae

Unidentified Heptageniidae
Stenonema Traver

Tricorythidae
Tricorythodes Ulmer
Caenidae
Unidentified Caenidae
Brachycercus Curtis
Caenls Stephens
Ephemeridae
Unidentified Ephemeridae
Hexagenia Walsh
Hexcgernia bilineata (Say)
, Hexagenia limbata (Serv1lle)
v Pentagenia Walsh
Polymitarcidae
Ephoron Williamson
ODONATA
Lestidae
Lestes Leach

Coenagrionidae

Unidentified Coenagrionidae
Enallagma Charpentier

Gomphidae
Dromogomphus Selys

Gomphus Leach
Ophiogomphus Selys
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Table 1. (cont'd)
Aeshnidae
Znax Leach
HEMIPTERA ‘
Notonectidae

Buenoa Kirkaldy
Notonecta Linnaeus

Corixidae

Unidentified Corixidae

Unidentified Corixidae female

Trichocorixa Kirkaldy

MEGALOPTERA

Unidentified Megaloptera
Corydalidae

Chauliodes Latreille/
Sialidae

Sialis Latreille

TRICHOPTERA

Unidentified Trichoptera larva
‘ Unidentified Trichoptera pupa

Polycentropodidae

Cyrnellus Banks
Neureclipsis McLachlan
Phylocentropus Banks
Polycentropus Curtis

HBydropsychidae

Unidentified Hydropsychidae larva
Unidentified Hydropsychidae pupa
Cheumatopsyche Wallengren
Hydropsyche Pictet
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Table 1. (cont'd)
Hydroptilidae

Unidentified Hydroptilidae pupa
Hydroptila Dalman
Stactobiella Martynov

Leptoceridae

Unidentified Leptoceridae larva
Unidentified Leptoceridae pupa
Leptocerus Leach

Nectopsyche Miiller

Oecetis McLachlan

Trianenodes McLachlan

LEPIDOPTERA

. Pyralidae

Nymphula Schrank
Paraponyx Hubner

COLEOPTERA
Gyrinidae

Dineutus MaclLeay
Gyrinus (Geoffroy in) Miller

Hydrophilidae
Helophorus Fabricius
Elmidae

Dubiraphia Sanderson
Stenelmis Dufour

L} o Chrysomelidae
Donacia Fabricius
DIPTERA

Nematocera

Unidentified Nematocera larva
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Table 1. (cont'd)
Psychodidae
Psychoda Latreille
Chaoboridae
Chaoborus Lichtenstein
Simuliidae
Unidentified Simuliidae pupa
Eusimulium Roubaud

Simulium Latreille

Chironomidae

Unidentified Chironomidae larva
| Unidentified Chironomidae pupa
fL\ : Unidentified Tanypodinae larva
f ' Chironomus Meigen
Cryptochironomus Kieffer
, Cryptocladopelma :
e P = Demicryptochironomus
i ' Dicrotendipes Kieffer,
Einfeldia Thienemann
rndochironomus Kicffer
; . Glyptotendipes Kieffer
B : Harnischia Goetghebuer
- ’ Microtendipes Kieffer -
Parachironomus Lenz
Paracladopelma
Paralauterborniella Lenz
_ Paratendipes Kieffer
o © Polypedilum Kieffer
Pseudochironomus Malloch
Stenochironomus Kieffer
Stictochironomus Kieffer
‘Xenochironomus Kieffer
Paratanytarsus Bause
Rheotanytarsus Bause
Stempellina Bause
Tanytarsus Van der Wulp
Sympotthastia
Cardiocladius Kieffer
Cricotopus Van der Wulp
Epoicocladius Zavrel
Eukiefferiella Zavrel
Psectrocladius Kieffer
Smittia Holmgren
Clinotanypus Kieffer

i) :

’
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Table 1. (cont'd)

Coelotanypus Kieffer
Pentaneura Philippi
Procladius (Skuse) Edwards

. Psectrotanypus Kieffer
Tanypus Meigen

Ceratopogonidae

Unidentified Ceratopogonidae larva
Unidentified Ceratopogonidae pupa
Atrichopogon Kieffer

Bezzia Kieffer

Dasyhelea Kieffer

Palpomyia Meigen

Brachycera

. Stratiomyiidae

Euparyphus Gerstaecker
Tabanidae
Chrysops Meigen
MOLLUSCA
Gastropoda

Unidentified Gastropoda

CTENOBRANCHIATA
Amnicolidae
- Amnicola Gould aﬁd Haldeman
o Pléuroceridae
%_ . | Pleurocera Rafinesque
Valvatidée
Valvata Miller

Valvata sincera Say
valvata tricarinata (Say)




Table 1.

(cont'd)
Viviparidae

Campeloma Rafinesque
Lioplax Troschel
Viviparus Montfort

PULMONATA
Lymnaeidae
Stagnicola emarginata (Say)
Physidae

Aplexa Fleming
Physa Draparnaud

Planorbidae

Gyraulus. Charpentier
Helisoma Swainson

Pelecypoda
Unionidae

Amblema rariplicata Rafinesque
Anodonta Lamarck
Anodontoides Simpson
Carunculina parva (Barnes)
Fusconaia undata Ortmann
Lampsilis Rafinesque

- Lasmigona Lea
Ligumia Swainson
Obliguaria reflexa (Rafinesque)
Quadrula metanevra (Rafinesque)
Quadrula pustulosa (Lea)
Quadrula guadrula (Rafinesque)
Truncilla truncata (Rafinesque)

Sphaeriidae

Unidentified Sphaeriidae
Musculium Link

Pisidium Pfeiffer
Sphaerium Scopoli
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'uWeS'fqr a1l physical~chemical pérameters for all study areas, Naviga.tion Pool No. 8, Upper Mississippi River, suumer, 1675.

/\'/Vr‘ : - -
" Physical-Chemical Farameter
Study i - .
Ares S - . . Sediment Partir~le Size Fraciion (%)
: Current Pissolved Organic N0~ N0~ PO 37
Depth  Velocity Turbidity Oxy gen Temperature Niftrogen 3 2 4
{m) (m/sec) (NTU) {mg/1) (oC) . (egle)  (ug/g)y (palg) (ug/2) 1 2 3 4 5 6
1 1.70 0.G00 8 0.40 22,0 734.0 25.30 .08 0.73 1.31 16.26 21.12 13.25 10.74 43.32
2 1.20 3. GCh -9 i1.00 25.6 753.0 16.84 0.09 0.15 1.02  1.93 6.33 18.72 17.60 54.40
3 1.1C 0.0C5 8 1.30 26.0 - 267.3 23.27 0.3C 0.35 2.06 4£.07 1.34 1.18 18.31 73.04
4 1.00 0.000 8 1.8C 253.0 734.C 27.90 .25 0.21 1.20  8.40 12.18 10.26 14.46 53.51
5 0.9¢ 0.028 9 2,60 25.5 387.3 15.15 C.16 0.27 2.07 8.30 14.90 15.13 12.63 4&5.96
£ 1.08 0.015° 11 3.05 21.5 452.1 17.42 0.17 0.32 0.40 0.48 2.54 5.85 21.32 65.40
7 - 0.561 -0.016 i1 3.20 25.8 429.4 23.58 0.53 0.49 6.60 0.52 0.35 1.60 33.43 61.28
3 0.98 G.0619 1z 4.05 21.5 £88.6 21.15 0.20 0.35 0.28 1.07 4.16 19.%4 14.45 60.06
9 1.60 0.020 14 2.35 25.8 753.0 16.50- 0.33 0.20 2.21 7.10 9.43 8.14 9.23 74.16
10 0.96 0.030 12 2.55 21.5 7562.7 26.34 0.19 0.38 0.48 9.56 0.96 2.19 4G.22 55.60
11 2.51 5.03¢4 12 2.80 24.0 156.8 13.53 0.16 0.14% 0.28 0.69 0.40 0.69 28.32 69.32
12 4,91 0.0639 18 5.3C 25.0 118.0 8.20 C.28 0.17 0.06 €.44 0.95 3.09 50.60 44.68
13 1.50 0.042 14 4,70 24,5 162.8 9.31 0,20 0.19 3.05 11.02 30.91 23.62 15.94 15.45
14 1.61 0.078 i 3.20 24.0 659.9 34.68 0.14 0.38 0.42. 4.51 3.83 13.96 11.23 66.05
15 1.73 0.192 17 4.10 25.0 621.3 26,69 .34 0.42 12.61 5.09 11.76 12.00 16.67 41.88
ig 1.22 0.116 17 3.70 22.0 571.8 20.40 0.23 0.41 7.86 8.23 11,08 18.84 7.53 46.44%
17 1.35 0.134 17 4.10 22.0 259.8 19.99 0.37 0.48 1.21 4.8 5.38 4.26 30.65 52.64
18 0.95 0.136 39 4,30 22.6 426.1 28.56 G.40 G.33 1.53  5.75 7.4% 7.71 1i6.31 61.39
19 5.10 0.140 25 3.350 24.0 105.6 10.97 0.15 0.29 2.25 3.78 4.34 5.15 57.16 27.38
20 0.81 0.159 14 3.80 24.5. 254,2 10.68 1.88 0.35 0.29 8.40 20.26 40.07 10.05 20.93
1 2.64 0.206 26 2.75 21.7 166.1 18.35 0.35 0.36 4,48 3,69 12,93 49.67 351.19 186.04
22 2,25 G.2i18 23 6.55 24,0 18.8 2.17 0.11 0.10 0.20 2.66 34.73 58.15 4.15 0,08
23 1.84 0.235 25 5.75 25.0 28.4 4.86 0.16 0.12 2.75 6.83 11.59 19.09 28.84 30.66
24 1.71 0.282 31 3.95 23.2 370.0 Z4.67 0.31 0.62 5.12 2.79 7.07 40.92 46.77  4£.93
25 0.61 0.292 26 4L.50 24.0 167.1 14.14 0.23 0.45 1.94 1.82 5.51 21.26 34,68 14.79
z5 1.G2 G.201 27 2.30 23.0 439.6 33.67 0.42 0.83 0.40  5.44 14.10 18.04 3£.10 23.02
27 2.34 0.305 29 5.90 25.0 149.0 9.08 0.30 .37 0.00 0.36 26.22 61.52 11.66 0,21
22 4.73 0.344 33 7.30 23.5 2.2 0.73 C.Co 0.60 1.20  1.81 32.20 67.47 7.07 0.24
29 1.63 0.352 37 5.10 24.0 399.2 18.02. .15 0.35 0.64 2,95 8.77 30.70 29.23 27.71
30 1.57 0.385 36 5.39 24,0 125.4 1.77 0.08 0.25 0.57 2.20 2.82 16.86 5%.31. 18.25
31 1.48 0.393 3 6.30 25.0 Q.4 8.14 0.12 0.13 8.91 10.52 22,32 36.85 1i6.02 5.3
22 2.01 0.407 30 6.10 24.0 304.8 6.13 0.23 0.28 0.32  0.e4 27.95 62.17 8.54 (.40
33 6.71 0.411 3 5.565 23.0 44,2 2.62 0.40 0.61 0.12  ©0.36 7.20 80.11 11.3 0.83
34 Z.41 C.448 1 6.25 25.0 33.2 7.21 0.25 - 0.45 4,51 11.34 40.63 &1.56 1.74 .08
35 2.91 0.463 27 5.40 25.0 8.2 4.13 0.16 0.2¢ 1.49 14.51 46.35 35.03 1.85 0.71
36 1.33 0.470 28 4,20 25.0 €6.5 L.56 .16 .42 0.12 1.92 5.60 49.71 32.13 10.53
37 1.35 0.527 27 3.530 1.9 346.7 22.68 £.36 0.46 1.28 1.88 4.35 31i.72 52.60 8.47
38 1.89 G.534 27 6.45 20.6 200.0 8.38 0.1% 0.37 1.04 1.97 36.22 52.57 6.99 1.2¢6
39 2.33 0.578 27 6.50 24.0 357.6 13.50 0.15 0.53 0.12 0.3 7.20 80.11 11i.32 (.38
40 1.90 0.587 28 7.09 24.0C 96.5 3.76 0.13 G.23 ¢.04 0.12 10.00 82.07 7.02 Q.76
41 3.70 0.720 25 5.30 25.G 102.8 3.7.37 0.19 0.42 0.48 0.84 44.06 51.64 3.00 0.24




organic nitrogen and nitrate, sediment parﬁicle éize, and macrophyte
biomass. The more eutrophic areas (areas 1-18) were characterized
by undetectable or low current velocities, low turbidities, low
dissolved oxygen levels, high sediment organic nitrogen and nitrate
concentratioﬁé, and fine sediments. These more eutrophic areas also
éupported larger amounts of macrophyte biomass than did the less
eutfophic areas (Sefton 1976). Sefton reported that areas a, 12, 19,
22-36, and 38-41 did not support any significant macrophyte biomass.
Depth ranged from 0.51 m (area 11) to 6.71 m (area 33). Current
velocities increased from undetectéble (areas 1-5) to 0.720 m/sec
(area 41). Turbidity was lowest in the most eutrophic areas (areas 1-5)
and ranged from values of 11 NTU and 1% NTU to 37 NTU in the less
eutrophic areas. Dissolved oxygen measurements rénged 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 26,07C (area 3).
Sediment organic nitrogen and nitrate levels were generally higher in
‘the more eutrophic areas. Nitrite measurements ranged from 0.06 ug/gb
(areas 1 and 28) to 1.88 ug/g (area 20). Sediment phosphorus levels
fanged'from 0 ug/g (area 28) to 0.83 ug/g (area 26). A trend toward
decreasing sediment particle size was observed from the less eutrophic
éréé§ tq the more eutrophic areas. The bulk oflthe sediments in the
(QGre eutrophic areas was composed of sediment particlé size fraction
’ #6 (clay). Simple linear correlations (r) relating these mean physical-
chemicai parameters’ are given in Table 3.
’A;cording to Claflin (1973), total hardness levels in Navigation

except in areas of emergent

Pool No. 8 rarely exceeded 175 mg/l CaCO3
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Table 3.
Upper Mississippi River, suvumer, 1973,

Siwple linear correlations (r)* relating mean physical-chemlcal parameters in all study areas, Navigation Pocl No. 8,

Sediment Particle Size Fraction

Current Dissolved Organic "

Depth  Velocity Turbidity Oxygen Temperature Nitrogen NO3- NOZ" POA“— 1 2 3 4 5 6
i .302 .356°" -439° 054 -, 455+ = 4477 -.140 -.090 -.076 -.157 .218 .393"" .005 -, 413
.302 1 .798" €93 -.08¢8 -.566° ~.449° -.,099  .153 -.116 ~.167 JAS L7610 =112 -.835
.356° - .798 1. .719° -~.094 -.587  ~.479° ~.153 .021 -.075 ~.224 266 L656° L167 - 782
4387 .693° L7109 1 .033 ~.684> =-.683° -.101 -.233 -.023 ~-.170 L4430 711 =233 - ~.718°
.054 ~.088 -.094 .033 1 ~.190 -.245 045 ~.326°° .116 .216 .116 -.043 ~.188 .021
anic Nitrogen ~. 455" -.566° ~.537° -.684° ~-.190 1° .769° 015 .26 .058 .CI13 ~. 406" =-.482° -.059 .667°
5 - b47 - 449 ~-.479° -.683" ~.245 .769° 1 .0%0 (5037 .106 .048 ~-.401° =-.554" .153 .600°
80, ~.140 ~.099 ~-.150 -.101 .045 .015 0920 1 .181 ~.057 .128 -.028 ~.,004 -.017 c23
?0&3' -.090 .153 021 -.233 ~.326"" .261 .50G3° .181 1- -.084 -.063 -.173 .046 L1353 -.C5%

ediment Particle
Size Fraction
1 -.076 -.116 ~-.075 ~-.023 L1168 .058 .106 ~.057 -.084 1 4620 .107  ~.170 ~.059 .039
2 -, 157 ~.167 -.224 ~-.170 .236 -.013 .048 .128 -.063 L 462" 1 426 ~.229 -.315° .012
3 .218 456" .266 J443° .116 -.406" ~-.401* -.028 ~.173 L1067 426 1. L7600 ~0599 -.8%5"
4 .393-- L7611 656" L7110 -.043 -.482° ~.554° -.004  .046 -.170  -.229 W4T75" i- ~.373++ ~-.831°
5 .005 ~.112 L3167 ~-.253 -.188 ~.059 .153  -.017  .153 ~.099 -.315"° ~,59%* ~-.373°" 1° -033
[ ~.413° -.835° -.782° -.718° .021 .667" .600" .023 =-.059 .039 .12 -.615" ~-.831" .G93 1
s~-Significant at the 0,01 level
«+-~—Significant at the 0.05 level

*-~39 degrees of freedom




ground water. Alkalinity levels were relatively constant and deviated
slightly from 175 mg/] (Claflin 1973). Alkaline pH values were
obtained during most of the year (Claflin 1973). Dissolved organic
substances leached from tﬁe fo?est floor of the watershed imparted a

brown color to the water.

Biological Water Quality

Area 1

Sampling Period ¥. Two bottom samples composed of single dredge

. hauls were randomly collected. Only two taxonomic categories were
foﬁnd and exémined. The dominant macroinvertebrates belonged to the
~Class Oligochaeta which averaged 75.5\individuals per sample and com-
posed 99.34% of the benthic fauna. The other taxon was poorly repre-
sented by the dipteran Tanypus which accounted for 0.66% of ihe benthic
community. An average of 76 individuals per bottom collection was
caiculated. The average wet weight per sample was 0.23222 g;

Sampling Period II. Two bottom samples composed of double dredge

hauls were randomly collected. The benthic fauna was represented

by 24 taxa and consisted of mostly pollution-tolerant and pollution-

facultative macroinvertebrates. The dominant oligochaetes constituted

k%3.90% of the organisms collected in this area. The amphipod Hyélella
azteba_composed 14.29% of the benthic community. Twelve dipteran
v'genera were present. The major dipteran representatives included
17 ‘Po1ype?ilum (3.17%), Penténeura (2.39%), Cryptocladopelma (l1.16%),
Ccryptochironomus (1.00%),‘énﬂ Endochironomus (1.00%). The remaining

17 taxa constituted 3.09% of the organisms collected. Five mayfly
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taxa were present with Hexagenia limbata predominating. The average
‘ ¢

number of individuals per sample and the average wet weight per sample

were 647.5 and 0.77285 g, respectively.
Area 2

Sampling Period I. Three taxa, representing 49 macroinvertebrates

- and having a total wet weight of 0.11303 g, were present. The oligo-

chaetes (71.43%) and the dipteran Chironomus (26.53%) accounted for
over 987 of the macroinvertebrates collected. The third taxon was
représented by one individual of thé.dipteran genus Endochironomus
(2.0472).

Sampling Period II. Ten taxa were found in two random bottom

collections. The oligochaetes and the amphipod Hyalella azteca were

the major benthic macroinvertebrates comprising 64.397% and 28.41%,
respectively, of the collected benthic community. Leecﬁes (3.03%),
nematodes (1.14%), and the dipteran Endochironomus (1.14%) accounted

for iéss than 6% of the benthic fauna. The remaining five taxa con-
stituted 1.89% of the collected organisms. The total ﬁumber of organisms

per sample averaged 132 individuals. The average wet weight per

- sample was 0.1626 g.

L> Area 3

Sampling Period I. Sixteen taxa were collected in three random

_:bottom\samples. An average of 435.3 organisms were collected per
sample., Each benthic collection had an average wet weight of 0.16334 g.

~ The benthic fauna was dominated by the oligochaetes (92.34%). Hyalella

azteca, members of the Class Hirudinea and Phylum Nematoda accounted
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for 2.60%, 1.15%, and 1.00%, respectively, §f the collected benthic

fauna. Eight dipteran genera were present. The major dipteran was
Endochironomus which comprised 1.15% of the boftom commubity. The
remaining eleven taxa (1.76%) included seven dipterans, Asellus militaris,
Gyrinus, Stactobiella, and Hexagenia limbata.

Sampling Period II. Four random benthic collections were taken.

The benthic fauna was composed of 26 taxa which were dominated by
Hyalella azteca (46.36%) and members of the Class Oligochaeta (37.82%).
0f the nine dipteran genera present, Polypedilum predominated and
accounted for 1.88% of the organisms collected. Members of the Class
Hirudinea and Phylum Nematoda constituted 8.73% and 1.33%, respectively,
of the benthic fauna. The remaindér of the bottom community was com-
prised of 21 taxa (3.88%). Three mayfly genera we¥e present with
Hexagenia'limbata being dominant. The average nﬁmber of individuals

per sample and the average wet weight per sample were 412.5 and 0.86745 g,

respectively.

Area 4

Sampling Period I. Oligochaetes (88.997%) and leeches (6.88%)
dominated the benthic fauna. The remaining six taxa included Chironomus
j(lilS%), Endochircnomus (0.927%), Procladius (0.92%), Hyalella azteca
k2(‘).69"/‘,), Chrysops (0.23%), and Cryptochironomus (0.23%). A total of
_.8 taxa were collected in the two random samples. Each bottom collection
had” an average of 218 macroinvertebrates and an average total wet
- weight of 0.21054 g.

Sampling Period II. Fcurteen taxa were found in two randomly

7_collected benthic samples. Four taxa occurred more frequently in the
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benthic community and accounted for over 98% of the organisms collected.
These organisms included members of tﬁe Claéses Oligochaeta (75.93%)

and Hirudinea (1.11%), the amphipod Hyalella azteca (20.19%), and the
dipteran Pentaneura (0.83%). ihe remaining ten taxa, including four
dipteran genera, composed 1.942 of the benthic fauna. The average
total number of organisms per sample was 361.5. The average wet weight

per sample was 0f40825 g.

Area 5

Sampling Period I. Two bottom samples composed of single dredge

hauls were randomly collected. The benthic fauna was represented by.

eight taxa. The average number of individuals and wet weight per

sample were 81.5 and 0.02246 g, respectively. Members of the Classes

of

e

Oligochaeta (95.09%) and Hirudinea (1.23%) accounted for over 96

]

the benthic fauna. The remaining six taxa included the amphipods
Gammarus fasciatus (0.61%) and Hyalella azteca (0.61%), the dipterans
. Cryptocladopelma (0.61%), Endochironomus (0.61%) and Polypedilum (0.61%),

and a member of the Phylum Nematoda (0.61%). "This is one of the few

occasions that the scud Gammarus fasciatus appeared.

Sampling Period IT., The benthic fauna was randomly collected and

é ogsisted of 19 taxa. The average number of organisms per sample was
223.. The wet weight per sample averaged 0.3494 g. The oligochaetes,
. Hyalella azteca, Endochironomus, leeches, and Polypedilum constituted
70.18%, 13.23%, 8.74%, 2.02%, and 1.57%, respectively, of the macro-

invertebrate community. The remaining 14 taxa (4.26%) were dominated

by six dipteran genera.
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Area 6

Sampling Period I. The 24 benthic taxa were dominated by pollution-

tolerant and facultative forms. Pollution—toleraﬁt forms accounted
for éver 827 of the benthic fauna and in;luded oligochaetes (68.427%),
¢hironomus (8.12%), Musculium (3.74%), and leeches (2.24%). The
crustaceans Hyalella azteca (3377%) and Asellus militaris (1.39%) were

the dominant facultative forms. The major pollution-sensitive macro-

invertebrate was Hexagenia limbata (7.69%). 'Seventeen taxa accounted

for the remaining collected organisms (4.637). 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, regspectively.

Sampling Period II. Thirty-nine taxa were collected. The average

numbar of uxganiﬁms per sample was 256.9 and the awverage wat weight per

sample was 1.29521 g. The fauna was dominated by oligochaetes (63.45%),

Hyélella azteca (16.70%), Hexagenia limbata (5.23%), Chironomus (4.33%),
.'Sphaeiium (2.72%), and Nematoda (2.25%). The remaindér of the benthic

fauna (33 taxa) accounted for 5.32% of the collected macroinvertebrates.

These 33 taxa were dominated by ten genera belonging to the Order
.Diptera. |

Area 7

Sampling Period I. Representativés of 18 taxa were collected

in six random bottom samples. The: average benthic coliection had
- 130.8 individuals and a wet weight of 0.40775 g. The benthic fauna

Waslprimarily composed of oligochaetes (74.78%), Hyalella azteca (9.94%),

)




Hirudinea (5.61%), Hexagenia limbata (2.55%), énd Asellus militaris
(2.42%). The remaining 13 taxa included eight genera of the Order
Diptera and accounted for 4.71% of the organisms sampled.

Sampling Period II. Representati;es of the Classes Oligochaeta

(81.05%), Hirudinea (2.76%), and Turbellaria (1.63%) and Phylum Nematoda
(l.51%); the amphipod Hyalella azteca (6.46%), and the mayfly Hexagenia
limbata (1.44%) dominated the 30 taxa collected in the six random
collections. Nine ﬁidge genera, two mayfly genera, and three caddisfly
genera dominated the remaining 24 taxa which constituted 5.147Z of the
benthos taken. The benthic fauna avéraged 265.7 individuals per sample

and 0.82542 g wet weight per sample.

Area 8

Sanpling Pe:iod I. Eight taxa dominated the 28 taxa of benthic
fauna, accounting for almost 957 of the sampled community. Oligo-
chaetes (69.57%) predominated at all stations. Chironomus (6.58%),

. Hyaiella azteca (5.65%), leeches (4.39%), Hexagenia limbata (3.99%),
Sphaerium (2.46%), Musculium (1.20%), and nematodes (1.13%) were also
relatively abundant. The remainder of the macroinvertebrate assem-
blage was composed of 20 taxa which constituted 5.05% of the individuals
é\aﬁpied. Of these remaining 20 taxa, ten taxa represented the Order
Eiptéra. The number of organisms per sample averaged 250.8. The

average bottom grab weighed 1.48897 g wet weight.

Sampling Period II. Twenty-five taxa were surveyed in the six

" random bottom collections. The average number of macroinvertebrates

per sample and the average wet weight per sample were 363 and 1.8664 g,
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respectively. The oligochaetes (75.39%) and Hyalella azteca (8.08%)
dominated the invertebrate fauna. Representatives of Sphaérium (5.19%),
Chironomus (2.25%), Hirudinea (2.25%), and Musculium (0.83%) were
abundant. Hexagenia limbata acéountedffor 2,257 of the organisms
9011ected in this area. Eighteen taxa, including seven dipteran taxa,

represenfed the rest of the benthos and constituted 8.20% of the

investigated faunal forms.
Area 9

Sampling Period I. Four random samples, averaging 175.3 individuals

. and 0.97212 g per sample, were collected. The mdcrobenthic community,

characterized by 18 taxa, consisted primarily of oligochaetes, Hexagenia

limbata, nematodes, and leeches which accounted for 82.177%, 6.42%,
4.,14%, and 2.14%, respectively, of the assemblage. Eight dipteraﬁ
genera dominated the remaining 14 taxa which constituted 5.147% of those
organisms collected in the area.

Sampling Period II. Twenty-two taxa were collected in four

‘random samples. Represéntatives of the Class Qligochaeta (72.50%)
and the pelecypod Musculium.(5.7OZ) predominated in the benthic fauna.
The dipteran Chaoborus and the pelecypod Sphaerium constituted 4.70%
iaéd 3.60%, respectively, ;f the sampled benthos. The remainder of the
.cblléction was composed of 18 taxa (13.50%) which were dominated by
eigﬁt dipteran and four mayfly taxa. Hexagenia limbata was the dominant

“mayfly and constituted 5.30% of the benthos. An average of 250 individ-

 uals and 1.4289 g wet weight were observed for each sample.
Area 10

Sampling Period I. The benthic fauna was composed of a wide
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variety of dipteran taxa involving 13 genera which included Chironomus
(14.39%), Endochironomus {(5.39%), Glyptotendipes (4.88%), and Cricotopus‘
(1.65%). Representatives of the Oligocaheta (35.83%) and Hyalella azteca
(18.07%) were the major macroinverteb;ates present in the benthos.
Hirudinea (6.09%), Hexagenia limbata (2.22%), Asellus militaris (1.52%),
iSphaerium-(l.BB%), Musculium (1.27%), and Turbellaria (1.14%) were
relatively abundant. Of the 32 taxa surveyed, 20 taxa accounted for
6.22% of the macroinvertebrates inventoried. An average of>262.8

organisms were collected per sample. Each benthic collection had an

‘average wet weight of 1.36168 g.

Sampling Period II. During this sampliﬁg intérval, a total of
27 taxa were inventoried. The average sample had 105.3 individuals
and a wet weight of 1.25032 g. The benthic fauna was dominated by
oligochaetes (36.71%), Chironomus (18.83%), Hyalella azteca (10.13%),
Sphaerium (5.54%), leeches (4.43%), and Asellus militaris (3.647).
0f the remaining 21 taxa, which constituted 20.73% of the féuna, 11
géﬁera représenting the Order Diptera were present with Chironomus and
 Endochironomué (3.80%) being prevalent. Four Eaxa 6f Ephemeroptera
were present and dominated by Hexagenia limbata and H. bilineata
which constituted 5.54% and 2.53%, respectively, of the total collection
QEfbr the area.
Area 11

Sampling Period I. Thirty-one taxa, including 18 representatives

" of the Order Diptera, were collected in six bottom samples. An average

of 292.5 organisms were collected per sample. Each benthic collection
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had an average wet weight of 1.03064 g. RépreSeﬁtatives of the

Class Oligochaeta and the dipteran Endochironomﬁs predominated, accounting
for 40.747% and 30.31%, respectively, ?f the benthic fauna. Other

dominant invertebrates included Hexagenia limbata (6.27%), Hyalella

azﬁeca (5.36%), Hirudinea (3.02%), Glyptotendipes (2.747%), Chironomus
(2.28%), Nematoda (1.54%), Polypedilum (1.48%), and Dicrotendipes

(0.85%). The remainder of the benthic fauna was composed of 21 taxa,
accounting for 5.41% of the community.

Sampling Period II. The benthic fauna was dominated by the

'diigochaetes (70.37%), leeches (lO.éO%), Hexagenia limbata (5.24%),
and the dip?eran Chironomus (3.10%). Of the>20 taxa collected, 16
taxa (10.48%) composed the remainder of the sampled community. Apart
from Chironomus, six genera of the Order Diptera Qere represented.
Only onellive épecimen of Physa was collected for the entire area at
sampling station 11-1-2. At this same station numerous empty shells
of;Ehysa were present. The average number of organisms and wet weight

péf sample were 155.8 individuals and 1.3377 g, respectively.

Area 12

Sampling Period I. Twenty-seven taxa, including 13 dipteran

(_taxa, constituted the benthic fauna. The average number of organisms
per sample was 166.9. The wet weight averaged 0.28206 g per sample.

The Oligochaeta and Chironomus, accounting for 75.23% and 8.99%,

respectively, dominated the collected benthos. Procladius (3.93%)
- and Palpomyia (2.86%) were other dominant dipterans. The remaining

23 taxa accounted for 8.99% of the organisms inventoried. Three
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representatives of the Order Ephemeroptera were present with Hexagenia
Iimbata (2.60%) prevailing.

Sampling Period II. The benthfic fauna consisted of a wide variety

of macroinvertebrates. Of the 39 taxa survéyed, 19 taxa were repre-
gsented by members of the Order Diptera and four by the Order Ephemeroptera.
The bottom community was dominated by the oligochaetes (75.45%).

Pentaneura (3.37%), Chironomus (3.19%), Hexagenia limbata (3.14%),
éfocladius (2.22%), Chaoborus (1.90%), Coelotanypus (1.71%), Nematoda
(1,&8%), Hirudinea (0.83%), and Hyalella azteca (0.74%) occurred more
ffequently,relative to the other 29 taxa which constituted 5.96% of

the dinvestigated fauna. The averages of 240.3 individuals per sample

and 0.55823 g wet weight per sample were observed.

Area 13

Sampling Period I. The benthic fauna was composed of 27 taxa,

including 14 dipteran and three mayfly taxa, and was dominated by

: the.Oligochaeta (58.51%) and Chironomus (16.52%). Of the 14 dipteran
'taxa, Chirénémus, Palpomyia (3.07%), Procladius (3.07%), and Crypto-
cladopelma (2.05%) were most abundant. The dominant mayfly was Hexagenia
limbata which accounted for 6.02% of the investigated benthic assem-— |
F?Iage. The remaiﬁing 21 taxa constituted 10.767% of the collected
‘organisms. The average number of individuals per sample and the

average wet weight per sample were 86.8 and 0.44902.g, respectively.

Sampling Period II. Thirty-four taxa, representing an average

“of 142.9 individua}s per sample and an average wet weight of 0.67852 g

pe:'sample; were inventoried in the eight collected samples. Four
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taxa constituted over 85% of the benthic fauna and included the oligo-
chaetes (75.42%), Hyalella azteca (4.64%), Chironomus (3.06%), and
Chaoborus (2.277%). Seventeen diptesan genera dominated the remaining

30 taxa which accounted for 14.61% of the collected fauna.
Area 14

Sampling Period I. The benthic fauna was represented by 29

téxa, including seven genera belonging to the Order Diptera. Ali
three arbitrary levels of pollution tolerance were approximately
éQually represented. The pollution~tolerant component accounted for
over 38% of the collected benthos and was dominated.by the.following
fqur taxa: The Oligochaeta (26.48%), Musculium (5.43%), the Hirudinea
(4.292), and Chironomus'(Z.SS%). Pollution~facultative organisms,
ycdnStituting about 437 of the invertebrate community, were dominated
by five taxa which included Sphaerium (22.14%), Asellus militaris
(14.27%), the nematodes (3.26%), Hyalella azteca (1.74%), and the
. pelecypod Pisidium (1.30%). Hexagenia limbata k4.94%) and the gastropods
Amﬁicola (4.77%) and Valvata tricarinata (3.26%) wefe the three dominant
taxa composing the pollution-sensitive rank. The remainder of the
benthic community was an assemblage of 17 taxa, accounting for 5.64%
L%f.the total fauna collected. The average sample was characterized

{

by 204.8 macroinvertebrates and a wet weight of 3.,29989 g,

- Sampling Period II, The dominant benthic fauna accounted for
over 93% of the organisms collected and included Sphaerium (35.32%),
oligochaetes (23.88%), nematodes (8.01%), Chironomus (7.55%), Musculium

(6.18%), leeches (5.60%), Valvata tricarinata (3.03%), Asellus militaris




(2.06%), and Amnicola (1.44%). Of the 41 taxa sampled, the remaining
32 taxa accounted for 6.92% of the surveyed benthos and inciuded

12 genera belonging to the Order Diptera, excluding Chironomus. The
average number of organisms per sample was 285.7. The wet weight

averaged 4.57335 g per sample.
Area 15

Sampling Period I. A relatively large number of taxa (43) were

collected in nine. bottom samplésa The average number of individuals

per sample and the average wet Weight per. sample were 183.3 and

3.83017 g, respectively. The dominant pollution-facultative organisms
accouﬁted for approximately 54% of the collected benthos. These
macroinvertebrates were represented by the pelecyﬁod Sphaerium (27.82%),
the crusﬁaceans Hyalella azteca (14.55%) and Asellus militaris (5.70%),
members of the Phylum Nematoda (4.36%), and the dipteran Polypedilum
(1.39%). Members of the Classes Oligochaeta (22;18%) and Hirudinea
.(4.30%)>and the pelecypod Musculium (3.64%) were the dominant repre-
‘sentatives of the pollution-tolerant level, accounting for 30.12% of
thé benthic inventory in this area. Major pollution-sensitive macro-
invertebrates were Xenochironomus, Hexagenia limbata, and Amnicola,
éon;tituting 2.61%, 2.18%, and 1.947%, respectivély, of the collected
:Lﬁthoé, The dipteran Xenochironomus was collected at only one sampling
station (site 15-3-1) in the entire area. The remaining 32 taxa com—
po§ed 9,337 of the benthic inventory and included nine representatives

of the Order Diptera.

Sampling Pefiod II. The benthic fauna consisted of 43 taxa,
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including 12 dipteran taxa. Eleven taxa accounted for approximately

91% of the community and included Sphaerium (32.95%), oligochaetes
(14.49%), Musculium (8.52%), Hyalella azteca.(7.11%), Tanytarsus (6,38%),
leeches (5.06%), Asellus militaris (4.56%), Amnicola (3.69%), Chironomus
(2.87%), Valvata tricarinata (2.83%), and members of the Phylum
‘Nematoda (2.10%). The remainder of the faunal assemblage consisted

of 32 taxa, representing 9.43% of the collected benthos. Averages of
243.8 individualé per sample and 5.41902 g wet weight per sample were

obtained.

N _‘ Area 16

Sampling Period I. The 25 benthic taxa were dominated primarily
j ' by the oligochaetes (82.73%) and secondarily by the mayfly nymph

Hexagenia limbata which accounted for 5.49% of -the benthic organisms

collected in this area. Other relatively abundant forms included the
pelecypod Musculium (2.53%), Hyalella azteca (1.42%), leeche$°(1.26%),
Chironomus (1.23%),‘Asellus militaris (0.95%), Sphaerium (0.95%),

- and members of the Nematoda (0.91%). Sixteen taxa consFituted the

s réﬁainder of the benthic assemblage and accounted for 2.532 of the

bottom inventory. Nine of these remaining taxa represented the Order

j‘Diptera. The average number of organisms was 281.1 per sample. The
éverage wet weight per sample was 0.99482 g.

. Sampling Period II. The bottom community consisted of 44 taxa,

} including 16 genera of Diptera and four taxa belonging to Ephemeroptera.
The Oligochaeta (ZO.SO%), Hexagenia limbata (11.06%), and Sphaerium

(4.03%) were dominant. The remaining 41 taxa accounted for 14.117

of the collected organisms. The average number of individuals per
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sample and the average wet weight per sample were 181.9 and 2.81027 g,

respectively.

@

Area_ll-

Sampling Period I. The oligochaetes, accounting for 57.817%7 of

the collection, dominated the 32 taxa of benthic fauna. The other
dominant macrobenthic invertebrates were Hexagenia limbata (16.14%),
nematodes (7.20%), Musculium (4.76%), the crustaceans Asellﬁs miiitaris
(2.25%) and Hyalella azteca (1.74%), the pelecypod Sphaerium (1.80%),
Aand leeches (1.48%). The remainder of the bottom fauna (24 taxa)
éccounted for 6.82% of the collected macroinvertebrétes. These 24

taxa were dominated by nine genera and three taxa belonging to. the
Orders Diptera and Ephemeroptera, respectively. Averages of 172.8
indibiduals per sample and 2.55521 g wet weight per sample were cal-
culated.

Sampling Period II. Benthic collections, averaging 97.3 individ-

uals and 1.22285 g wet weight, consisted of 37 taxa of which 11 repre-
‘sented dipterans and four involved mayflies. &hree.macroinvertebrates
were most prevalent and included the oligochaetes (77.85%), Hexagenia
limbata (6.74%), and Hyalella azteca (3.42%). The remaining 34 taxa

L;ccounted for 11.99% of the community.
Area 18

Sampling Period I. Thirty-two taxa, including 12 dipteran

. genera and three mayfly taxa, were found in six random bottom collec~-
tions. Representatives of the Class Oligochaeta were the major benthic

macroinvertebratés, comprising 83.157 of the collected benthic community.
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Hyalella azteca (3.747%), Hexagenia limbata.(3;38%), leeches (2.12%),
Asellus militaris (1.33%), turbellarians (1.01%), and Valvata tricarinata
(0.50%) accounted fbr approximagely 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
;eight per sample was 1.53392 g.

Sampling Period II. 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 912 of the fauna, dominated the benthic
inventory. These macroinvertebrates included the pollution-tolerant
oligochaetes (73.19%), ieeches (2.36%), and Physa (1.69%) and the
pollution—facultative Hyalella azteca (7.21%), Spﬁaerium (4.48%),
nematodeé (1.37%), and turbellarians’(0.77%>. The major pollution-
sensitive organism was Hexagenia limbata (2.22%). Thirty-two taxa
constituted the remainder (6.70%) of the benthic community and included

11 genera belonging to the Order Diptera.

Area 19

Sampling Period I. The benthic fauna consisted mainly of oligo-

Lchéetes‘(84.07%), nematodes (2.95%), Procladius k2.58%), and Hyalella
zteca (2.03%). Hexagenia limbata constituted 1.75% of the macroinverte-
‘lbrate community. Of the 32 taxa sampled, the remaining 27 taxa (6.63%)
§ | wgre'dominated by 16 dipteran genera and five mayfly taxa. The average‘

" number of organisms per sample was 120.7. The wet weight per sample

averaged0.15508 g.
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Sampling Period II. The benthic fauna consisted of 32 taxa and

was dominated by the oligochaetes (64.50%), Hexagenia limbata (9.75%),
Polypedilum (3.90%), and Pentaneura (3.51%). The remaining 28 taxa
included 22 dipteran genefa and three mayfly taxa and accounted for

18.34% of the faunal inventory. Averages of 96.1 individuals and

0.43492 g wet weight were calculated.

Area 20

Sampling Period I. Representatives.of 34 taxa were surveyed in
'ten bottom collections. The average benthic sample had 91.6 macro-
invertebrates and a wet weight of O.938§2 g. The dominant macroinverte-
brates were oligochaetes (37.12%), Endochironomus (13.32%), Hyalella

azteca (11.57%), Hexagenia limbata (10.26%), Musculium (6.00%),

leeches (4.91%), Asellus militaris (3.71%), nematodes (2.73%),

Sphaerium(l.éé%), and Simulium (1.53%). The remainder of the benthic

community was an assemblage of 24 taxa which included 15 dipteran
-:genera and accounted for 7.20% of the total collected fauna.

Sampling Period IT.. The dominant benthic fauna accounted for

over 907 of the organisms qollected and included the Oligochaeta (47.98%),
Hyalella azteca (9.55%), Hexagénia limbata (9.07%), the Nematoda (7.11%),
“the Hirudinea (4.11%), the Turbellaria (3.07%), Polypedilum (3.00%),

Asellus militaris (2.58%), Endochironomus (1.95%), and Sphaerium

(1.88%). Of the 47 taxa sampled, the remaining 37 taxa accounted
~ for 9.69% of the surveyed benthos and included 20 genera belonging to

- the Order Diptera, excluding Polypedilum and Endochironomus. The average

number of organisms per sample was 143,4. The wet weight averaged

0.81236 g per sample.’
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Area 21

Sampling Period I. Over«half (53.96%) of the benthic fauna
consisted of the pelecypod Sphaerium. The Oligocﬁaeta (17.45%),
Muscﬁlium (6.09%), Amnicola (5.48%), nematodes (3.66%), and turbellarians
€2.71%) were relétively prevalent in %he inventory which encompassed
36 taxa. Cricotopus (2.11%), one of 11 dipteran genera, dominated the
A:emaining 30 taxa which made up 10.64% of the community. The respective
averages for the number of organisms and‘wet weight per sample were
200.6 and 2.38241 g.

Sampling Period II. Thirty-four taxa were collected in nine

bottom grabs which had an average of 172.1 macroinvertebrates and
5.52486 g wet weight per sample. No macroinvertebrates were taken
at site 21-2-3. The benthic fauna consisted mostly of Sphaerium and

arof
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oligochaetes, accounting for 26.99% and 18.66%, vespcctively, cf th

he
assemblage. The other dominant macroinvertebrates were Amnicola
(10.85%), Musculium (7.62%), nematodes (6.78%) leeches (3.87%), Asellus

. milifaris (3.10%), Pisidium (2.45%), valvata tricarinéta (1.61%),
Hyélella azteca (1.29%), and Hexagenia limbata (0.84%). Twenty-three
taxa accounted for the remaining benthos collection which encompassed

5.94% of the total.

Area 22

~ Sampling Period I. Forty-one taxa, each represented by few
' mécroinvertebrates, were examined in the benthic fauna.' The: average
- bottom collection sampled only 21.8 organisms and weighed 0.09112 g

wet weight. Oligochaetes accounted for 33.647 of the organisms




collected. Palpomyia (12.23%), Hyalella azteca (7.65%), Polypedilum
(7.03%), Corixidae females (5.20%), Cheumatopsyche (4.89%), and
Atrichopogon (1.83%) were prevalent.. Palpomyia and Atrichopogon were

present in the majority of samples and were the dominant faunal forms

in the central areas of the aquatic environment. As in other areas,

the mayfly Brachycercus was often associated with these dipterans. 1In

these open waters, only one representative of the Class Oligochaeta

was taken. The remaining 34 taxa, including 12 dipterans, four may-

flies, and three caddisflies, accounted for 27.52% of the benthic

_survey.

Sampling Period II. Fifteen bottom samples, averaging only

28.7 invertebrates and 0.02768 g wet weight per sample, resulted in

‘the collection of 39 poorly-represented taxa. Of the 39 taxa, the

‘Orders Diptera, Ephemeroptera, and Trichoptera respectively comprised

20, 4, and 2 taxa. Palpomyia (32.95%) and Atrichopogon (25.06%),

collectivel§ accounting for over 58% of the faunal conglomeration,

 dominated the benthos. Often associated with these two dipterans,
" Brachycercus constituted 4.18% of the community. Less than 11% (10.44%)

of the investigated fauna included the oligochaetes. The remaining

35 taxa comprised 27.38% of the total collection.
Area 23

Sampling Period I. The benthic fauna consisted of mostly the

oligochaetes (53.96%), Hyalella azteca (7.19%), Palpomyia (6.12%),
and Hexagenia limbaﬁa (5.76%). Of the 31 taxa collected, the remaining

27 taxa formed 26.987% of the benthos. A wide variety of dipterans
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(13 taxa), excluding Palpomyia, predominated in these taxa. Averages

of 30.9 individuals and 0.27428 g per sample were calculated.

Sampling Period II. Representatives of 34 taxa were collected

in nine bottom samples. The average benthic collection had 37.4
invertebrates and a wet wéighﬁ of 0.46584 g. The benthic fauna was
dominated by oligochaetes (45.40%), leeches (13.65%), and Xenochironomus -
(4.45%). The remaining 31 taxa (36.50%) contained 16 genera belonging
to the Order Diptera. Few taxa and few individuals per taxon were
found in the central waters of thé area.. Atrichopogon, Pélpomgia,

v | o

oligochaetes, Stictochironomus, and Brachycercus were the more abundant

macroinvertebrates in these waters.

Area Z4

Sampling Period I. The pelecypods Sphaerium (38.86%), Musculium

(10.17%), and Pisidium (1.36%), accounting for over 50% of the organisms

collected,‘dominated the macrobenthic conglomeration. Members of the
k.Classes Oligochaeta (26.59%) and Hirudinea (2.16%), Amnicola (6.31%),
ﬁematodes (2.67%), Hexagenia limbata (2.16%), turbellarians (1.70%),
ahd,&alvata tricarinata (1(42%) were common. Less than 7Z.(6.59Z) of
the fauna encompassedA3l taxa, 11 of which were dipterans. The average
‘umber of macroinvertébfates per sample and the average wet weight
yﬁef sample were £95.6 and 4.60769 g, respectively.

Sampling Period II. The 41 benthic taxa were dominated by the

pelecypods Sphaerium (55.57%) and Musculium (14.10%) which accounted

for 69.67% of the fauna. Other dominant taxa were the oligochaetes

(6.91%), Asellus militaris (5.70%), leeches (3.68%), and the gastropod
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Amnicola (1.97%). The remaining 35 taxa included 11 dipteran genera
and constituted 12.07% of the organisms sampled. The average benthic

collection contained 202.6 individuals and weighed 8.48620 g.

Area 25

Sampling Period I. Twenty-five taxa were surveyed in nine bottom
collections. The most abundant invertebrates accounted for approxi-

mately 87% of the benthic inventory and included the Oligochaeta (66.60%),

Hexagenia limbata (13.87%), and Musculium (6.09%). Twenty-two taxa,

énéompassing ten dipteran genera, constituted the remaining 13.457%

of the benthic fauna. Bottom samples taken in the central portions
of the area were generally characterized by péssessing fewer taxa .
iarid fewer representatives per taxon. No macroinvertebrates were col~-
lected at site 25-1-2. ACollectively the bottom samples averaged

52.9 individuals and 0.22430-g per sample.

Sampling Period II. Forty-six taxa, representing an average of

79.4 individuals per sample.énd an average welt weight of 1.12197 g

i;per sample, were inventoried in the nine bottom collections. Dominant
‘ﬁacroinvertebrates constituted over 847% of the benthic fauna and included
ﬁhe oligéchaetes (64.90%), Atrichopogon (6.43%5; Polypedilum (3.367%),
'-Hexagen;a limbata (2.94%), Ceratopogonidae pupae (2.66%), Hyalella
iazteca (2.38%), and Xenophironomus (1.54%). Fourteen dipteran genera

- were prevalent in the reméining 39 taxa which accounted for 15.80%

- of the collected fauna. No macroinvertebrates were collected at

site 25-1-2.




Area 26

Sampling Period I, The benthic fauna was randomly collected

and consisted of 40 taxa. Averages of 299.5 individualsvper sample
and 1.59373 g wet weight per sample were calculated. The oligochaetes
* (70.34%) predominated. Hyalella azteca (8.68%), Sphaerium (3.73%),
Hexagenia limbata (2.59%), nematodes (2.39%), turbellarians kl.67%),
,leeches (1.61%), Musculiuﬁ (1.39%), Amnicola (1.06%), and Valvata
tricarinata (0.95%) were common, The remainder (5.67%) of the macro-
invertebrate comﬁunity was characterized by 30 taxa, including 11
ﬁembers of the Order Diptera.

Sampling Period II. The benthic fauna consisted of a wide variety

of macroinvertebrates encompassing a tQtal of 59 taxa which included

' i8 dipteran genera, seven caddisfly geﬁera; and four mayfly taxa., This’
was tue largest aumber of taza inventoried. The average bottom col-
lection had 248.2 invertebrates and a wet weight-bf 4.76095 g. The
Class Oligochaeta, accounting for 45.74% of the surveyed commuqity,

was dominant. Unidentified Hexagenia nymphs (9.67%), Sphaerium (4.77%),
’ivmembers of the Phylum Nematoda (4.63%), Hyalella azteca (3.16%),
.Eexagenia limbata (2.08%), Pleurocera (2.08%), Physa (1.75%), Asellus
militaris (1.54%), Xenochironomus (l1.41%), and Amnicola (1.28%) were

- other common macrobenthic invertebrates. Forty—eight taxa made up

the remainder (21.90%) of the bottom collection.
Areg 27

Sampling Period I. Nine bottom samples, quantitatively ranging

in size from one organism to 43 organisms, were collectively composed

50
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of 14 taxa and averaged 16.7 macroinvertebrates and 0.06521 g wet
weight per sample. The number of taxa per sample ranged from one

to eight with the number of organisms per takon ranging from one to

39. The oligochaetes and dipteran Fndochironomus acéounted for

56.00% and 21,337, respectively, of the investigated benthos. Hyalella
ézteca (5.33%), Glyptotendipes (4.67%), and Palpomyia (1.33%) composed
11.33% of the total community. Nine ﬁaxa made up the remainder (11.33%)
of the total fauna whig¢h contained five dipteran and three tricopteran
taxa.

Sampling Period II. Thirteen—dipteran taxa, five mayfly taxa,

and. three trichopteran taxa were contained in the 32 taxa which were
dominated by the oligochaetes (34.72%). The major dipteran representa-
tives included Xenochironomus (13.99%), Palpomyia (4.667%), Paratendipes
(4.66%), Polypedilum (3.11%), Atrichopogon (2.59%), and Glyptotendipes
(2:59%). The trichopterans Hydropsyche and Cheumatopsyche constituted
5.70% and 3.63%, respectively, of the fauna. The beetle larvae of
Stenelmis accounted for 3.63% of the collected organisms. The remainder
- (20.73%) of the benthic inventory consisted of 22 taxa. Averages of
21;4 organisms per sampie and 0.14904 g per'sample were obtained.

The number of organisms per‘sample ranged from three to 50 individuals.

Qﬁfhe number of taxa per sample ranged for two to 12 with the number of

lorganisms per taxon ranging from one to 44.
 Area 28

Sampling Period I. Fifteen bottom samples, quantitatively ranging

in size from zero organisms to 3l organisms, were collectively composed
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of 15 taxa and averaged only 11.8 macroinvertebrates and 0.00600 g

wet weight per sample.\ The number of taxa per sample ranged from

zero to eight with éll taxa being pfesent at low aensities. No faunal
représentatives were collected at site 28-5-1. The benthic fauna
consisted mainly of oligochaetes (29.38%), Palpomyia (25.42%), and
Atrichopogon (21.47%). Brachycercus accounted for 10.73%Z of the

fauna collected. Eleven taxa, including five dipterans, comprised

the remainder (12.29%) of the benthos. -

Sampling Period II. The benthic fauna consisted of 32 poorly

¢ .
represented taxa, including 14 dipteran genera and five mayfly taxa,

and‘was dominated by facultative pollution-tolerant organisms. The
major macroinvertebrates accounted for almost 84% of the benthic
éssemblagé and .included the oligochaetes (29.65%), Palpomyia (16.982),
Atrichopogon (10.512), Hexagenia limbava (7.55%), Brachycerdus {6.20%;.,
Cheumatopsyche (6.20%); Paratendipes (40852), and Xenochironomus
(1.62%). The remainder of the faunal conglomeration consisted of 24

~ taxa, representing 16.447 of the collected benthos. Averages of 24.7
individuals per sample and 0.07561 g wet weight per samplé were cal-

culated.
Area 29

Sampling Period I. The benthic fauna consisted of 27 taxa,

including eight dipteran and three mayfly representatives, and was
dominated by the oligochaetes which composed 91.51% of the surveyed
community. Members of the Phylum Nematoda (2.20%), Hexagenia limbata

(1.86%), Hyalella azteca (1.19%), Sphaerium (0.82%), and leeches (0.40%)




were relatively abundant. Approximately 2.02% of the benthos con-
sisted of the remaining 21 taxa. The average number of individuals
and wet weight per sample were 272.8 and 0.39395 g, respectively.

Sampling Period II. Representatives of the Class Qligochaeta,

accounting for 87.87% of the fauna, dominated the benthos which con-
sisted of 39 taxa, including 15 genera belonging to the Order Diptera.
The major dipteran representatives included Cryptochironomus (0.73%)
and Stictochironomus (0.49%). Members of the Phylum Nematoda (3.20%),
unidentified early instars of Hexagenié (2.59%), Hyalella azteca
'(0.83%), and Hexagenia limbata (0.56%) were common. The remaining

32 taxa constituted 3.72% &f the organisms collecﬁed, The average
bottom .sample yielded 34078 macroinvertebrates and weighed 0.39233 g

wet weight.
Area 350

Sampling Period I. Representatives of the Class 0Oligochaeta

. (47.15%) and the caddiéfly Cheumatopsyche (30.89%) composed over

" 78% of the collected community. Seven dipteran genera and four mayfly
téﬁa contributed most to the remaining 16 taxa which included 21.95%
of the total benthos. Averages of 20.5 individuals and 0.01468 g

Qkper sample were calculated. Numbers of organismé and taxa per sample
fanged from five to 58 and twg to nine, respectively. All taxa were
poorly represented in terms of numbers of individuals per taxon.

Sampling Period IT. Five taxa dominated the 35 taxa of benthic

fauna, These macroinvertebrates accounted for over 92% of the sampled

benthos and included the oligochaetes (78.87%), the trichopterans
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Hydropsyche (5.127%) and Cheumatopsyche (2.40%), and the dipterans
Polypedilum (3.38%) and Xenochironomus (2.40%). The remainder of the
macroinvertebrate assemblage was composed of 30 taxa which constituted
7.84% of in the individuals sampled. Of these remaining 30 taxa, 14

represented the Order Diptera. One hundred fifty-three invertebrates

constituted the avefage benthos sample which had a wet weight of

0.15855 g.
Area 31

Sampling Period I. Representatives of 17 benthic taxa were

collected in five random samples. The averége bottom sample had 50

invertebrates and a wet weight of 0.20172 g. No macroinvertebrates
[4

" were collected at site 31-1. The benthic fauna was primarily composed

of oligéchaetes (80.40%). Six percent of the collected benthos was
composed of the mayfly nymph Hexagehia limpata. The remaining 15 taxa,
aécounting for 13.60% of the organisms sampled, included ten.dipteran
genera of which Cryptochironomus was the dominant representative.

Sampling Period II. The benthic fauna consisted of 20 taxa,

iﬁcluding eight dipteran genera and four mayfly taxa. The dominant

macroinvertebrates included the Class Oligochaeta (37.66%), the trichop-
;‘ teran Cheumatopsyche (25.97%), and the dipteran Xenochironomus (13.64%).

"The remainder of the benthic community was an assemblage of 17 taxa,

accounting for 22.73% of the total fauna collected. The average number

of organisms per sample was 30.8. The wet weight averaged 0.04002 g

per sample,
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Arca 32

Sampling Period I. Benthic collections, averaging 99.7 individ-

uals and 0.77749 g wet weight, consisted of 34 taxa of which the Orders
Diptera, Ephemeroptera, anthrichoﬁtera were represented by 11, 6,

and 3 taxa, respectively. Two macrobenthic taxa accounted for over

80% of the organisms collectéd and included the Oligochaeta (57.36%)
and Cheumatopsyche (22.91%). The reméining 32 taxa made up_19.73%

of the collection.

Sampling Period II. Oligochaetes (72.73%) dominated the 28 taxa

6f benthic fauna. Of the 16 representatives of the Order Diptera,
Polypedilum (5.00%) and Harnischia (3.33%) were the most abundant.

The mayfly Hexagenia limbata accounted for 3.48% of the benthic inven-~
tory. Twenty-four taxa const?tuted the remaining benthos collection
whicﬁ encompagsed lS.AS% of the total. The respective averages forAthe

number of organisms and wet weight per sample were 110 and 0.31268 g.

Area 33

Sampling Period I. Because of the depth (6.71 m) and current

velocity (0.41]1 m/sec) of this area, a valid representative bottom
L}sample could not be collected during this sampling interval.

Sampling Period II. Nine bottom samples, averaging 305.9 inverte-

brates and 2.17551 g wet weight per sample, resulted in the collection
of 38 taxa of which 14 taxa involved representatives of the Order
Diptera. Seven benthic collections contained fewer than 165 macro-

invertebrates, while sites 33-1-3 and 33-3-1 collected 632 and 1622
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organismé, respectively. The oligochaetes-prédoﬁinated, composing
87.58% of the fauna. Other dominant macroinvertebrates included the
nematodes (3.05%), unidentified early instars of Hexagenia (1.45%),
leeches (1.45%), and Sphaerium (1;42%). The remaining 33 taxa con-

stituted 5.05% of the total benthic inventory for this area.

.

Area 34

Sampling Period I, Twelve bottom samples averaged only 15.8

faunal representatives and 0.02271 g per sample, with most samples .
possessing fewer than 40 invertebrates and ten taxonomic categories.
No macrobenthic invertebrates were collected in the central open
waters except at sampling site 34-2~2 at which a gole specimen repre-
senting the Family Ceratopqgonidae (Order Diptera) was inventoried.
The 31 surveyed.taxavincluded i4 diptevan genera, six mayfly taxa,
and three'éaddisfly taxa. All taxa were poorly represented in terms
ofvnumbers of individuals per taxon. The dominant benthic forms,

constituting 67.89% of the sampled benthos, included the Oligochaeta

g (39.47%), the caddisfly Cheumatopsyche (13.68%), and the dipterans

Endochironomus (8.95%) and Glyptotendipes (5.79%). The remainder of
the sampled community (32.11%7) consisted of 27 taxa.

Sampling Period IL. All benthic samples and taxa were poorly

. represented. The average number of specimens and wet weight per sample

were 11 and 0.00998 g, respectively. The number of taxa per sample
ranged from one to nine with a range of one to 22 representatives per
taxon in each sample. The four dominant taxa accounted for 71.59% of

the collection and included oligochaetes (37.50%), the dipterans
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Atrichopogon (15.91%) and Palpomyia (12.50%), and the mayfly Brachycercus

4

(5.68%). The remaining 17 taxa (28.41%) included six genera belonging

to the Order Diptera.
Area 35

Sapipling Period I. Thirty~four poorly represented taxa, including

15 dipteran, five mayfly, and two trichopteran taxa, were inventoried

in nine bottom collections. ‘The dominant benthic invertebrates included
the Oligochaeta (27.55%), the dipterans Glyptotendipes (8.67%) and
bhironom;s (6.12%), the trichopteran Che&matopsyche (9.69%) and the
mayfly Hexagenia limbata (7.147%). The ceratopogonids Africhopogon

and Palpomyia were present in most samples, often being the dominant

or sole organisms collected., Including these two dipterans, 29 taxa
composed the remainingrao.SZZ of the benthos. .Averages of 21.8 indivié—
uals and 0.09650 é total wet weight were calculated.

Sampling Period II. Members of the Class Oligochaeta constituted

' v45.95% of the benthic assemblage. Representatives of the Phylum

'Nematoda (7.44%), Hexagenia limbata (7.28%), unidentified early instars
of’Hékagenia (4.85%), Polypedilum (4.69%), Cheumatopsyche (4.05%),

 Hyalella azteca (3.24%), Pentaneura (3.07%), Sphaerium (2.27%),

t‘%Brachgcercus (1.94%), and Hydropsyche (1.94%) were relatively abundant

and accounted for almost 41% of the benthic survey. Of the 38 taxa
sampled, 27 taxa compdsed less than 14% (13.28%) of the total benthic

- collection. These 27 taxa were dominated by 14 genera of Diptera.

The average benthic collection contained 68.7 individuals and weighed

0.14363 g.




Area 36

Sampling Period T. The oligochaetes were the dominant macro-
benthic invertebrates and constituted 84.24% of fhe benthic fauna.
The'remaining 17 taxa were dominated by ten representatives of the
Order Diptera and accountéd’for 15.76% of the community. ALl benthic
samples and taxa were poorly represented. The average benthic collection
sampled 23.6 represenatatives of‘the fauna and had a wet weight of
0.10177 g. The number of macroinvértebrates and taxa per sample
Arespectively ranged from zero (site 36-2-3) to 127 and zero (site
36—2~3)'to 11. Tﬁo samples (36-2-2 énd 36-3-2) were entirely composed
ofﬂonly‘two oligochaetes each. In each sample the minimum and maximum
numbers of individual répresentatives per taxon were one and 114,

respectively.

Q.

Samsling Period II, Oligochactes (27.047%), Palpomyia (12.96%),

Atrichopogon (10.19%), and Cheumatopsyche (8.33%) dominated the 24

4
benthic taxa. Twenty taxa constituted the remainder (31.48%) of the
bottom community. All bottom collections and taxonomic categories

were poorly represented. Averages of 15.4 individuals and 0.01152 g

per sample were obtained.
Area 37

Sampling Period I. The 43 taxa of benthic fauna consisted

mostly of oligochaetes (47.57%). Sphaerium (10.57%), Cricotopus (8.76%),
and Hyalella azteca (3.76%) were the other major macroinvertebrates.
Hyalella azteca occurred more abundantly in the central portions of

this area. TFourteen dipteran genera and four caddisfly taxa were
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the main components of the remaining 39 taxa (29;35%). The average
number of specimens per sample was 79.9. The total wet weight per
collection averaged 1.06906 g.

Sampling Period II. The Oligochaeta (51.23%) dominated the

investigated benthos (36 taxa). Other principal benthic constituents
accounted for almost 33% of fhe faunal elements collected and included
Hyalella azteca (14.62%), Sphaerium (9.43%), the Nematoda (5.05%),

and Pisidium (3.83%). Specimens of Hyalella azteca were more prevalent
in the central regions of the area. Twelve members of the Order

Diptera made up the bulk of the remaining 31 taxa (15.85%). The
averagée number of organisms and wet weight per sample were 81.3 individ-

uals and 0.97234 g, respectively.

Area 38

Saﬁpling Period I. The principal components of the community
were members of the Class Oligochaeta (41.83%) and Cheumatopsyche
(18.93%). Seventeen dipteran genera, four mayfly taxa, and four caddis~
fly taxa formed the largest taxonomic categories contained with the
35 samﬁled taxa. The five dominant representatives of Diptera accounted
- . for over 24% of the benthos and included Glyptotendipes (7.94%),
LPéiypedilum (4.73%), Simulium (4.27%), Endochironomus (4.12%), and

heotanytarsusA(S.ZIZ). Twenty~eight taxa comprised the remainder
(£4.81%) of the surveyed assemblage. The quantitative and qualitative
compositions of the‘bbttom collections varied widely. Collections

taken in the central open waters were generally devoid of macroinverte-—

99

brates (site 38-1-2) or contained few representatives of the macroinverte-

_ brate fauna. The four samples taken in these portions of this area
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collectively consisted of nine organisms including five specimens of
Paipomgia, three of Atrichopogon, and one oiigochaete. Samples col-
lected near shore also varied quantitatively and qualitatively. The
average benthic sample contained 59.5 dinvertebrates and weighed
0.05647 g.

Sampling Period IT. Forty-six taxa were collected in 12 bottom

grabs which averaged 55.2 macroinvertebrates and 0.68254 g wet weight
per sample. The benthic fauna consisted mosfly of oligochaetes and
Hyalella azteca, accounting for 43.50% and 16.31%, respecgively, of
the collected organisms. ° Other dominant maéroinvertebrates were
Cheumatopsyche (7.70%), Stenelmis (3.47%); Endochironomus (2.57%),
Palpomyia (2.57%), Hexagenia limbata (2.27%), and representatives of
the Class Hirudinea (1.96%). Thirty-eight taxa, including 15 dipteran,
six mayfly, ‘and four caddisfly taxa, accounted for the remaining
benthos collection which~encompaséed 19.647% of the total. Samples
taken in the central portions of the area contained few organisms and
vcdlkctively were composed of the ceratopogonids Palpomyia and Atrichopogon,
the mayfly Brachycercus, the dipteran Paratendipes, an unidentified

early instar of Hexagenia, one oligochaete, and one nematode.

Area 39

L§A Sampliﬁg Period I. The oligochaetes (77.53%) and the pelecypod
| Musculium (3.75%) accounted for over 81% of the benthos. The mayfly
~ nymphs Brachycercus (3.75%) and Hexagenia limbata (3.56%), and the
pele;ypod Sphaerium,(Z.Sl%) were common. The remainder (8.61%) of

the benthos consisted of 21 taxa, including five dipteran genera.
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Averages of 89 individuals and 0.56703 g per sample were calculated.

Sampling Period II. The benthic fauna (22 taxa) consisted mostly

of oligochaetes (83.10%). Approximately 13% of the fauna was compésed
of Harnischia (2.84%), Hexagenia early instars: (2.84%), Brachycercus
(2.41%), Stictochironomus (1.99%), Hexagenia limbata (1.28%), and
palpomyia (1.14%). The remaiﬁing 15 taxa, including nine specimens\

of Diptera, accounted for 4.40% of the cdllected organisms. The average
benthic sample was gharact@rized by 117.3 macfoinvgrtebrateé andla wet

weight of 0.08528 g.
Area 40

Sampling Period I. The Oligochaeta (80.75%), Simulium (5.16%),

and Hexagenia limbata (3.57%) accounted for over 89% of the fauna.

(10.52%) of the remaining bottom collection consisted

Ny

Lese than 117
of 20 taxa which included eight repfesentatives of the Order Diptera.
Eighty~four macroinvertebrates, averaginé 1.24728 g total wet weight,
constituted the typical benthic sample.

Sampling Period II. The bottom community consisted of 21 taxa,

including 12 dipteran genera. The average number of organisms per
sample was 18.3. The total wet weight averaged 0.00820 g. Palpomyia
'(29.092), oligochaetes (20,00%), Atrichopogon (14.55%), Brachycercus
.(6.362), and Xenochirbnomus (5.45%) accounted for 75.45% of the total
'Benthic-inventory.  Approximately one~fourth (24.55%) of fhe remaining

macroinvertebrate fauna consisted of 16 taxa.

‘

Area 41

Sampling Period I. Represehtatives of 36 taxa were surveyed in
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nine bottom collections. The average benthic>sample bad 67.2 macro-
invertebfates and a wet weight of 0.76156 g. 'The dominant benthic
representétives accounted for over 81% of the organisms collected and
included the Oligochaeta (38.18%), the Nematoda (16.86%), Hyalella
azteca (8.93%), Asellus militaris (4.79%),. the Turbellaria (4.30%),
Xenochironomus (3.14%), the Hirudinea (2.81%), and Polypedilum (2.31%).
The remaining 28 taxa, accounting for 18.687% of the surveyed benthos,

included ten specimens characterizing the Order Diptera,

Sampling Period II. The benthic fauna consisted of a wide variety

bf macroinvertebrates -encompassing a total of 54 taxa which included

19 dipteran genera, five caddisfly taxa, and four mayfly taxa. This
was the second largest number of taxa found. The average bottom
céllection had 195.1 organisms and a wet weight of 2.28926 g. Oligo-~
chaetes, agcounting for 59.05% of the investigated community, were
dominant. Other major macrobenthié invertebrates included nematodes
(6.66%), Hyalella azteca (4.847), Xenochironomus.(4.61%),‘Sphaerium
(2.16%), Cheumatopsyche (2.11%), turbellarians (1.82%), ieeches (1.71%),
Pentaneura (1.42%), Hexagenia limbata (1.25%), Dicrotendipes (1.20%),
Amnicola (1.08%), Physa (1.08%), and Asellus militaris (1.03%). Forty

taxa made&up the remainder (9.96%) of the bottom collection.

Table 4 and Figs. 14 and 15 summarize the total number of benthic
taxa collected in each area. During sampling period I, areas 15 and
37 and areas 1, 2, 4, and 5, respectively, supported the largest and

- smallest numbers of taxa. Areas 26 and 41, supporting 59 and 54 taxa,

respectively, yielded the largest number of taxa collected during




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 II

1 2 24
2 3 10
3 16 26
4 8 14
5 8- 19
6 24 39
7 18 30
8 28 25
9 18 22
10 32 27
11 31 20
12 27 39
13 27 34
14 29 41
15 43 43
16 25 - 44
17 32 37
18 32 40
19 32 32
20 34 47
21 36 34
22 41 39
23 31 34
24 41 41
25 25 46
26 40 59
27 14 32
28 15 32
29 27 39
30 18 35
31 17 20
32 34 28
337, - 38
34 31 21
35 34 38
36 18 24
37 43 36
38 35 46
39 26 22
40 23 21
41 36 54

. 103
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sampling.period II. The smallest numbers of taxa were ccollected in
aréas 2 and 4 during the second sampling period. The most eutrophic
areas generglly yielded fewer numbers of taxa per area. Greater

numbe;s of taxa typically‘occu;red in the less eutrophic areas. Within
each area, the number of taxa collected at each sampling site varied and

presumably reflected the relationships existing between localized

chemical-physical conditions and thé specific habitat preferences of
the benthic macroinvertebrates.

Data concerning the average tgtal wet weight per square meter
in each study area are sﬁmmarized in Table 5 and Figs. 16 and 17. The
largest standing crops during the first sampling‘interval were recorded

in areas 15 and 24 which yielded values of 164.88881 g and 198.36105 g,

respectively. Areas 5;”28, 30, and 34 supported the smallest standing

crops. During the second sampling intervsl, the greastest bidmasses

occurred in areas 15 (116.67150 g),'Zl (118.95024 g), and 24

(182.70788 g). Minimum average biomass values of 0.21487 g, 0.24803 g,
and 0.17655 g were respectively found in areas 34, 36, and 40. The
-more eutrophic areaskgenerally tended to support larger standing crops
of macrpinvertebrates. The majority of low biomass measurements were

recorded in the less eutrophic areas (areas 27-41). Within each area,

L the standing crop collected at each sampling site varied, depending
6@ the localization of stable habitats which were least affected by

such factors as wind, current velocity, and fluctuating water levels.

= . Greater numbers of organisms per square meter were generally

found in the more eutrophic study areas in Navigation Pool No. 8

-~

(Table 6, Figs. 18 and 19). During both sampling periods, area 18




Table 5. Average total wet weight per square meter, 41 study areas,

Navigation Pool No. 8, Upper Mississippi River, 1975.

Average Total Wet Weight

v (g/m2)
Study Area.
Sampling Period I  Sampling Period II
1 9.99707 16.64946
2 4.86594 3,50078
3 7.03179 18.67620
4 9.06375 8.78962
5 0.96690 7.52258
6 97.57627 27.88587
7 17.55364 17.77129
8 64.10016 40.18359
9 41.84977 30.76422
10 58.62032 26.91939
11 44,36905 28.80068
12 12.14268 12.01869
13 19.33031 14.60854
14 142.06026 - 98.46423
15 164.88881 116.67150
16 42.82700 60.50511
17 110.00179 26.32796
18 1 66.03526 60.18668
19 6.67619 9.36383
20 40.42051 17.49011
21 102.56275 118.95024
22 3.92271 0.59595
23 11.80775 - 10.02954
24 198.36105 182.70788
25 §.65612 24,15494
26 68.61008 102.50325
27 2.80729 3.20883
28 0.25830 1.62788
29 16.95955 8.44686
30 0.63197 3.41358
31 8.68405 0.86163
32 33.47094 6.73200
33 e 46.83873
34 0.97767 0.21487
35 4.15433 3.09235
36 4.38120 0.24803
37 46,02303 20.93448
38 2.43103 14.69509
39 24.41064 1.83608
40 53.69540 0.17655
41 32.78516 49.28777

10y




ig. 16. Average total wet weight per square meter, 41

Navigation Fuol No.

8, Upper Mississippl Rivei, SamyL*m
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Fig. 17. Average total wet weight per square meter, 41 study areas,
Navigation Posl No. &, Upper Mississippi River, Samplipg Period TI, 1975,
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Table 6., The mean number of macroinvertebrates per square meter,
41 study areas, Navigation Pool No, 8, Upper Mississippi River, 1975.

Mean Number of Macroinvertebrates
Study Area
Sampling Period I Sampling Period II

b
1 3271.8 13940.7
2 2109.5 2842.0
3 18739.7 . 8881.1
4 9384.9 7783.1
5 3508.6 4801.2
6 5 13435.9 5531.1
. 7 5630.9 5720.5
] 8 10796.9 7815.4
» 9 7546.7 5382.5
10 11313.5 2267.1
11 . 12592.1 © o 3354.4
12 o 7185.0 5173.7
13 3736.7 3076.6
14 . 8816.6 6151.1
i5 . 7891.1 5249.0
‘ 16 12101.4 3916.3
= v 17 7439.0 . 2094.9
o 18 19975.2 14883.7
19 5196.1 2069.0
20 3943.4 3087.4
21 8635.8 ‘ 3705.3
22 938.5 617.9
23 1330.2 805.2
24 8420.6 4362.0
- 25 2277.3 1709.5
.26 12893.5 5343.7
27 718.9 460.7
28 508.0 531.8
- 29 11744.0 7337.4
30 882.5 3294.1
31 2152.5 663.1
32 4292.1 2368.3
33 e 6586.0
34 680.2 236.8
35 938.5 1479.1
36 1016.0 331.6
37 3439.7 1750.4
38 2561.5 1188.5
39 3831.5 2525.5
40 3616.2 394.0




Fig. 18. Average number of organisms per square meter, 41 study areas,
Navigation Pool No. 8, Upper Mississippi River, Sampling Period I, 1975.
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Fig. 19. Average number of organisms per squé‘re meter, rf;li_study areas,
Navigation Pool No. 8, Upper Mississippi River, Sampling Period II, 1975.
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yiélded the largest average number of organisms per square meter.

Other high r;;dipgs of 18,739.7 and 13,940.? organisms per square

meter were recorded in areas 3 (Sampling Period I) and 1 (Sampling

Period II), respectively. The smallest numbers of benthic organisms

were collected'in areas 28 (ngpling Peridd I) and 34 (Sampling Period

I1). Within each sﬁqdy area, the number of macroinvertebrates collected

at each site varied. Greater numbers were typically collected from

the more stable haggtats of the area. |

Simple line#r‘and,multiple correlations related various chemical-

. physical‘parameteré with characteristics of the inventoried benthic‘

community (Tables 7 and‘8). Simple correlation coefficients were

low and ranged ffoﬁ'-0.534 to 0.686 (Sampling Period I) and from

'—0.568.to 0.608 (Sampiipg Period II). Most of these simple correlation

coéfficients were'pgt significant at the 0501 or 0.05 levels. All "~

multiple correiation coefficients (mﬁlti—r) were significant at the

0.01 level and ranged from 0.539 to 0.869 (Sampiing Period TI) and

from 0.520 to 0.928 (Sampling Period II).

Dominant Groups of Benthic Macroinvertebrates

Tables 9 and 10 partially summarize the benthic macroinvertebrate
. compositioﬁ of each study area and depict habitat preferences. The

G ,
»vA>domiﬁant benthic fauna and those organisms of particular interest are

included and shall be discussed.

’

Class Turbellaria (Phylum Platyhelminthes). Flatworms inhabited

many ecologically diverse areas and were more frequently found in
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Tabie 7. Simple linear®™ and multipleqs correlations of sgelected benthic dependent variables with mean physical-chemical parameters in all
study areas, Navigation Pool No. 8, Upper Mississippi River, Sampliing Ferlod I, 1975.
QA
Physical~Chemical Parameter
Benthic
Dependent ,
Variable Sadiment Particle Size Fractien Multier
Current Dissolved Organic N
Depth  Velocity Tarbidity  Oxygen Temperatura Nitrcgen ’N03' NOZ~ PGA" 1 2 3 & 5 [
.128 L3320 L3360 3170 ~.353* - 245 079 234 178 081 ~.110 140 L1386 186 -.287
-.184% -.163 ~.058 ~.174 -, 305 | L3530 .573- 138 .38Q-- 185 -.130 -.3140c ~.141 .158 L231
~.321% -.483° -. 384 ~. 482 ~.244 W64 L6869 034  .209 .021  ~-.100 -.516* ~.534° L1312 .688*
~.024 .035 .183 ~.082 ~.241 . 088 . 264 ~.011 .123 L0910 ~-.179 -,163 -.070 L3490 044 .
.005 ~. 054 -.053 ~.220 -.060 175 L 486" L1490 314 L1346 ~,070 ~.126 -.228 .070 .280 L7ar
-.268 - 417 ~-.352"" -, 421" ~.103 L3800 .509° 042 142 ~,026 -.056 -.433 ~.485° 603 624 T80
~.434 ~.517° -.529" ~.439+ -.200 L6077 .671° L1588 .108 -.016 ~-.092 ~.418" ~.303 .034 628" L3458
~.118 -.201 -.198 ~.089 ~.047 337 .511° 070 137 111 -.018 ~.196 ~.226 -.087 L3430 700
-.3il** ~-.308 -.31C-+ -.319"" -.222 L4000 L3200 L1800 .262 .09 -~.182 ~.303 ~. 408" 138 L4100 L6358
~.323  -.345° ~-.257 ~.174 ~-.368 - L2706 L3480 .169 .123 -.042  -,070 -.386°" -.42%° G24 541 L2312
L0452 .323. .303 3160 -.131 -.107 ~.294 ~.062 =-.118 ~,117 ~.155  .3123-- L3038 - 145 -.519°" SH06
L1400 .218 .238 ~.151 -.278 -.{03% 23400 .080  .415- L1070 - 107 -.047 .061 JG61 0 ~.223 .853-
~.129 - 625 -, 417 ~.242 -.282 3640 .183 -.106 ~-.126 -.144 -,223 -,286 -.360° .131 L399 LPE%
-.030 9y .189 .216 -.083 -.013 .- 134 066 ~.163 L1464 ~.069 .058 .138 -.01 ~-.182 L3398
-.224 ~.191 -, 222 -.174 -.Q01 -.06% -.010 L0600 ~.181 -.124  -.152 ~.181 ~.212 .051 .265 L5884
~.068 .014 -.044 011 -.217 ~.056 .100 .030 -.038 .077 -.189 .064 ~.154 ~. 026 118 LGTe
L104 102 ~.0Z1 .053 .151 .106 .186 .017 .110 L560° ~.040 (161 -.G19 -.148 ~.031 L858
-.151 ~.038 -.041 -.141 ~.139 087 L3160 112 (152 L1%9 0 -,090 ~-.360°° ~-.221 375 L1490 L6L6.
~.208 ~.216 ~.186 ~.115 ~.186 .127 L339 ~.034 084 ~.067 ~,229 -.332"° ~.384*- .152 LGZ 879
L4906 -.052 .094 L3940 .081 ~. 348 ~-.416° -, 167 =~.464° ~.153 ~.112  .222 .0ge -.011 -.,132 L778
.017 -.066 .043 -.162 ~-.195 L1468 .431- .029 .192 L85 -.011 -.1Z1 -.001 .180 038 .831-
.030 -.05% L1268 -,151 ~.198 L11g .357*" 060 .253 L2646 ~.050 ~,135 .076 290 -.035 LBaL”
).
at the 0.01 level
at the 0.05 level
#~~38 degrees of freedeonm

9~~24 degrees cf freadem
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Tzble 8.

Simple iinear™ and mulcipleQ

2

correlations of selected tenthic dependent variables with
in ail study areas, Navigation Pool Fo., 8, Upper Mississippi River, Sampling Period IT, 1975.

the meaa physical-chemical parameters

%
Beoshic Physical~Chemical Parameter
Depandent - Malgi-r
Variable Sediment Particle Size Fraction
Curraat Dissnlved Organic _ _ 3m

Depth  Velocity Turbidity Oxveen Temperature Nitrogen NGO, N02 PO4 1 2 3 4 5 « & ;
taxa/area L1462 L249 .338.- . 208 -.294 -.188 . 157 L313% 2359 § -.072 .178 034 160 -.221 .540°
2l bicoass/z? ~.05% -~.123 L028 ~.237 ~. 245 . 287 . 589" L1119 469 229 -.044 ~.201 ~-.110 .228 .123 .81¢°
wacroinvertebraces/nZ ~.142 -,472- ~. 425" ~.511° -.130 5480 LB08* .062 L3270 ~.050 L3111 ~.304 -.431* =~-.037 L5371 .785-
~.2i6 -.035 ~.122 -.0%4 ~.0%7 036 .386°° V541 L213 ~-.127 ~-.025 -.032 -.184 -.040 .200 -819
Nezs .07 027 ~.109 ~-.082 L147 457 .297 .292 ~-.095 -.039 -.C61 ~. 046 -.021 L1132 fﬁié'
-.073 ~.387-" -.355°" -.374"" ~-.157 L4583 D2 . 020 .238 -.159 L0991 ~.256 ~.350"* ~.088 L 482" LR
-.231 ~.,412- - &34 —. 402 .132 .202 L4290 .120 .024 076 ~.054 =.353°+ ~.3%1-- ~.013 .551 393
~.1584 ~,182 -.063 -.209 ~.09& .3i8- .558" L 245 L3170 .276 ~.038 ~.184 ~.159 .176 L1532 L756°
-, 248 ~.,419- -.543" ~.568" .581 L3240~ L3637 .007 .105 . -.009 L129 ~.181 -.369°" ~.130 R L7220
-.0823 -.258 -, 160 ~.252 ~.193 2254 .318°° L3267 .222 ~.026 142 ~.3i74 -.341°> .0l4 L350 .718°
G700 L5046 R -386"" .047 ~. 404 ~.325+ ~.135 ~.135 .217 L152 L4157 .232 -,100 - 4232 .6?6‘
061 L1300 .283 ~.126 ~.315¢ .030 L430" L1352 484 .071 ~.053} ~.105 .023 .353"  ~.087 L8707
-.120 —-.338"" -.320"" ~.163 ~.221 A1k 41537 ~.097 -.003 ~.044 ~. 194 =-.3G7° ~.340° .033 426 L8
LD L0712 .108 ~. 206 -.171 .11k .128 ~.125 .425° ~.129 .077 105 .CO4 .084 -.12¢ .215:
-.186 ~-.293 ~. 3840 ~ 3300 L0908 .202 .103 .016 .039 .037 .252 .019 -.184 -.119 179 L820
~. 041 -.219 ~. 252 -.4097, .013 L2724 L077 g W217 ~.064 .286  .07C -.192 ~.064 L13% .762°
.097 503 L3850 L3484 L1568 -.277 -, (98 -.081 .080 .073 -.036  .3857° .202 ~.076 - 345" L7ELC
L1897 - 134 047 -. 016 -.115 047 L3097 .135 .155 -.081 -.060 ~.228 ~.269 .301 L1683 L7300
058 -.349-- ~.358 -, 437 -.C%9 #3167 L3487 V0G7 .293 -,134 226 -.038 -, 370" .019 L3308 L7157
L1587 .287 .290 453 .039 -.384"" —.497°  ~.207 ~,309°° -~.195 -.169 3710 496 -.281 -~ 426" LTI
034 ~.030 .092 -.159 -.200 066 .329-- .(99 L1886 361 -.015 ~.056 L0590 2242 ~.013 .928;
~.063 ~.135 .N25 ~.128 ~.128 .285 503 L0430 .256 .236 -.024 ~.18% ~.068 .151 L1186 PR

at at the .01 level
icant at the 0.03 level
*—-39 Jegrees of freedom
$-~23 degress of freedon
§--Correlation could not be calculated. A square of a negative avgument

was cttained.
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Table 9. The mean number of selected macroinvertebrates per square ‘
meter, 41 study areas, Navigation Pool No. 8, Upper Mississippi §
River, Sampling Period I, 1975. ’
Taxon
Study N
Area
Tur. Nem. Oligo. Hir. A, mil, H. azt. G. fasc.
1 3250.28
2 1506.75 .
3 186.41 17306.10  215.25 57.26 487.76
4 . 8351.70  645.75 64.58
5 - ©21.53 3336.38 43,05 ‘ ©21.53 21,53
6 33.58 124.41 9193.76 = 301.35 186.41 507.13
7 28.84 78.78 4211.58  315.56 136.47 559.65
8 - 14.21 121.83 7512.23  473.55 43.05 610.02
& 9 » 312,11 6199.20 71.89 10.76
‘ 10 129.15 28,84 4054.02 688.80 172.20  2044.88
C11 7.32 193.73 5130.27 . 380.13 674.59
12 4,74 18.94 5405.36 9.47 ' 18.94
13 43.05 2186.08 47.79 18.94
14 '76.63  287.14 2334.,17 377.98 1257.92 153.2
15 105,04 344,40 1750, 84 339.86 LEG L4 1148.14
i6 i4.21 110. 21 WUl 71 i53.26 114,94 172,20
17 4,74 . 535,54 4300.26 110.21 167.46 129.15 9.47
g3 18 201.04 150.68 16609.98 423.18 265.62 746.06
19 153.26 4366.99 14.21 9.47 105.04
20 ' 107.63 1463.70 193.73 146.37 456.33
21 234,19 315.56 1566.75 76.63 61.99 47.79
22 8.61 ‘ 315.56 3.01 11.62 71.89
23 4.74 717 .64 47.79 95.57
24 143.36 224.72 2238.60 181.67 61.99 71.89
25 24,11 1516.22 9.47 38.31 9.47
26 : 308.67 9069.34 207.93 50.37 1119.30
e 27 401.66 38.31
28 149.38 ’ 11.62
29 21.52 261.74 10748.29 46.49 10.76 132.91
30 215,25 £16.29 7.32 35.73
31 ‘ 25.83 1730.61 - 8.61
32 21.53 43.05 2461.17 28.84 43.05 14.21 7.32
33
.34 3.44 269.06 7.32 18.08 14,21
. 35 24.11 238.30 9.47 «
- 36 12.48 854.97 6.03
. 37 ' 9.47 33.58 1635.90 76.63 33.58 129.15
38 , 11.62 1072.38 3.87 27.55
39 , 21.53 2970.45 43.05 7.32
40 50.37 2920.08 21.53
41 119.68  487.76 1105.09 33.58 138.62 258.30
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Table 9. (cont'd)

o Taxon
Study
Area
Deca., Hydra. P. plac. Siph. Steno. Tri. Brach.

1
2
3
4
5
6 4.74
7
8 7.32
9.

10

11

12 ‘ 14.21
13 .

14 ' - 4.74
15 . : '
16 47.79
17 18.94
18 ' 7.32

19 : 14,21
20 , 4.31 ' 8.61
21

22 3.01 14,21
23 , 9.47
24 . 14.21 s

25 , - 4.74
26 7.32 7.32

27 4.74 :

28 o 54.67
29 ’ 21.53
30 7.32 7.32
31 . 17.22
32 ' : 7.32 14.21
33 ,

34 7.32 10.76
35 i 4,74 9.47 4.74 14.21
36 12.48
37

38 11.62 7.75 - 31.43
39 7.32 7.32 143.36
40

41  9.47
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Table 9. (cont'd)

: ‘ Taxon
Study
Area -
Hex. Eph. Enal. Ophio. Corix. Sialis Neur.
1
2 K/‘[
3 14.21 ‘
4
5
6 1195.93 i 9.47
7 150.68 :
8 552.33 14.21 35.73
9 516.60
10 -373.24 14.21 7.32
11 789.11 ’
12 234.19 :
13 244,09 : 9.47
14 © 554,91
5 181.67 L.74 L.74
i6 750.79
17 1334.55 4.74 4,74
18 767.58 7.32
19 110.21 4.74
20 426,20 4,31
21 28.84 4.74 4.74 -
22 3.01 * 48,65 8.61
23 86.10 9.47 52.52
24 186,41 9.47
25 320.29 4,74
26 437.82 7.32
27 9.47 9.47 4.74
28 8.61 ) 8.61
29 236.78 14,21
30 7.32 .
31 . 129.15 - 8.61
32 172,20 21.53 28.84
33 « o
34 3.44 28.84 7.32
35 71.89 28.84
36 - 6.03
37 86.10 4,74 4,74 L.74
38 19.37 3.87 11.62 11.62°
39 . 186.41 14.21
40 172.20 35.73

41 43.05 , 9,47

L
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Taxon
Study
Area
Cheumn. Hydro. Stacto. Oec. Nym. Sten. Chao. Simu.
1 -
2
3 28.84
4
5
6
7
8 7.32
9 10.76
10 14,21 .
11 14.21 : 14.21
12 4.74 33.58
13 :
14 : 4,74
i5 9.47 4.74 4. 74 9.47 18.94 4.74
16 14,21 4.74 28.34
17 9.47
18
19 4,74 4.74 4.74
20 .12.92 60.27
21 18.94 18.94 4.74
22 46.06 3.01 5.60 5.60
23 4.74 4,74 9.47
24 4,74 14.21 4.74 4.74
25
26 7.32 21.53 7.32 7.32
27 14.21 9.47
28
29 3.44 3.44
© 30 272.51 7.32 7.32
31 o
32 982.83 14.21
33
34 93.42 3.44
35 90. 84 4.74 14.21
36 .
37 38.31 14.21 18.94
38 485.17 23.68 27.55 7.75 109.78
39 39.73
40 50.37
41 43,05 9.47 38.31




Table 9. (cont'd)

Taxon
Study
Area
Chiro. Crypto. Endo. Glypto. Poly. Xeno, Tany.
1
2 559.65 43,05
3 _ 215.25  86.10 14.21
4 107.63 21.53 86.10 .
5 21.53 21.53
6 1090.46 18.94 : 33.58
7 7.32 7.32 21.53 7.32
8 717.64 7.32 64.58  21.53 21.53
9 21.53 21.53 32.29
10 1628.58 64.58 610.02 552.43 28.84
11 287.14 21.53 .~ 3817.24 344.40 186.41
12 641.01 14.21 264.11 14,21
13 626.81 9.47 52.52 14.21 4,74
14 224,72 47.79
15 61.99 14.21 9.47 110.21  205.78 4.74
16 148,09 24,11 18,94
17 £7.79 14,21 4.74 57.26 b.74
18 7.32 28.84  43.05 28.84
19 14.21 14.21 18.94 9.47 38.31 33.58
20 38.75 30.14 525.21 17.22 30.14
21 33.58 4,74 24,11 18.94
22 28.84 17.22 8.61 74 .48 3.01
23 38,31 18.94 9.47
24 61.99 4.74 14.21 18.94
25 57.26 14.21 4.74 4.74
26 7.32 64.58
27 9.47 157.99  33.58 414
28 3.01 8.61
29 18.08 24,97 28.84
30 - 14,21 7.32 14.21
31 17,22 68.88 8.61
32 ‘ 71.89 50.37
33 N '
34 3.44 3.44 61.13  39.61 14.21 3.44 3.44
35 57.26 14.21 14.21  81.36 28.84 9.47
" 36 6.03 12,48 12.48  12.48 6.03
37 47.79 9.47 86.10 4.74 57.26 4.74
38 7.75 15.50 105.47 211.50 121.40 11.62 3.87
39 7.32 28.84
40 7.32 7.32
41 33.58 18.94 9.47 67.16 105.04




Table 9. (cont'd)

Taxon
Study
Area v .
Coelo. Pent. . Atrich. Palp. Physa  Amni. Musc. Sphaer.
1
2
3 14.21
4
5 .
6 4.74 38.31 14.21 4.74 502.39 114.94
7 35.73 28.84 . 7.32 14.21
8 35.73 64.58 129.15 265.62
9 10.76 21.53 129,15 21.53
14.21 39.73 43.05 39.73 14.21 143,35 150.68
114.94 39.73 ' ‘ 43,05 21.53
33.58 205.78 57.26
4.74 14.21 114.94 18.94 24.11
18.94 52.52 4.74 9.47 421.03 478.29 1951.46
9.47 33.58 9.47 90.84 153.26 287.14 2195.55
5.47 14.21 ‘ 4.74% 306.69 114,04
4.74 57.26 393.87 133.89
7.32 28.84 50.37 78.78 100.31 114.94
14.21 14.21 18.94 9.47
4,31 » 34.44 236.78 64.58
14.21 473,55 526.07 4658.87
3.01 3.01 17.22 114,94 - 5,60 3.01 3.01
T 9,47 4.74 14,21 81.36 9.47 4.74
24.11 4,74 14.21 53.08 856.26 3271.80
9.47 18.94 4,74 138.62 14.21
50.37 39.73 28.84 136,47 179.52 480.87
9.47
108.92 132.16
. 10.76 10.76 14.21 96.86
14.21 7.32 7.32
17.22 25.83 17.22
28.84 21.53 39.73 7.32 39.73 57.26
- 3044 10.76 7.32
18.94 33.58 38.31 4.74
6.03 18.51 12.48
38.31 14.21 4.74 67.16 43.05 363. 34
7.75 15.50 43,05
7.32 14.21 7.32 14.21 143.35 107.63
' 14.21 39.73 14.21 7.32 14.21
18.94 14.21 28.84 28.84 .74 38.31
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Table 10. The mean number of selected macroinvertebrates per square
meter, 41 study areas, Navigation Pool No. 8, Upper Mississippi
River, Sampling Period II, 1975.

Taxon
1 Study
Area
Tur., Nem, Oligo. Hir. A. mil. H. azt. G. fasc.
1 21.53  10302.11 53.83 1991.53
2 32.30 1830.05 86.12 10,77 807.38
3 118.42 3358.68  775.08 10.77 4117.61
4 5909.99 86.12 10.77 1571.69
5 ©21.53  3369.45 96.89 21.53 635.14
6 16.79  124.44 3509.39 ~ 50.16 28.63 925.79
7 93,22 86.12 4636.05 157.81 39.40 369.67
8 3.66 60.93 5892.12  175.90 35.96 631.47
9 32.30 3902.31 10.77 16.15
10 . . 21.53 832.57  100.55 82,56 229.73
11 25.19 10.77 2361.20  362.35 32.30 68.25
12 76.65 3904.03 45.43 19.16 38.32
13 5,38 8.18 2319.86 29.71 142.74
14 35,96  492.82 1468.78  344.48  126.81 35.96
15 14,43  110.02 760.65  265.46  239.20 373.11
16 12.06 38.32 2712.63 28.63 7.10 45,43
17 12.06 31.00 1631.54 4,74 2.37 71.69
18 132.84  204.54  10894.18  351.58  107.65 1072.84
19 5.38 29.71 1334.86 26.91 '16.15
20 94.73 » 219.61 1481.26  127.03 79.66 294,96
21 ' : 251.26 691.33  143.61  114.75 47.80
22 ' 20.02 64 .59 4,31 4.31
23 2.37 23.90 366.01  110.02 14.43
. 24 21.53 62.22 301.42 160.18  248.89 47.80
25 9.47 16.79 1110.09 9.47 2.37 40.69
26 - 43,06  247.60 2443,66 28.63 82.56 168.58
27 S 12.06 160.18 - 2.37 4.74
28 5.81 157.81 2.80 "
29 26.91  235.11 6448.24 25.84 5.38 60.93
30 14.43 2598.03 7.10 3.66
31 ' 249.75 4.31
32 " 35,96 1722.40 7.10
3 200.87 5767.67 95.59 2.37 21.53
34 © - 2.80 88.92 8.18 2.80 5.38
35 110.02 679.49 2.37 4,74 47.80
36 : 122.94 15.29 '3.01
37 9,47 88.49 897.16 40.69 4.74 255.99
38 ©10.77 16.15 516.72 23.25 3.66 . 193.77
39 , 2099.18
40 10.77 79.02 3.66

AT : 76.02  279.89 2480.09 71.69 43,06 203.24




Table 10. (cont'd)

128

Taxon
Study
Area
Deca. Hydra. P. plac. Siph. Steno. Tri. Brach.
1
2
3 5.38
4 10.77
5
3] 3.66 /
7
8
9 5.38 )
10 3.66 3.66
11
12 2.37
13
14
15 : 2.37
16 ‘
17 2.37 2,37
18 3.66
19 10.77
20 2.15 6.46
21
22 25.84
23 9.47
24
25 4.74
26 21.53
27 7.10
28 1.51 1.51 32.94
29 16.15
30 3.66 7.10 14.43
31 4.31 4.31
" 32 17.87
13 21.53
34 13.56
35 2.37 28.63
36 3.01 9.26
37 2.37
38 16.15 5.38
39 60.93
40 25.19
41 7.10
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Table 10. (cont'd)

Taxon
Study
Area
Hex. Eph. Enal. Ophio. Corix. Sialis  Neur.
1 107.65
2
3 86.12 ‘ 16.15
4 10.77 10.77
5 21.53 , ;
6 322.95 2.37 2.37 2.37 2.37
7 114.75. " 3.66
8 229.73 3.66 3.66
9 387.54 59.21
10 68.25 21.53
11 233.17
12 246.30 2.37 7.10
13 118.42 5.38
14 52.53 L.74 9.47
15 35.96 - L.74 2.37 : 12.06
16 526,19 . - 2.37 2.37
17 167.50 2.37 2.37 2.37
18 412,73 3.66 3.66 7.10
19 239.63 2.80 2.80 2.80
20 342.33 4,31 6.46 2.15 4.31
21 35.96 : '
22 ' 8.61 11.41
23 40.69 4,74
24 45,43 :
25 . 76.65 2,37 2.37
26 628.03 3.66 7.10 3.66
27 o 12.06 2.37 :
28 48.87 2.80
29 235.11 1.72 1.72
30 » 17.87 3.66
31 4.31 4.31 25.84
32 129.18 '
33 119.71
34 . 2.80
35 193,77 2.37 ] '12.06
36 , ,
37 31.00 7.10 2.37
38 39.40 1.72 3.66
39 103.99
40

41 71.69 7.10 - 474 b 74
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Taxon
Study
Area
Cheum. Hydro. Stacto. Oec. Nym. Sten. Chao. Simu.
1 10.77
2
3 21.53
4 21.53
5 Sy 10.77
6 2.37 2.37 4,74 2.37
7 3.66 3.66 7.10
8 7.10
9 10.77 252.98
10 '
11 3.66
12 2.37 4.74 98.18
13 : 2.80 69.97
14 2.37 12.06 2.37
15 7.10 14.43 2.37 9.47
16 4,74 7.10 2.37 2.37
17 4.74 - 4.74 2.37 2.37
18 17.87 25.19 3.66
19 2.80 2.80 64.59
- 20 8.61 4.31
2] 43.06 4.74
22 4,31 1.51 . 1.51 1.51
23 7.10 2.37
24 2.37 26.27 2.37 9.47
25 23.90 7.10 2.37
26 21.53 3.66 50.16 17.87 7.10
27 16.79 26.27 16.79 474
28 1 32.94 4.31 / 2.80
29 9.04 3.66
30 79.02 168.58 7.10
31 172.24 ' 8.61 '
32 o 3.66 3.66
19.1 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
7.10
10.77 '
88.49 2.37 14.43 2.37 21.53 12.06
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Table 10. (cont'd)
Taxon
Study
Area '
Chiro. Crypto. Endo. Glypto. Poly. Xeno. Tany.
€ ’
1 139.95 139.95 21.53 441.37
2 32.30
3 37.68 10.77 166.86
4 21.53 32.30
5 ‘ 419,84 75.36
6 239.20 2.37 12.06
7 3.66 2 7.10 14.43
8 175.90 3.66 3.66 28.63
& 9 5.38 80.74 5.38
10 426.94 14.43 86.12 v 28.63
11 103.99 25.19 7.10
12 157.81 14.43 9.47 4.74 31.00 4.74
13 94.30- 5.38 18.95 - 21.53 2.80
14 464.19 4,74 7 . 2.37 7.10
15 150.71 2.37 7.10 2.37 335.01
16 28.63-° 23.90 28.63  43.06 2.37
1 17 9.47 4.74 9.47 2.37
iy 18 , 7.10 7.10 17.87
19 8.18 40.48 2.80 80.74 2:80
20 8.61 " 10.77 60.28 92.58 8.61 2.15
21 19,16 16.79 . 4.74 2.37
22 1.51 14.43 2.80 14.43 5.81 2.80
23 14.43 9,47 2.37 4,74 35.96 12.06
- 24 52.53 21.53 4.74 ’
25 : 33.59 . 7.10 2.37 57.49 26.27
£3 26 17.87 50.16 7.10 14.43 75.36 14.43
27 4.74 7.10 4.74 12.06 14.43 64.59
28 1.51 8.61 7.10 8.61 1.51
29 23.25 53.83 28.63 5.38 5.38
30 . 3.66 25.19 3.66 111.31 79.02
31 ’ 8.61 . 17.22 90.43
32 28.63- 43,06 118.42 3.66
33 2.37 23.90 2.37 7.10 2.37 2.37
34 ‘ ‘ 2.80 5.38
P 35 o 14.43 7.10 69.33 14.43 4.74
36 v 9.26 6.24 9.26 6.24
37 . 21.53 7.10 2.37 4,74 12.06
38" 1.72 1.72 “30.57 3.66 10.77 17.87
39 - 3.66 17.87 7.10 14.43  10.77
40 7.10 3.66 7.10 21.53 3.66
41 23.90 47.80 2.37 21.53  33.59 193.77 7.10
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Table 10. (cont'd)
: Taxon
Study
Area
Coelo.  Pent. Atrich. Palp. Physa Amni, Musc. Sphaer.
& 1 333.72
2 10.77
3 43.06
4 64.59
5 S 10.77 © o 21.53
6 4,74 14.43 '7.10 '2.37 2.37 52.53 150.71
7 21.53 39.40 3.66 7.10 7.10 43.06
8 21.53 50.16 © 3.66 64.59 405.41
4 9 64.59 306.80 193.77
, 10 14.43 28.63 39.40 "~ 50.16 125.52
11 © 68.25 3.66 14.43 10.7
12 88.49 174.61 4,74 2.37 12.06 28.63
‘13 48,44 13.56 2.80 5.38 56.62
14 31.00 31.00 P 2.37 88.49  380.44  2172.16
15 16.79 14,43 28.63  191.4C  447.39  1729.50
i6 9.47 35.96 2,37 b.14 59.85 157.81
17 7.10 - 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
012,92 40.91 2.15 4,31 10.77 32.30 60.28
9.47 7.10 7.10 401.97 282.26 1370.82
2.80 155.02 213.79 . : 2.80
14.43 4.74 23.90 28.63 12.06
38.32 43,06 2.37 86.12 614.90  2423.42
4,74 7.10 110.02 12.06 2.37 9.47 7.10
75.36  103.99 3.66 93,22 68.25 17.87 254.70
4,74 12.06 21.53 * 2.37
' 7.10 55.98 90.43 2.80 1.51 2.80
9.04 28.63 10.77 1.72 3.66 10.77
7.10 3.66 7.10 17.87 7.10
'12.92 4.31 ,
25.19 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
2.37 4.74 31.00 31.00 165.14
5.38 7.10 16.15 37.68 12.49 1.72 1.72 3.66
3.66 3.66 14.43 28.63 3.66

57.49 114.75 .
7.10 66.96 9.47 16.79 . 45.43 45.43 7.10 90.86
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areas 10 to 26 (Appendix Fig. I-1). The greatesﬁ densities were
recorded in areas 21 (Sampling Period I) and 18 (Sampling Period I11).

High densities were evident in both extremes of eutrophy.

Phylum Nematoda. Representatives of the Phylum Nematoda were

found in all study areas except 4 and 36 (Appendix Fig. I-2). High
densities were recorded in a wide variety‘of habitats and under a

wide range of ecological conéitions. Areas 17 and 41 (Sampling Period I)
and area 14 (Sampling Period II) supported the largest standing crops

of nematodes. 'Thé larger standing crops were generally distributed

more frequently in those areas having intermediate current velocities.

Class Oligochaeta (Phylum Annelida). The oligochaetes were
ubiquitous (Aébendix Fig. 7-3) and wgre'by far thé most abundant and
dominant benthic organisms inventoried. The general distribution of
these macroinvertebrates favored the more eutrophic areas (areas 1-18).
Greatest densities were recorded in areas 3 and 18 (Sampling Period I)
and areasll and 18 (Sampling Period II). This distribution agrees with
the general ecological characteristics of the oligochaetes which can
thrive in ﬁabitats having fine sediments high in organic matter, low

current velocities, and low dissolved oxygen levels.

Class Hirudinea (Phylum Annelida). All areas except 27 and 39

supported benthic communities having leeches. The more eutrophic areas
(areas 1-18) favoreq larger standing crops of leeches (Appendix Fig. I-4).
Areas 4 and 10 (Sampling Period I) and area 3 (Sampling Period II)
A_supported the greatest densities during the respective sampling inter—

vals; This distributional pattern covresponds to the general




preference of leeches for shallow habitats having undetectable or low
current velocities and sufficient debris and plant material to afford

concealment and adequate substrate for attachment.

Order Isopoda (Phylum Arthropoda, Class Crustacea). Asellus militaris
was the only benthic representative of the Order Isopoda to be col-
lected. Representatives of this species occurred in all benthic
assemblages except ;hose found in areaé 1, 9, 13, 28, 31, 36, 39, and
40. The genefal'distribution of Asellus ﬁilitaris favored those areas
of intermediate eutrophic status (areas 14~26) (Appendix Fig. I-5).

Area 14 supported the greatest density of A, militaris (1257.92 individ-
uals/ m2) during the firstAsampling period. The greatest densities
during the second sampling period were recorded in areas 24 (248.89
individﬁals/mz) and 15 (239.20 individuais/mz)f Greater numbers

of A. militggisfwere generally found‘iu shallOWer habitats supportiug
sufficient veéetation and deb;is which could furnish protection, con-

cealment, and substrates for attachment.

’Order Amphipoda (Phylum Arthfopoda, Class Crustacea). The Order
Amphipoda was represented by two species, Gammarus fasciatﬁs and
Hyalella azteca. Hyaleila azteca was by far the dominant amﬁhipod.

No specimens of Gammarus fasciatus were taken during Samplihg Period II.
During Sampling Period I, representatives were taken in only six areas

(areas 5, 17, 31, 32, 34, and 39). The greatest density (21.53 individ-
uals/mz) of this amphipod was recorded in area 5. Hyalella azteca

" was present in all areas except areas 31 and 40 (Appendix Fig. I-6).

‘kThOSg areas numbered lower than 20 supported the largest standing

*—
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crops of H. azteca. These areas supported large biomasses of vegeta-
tion (Sagittaria latifolia, Potamogeton crispus, and Ceratophyllum
demersum) and debris which afforded protection and concealment.
Greatest densities were recorded in area 10 during Sampling Period I

and areas 1 and 3 during Sampling Period II.

Order Decapoda (Phylum Arthropoda,; Class Crustacea). Only one

representative of this order was collected and consisted of an uniden-
tified, partial specimen. This representative was taken during the

second sampling period in area 3.

Order Hydracarina (Phylum Arthropoda, Class Arachnoidea). Three

representatives of this order were surveyed and included Arrenurus,

Hydrachna, and an unidentified representative. These water mites,

epresented in only six areas (areas

H

present in low densities, were
6, 15, 20, 26,35, and 37). The greatest densities were supported in

areas 26 (Sampling Period I) and 6 (Sampling Period 11).

Order Plecoptera (Phylum Arthropoda, Class Insecta). Perlesta

~ placida was the sole representative of this order and was poorly

represented in only four areas characterized by being less eutrophic
and having current velocities greater than or equal to 0.159 m/sec
(areas 20,A27, 35, and 38). The greatest density of 11.62 individuals
per m2 Qas recorded in area 38. No representatives were taken during

the second sampling period.

Order Ephemeroptera (Phylum Arthropoda, Class Insecta). Repre-

,éentatives of the Family Siphlonuridae were Isonychia, Siphlonurus,
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and an unidentified specimen. All represeﬁtaﬁivés were obtained
during the first sampling period in areas 24, 35, and 39. Area 24
supported the greatest density (14.21 specimens/mz).

Stenonema Qccurred in the less eutrophic areas (areas 17, 18,

28, 30, 31, 32, 34, 35, 36, 38, and 39) and most frequently in those
areas having current velocities greater than or equal to 0.385 m/sec.
Densities during Sampling Period I were constant at approximately
7.32 individuals/m2. Area 38 supported the greatest density (16.15
individuals/mz) during Sampling Peé;od II.

Areas 8, 18, 22, and 26 supported representatives of Tricorythodes
during Sampling Period I. The density of this mayfly was constaﬁt at
approximately 7.32 organisms/mz; Tricorythodes was collected from
areas 9, 10, 17, 28, and 30 during the‘second.sampling period. The
greatest density was reccrded in area 30.

The'geperai distribution of Brachycercus favored the less eutrophic,

sandy afeas. Area 39 yielded .the highest densities during both sampling

periods.

_ Species bglonging to the genus Hexagenia included H. bilineata
and»H; limbata. Many early instars of Hexagenia were encountered and
could nqt be categorized as belonging definitely to either of the
two species. Representatives of Hexagenia were found in all study
areas except.areas_z and 36 (Appendix Fig.QI—7). The distribution
pattern of Hexagenia tended to be local;zed between areas 5 and 21
which provided suitable substrates and debris for burrowing. High
densities of 1334.55 representatives/m? and 1195.93 representatives/m?

were respectively recorded in areas 17 and 6 during Sampling Period I.

_ Areas 16 and 26 subported high densities of 526.19 and 628.03 mayflies
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per m2, respectively, during Sampling Period II.
The largest standing crops of Ephoron occurred in areas 34 and
35 (Sampling Period I) and 26 (Sampling Period II). Ephoron occurred

most frequently in those areas numbered higher than 15.

Order Odonata (Phylum Arthropoda, Class Insecta). Two of the

dominant representatives of the Order Odonata were Enallagma and
Ophiogomphus,»both of which are typically associated with submerged
vegetation. The-distribution of Enallagma favored the more eutrophic
areas numbered lower than 21. Areaé 8 and 10 yielded the greatest

standing crops during the first sampling period. During the second

sampling period, area 4 had the highest density of Enallagma (10.77

. macroinvertebrates/m2). High densities were also supported in areas
37 and 41 during tﬁis second sampling interval. Ophiogomphus was
collected more frequently in those areas numbered lower than 30. The
greatest densities were found in area 29 (S;mpling Period I) and areas

7 and 18‘(Sampling Period II).

] .

Order Hemiptera (Phylum Arthropoda, Class ihsecta)‘ Unidentified

females belogging to the Family Corixidae (water boatmen) were the
dominant.true bugs. Representatives were taken most frequently from
those areas having an intermediate trophic status. Areas 22 and 23
(Sampling Period I) and areas 10 and 22 (Sampling Period II) supported
the largest standing crops. Relatively high densities were also

- supported in areas 8 and 40 during Sampling Period I.

Order Megaloptera (Phylum Arthropoda, Class Insecta). Sialis,

the dominant megalopteran, was most frequently found in the more
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eutrophic areas (areas 3 to 20) whose fine sediments were suitable
for burrowing. Sialis was collected‘from only two areas (areas 13
and 15) during the first sampling period. High densities of 16.15
and 59.21 megalopterans/mz, respectively, were supported in areas

3 and 9 during the second sampling period.

Order Trichoptera (Phylum Arthropoda, Class Insecta). The distri~

bution of Neureclipsis tended to favor the less eutrophic areas with
higher current velocities which helped to billow the trumpet-shaped
silken nets which are constructed by this organism. The greatest
densities were found in areas 32 (Saﬁpling Period I) and 31 (Sampling
Period II).

Cheumatopsyche (Appendix Fig. I-8) and Hydropsyche were the
dominant representatives of the Family Hydropsychidae. Both genera
were most frequently founa in the less eutrophic areas &here current
veloéities were sufficiently high to billow their silken catch nets.
Cheumatopsyche was most abundant in areas 32 and 38 (Sampling Period I)
and éreas 31, 38, and 41 (Sampling Period II). Areaé 38 (Sampling
Period I) and 30 (Sampling Period II) supported the largest numbers
of Hydropsyche. Cheumatopsyche was more widely distributed than was
Hydrop;yché and océurred more frequently in areas of greater eutrophy
an@ having lower current velocities. No representatives of either
Cbéumatopsyche or Hydropsyche were found in the stagnant waters of
areas 1-5.

The'Famil& Hydroptilidae was primarily represented by Stactobiella.
Stactobiella was sporadically distributed in é wide variety of lentic

and lotic habitats and under diverse ecological conditions. The
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greatest densities during Sampling Period i.wefe.recorded in areas 3
(28.84 representatives/mz), 21 (18.94 representatives/mz), and 38
(27.55 representatives/mz). Area 18 yieldéd the greatest density
(17.87 representatives/m?) during the second sampling period.

Oecetis (Family Leptoceridae) was more abundant in the less
eutrophic areas numbered higher than 12 (Appendix Fig. I-9). The
largest standing érops were supported in areas 21, 26, and 37 (Sampling

Period I) and area 26 (Sampling Period II).

Order Lepidoptera (Phylum Arthropoda, Class Insecta). Nymphula,

along with Paraponyx, was one of the dominant representatives of the
Order Lepidoptera. The general distribution of this taxon favored

the most eutrophic areas (areas 1-7). In these areas Nymphula was
closely associated with various vegetation including emergent Sagittaria
latifolia and $. rigida, submergent Potamogeton crispus, P. nodosus,
and Ceratophyllum demersum, and floating-leaved Ngmphaea tuberosa and
Nelumbo pentapetala. During Sampling Period I, Nymphula was collected
onlylgn areas 15 (18.94 aquatic caterpillars/mz) and 26 (7.32 repre-
Sentétives/mz)./ Nymphula was collected in areas 1, 3, 4, 5, 6, 7, 37,
andlél during the second sampling period. Areas 3 and 4 (21.53 repre-
sentatives/m2) and areas 1 and 5 (10.77 representatives/mz) yielded the

greatest numbers of Nymphula.

Order Coleoptera (Phylum Arthropoda, Class Insecta). Stenelmis

(Family Elmidae) was a representative member of the Order Coleoptera
and occurred in those less eutrophic areas numbered higher than l4.

The largest standing crops were found in areas 35 and 41 (Sampling
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Period I) and areas 26, 27, 38, and 41 (Sampling Period II).

Order Diptera (Phylum Arthropoda, Class Insecta). The general

distribution of Chaoborus. (Family Chaoboridae) favored those areas
numbered between 7 and 20. Chaoborus was collected from only three
areas (areas 11, 12, and 19) during the first sampling period. Area
12 supported the greatest density (33.58 phantom midges/mz). The
largest standing crbp (252.98 phantom midges/mz) was collected in area 9
during the sécoﬁd.sampling>period; Areas 12, 13, and 19 yielded rela-
tively high densities.

Simulium (Family Simuliidae) was collected only from area 25
(2.37 black flies/mz) during Sampling Period IT. The general distri-
bution during Sampling Period I favored the less eutrophic, lotic
areas. Gregtest concentrations occurred in areas 20, 38, and 40.

Midges belonging to the Family Chironomidae were the dominant
diptgrans,and occurred in every area and under diverse ecological
conditions._ The general distriﬁution of Chironomus favored fhe more
eutréphic areas (areas 1-16) (Appendix Fig. I-10). The greatest
densi%ies of Chironpmus were recorded in areas 6 and 10 (Sampling
Periqd‘l) and areéé 10 and 14 (Sampling Pefiod II). Densities in
the less eutrophic,areas:(areas 17-41) did not exceed 61.99 midges/mz.
Cryptochironomus was collected in every area except areas 2, 3, 5, and
7 (Apéendix Fig. I-11). Cryptochironomus was equally distributed in

all types of habitats although larger standing crops were generally

» recorded in areas 10, 31, and 32 (Sampling Period I) and areas 1, 26,

32, and 41 (Sampling Period II). The general distribution of Endochironomus

favoredAthe more eutrophic areas numbered lower than 20 (Appendix Fig. I-12).
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Greatest densities were recorded in areas 10 (610.02 representatives/mz),
11 (3817.24 representativeé/mz), and 20 (525.21 representatives/mz)
during the first sampling period. Areas 1,‘5, and 10 respectively yielded
high densities of 139.95, 419.84, and 86.12 representatives/m2 during
Sampling Period II. Glyptotendipes was sporadically distributed and
was most abundant in areas 10, 11, and 38 (Sampling Period I) and
areas 1 and 41 (Sampling Period II). Polypedilum was collected in all
areas and its generai distribution did not appear to favor ény pértim
cular type of habitat (Appendix Fig. I~13). Areas 11, 15, and 38
‘(Sampling Period I) and areas 1, 3, 20, and 30 (Sampling Period II)
maintained the largest standing crops. Xenochironoﬁus was generally
more abundant in the less eutrophic areas numbered higher than 22
(Appendix Fig. I-14). Xenochironomus was collected in only six areas
during the first sampling period. Areas 15 and 41 supported the largest
standing crops of 205l78 and 105.04/midges/m2, respectively. Xenochironomus
was most abundant in areas 31 and 41 during the second sampling period.
Tanytafsus-was‘generélly more frequently encountered in those areas
having an intermediate trophic status and was ;ost ébundant in areas

/
19 (Sampling Period I) ;nd 15 (Sampling Period IT). The general
distribution of Cpeléténypus centered around the areas having inter-
médigte eutrophic states and was greatest in areas 7 and 37 (Samﬁling
Period I) and areas 12, 18, and 26 (Sampling Period II) (Appendix
Fig. I-15). The general distribution of Pentaneura favored the more
eutfophic areas (areas 1-20) (Appendix Fig. I-16). Pentaneura was

taken in all areas except areas 34 and 36 and was most abundant in

study area 11 (Sampling Period I) and areas 1, 12, and 18 (Sampling
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Period I1).

The ceratopogonids Atrichopogon and Palpomyia (Appendix Fig. I~-17)
were gypically more common and could compete better in the less eutrophic
areas having sandy sediments and higher mean current velocities.

The greatest densities of Atrichopogon were supported in area 28
(Sampling Period I) and areas 22 and 25 (Sampling Period II). Palpomyia
was most abundant in areas 12, 13, 22, and 28 (Sampling-Period I)

and areas 22, 28,'and 40 (Sampling Period II). Both of these biting
midges were more concentrated in the deeper, central portions in each
area where the current velocities were greatest, the sediments were

of a sandier nature, and few competitors were present. Palpomyia

was more widely distributed than was Atrichopogon and occurred in the

more eutrophic areas numbered between 5 and 19.

Class Gasiropoda (Phyium Mollusca). Physa and Amnicola weie
representative gastropods. Physa, whoée mantle gévity serves as a
luﬁg, abounded in the more eutrophic areas and was most dense in
a%éaé 15 and. 18 (Sampling Period I) and area 18 (Sampling Period II).
The general distribution of Amhicola, which possesses an operculum
aﬁ& gills, favored,tﬁose'areas having intermediate eutrophic states
.(afeas 14-24) (Appéndix'Fig. I-18). The greatest densities of Amnicola
wére maintained in areas 14, 21, and 24 (Sampling Period I) and areas

15 and 21 (Sampling Period II).

Class Pelecypoda (Phylum Mollusca). The fingernail clams Musculium

and Sphaerium were widely distributed and were by far the most common

bivalve mollusks. Both clams were not present in the most eutrophic,
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stagnant areas 1-5. The general distributions of Musculium and
Sphéerium favored those areas numbered between 6 and 27. Musculium
abounded in areas 6, 14, 17, 21, and 24 (Sampling Period I) and areas
9, 14, 15, 21, and 24 (Saﬁpling Period II). The greatest densities
of Sphaerium were recorded in areas 14, 15, 21, and 24 (Sampling
Period 1) and areas 14, 15, 21, and 24 (Sampling Period II) (Appendix

Fig. I-19).
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DISCUSSION

The benthic community of a body of water consisted of those life
forms which are associated with the bottom sediments during some
stage in their life history. Turbellérians, nematodes, annelids,

crustaceans, insects, and mollusks are the principal taxonomic con-

stituents of fresh-water benthos. In a well-balanced ecological
system, benthic macroinvertebrates occupy three major trophic levels
(herbivore, omnivore, carnivore) and include deposit and detritus
feeders, parasites, scavengers, grazers, and predators.

Benthic macroinvertebrates, representing the Phyla Platyhelminthes,

i
i
|
|
|
|

e

|
|

Nematoda, Annelida, Arthropoda, and Mollusca, of Navigation Pcol No. 8
of the Upper ﬁississippi River were inventoried and typified the three
arbitrary ranks of pollution tolerance and the three major trophic
levels., Members\of ghe Class Oliigochaeia (Phyium Anucliga} were
ﬁbiquitous and were the dominant benthic macroinvgrtebrates in most
study areas. Distribution of other benthic organisms was more or less
réstricted and tended to reflect habitat preference.

The Phylum Platyhelminthes was represented by the free-living

e

ﬁqrbellarian flétﬁorms which are generally considered to be pollution-
%a¢u1tative (Weber 1973). The collected representatives of the Class
'Tﬁfbelléria Qere widely distributed throughout the 41 study areas

ﬁnd were generally more abundant in those areés demonstrating inter-—
mediate trophic states (Tables 9 and 10, Appendix Fig. I-1). Large
géanding Crops 6f submergent Vallisneria americana and Ceratophyllum

demersum were present in most of these areas (Sefton 1976) to offer

c¢oncealment for these negatively phototactic turbellarians. Turbellarian
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distribution and density were highly correiatéd Qiﬁh the average physical-
chemicalvparameters encountered in Pool 8 (Sampling Period'l:

multi-r = .680, P < 0.0l; Sampling Period II: multi-r = .819, P < 0.01).
Fresh-water turbellarians can be found everywhere and are usually on

or closely associated with any kind of substrate where there is an
appropriate food supply (Pennak 1953). This lack of preference for
particular substrate types 1s supported by the low correlations ob-
tained between(the number of turbellarians/m2 in each area and the

six sediment particle size fractions (Tables 7 and 8). Although tur-
bellarians afe typically characteristic of the shallowg, no such
relationship between depth and turbellarian abundance could be pro-
posed. Wetzel {1975) reported that an inverse relationship exists
between turbellarian abundance and current velocity. Turbellarians,

as well as many other benthié forms, cannot withstand the mechanical
abrasion of shifting sﬁbstrates found in lotic streams and in littoral
zones where breaking waves occur. No such relationship ocqurred in

the present investigation (Tables 7 and 8).

Free~living nematodes have been categorized as pollution-facultative
~ macroinvertebrates (Weber 1973). Pennak (1953) stated that nematodes
;fare ecologically and physiologically perhaps the most highly adaptable
i:aﬁong.all thé metazoan phyla. The results collected in the present
investigétion tend to agree with Pennak's statement. Nematodes were
:wideiy distributed throughout the 41 study areas and their densities
" in each of the areas were strongly correlated with the existing
- physical-chemical parameters (Sampling Period I: multi = .797,

P < 0.01; Sampling Period II: multi-r = .814, P < 0.01). Larger
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standing crops were generally collecfed from those areas having inter-
mediate trophic states (Tables 9 and 10, Appendix Fig. I-2).

Two major groups belonging to the Phylﬁm Annelida‘are represented
in fresh water: the Clasées Oligochaeta (aquatic earthworms) and
Hirudinea (leeches). The oligochaetes were ubiquitous and were by

far the most abundant and dominant macroinvertebrates in the present

| investigation. As shown in Tables 7 and 8, oligochaete distribution

; s &
and density were strongly correlated with the average physical-chemical
values obtained for the study areas in Navigation Pool No. 8. The

general distribution of the oligochaetes favored the more eutrophic

2y
Y

areas having undetectable or low current velocities, low dissolved
oxygen levels, and silt or clay sediments high iq organic matter
(Tables 9 and 10, APpendix Fig. I-3). Significant, negative relation-
ships at the 0.01 aﬁd 0.05 levels were obtained between oligochaete
abundance and;current velocity, turbidity, dissolved oxygen, and
sediment particle sizes #3 and #4; Oligochaete density was positively
correlated at the two leveis of significance with sediment organic
nitrogen, sediment nitrate, and sediment particle size #6. During
Sémpling Period I, a relatively strong positive correlation (r = .624,
? ; 0.01) between oligochaete abundance and sediment particle size #6
.kélay) was obtéined. Similar observations have been made by Pennak (1953).
He stated that aquatic oligochaetes, common in the mud and debris
'éﬁbstrates of stagnant ponds and peools and in streams and lakes every-

4whete, are capable of surviving under near anaerobic conditions and

may be able to withstand the complete absence of oxygen for extended

time intervals. Oligochaetes are thus categorized as being pollution-
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tolerant and their presence in an aquatic environment is often con-
sidered an indication of organic contamination. Goodnight and Whitley
(1960), studying a drainage ditch southeastboffpafayette, Indiana,
reported the possibility of using the abundance of oligochaetes in
relation to the total benthic community as aAfast,-simple bioclogical
indication of the degree of pollution in streams or drainage ditches.
Smith (1975) pointed out the importance of oligochaetes, especially

the Naididae and Tubificidae, in monitoring water quality since large
populations may occur under organically ﬁolluted situations where
predators and competitors have been eliminated. He.also stated that
proper identification is‘needed since different oligochaete species
have different ecological requirements. 'Brinkhurst (1965) has been
ﬁore reluctant to use oligochaetes, specifically members of the Family
Tubificidae, as indicétors of organic pollution. He has termed such
schemes of pollution.detection and assessment naive since oligochaetes
4are exceedingly nonrandom in distribution, a situation causing large
sampling variability. Brinkhurst further statgd that the distribution,
habitat requirements, and cOmpetitive4relationships‘between oligochaete

{species must be more intensely analyzed before the group can be fully

e

1used in pollution detection and assessment since the number of unidenti-
iﬁied oligochaete species, or the proportion of all oligochaetes in

ﬁhe fauna, and pollution are not simply or numerically related.
K;: The generai distribution of leeches favored the more eutrophic,
\éhallow habitats having undetectable or low current velocities and

'éufficient debris and plant material to afford concealment and adequate

substrate for attachment (Tables 9 and 10, Appendix Fig. I-4). These
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areas supported the largest total macrophyée Bioﬁasses (Sefton 1976).
This distribution was highly correlated with the average physical-
chemical conditions existing in the 41 study areas (Sampling Period I:
multi~-r = .846, P < 0.0l; Sampling Period II: multi-r = .793, P < 0.01).
Significant, negative correlations were obtainé& with depth, current
velocity, turbidity, dissolved oxygen, and Sediment'particle-sizes
#3 (medium sand) and #4 (fine sand). Significant, positive correlations
between leech abundanée and sediment organic nitrogen, sediment nitrate,
and sediment particle size #6 (clay) were obtained (Tables 7 and 8).
Several investigators have independently made similar observations.
Although the abundance of leeches is highly variable in different
habitats, leech abundance»and the productivity of an aquatic habitat
are directly related (Wetzel 1975). _Areas of greéter productivity
generglly provide lééch popuia;ions with increasingly diverse plant

J
and sediment substrates and greater'food availability. Pennak (1953)
reported that while leeches geﬁerally demonstrate little habitat
preference, greatest densities typically occur in warm, protected shallows
whefé wave action is absent and adequate substrate for concealment
and adhesion is present. Althéugh he reported leeches usually cannot
survive on pure mud or clay subsﬁrates, relatively high, significant
cofgelations (Sampling Period I: r = .629, P < 0.0l; Sampling Period

o

II:" r = .551, P < 0.01) were obtained between leech abundance and
sédiment particle-size #6 (clay) in the present investigation. Klemm
(1971,1972) surveyed 40 species of leeches in Washtenaw County, Michigan.

Water velocity, depth, and substrate were the major factors limiting

théndistribution and abundance of leeches. The scouring, depositing,




and disfupting phenomena causing substrate instability under lotic
coﬁditions were not favorable to leech survival. Depths greater than
1.5 m were reported to restrict leech abundance due to the lack of
vegetation and substrate for attachment, low dissolved oxygen levels,
and insufficieﬁt food. Klemm also found ghat leeches favored those
areas which provided some type of substrate, such as rocks, vegetation,
and litter, which could be used for attachment.

The dominant phylum in terms_of diversity was the Phylum Arthropoda
which was represented by the Classes Crustacea, Arachnoidea, and
Insecta, The dominant arthropods belonged to the Class Insecta, more
specifically to the Order Diptera. The Chironomidae was the most
diverse dipteran family.

The Orders Isppcda gaquatic sow bugs) and Amphipoda (scuds,
sideswimmers) were Lhe mosi abundant crustaceans. The only isopod
té be collected was Asellus militaris. Similar observations were made
by Pennak (1953) who stated%that in the same habitat only one isopod
species is typically found and it is very unusual to find two or more
species. Asellus militaris, often classified as a pollution-facultative
species (Weber 1973), had a wide distribution in Na&igation Pool No. 8,‘
centering around those areas having'intermediaté eutrophic states
(Tgbles 9 and 10, Appendix Fig. I-5). As shown in Tables 7 and 8,
the distribution of Asellus militaris was highly correlated with the

average physical~chemical conditions measured in the present investiga-

‘fion (Sampling Period I: multi-r = .700, P < 0.01l; Sampling Period II:

\ﬁulti—r = ,766, P < 0.01). .Although isopods are generally found in

-

shallow habitats (< 1 m), depth did not appear to be a limiting faptor
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(Sampling Period I: r = ~.118, P > 0.05; Sampling Period II:
r = ~-,154, P > 0.05) and small numbers of isopods were collected in
the present investigation from the three deepest areas which had depths'
of 4,91 m, 6.10 m, and 6.71 m., Great depths presumably restrict
isopod abundance due to the lack of vegétation and debris available
for protection and insufficient food. Isopods, usually absent from
open waters, are typically found under debris, rocks, and aquatic
macrophytes. Submergent macrophytic communities, often including
Vallisneria americana and Ceratophyllum demersum, were present in
those areas favoring populations of Asellus militaris.

Amphipods are generally restricted to the sediments and are
frequently associated with aquatic vegetation. Gammarus fasciatus

and Hyalella azteca were collectively most abundant in the more

]

S

¢

eutrophic afeas Suppqrting large standing crops of vegetation such a
Sagittaria latifolia;'Potamogetqn crispus, and Ceratophyllum demersum
(Tables 9 andilo, Appendix Fig. I-6). Highly significant correlations
setween the number of Hgaleila azteca/m2 in each area and the physical-
chemical conditi%ns encountered in each area (Sampling Period I:
multi-r = .694, P < 0.01; Sampling Period II: multi-r = .722, P < 0.01)
were obtained. Bousfield‘(l958) reported that while the distribution
. of Gammarus fasciatus favors lakes and large, lentic rivers that are
i#elatively turbid and warm in the summer, Hyalella azteca can be found
l%in all permanent fre#h water that exceeds a monthly mean temﬁerature
,ycf 10 C'in the sumﬁer. ‘Although high levels of dissolved oxygen are

»

\' usual1y required for the maintenance of amphipod populations, a negative,

+ significant relationship existed between amphipod abundance and dissolved
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oxygen levels (Bampling Period I: 1 = ~.3i9,'P < 0.05; Sampling

Period II: r = -.568, P < 0.01). Significant, negative correlations
also occurred with dépth, current velocity,.turbidity, and sediment
particle size #4 (Tables 7 and 8). Sediment organic nitrogen, sediment
nitrate, and sediment particle size #6 were significantly énd positively
correlated with the density of Hyalella azteca.

The Order Hydracarina (water mites) represented the Class
Arachnoidea. Arfenurus, Hydrachna, and unidentified specimens were
infrequently and sporadically distributed among rooted vegetation and
typically in water less than two meters deep (Tables 9 and 10).

The dominant, diverse Class Insecta %as represented by the Orders
Plecoptera (stoneflies), Ephemeroptgra (mayflies), Odonata (dragon-
flies, damselflies), Hemiptera (true bugs), Megaléptera (alderflies,
fishflies, dcbsonflies), Trichoptera (caddisflies), Lepidoptera (aquatic
caterpillars), Coleoptera (beetles), and Diptera (flies, mosquitoes,
midges). The Order Plecoptera was not well represented in Navigation
?ool No. 8. The‘general distribution of the only stonefly representa;
tive, Perleséa placida, favored the peripher%l areas of the less eutrophic,
lotic habitats having sediments of a coarser nature, relatively high
dissolved oxygen levels, and sufficient shoreline vegetation (Tables
9 and 10). Comparable results have been collectéd by Cummins and

Lauff (1969). Although the nymphs were shown to tolerate slower current

.velocities, they classified Perlesta placida as a fast-water species
;which is usually found among coarse substrate materials. White (1974)
"studied the distribution of stoneflies in the Salt River of Kentucky.

- He too found Perlesta placida to be the most abundant stonefly and most
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commonly collected it from‘small, intermittent streams having bottom
materials of bedrock, sand, gravel, and large stones. White further
found that the extensive beds of water wiliow-(Justicia americana)
located in his study area.werevnot necessary for the survival of
Perlesta placida. Where this vegetation was present, the adults of
é. placida did use it for a s&te for mating and egg deposition.

Members of the Order Ephemeroptera are widely distributed through-
out a variety of habitats in Wisconsin (Hilsenhoff 1975). Similar
results were obtained in the present investigation. Although mayfly
nymphs typically prefer shallow streams and the littoral zones of
lakes, where oxygen is abundant, water movements and the nature of
the substrate often restrict many species to particular types of
habitat. Some occur only associated with vegetation and debris,
burrowed in mud bottoms, hidden under or between rocks, or confined
to lotic or lentic environments. Considerable morphological variations
and adaptationé of the nymphs reflect these habitat preferences.

The mayflies examined in the present investigation can be divided
into two basic.gr0pps on the basis of habitat preferences: those
generally favoring lentic environments and those most commonly col-
lected in and a&apted to lotic habitats. Those nymphs most abundant
in lentic habitats .can be further divided into the following three
usubgloups: climbers, bottom sprawlers, and burrowers. Climbers are
~ éssociated with submerged vegetation and are capable of rapid move-
i ments. Siphlonurus (Siphlonuridae), the only representative of this
”,subgroup,‘was collectéd from only three areas which had current velocities

" greater than or equal to 0.282 m/sec, sediments primarily composed of
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fine sand, and significant shoreline submergent communities of macro-

phytes often composed of Ceratophyllum demersum, Pbtamogeton nodosus, Or

vVallisneria americana (Table 9). The Familiés Caenidae (Brachycercus,

Caenis) and Tricorythidae (Tricorythodes) were representative bottom

sprawlers., Although bottom sprawlers are typically found slowly

crawling over all types of substrate in both lentic and lotic habitats

(Pennak 1953), the general distribution of Brachycercus favored the

less eutrophic,‘sandy‘areas having high current velocities tTablés 9

and 10). Burrowing mayflies, widely distributed in the study areas

of Navigation Pool No. 8, were the dominanf mayflies and were represented

& by unidentified early instars of Hexagenia, H. biliﬁeata, H. limbata,
and Pentagenia of the Family Ephemeridae and by Ephoron of the Family
Polymitarcidae. Similar results have been reported by Fremling (1970).

' He has stated that burrowing mayflies are abundant along’the Mississippi
River and are dominated by Hexagenia bilineata, H. limbata, and
Pentagenia vittigera. In the pfesent study seﬁerai representatives
of Ephoron were collected and were more commonly taken from areas
having high current velocities and coarse sediments composed largely
of medium-sized sand (Tables 9 and 10). These results do not exactly
agree with Hilsenhoff (1975) who has reported that the nymphs of Ephoron
are relatively uncommon in Wisconsin and are typically found under

-focks<in rapid, medium—sized streams. High standing crops of Hexagenia
$pecies were generally supportedbin those habitats having finer sediments

! Vanq low or intermediate current velocities (Tables 9 and 10, Appendix

i
s

Fig. I-7). Strong, positive correlations between Hexagenia abundance

3.
and the physical-chemical parameters in the study areas of the pool
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(Sampling Period I: multi-r = .812, P < 0.01; Sampling Period II:
multi~r = ,718, P < 0.01) were obtained. As shown in Tables 7 and 8,
significant, negative correlations occurred between the density of
Hexagenia and depth (Sampling'feriod I), current velocity (Sampling
Period Ij, temperature (Sampling Period I), and sediment particle

sizes #3 (Sampling Period I) and #4 (Sampling Periods I and II).
Positive correlations coefficients of .541 (P < 0.01) and .360 (P < 0.05)
for Sampling Periods I and IT, resbectively, were obtained’with sediment
particle size #6 (clay). This appafent preference for fine, undisturbed
sediments was‘also stated by Eriksen (1968). He further concluded

that Hexagenia does not burrow into coarse substrates. Such a con-

" clusion cannot be drawn from the results of this investigation since

representatives of Héxagenia were collected from a wide variety of
substrates which were encountered throughout the 41 study areas. Hexagenia
limbata was the dominant species collected in Pool 8. This Qbservation
contradicts Fremling (1960) whose findings indicated that H. limbata
is generally less abundant than H. bilineata on the Upper Mississippi
River although it does become more. abundant in the northern sections of
the river.

- Mayfly nymphs favoring lotic environments can be categorized

as being free-ranging species of rapid waters or clinging species

‘(Pennak 1953). The free~ranging species often cling to substrates

ybut are capable of rapid movements despite the swift current. Isonychia

f”(Siphlonuridae) was the only collected representative of this subgroup.

‘.
2

‘AlthOugh‘poorly represented in Navigation Pool No. 8, it is commonly
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found throughout Wisconsin in a variety of stfeéms (Hilsenhoff 1975).
The only'collected clinging mayfly belongedrto the genus Stenonema
(Heptageniidae). Stenonema was most abundant in the less eutrophic
areas having current velocities greater than or equal to 0.385 m/sec.
The largest standing crop of Stenonema was collécted in area 38 which
had a current velocity of 0.534 m/sec (Tables 9 and 10).

The Order‘gggEiEa was represented by the Families Coenagrionidae
(Enallagma), Gomphiéae (Dromogomphus, Gomphus, Ophiogomphus), Lestidae
(Lestes), and Aeshnidae (Anax). Enallagma and Ophiogomphus were the
dominant odonat; nymphs and were collected most frequently from lentic
habifats which were shallow (< 1 m) and which had sufficient vegetation

and fine sediments (Tables 9 and 10). The examined odonate nymphs

fell into two ecological categories: climbers and burrowers. 1In

agreement with the descriptions given by Pennak (1953}, the climbers,

which included the Families Aeshnidae, Coenagrionidae, and Lestidae,
tended to favor those lentic habitats or portioné of those habitats
having dense vegetation and fine sediments. Burrowing odonate nymphs,
including members of the Gomphidae family, burrow into silt, mud, or
sand substrates.

The large Order Hemiptera is primarily teprestrial and is one
of the few orders in which some of the adults are adapted to aquatic
habitats. This ordér was represented in Navigation Pool No. 8 by the
aquatic Families Notonectidae and Corixidae, both of which are
é%cgllent swimmers and which cling to submerged objects and vegetation.
\Tpe notonectids (back swimmers) Buenoa and Notonecta were taken

minfrequently. This study, therefore, does not support Hilsenhoff (1975)

"Qho reported that they are commonly found throughout the state of
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Wisconsin and are associated with emergent vegetation, Unidentified
females and Trichocorixa represented the Family Corixidae (water
boatmen) which was widely distributed throughout most of the study areas.

The general distribution of the unidentified females favored those

areas having intermediate eutrophic states (Tables 9 and 10). Repre-~
sentatives were not collected from the five stagnant, eutrophic marsh
openings (areas 1-5), although Pennak (1953) has reported that they
can be found in muddy stagnant pools. |
The Magaloptera, commonly found in both lentic and lotic environ-
ments, can be frequently collected from littoral zones and from under-
neath rocks in streams. The order can be divided into the two Families
Sialidae (alderflies) and Corydalidae (dobsonflies, fishflies).
Corydalidae was represented by a few specimens of the fishfly larva
Chauliodes,‘which is typically associated withAvegetation. The alderfly
Sialis (Sialidae), the dominant megalopteran, was infrequently collected
(Tables 9 and 10) and was most abundant in the more lentic, eutrophic
areas whose silt and clay sediments were possibly conducive to burrowing
(Hilsenhoff 1975). Comparable observations were made by Cuﬁmins and
Lauff (1969) who classified Sialis vagans as a slow—watey species | f
which is typigally associated with detritus and aquatic macrophytes.
They further reported that the larvae preferentially select sediment
particle sizes in‘the gravel range but are able to tolerate silty
sediments.
| The trichopteran fauna was represented by larvae and pupae
Sﬁelonging to the Families Hydropsychidae, Hydroptilidae, Leptoceridae,

yaand Polycdentropodidae. The dominant caddisflies were Cheumatopsyche,




158

ﬁydropsyche, Neureclipsis, Oecetis, and Stactobiella. Hydropsyche

and Cheumatopsyche are perhaps the most abundant and widespread caddis-
flies in Wisconsin (Hilsenhoff 1975). The féur families, collectively
representing 12 genera, can be divided into the following two simple,

basic groups: net spinners and case builders. Case builders, such

as Leptoceridae, often construct intricate cases from available substrate
particles, debris, and leaf material. They are ﬁsually restricted to
“lentic habitats haviﬁg low or moderate current velocities. Hydrépsychidae,
Hydroptilidae, and Polycentropodidag construct nets which trap micro-
organisms and detritral particles in flowing waters.

: Although caddisflies are generally found in ali types of fresh-

. water habitats, Edington,(1965) stated that the lentic and lotic habitats
in any one stfeam are often occupied by different species. The present
Studf appears to support this statement. The distribution of Oecetis,

" a case builder, was highly correlated with the average physical-chemical
parameters encountered in each area (Sampling Period I: multi-r = .853,
P < 0.01; Sampling Period II: multi-r = .870, P < 0.01) and favored
those areas having intermediate current velocities (Tables 9 and 10,
Appenaix Fig. I-9). Those caddisflies that construct silken catch nets,
such as’ Cheumatopsyche (Appendix Fig; I~8), Hydropsyche, and Neureclipsis,
are ﬁypically restricted to lotic habitats (Tables 9 and 10). The
distribution of Cﬁeumatopsyche and current velocity were significantly

‘vcorrelated (Sampliﬁg Period I: r = .323, P < 0.05; Sampling Period IL:

{4 ' r = .504, P < O;Ol). Similar observations concerning Neureclipsis

bimaculata and Hydropsyche angustipennis were made by Jaag and Ambuhl

T(1963). The running waters aid in the distension of the nets and permit

those nets to properly function in trapping food particles. Correlation
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coefficients of .606 (P < 0.01) and .696 (f <.Q.bl) were obtained
during Sampling Periods I and II, respectively, between the abundance
of Cheumatopsyche and the existing physical—éhemical conditions (Tables
7 and 8).

According to Scott (1958), substrate and food distribution as
well as current velocity are the major controlling factors governing
trichopteran larval distribution., He reported that densities of
trichopteran populétions tended to increase with increasing sediment
particle size primarily due to the greater varieties of microhabitats
and greater stability during flooding afforded by substrates of a
coarser nature., When the total trichopteran fauna is considered,
this trend seemed evident in the present-investigation. Thig trend
does not‘apéear as cobvious when each trichopteran genus or species is
considered separately. Cheumatopsyche was negativel§ correlated with
éedimeﬁt particlg size #6 (Sampling Period I: r = -.319, P < 0.05;
Sampling Period II: r = -.422, P < 0,01) and positively correlated with
sediment size fraction #3 (Saﬁpling Period I: r = .313, P < 0.05; |
Sampling Period II: r = .415, P < 0,01).

The Order Lepidoptera (aquatic caterpillars, moths) is predominantly
terrestrial and is widely distributed over the United States., Only
a few spécies of the Family Pyralididae have immature states that
havé becomé.adaptéd to aquatic habitats. These habitats are typically
lentic, shallow and densely overgrown with vegetation. Present

observations support this general statement. Representatives of

_Nymphula, the dominant lepidopteran, and Paraponyx were generally

- taken from the most eutrophic, lentic areas which had large stands of
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the emergent Sagittaria latifolia and §. rigida, submergent Potamogeton
crispus, P. nodosus, and Ceratophyllum demefsum, and floating-leaved
Nymphaea tuberosa and Neluhbo pentapetala (Tables 9 and 10). Both
Nymphula and Paraponyx build cases out of plant material and can be
frequently found feeding on the undersides of floating leaves. Little
is known about the Lepidoptera of Wisconsin (Hilsenhoff 1975).

Beetles belong to the largest order of insects, the Coleoptera.
This very diverse order is similar to the Order Hemiptera in that the
adults of a feW'speéies, as well as the immature stages, have become
adapted to aquatic situations. Wetzel (1975) reportéd that those beetles

having both larval and adult aquatic stages are phylogenetically more

* primitive than the other coleopteran groups. Larval forms from the

following four families were collected in the present investigation:
Chrysolmelidae (leaf beetles), Elmidae (riffle'beetles), Gyrinidae
(whirligig beetles), and H&drophilidae (water scaveﬁger beetles).

The Elmidae were frequently encountered in Navigation Pool No. 8. The
other three families were’represented by only a few specimens.

Although Chrysomelidae is a very large terrestrial family,
équatic larvae>of the sluggish Donacia weré uncommon in the study
areas of Pool 8. Hilsenhoff (1975) has stated comparable findings
tﬁroughout the state of Wisconsin. Donacia is typically associated
with aquatic vegetation, especially water lilies, from which it obtains

oxygen. It possesses nine pairs of spiracles, the last pair being

functional and located at the base of two caudal spines. These spines
_are used to penetrate into the plant tissues of submerged roots and

stems.
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The dominant Family Flmidae was represented by Dubiraphia and
Stenelmis. Members of this family are typically found slowly crawling
on the substrate inilotic habitats. Supportive‘evidence was given
in the present study. Steneimis was collected most frequently from
those less eutrophic areas having high current velocities (Tables 9
and 10).

The small Family Gyrinidae is well adapted to the aquatic environ-
ment. The larval forms, unlike the adults, are completely indepéndent
of the surface for respiration. Dineutus and Gyrinus were infrequently
collected in the present investigation but have beenvreported to be
common inhabitants of Wisconsin waters (Hilsenhoff 1975). These two
genera are wiaely distributed throughodt the United States and are
generally associated with shallow environments having submerged vegeta-
tiomn.

The Hydrophilidae was uncommon in Navigation Pool No. 8 and was

_represented by one genus, Helophorus. Most of the hydrophilids are

extremely sluggish crawlers, favoring shallow quiet pools having
abundant vegetation. ' | 7

| Although mostly terrestrial, the large, diverse, holometabolous
Order Diptera formed a major component of the benthic community in

both lentic and lotic aquatic habitats. Members of the Family Chironomidae

-were particularly widespread. Navigation Pool No. 8 supported a rich
dipteran fauna consisting of two suborders, seven families, and 46

‘genera. The Suborder Brachycera was uncommon in Pool 8 and was repre-

sented by the two Families Stratiomyidae (soldier flies) and Tabanidae

(horse flies and deer flies). Each of these families was represented
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by a single genus: Stratiomyidae——Eupargphﬁs>an& Tabanidae--Chrysops.

Suborder Nematocera, encompassing five families and 44 genera,
included most of the aquatic Diptera. With 36 genera the Chironomidae
was the most diverse and ubiquitous dipteran family. Many chironomids
were very selective in their choice of habitat. Paine and Gaufin
(1956), in their étudy of Lytle Creek, Ohio, reported similar observa-
tions. They found that chironomid representatives could adapt to
many different stream habitats, some species demonstrating a high
degree of habitat selectivity. Oliver (1971) stated that the Chironomidae
has radiated into may different habitat types. Chironominae, Ortho-
cladinae, and Tanypodinae, the dominant subfamilies in Navigation
* Pool No. 8, have been reported to be the mosf common subfamilies in
the United States and to have a world-wide distribution (Mason 1975,
Oliver 1971).

The distribution and abundance of dipteran larvae are often
restricted by current veloccity, substrate type, aepth, the degree of
organic contamination, and food availability. Wene (1940) reported
that soil type, texture, aﬁd organic matter content wefe important
‘factors influencing the abundance of chironomids. He found that loam
and clay-loam types of soil with high organic content supported the
greatest biomass of chironomids. The chironomid populations found
in sandy soils of 1dw organic content were generally small. 1In the
present investigation parallel observations were made when all collected
 éhironomids were coﬁsidered as a unit. However, when each genus was
vexamined separately, habitat preferences became apparent and the

f\positive relationship between population density and sediment organic




content and texture was not obvious. Some chironomids, such as
Crgptochironomus and Polypedilum, showed no.obvious habitat preferences
and were widely distributed throughout the 41 study areas. The distri-
bution of other chironomids often favored those areas having an inter-
mediate trophic status and moderate current velocities (Coelotanypus and
Tanytarsus), the less eutrophic, lotic areas (Palpomyia, Simulium, and
Xenochironomus), or the more eutrophio, lentic areas (Chironomus,
Endochironomus, and Pentaneura).

The general distributions of Chironomus and the average physical~
chemical parameters in Navigation Pool No. 8 were significantly
correlated (Sampling Period I: multi-r = .729, P < 0.01; Sampling
Period IT: mqlti—r = ,691, P < 0.01). The ﬁore eutrophic areas having
fine sediments and undetectable or low current velocities supported
the largest standing crops of Chironomus (Tables 9 and 10, Appendix
Fig. I-10). A significant, negative correlation was obtained between
the abundance of Chiroﬁomus and current velocity (Sampling Period I:

r = -, 425, P < 0.01; Sampling Period II: r = -.358, P < 0.05). As
shown in Tables 7 apd 8, significant, positive correlations were ob-
tained with sediment.organio nitrogen, sediment nitrate, and sediment
particle size #6 (clay). Apparently, therefore, the population density
of Cﬁirouomus appeared directly propo;tional to the productivity of

the study area and inversely proportional to the sediment texture.

The genoral distribution of Simulium (Family Simuliidae) favored
the less eutrophic, lotic areas (Tables 9 and 10). The largest popula-

tions of these black flies generally occurred in those study areas
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having current velocities greater than 0.50 m/sec. Wu (1931) has collected




comparable data.,  Larvae of Simulium, generally found in the shallows
of swift streams, have a definite, inherent requirement for current
(Wu 1931). Upon tramsplantation to habitaté having slower current
velocities than.the original habitats, some Simulium larvae have
been reported by Wu to voluntarily desert the new locality in search
for a more favorable habitat having a higher current velocity.

The aquatic species of Ceratopdgonidae have been reported to
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inhabit a wide variety of lentic habitats in Wiscomsin (Hilsenhoff 1975).

In the present study, however, the dominént ceratopogonids Atrichopogon
and Palpomyia (Appgndix Fig. I-17) were most abundant in the less
eutrophic areas having sandy, organically poor sediments and higher
average current velocities (Tables 9 and 10). Within each of these
areas, higher densiﬁies of these biting midges were recorded in the
deeber, central locations where the ceratopogonids presumably receiﬁed
little compefition. ihese habitats supported little, if any, vegetation
and few benthic macroinvertebrates due to the swift current velocities,
sandy substrates, and depth. The distribution.of Palpomyia was strongly
qorrelated with the distfibution of the physical~chemical parameters

in the 41 study éreas (Sampling Period I: multi-r = .779, P < 0.01;

Sampling Period II: multi-r = .717, P < 0.01). As shown in Tables
"7 and 8, significant, positive correlations were obtained between the

-abundance of Palpomyia and depth, dissolved oxygen, and sediment particl

sizes #3 (medium sand) and #4 (fine sand). Palpomyia abundance was

 negatively correlated at the significance levels of 0.0l and 0.05

“with sediment organic nitrogen, sediment nitrate, sediment phosphate,

and sediment particle size #6 (clay).

e




The Phylum Mollusca can be divided into twé classes, the univalve
Gastropoda (snails, limpets) and the bivalve Pelecypoda (clams, mussels).

Almost every type of fresh~water habitat, including Navigation Pool

No. 8, supports a characteristic gastropod population. Snails are
usually found feeding on the substrates in shallqw, hard waters
typically less than three meters deep. At greater depths food avail-
ability is presumably not conducive to -gastropod growth. While hard
waters are generally more favorable enviromments for gastropod, as

well as pelecypod; survival and growth (Shoup 1943), it is very difficult
to separate the importance of water quality from geographical distribu-
tion, the physical characteristics of the habitat, and food availability
as factors promoting species abundance at any locality (Boycott 1936).
The sum of the ecological factors may override thé impoftance of calcium
in determining the distribution of the Gastropoda (Shoup 1943).

Shoup (1943) reported, however, that there is a general tendency for
more aikaliné or harder waters to support greater standing crops of
_Lgastropods. Calcium carbonate is the essential building block used

by mollusks in shell construction. He found that habitats having total
- methyl orange alkalinities within a range of 140 to 180 ppm supported
the richestrgéstropod bottom faunas. Alkalinity levels in Navigation
1fool No. 8 are relatively constant and average‘1%5 mg CaCO3/ 1 (Claflin
1973).
The gastropods of Navigation Pool No. 8 can be grouped into two

= | categories according to their means of respiration, those gastropods
which have internal gills and those which obtain oxygen through a

./ pulmonary cavity or "lung'". The Order Ctenobranchiata possesses internal
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gills or ctenidigm‘which are specialized folds of the mantle. An
exception is Valvata which has delicate, plumose, external gills.
.Ctenobranchiata was the dominant order in the present study and was
represented by Amnicola (Amnicolidae), the river snail Pleurocera
(Pleuroceridae), the round-mouth snail Valvata (Valvatidae), and
Campeloma, Lioplax, and Viviparus §V;viparidae). Dué to the use of
gills in aquatic respiration, most’members of this‘order, as well as
other gill-breathing benthic forms, are usually restricted to cleaner
habitats (Gaufin and Tarzwell 1956). 1In Navigation Pool No. 8 the
general distribution of Amnicola, one of the dominant ctenobranchiates,
favored those areas having intermediate eutrophic states (Tables 9 and
10, Appendix Fig. I-ié), This distribﬁtion was stronglyvcorrelated with
:the distributiqn of the ﬁean physical~chemical parameters encountered
in the ‘ooi'(Sampling Pavind I:‘ multi-r = .83i@ P < 0,01; Samnling
Period II: multi-r = .928, P < 0.01).

\The Order Pulmonata does not possess gills or opercula. Respiration
is éccoﬁplished by means of an internal saclike "lung'" or pulmonate
‘cavity Which is a specialized, air-filled, highly vascularized portion
of the mantle cavity; The pulmonate snails collected from Navigafion
Pool No. 8 belénged to the three families Lymnaeidae (pond snails),

» Physidae (pouch snails), and Planorbidae (orb snails). Physidae was

the dominant family and included Physa, which was the dominant pulmonate,
and:Aplexa.' Heliscoma and Gyraulus were representative planorbids.

: Staghicola emarginata was the only lymnaeid. Most pulmonate snails are
capéble‘of thriving under polluted conditions as a consequence of their

direct accessibility to atmospheric oxygen. Physa, which abounded in
A

-

e
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thé more eutrophic study areas of Pool 8 (Tables 9 and 10), was found
by Gaufin and Tarzwell (1956) to be a major component of the pollution-
tolerant communities in Lytle Creek, Ohio. Working specifically with
Physa integra, Gaufin and Tarzwell reported that the ability of this
snail to directly utilize atmoépheric oxygen enabled it to benefit

from the abundant food supplies in the enriched portions of the aquatic
habitat. The snail was much more abundant in the polluted zones as
compared to the cleaner areas of Lytle Creek. Similar explénatiéns

can presumably to advanced to accoupt for the preference of Physa

for the more eutrophic habitats in Pool 8.

All members of the Class Pelecypoda, the domiﬁant mollusks in
Navigation Pool No. 8, are entirely aquatic. This‘is'unlike the Class
Gastropoda which includes a few terrestrial species. Pelecypods have
been reported to occur more fraquently in unpolluted shallows of large
rivers where they burrow inté the sediments often until the excurrent
ahdﬁincurrent siphons are the only structures Visible above the substrate.
VStéble sediments generally support the largest mussel populations,

Wﬂile shifting sediments and environments of high turbidity are not
conducive to the growth of these gill~breathing, filter-feeding bivalves.

Navigation Pool No. 8 supported pelecypods belonging to the
Families Unioﬁidae (pearly mussels or naiads) and Sphaeriidae (fingernail
cléms,vseed shells). More genera were collected from the Unionidae
family and included Amblema rariplicata, Anodonta, Anodontoides,
ﬁarunculina parva, Fusconaia undata, Lampsilis, Lasmigona, Ligumia,.
éb?iguaria reflexa, Quadrula metanevra, Q. pustulosa, Q. quadrula, and

7g?yncilla.truncata. These unionids appeared sporadically and were

o
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often represented by a sole specimen. No habitét preferences could
therefore be legitimately postulated. Sphaeriidae was represented by
greater numbers of individuals and included Musculium, Pisidium, and
Sphaerium. Musculium and Sphaerium (Appendix Fig. 1I-19), the dominant
pelecypods, were widespread throughout the 41 study areas but did not
occur in the five stagnant, marshy openings (areas 1-5). Their general
distribution favored those intermediate eutrophic areas having inter-
mediate current velocities and fine sediments. Presumably, these
sediments were sufficiently stable’so as not to interfere with the
gill~breathing and filter-feeding activities of these pelecypods.

The distribution of Sphaerium was significant in relation to the
physical~chemicalApafameters (Sampling Period I: multi-r = .864,

P < 0.01; Sampling Period II: multi-r = .741, P < 0.01). The composi-
ticn of the éubstratc ic cne factor determining the ecolegical distri-

bution of sphaeriid clams (Gale 1971, Heard 1963). Under experimental

" conditions Gale (1971) reported that the fingernail clam Sphaerium

transversum preferred mud, sandy mud, and sand substrates over hard
clay, rock, and pebble sediments. He further concluded that under
natural conditions in Pool 19 of the Mississippi River this substrate

preference was found to be modified by such factors as predation,

- competition, disease, and/or parasitism.

’

The qualitative and quantitative compositions of the benthic
communities collected from the 41 study areas in Navigation Pool No. 8

varied. The more eutrophic areas generally supported fewer taxa

' (Table 4, Figs. 14 and 15), greater biomasses or wet weights (Table 5




169

Figs. 16 and 17), and greater numbers of macroinvertebrates (Table 6,
Figs. 18 and 19). One or possibly two species were dominant in these
areas. These dominants composed most of the bottom community and
usually belonged to the Class Oligochaeta. Similar resulis were
obtained by de March (19765 and Olive and Smith (1975). Olive and
Smith assumed thege‘results to be attributable to low oxygen concentra-
tions and uﬁiform, unstable fine‘sediments which probably eliminated
competitors and possible predators. The silt-clay, depositional-

tyﬁe sediments were possibly too unstable for those forms which cling
to stable, erosioﬁal“type substrates (0live and Smith 1975). According
to Hynes (1960), depositing substrates, primarily composed of silt

or mud, occur mostly in lentic waters and typically have low oxygen
levels. Eroding substrates of rock, stone, or gra&el are principally
found in 10&1; environments and are well oxvgeﬁated. According to

de March (1976), the reduced number of species or taxa present was the

"result of fewer habitats or interstices available in fine sediments.

De March also reported that the lack of interstices in fine, silty

L

sediments could limit the total numbers of macrobenthic organisms

present. This observation was contradicted in the present investiga-

- tion. Greater numbers of benthic macroinvertebrates were collected from

“'fine sediments. More taxa, smaller biomasses, and fewer macroinverte-

brates, indicative of ecologically more stable conditions (Patrick

1950), were yielded from the less eutrophic areas where presumably

 ~aompetition for food and space was greater. Consequently no one macro-

!‘invertebrate could become dominant (Gaufin and Tarzwell 1956, Patrick 1950).

As shown in Tables 7 and 8, strong, positive correlations existed
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between the average physical-chemical conditions encountered in the

pool during the summer of 1975 and the number of taxa/area (Sampling

.
li

Period I: multi~r = .760, P < 0.01; Sampling Period II: multi-r = ,860,

.739,

it

P < 0.01), the mean total biomass/m2 (Sampling Period I: multi-r
P < 0.01; Sampling Period II: multi-r = .819, P < 0.01), and the mean
number of macroinvertebrates/m2 (Sampling Period I: multi-r = ,869,

£ P < 0.01; Sampling Period II: multi-r = .785, P < 0.01). Certain
physical~chemical parameters, espécially current velocity aﬁd suﬁstrate
type, significantly influence the occurrence and distribution of benthic
inhabitants in rivers (Brusven and frather 1974, Gaufin and Tarzwell

1956, Hynes 1960, Patrick 1962). Nielsen (1950) stated that fast~

water benthic communities are composed of few species. No such cor-~
relation seemed strongly evident in the present investigation (Tables
7 and 8). Correlation coefficients of .332 (P < 0.05) and .249 (P > 0.05)

were respectively obtained during Sampling Periods I and II between

.

‘the number of taxa/area and the average current velocity in each area.
"~ Although depth and temperature have been reported as being important
physical factors influencing the compositon of'the Senthic community
’ "(Hynes 1960, Patrick 1962), most of the observed benthic variables
% wéfg not significantly correlated with these two parameters (Tables

7 and 8). Dissolved oxygen, sediment organic nitrogen and sediment

nitrate, in addition to current velocity and sediment particle size,

appeared to be the dominant governing factors, especially when correlated
. wiﬁh the mean number of macroinvertebrates/mz. The values obtained

. for the mean number of macroinvertebrates/m2 in each area were signifi-

“¢antly correlated with current velocity, turbidity, dissolved oxygen,
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sediment organic nitrogen, sediment nitraté, sédiment particles sizes
#3, #4, and #6. Greater numbers of macroinvertebrates/m2 were found
in fine, organically rich, depositional—type‘sediments. These results,
previously obtained in terms of biomass/m2 by Claflin (1973) in
Navigation Pool No. 8, tend to contradict those obtained by de March
(1976) and Scott (1958). Scott concluded that, primarily due to the
greater variety of haBitats and greater stability during flooding offered
by large stones, the density of the general bottom fauna increases
with increasing sediment particle s?ze.
Impoundments result in the production of extensive, shalléw
backwater areas. Claflin (1973) reported that the closure of Lock
aﬁd Dam No. 8, creating an l1-foot rise in the upstream pool, resulted
in the inundation of many large, diverse habitats and an increase in
the Surface.aréa of the pool; The energy flux in these shallow,
eutrophic afeas typicélly having silty, organically rich sediments is
high and consequently productivity at all trophié levels is high (Claflin
i973). Production, in terms of benthic biomass and number, was generaily
.higher in these areas in the present investigation. Diversity, in
ﬁtefms.of~the number of different taxa, however, was lower. Macro-
iqyértebrates, especially oligochaetes, capable gf surviving under
reduééd oxygen conditions tended to dominate the benthic communities.
Population densities can be used as indices of water quality
(Olive and Smith 1975). Organically polluted or enriched areas generally
‘support the largest macroinvertebrate populations which are typically
com?bsed of oligochaetes and chironomids (Hynes 1960, Olive and Smith

K

. 175). Although the macroinvertebrate densities varied considerably
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among the 41 study areas in Navigation Pool No. 8 and within each study
aréa, macroinvertebrate density appeared difectly proportional to the
productivity of the area. The more eutrophic areas (areas 1-18)
supported the largest macfoinvertebrate populations. These populations
were dominated by pollution-tolerant organisms, such as oligochaetes,

certain chironomids (e.g., Chironomus), and leeches, which could

o~

benefit from the aﬁundant food sﬁpplies and the absence of severe
competition and’predation. Most gompetitors and predators cannot
sustain robust populations due to the léw dissolved oxygen levels and
the fine, uniform sediments which do not provide firm substrates al-
% ‘ lowing for movement and the maintenance of position.

The benthic faunas inhabiting the more productive areas in
Navigation Pool No. 8 were typically pollution-tolerant worm or worm-—
like organiéms capable of surviving and burrowing into the silty,

depositional-type sediments. Most of these organisms had low oxygen

] requirements or, like Physa, possessed special adaptations for obtaining
atmospﬁeric oxygen. The oligochaetes were dominant and ubiquitbus
throughout the 41 study areas but their absolute abundance and their

, ‘ abundance in relation to the total benthic community tended to decrease

from the more productive areas to the less productive areas. Chironomids,
‘especially Chironomus, Endochironomus, and Glyptotendipes, leeches,

the pelecypods Sphaerium and Musculium, and the mayfly Hexagenia

were often capable of maintaining healthy populations in the more

' eutrophic areas. The amphipod Hyalella azteca, which is not generally
considered a pollution-tolerant organism and which requires large con-

Iy

. centrations of dissolved oxygen for its survival, often composed a
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large proportion of the total benthic community in these more pro-
ductive areas. Similar finding were reported by Olive and Smith (1975).‘
They concluded that the release of phosphates, nitrates, and other
plant nutrients from digesteé organic material indirectly contributes
to the high densities of caddisflies as well as amphipods. These
amphipo@s and caddisflies are abundant in plant communities of
Ey filamentous algae and aquatic vascular plants. The release of phos-
phates, nitrates, and other planf nutrients stimulates the growth of
these plant communities which ipvturn provides more living space for
the amphipods and caddisflies. 1In £he present investigation, Hyalella
azteca was positively correlated at the 0.01 significance level with
sediment orgahic nitrogen and phosphate (Tables 7 and 8).

Small macroinvertebrate populations were supported in the less
eutrophic a#eas having stable, erosional-type substrates. More taxa
were presént presumably due torthe more severe levels of competition
and predation operating in these habitats. Thevbenthic communities
in thesg areas contained greatér numbers of pollution—-sensitive forms
VWhich are usually eliminated from organically énricﬁéd areas because

. 6f inadequate oxygen concentrations, habitat destruction caused by

ey ‘ .siltation, and the presence of toxic substances, such as ammonia,

"which are frequently found in organic pollution (Hynes 1960). More

‘Benthic macroinvertebrates dependent on gill breathing and filter

'feeding as the primary modes of respiration and feeding were in these
éreas as compared to the more eutrophic areas. This’was partially
Zghe result of an increase in the number of immature stages of insects

‘VQin these areas. A few of the more abundant insect_representatives

i

s_:included the mayfly Brachycercus, the caddisflies Cheumatopsyche and

gl




.many of these so-called
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Hydropsyche, and the dipterans Atrichopogoﬁ, Cfiéotopus, Harnischia,
Palpomyié, Simulium, and Xenochironomus. Unlike the burrowers found
in tﬁe more eutrophic, lentic study areas of Navigation Pool No. 8,
"clean-water'" forms were adapted to clinging

to stable substrates in lotic habitats.

The separation of the more eutrophic and the less eutrophic atudy
areas in terms of‘tﬁe fauna charaéﬁeristic to each of these two habitat
types is not diétinct. Many benthic macroinvertebrates are capable
of tolerating a Wide variety-of physical-chemical parameters. These
transitional or pollution~facultative organisms can survive under both
extremes of trophic status or under an intermediate trophic status.

In the present investigation, such forms were typified by nematodes,

+

turbellapians, the»isopod Asellus militaris, the dipterans Crypto=-
chironomus and Polypedilum, énd'the gastropod Amnicola. The delineations
between the faunas of the more productive and the less productive

areas are further'blurred since the fauna éharacferistic of one of

these types of area ﬁay occur in the benthic community of the other

tipe of area. The presence or absence of a macroinvertebrate in a
é&réicular benthic community may depend more on environmental conditions,
suéh as substrate or current velocity, rather thgn on trophic status.
Oligpﬁhaetes and Physa, bﬁﬁh’}égéfdéd as pollution-toclerant organisms,
were .also céllected in the less eutrophic areas in the present investi-

gati@ﬁ (Tables 9 and 10). Although the caddisflies Cheumatopsyche,

Hydropsyche, and Stactobiella were more abundant in the less eutrophic,

. lotic study areas, they were occasionally present in the more productive

3

st.ly areas (Tables 9 and 10).
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Role of Macrobenthic Invertebrates in Pool 8

Apart from their roles as biological indicators, macroinvertebrates
serve other functions. As a vital component of the food web (Cummins
1973), macrobenthic organisms are an important source of food for
fish in Navigation Pool No. 8 (Thiel 1977, Wynes 1976). The Chironomidae
(Mason 1975), Ephemeroptera (Britt‘1975, Fremling 1964), and Mollusca
(Heard 1963, Peﬁnak 1953, Wetzel 1975) may serve as significant food
sources for fish,.birds, and other aquatic and terrestrial life,

Benthic inhabitants are also potenfial contributors to pubiic health
and recreational problems, pest and parasite nuisances, and nutrient
recyecling. Many macroinvertebrates, such as snails, serve as inter—
‘mediate hosts for parasites of fish and birds and act as vehicles for
the transmission of diseases. Clams are capéble of concentrating
bacteria a:é virusce {Crimcc 1977). Many, especially the Diptera,
- are pests as biters. Emergences of large numbers of dipterans and
ephemeropterans create simple nuisance situations. These emérgences
of benthic invertebrates may aid,in the transport of nutrients to
o%hervzoﬁes of thé aquatic environmént (Wetzel 1975). Wetzel has
%lso reéorted that' the burrowing activities'of several benthic organisms
may disrupf the sediment-water interface and significantly alter the
okidized microzone of the bottom substrhte. The effect of this physical
disruption on nutrient exchange and cycling is unclear and is probably
ipsiénificant in relation to the dominant chemical-microbial regulatory
’ p?ocessés. The role that the excretion of nutrients by macrobenthic
iéverteb;ates plays in the regeneration of nutrients is also uncertain

'VV_KWetzel 1975). Some benthic 6rganisms, especially pelecypods, are
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of economic importance. The use of mussels in the button and pearl
industries, although once important, has been declining as the result
of synthetic substitutes and the degradation of mussel beds. Human
influences, such as damming, dredging, and agricultural runoff, have

eliminated much of the mussel habitat by causing increased siltation.

‘Man's Impact

Man has had. a serious impacﬁ on Fhe benthic communitiés of‘the

Upper Mississippi River (Brigham 1971,'Ellis 1931), as well as on those
communities of other river systems (Kaplan et al. 1974, La Roe 1972,
Mills 1966). The impoundment of the upper section éf theAMississippi
River has promoted an increase in the deposition of suspended materials,
-a natural result of decreasing the current velocity of the river.

These Qnstable, shifting silt sedimenﬁs have a high organic content

and place a large oxygen demand on the aquatic system. As a conse-
quence, those pollutiotholerant benthic organisms capable of surviving
under poor oxygen conditions, including certain oligochaetes, chironomids,
aﬁd pulmonate snails, become abundant and repl;ce tﬁe clean~-water
forms which require more stable substrates having high oxygen contents.
és’megtiohed previously, the increased siltation has resulted in the
elimination of once-important commercial mussel populafions. These
qhangés in the benthic fauna may have adverse effects on the fish

communities which may be limited to those fish which can utilize the

tolerant macrobenthic invertebrates as food items. Duck populations
which feed on mollusks may also experience unfavorable repercussions

(Brigham 1971).
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The graded condition'of the Mississiﬁpi.RiQer is also aggravated
by increased agricultural tillage and dredging. Dredging has had
many adverse effects on benthic assemblageé (Brigham 1971, Képlan
et al. 1974, La Roe 1972). These effects can be divided into three
categories, immediate effects, transitory or semipermanent effects;
and permanent changes (Kaplan et al, 1974). TImmediate effects include
increased siltation, the removai from the water column of planktonic
organisms which serve és foo& items for macrobenthic filter feeders,
and changes in the chémical water qgélity as substances are released
from the dredged substrates and dissolved. Dredging also causes
increased, irrégular suspension of materials which reduce light penetra-
tion and, therefore, photosynthesis. These suspended materials also
interfer¢ with the filter-feeding mechanisms of many benthic organisms.
Transitory effects include the mechanical removal of the benthic fauna
‘and changes in.the substrate tjpe.b Benthic drganisms; capable of
surviving én the resulting substrate, will eventually recolonize the
previously dredged area. Kaplan et al. (1974) noted however that

the benthic communitiesAprior to dredging operations generally had

" larger biomasses, greater numbers and greater numbers of species.

Disruption of the existing current patterns and velocities cause per—
manent ecological changes.

Human activities tend to exert a monotypic influence on aquatic

"~ environments. Damming, dredging, pollution, and careless agricultural
" practices often cause the simplification of the environment and the
" elimination niches. The "healthy'" community (Patrick 1950), which

A ié composed of many taxa, small biomasses, and few numbers due to
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balanced, severe competition, is placed under stress and is gradually
replaced by a community having fewer taxa, greater biomasses, and
greater numbers. Many species are eliminated and the few that survive

are able to freely multipiy due to the reduced competition.
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SUMMARY AND CONCLUSIONS

One hundred forty-four macrobenthic taxa, identified in most
cases to the generic level, were found in this éurvey of 41 study areas
inlNavigation Pool No. 8 of the Upper Mississiﬁpi River during the
summer ©f 1975. Over half of the collected taxa were insect nymphs
and larvae. The mollusks were second in importénce in terms of the
number of taxa examined. A total of 90,693 representatives of the
Phyla Platyhelminthes, Nematoda, Annelida, Arthropoda, and Mollusca
were counted, weighed, and identified. Members of the Class Oligochaeta
were by far the most ubiquitous and.dominant macroinvertebrates found
in the 616 bottom collections. Spatial distribution of many other
benthic forﬁs varied and reflected habitat preference.

Pool 8 demonstrates great ecological diversity due partly to the

PUESUUU S TONNNE U S At
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inundaticn of large, diverse land ares
and Dam No. 8.  Habitats range from the very eutrophic backwater areas
to the less eutrophic areas of the main channel and adjacent waters.

Although habitat'preferences of specific macroinvertebrates were apparent

and were often governed by particular physical-chemical parameters,

‘such as current velocity and substratum, these ecologically diverse

habitats supported characteristic benthic macroinvertebrate communities.

Proceeding from the more eutrophic areas to the less eutrophic areas,

the following trends in the benthic macrofauna were observed:

1. The number of taxa per area increased.
2. Benthic production, in terms of the total wet weight/m2 and

the mean number of macroinvertebrates/m2 in each area, decreased.
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3. The relative abundance of pollution~tolerant forms which

have low oxygen requirements or which have special adaptations
to cbtain atmospheric oxygen decreased.
4. An increase in the abundance of pollution—-sensitive forms |

occurred.

5. The number of gill breathers and filter feeders increased. i

6. There was an increase in the relative number of insects,

including caddisflies, mayflies, stoneflies, and dipterans.

7. Burrowing organisms adapted to lentic, silty habitats tended
to be replaced by macroinvertebrates favoring lotic habitats

and found clinging to erosional-~type sediments.
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Appendix I. Distribution of selected macrobentic invertebrates in
all study areas of Navigation Pocl No. 8 of the Upper Mississippi
River during the summer of 1975,




Appendix Fig. I-1. Average number of organisms per square meter
(Turbellaria), 41 study areas, Navigation Pool No. 8,. Upper Mississippi
River, summer, 1975. .
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Appendix Fig, I-2. Average number of organisms per square meter
(Nematoda), 41 study areas, Navigation Pool No. &, Upper Mississippi

River, suumer, 1275,
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Appendix Fig. I-3. Average number of organisms per square meter
(0ligochaeta), 41 study areas, Navigation Pool Neo. 8, Upper
Mississippyr River, summer, 1975. .
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Appendix Fig. I~4. Average number of organisms.per‘Square.meger

(Hirudinea), 41 study areasg, Navigation.Poal No, 8 pper Mississippi
Rivei, $uaibér, 1570, i -
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Appendix Fig., I-5. Average number of organisms per square meter
(Asellus militarig), 41 study areas, Navigation Pool No. 8, Upper

Missisgippl River, summer, 1§75.
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Appendix Fig. I-6. Average number of organisms per square meter
(Hyalella azteca), 41 study areas, Nav1gat1on Pool No. 8, Upper
Hississippi River, suier, 1675,
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Appendix Fig. I~-7. Average number of organisms per
(Hexagenia), 41 study areas, Navigation Pool No. 8,

Tt Pro - 1N
~IVEY, sumner, is/0

square meter
Upper Mississippi




Study Area

35

30

20

15

10

O ©

o

G

i |

(3

o Sampling Poriod |
o Sampling Period 1

S 133455

o->1195.93

!
200 400

Number

500 800




Appendix Fig. I-8. Average number of organisms per square meter
(Cheumatopsyche), 41 study areas, Navigation Pool'NoiAS, Upper

s . . . ’ _i'
Mizsdssippil River, summer 1975, ;

—
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Appendix Fig. I-9. Average number of organisms per square meter

(Cecetis), 41 study areas, Navigation Pool No. 8,
River, summer, 1975.

Upper Mississippi
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Appendix Fig. I-10. Average number of organisms per square meter
(Chironomus), 41 study areas, Navigation Pocl No. &, Upper
Mississippi River, summer, 1%75. Ce
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Appendix Fig. I-11. Average number of organisms per square meter

(Cryptochironomus), 41 study areas, Navigation Pool No. 8, Upper

Y L O P i S T ) B BT g gt oy 107
HLISTLEELEPpA. MAVET, EUlner, 1975,
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Appendix Fig. I-12. Average number of organisms per square meter
(Endochirecnomus)., 41 study arcas, Navigation Pool No. &, Upper

Mississippi Kiver, summer, 1975.
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Appendix Fig, I-13. Average number of organisms. per{ square meter
(Polypedilum), 41 study, areas, Navigation Pool No. &, Upper .
Migediaginni River. cupmer 1075, CE »




¢ Sampling Pericd |

aolo ’ ' o Gampling Period !

3
i
.
_1-_.;.
®)

5]
3
¢

(8]

@ RO e

20!~ o o

i

510 ®

L3
s § Bisasnsio it e
i
&
i)

101 @

(@]

<o
i
®

poe ]

l . ! o d =
0 100 200 360 400 500

Number




£ <r

Appendix Fig. I-14. Average number of organisms per square meter
Lag

nochironomusy, 41 study areas, Navigation Pool No. 8, Upper
Mississippi River, summer, 19Y75.
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Appendix Fig. I-15. Average number of organisms per square meter
(Coelotanypus), 41 study areas, Navigation Pool No. '8, Upper

T

Migsissippi River, swuwacr, 1575, e
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Appendix Fig. I-16. Average number of organisms per square meter
{Pentaneura), 41 study areas, Navigation Pool No. 8, Upper Mississippi
Kiver, -summer, 1975. : s :
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Appendix Fig. I-17. Average number of organisms per square meter
(Palpomyia), 41 study areas, Navigation Pool No. 8, Upper Mississippi
Kiver, summer, 1975. R .
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Appendix Fig. I-18. Average number of organisms per square meter ‘
(Amnicola), 41 study areas, Nav1gatlon Pool No. 8, Upper Mississippi
River, summer, 1975. #
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Appendix Fig. I-19. Average number of organisms per square meter
(Sphaerium), 41 study areas. Navigation Pool No. 8, Upper Mississippi
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Appendix II. Computer Prograum
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