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ABSTRACT

Natural and man-induced events {e.g., changes in land-use and
channel mcdifications) exert major effects on biotie components of
streams and rivers. Historically, man’s efforts to reverse water
resource degradation have emphasized physical and chemical attributes of
water {water quality) while ignoring other faciurs that determine the
quality of a water resource system. One of the most neglected
components of water resource quality in stream ecosystems is physical
habitat. Indeed, concern for in-stream/ near-stream physical habitat is
as oritical to reatoring a fishery as iz water quality. Among the
primary man-induced stresses on {ish communities (sedimentation,
nutrien’ enrichment, navigation, impoundments and levees, toxic
substances, consumption of water, alterad hydrological regimes,
Introduction of exotics), most have major impacts on physical habitat
conditions. Continuation of present policies yislds 1ittle chance for
compliance with society’s mandate for preserving bictic integrity, an
explicit objective of water resource legislation. Unless present
activities related to aquatic systems are changed, tae trend toward
declining fish resources in most rivers will continue unbil only a few
tolerant species with minimal aesthetic, recreational or food value
remair.

The progreaslive degradation of running water resources s at lezst
partly due to a lack of understanding of the physical and biological
dynanics of stream an? river ecosystems and to the lack of a
comprehensive, integrated approach to watershed management. In this
report we outlins sueh an approach, review physical and biolozical
dynamlcs and present a set of habitat preservation guidelines for
maintaining =cologleal integrify, with emphasia on warmwater Cish
conmmunitics. We also analyze present programs dealirg with water
resource problems in agricultural areas and suggest institutional
approaches for halting and reversing stream and river degradation in
these rmagions.

This report was submitted in fulfillment of Grant No. 8G7677 by
the University of Illinois under the sponsorship of the U. S.
Envirconmental Protection Agency. This report covers a pericd from
October 1980 to December 1981 and was completed az of 24 December 1981.
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PREFACE

The surface waters of the United States absorbed effivents as well
as other impacts of a developing society for several centuries before
signs of degradation could no longer be ignored. A “dilutien is the
solution to pollution” approach to waste disposal prevailed and tyyp-
ically resulted in grossly polluted water and associated losses of
aquatic resources (particularly fish). By the mid-twentieth century,
early legislative efforts were initiated to halt and perhaps reverse
this ominous trend.

A proliferation of programs to improve water quality ensued with
decisione regarding management of runzing water resources being made by
engineers and dealing with effluent coatrel. The primary approach was
to restore the chemical quality of waler; it was presumed that improve-
ments in biological guality would foliow close at hand. In many cases,
streams were viewed as conduits for tie transport of water and water
development schemes rarely included assessments of biological impacts.
Many even denied the fundzmental biolegical nature of aguatic systems
and/or their complex interrelationships with terrestrial watersheds. As
a result, habitat quality and thus bistic iptegrity ~ontinued to decline
in many aress despite massive expenditures of funds. Ironically, man's
"technological" solutiens to water rescurce problems sometimes centrib-
uted to declines in biotic integrity {e.g., chlorine toxicity in the
effluent of sewage treatment plants).

Individnal water resource problems have traditionally been dealt
with in a fragmented manner by groups >r agencies with narrow water-use
interésts or concerns. Program planpers typically lacked the disci-
plinary breadih to consider the full zrray of ecosystem functions and
needs. As a result of these uacoordizated eiforts and rcliance on
technological contrel measures, integral festures of naturatlv function-
ing stream ecosystems sre destroyed., Hence, desirable effectsy of
specific watar programs may precipitate negative secondary impacts.
Minimal incremental improvement in bietic integrity often folluws
effluent control because physical habitat quality in streams and rivers
is being degraded simultanecusly by structural solutions to control
agricultural wvoupoint sources and chamanel alterations for navigation,
flood control, and drainage.

In recent years, knowledge of the influences of biological dynamics
have increased and a cadre of spokesmen have become more articulate at
communicating the significance of these dynamics. The result is
emergence of a more integrative perspective on gnals for management of
running water resources., In this repsrt we focus upon the role of
habitat structure as a determinant of biotic iategrity.



Qur unal is to provide a seriea of guldelines and recommendatjons
that can be used to insure the preservation of physical hahitat. The
development of these puidelines and recommendations depends on a solid
foundation in several diaciplines. Most importantiy, the preservation
of suitable hablitat requires ldentification of the major habitat
components. Thisg requires knowledge of both biological dynamics and
hydrologiecal conditicons that produce specifie physical habitat
characteristics. Hence, we outline both the biological and hydrological
background to our recommendations. We believe that biologists should no
more ignore the nydrological underpinnings of the stream ecosystem than
should engineers and hydrologists ignore the blological foundations.

The primary emphasis of our guidelines and recommendations is on
physical habitat characteristics that are necessary Lo preserve or
restore fish faunal integrity in warmwater streams and rivers of the
Midwest. 1In formulating these guidelines we have conducted a
comprehensive raview of ecological literature dealing with relationships
between physical parameters and stream fish communities. Although
warmwater streams are our primary focus, we have included relevant
supportive data from coldwater systems.

While effects of various types of hzbitat alteratlions provide part
of the foundation for our guidelines, it is not ocur intent to develop a
laundry list of ways that man impacts {he integrity of physical habitatb.
In fact, intricaclies of scme water resource problems, particularly those
relating to impoundments by high and low head dams, are not treated in
detalr. Rather, we deal with ecological consequences of impacts,
emphasizing ways that negative aaspects of those ilmpants can be
ninimized, as well as pointing cut which impacts and practices are
unaceeptable. As a resuli, we belleve that our puidelines and
recommendations are adaptable to most warmwater stream environments.

Qur report is organized into the following major components:
1. History and Background of the Problem

In this section we trace the historical roots of the eriasis ‘=
habitat quality in warmwater streams. Ve examine fish faunzs of several
major nidwestern basins and characterize gpecifie factors that have
produced changes in fish resources.

2. Guidelines and Recommendations for Protection of Physical Hablitat
in Warmwater Streams

In this section we outline guidelines to protect habhitat
characteristics of streams and rivers. In particular, we detail
specific physical habltat attributes that must be malntained to sreserve
biotic integrity. We also discuss mitigation measures to insure the
protection of important habitat characteristics when watershed
modifications are Jnltiated, as well a3 methods to restore previously
altered streams. Finally, we descrihe comprehensive planning efforts,
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including suggestions regarding more effective Iinstitutional
arrangements and polleies that are necgeasary to protect atreanm
ecosystems.

3. Development of Stream Habitat

This section ocutlines briefly the hydrological principles
associated with the development of physiezl habitat in streams and
rivers. An understanding of these hydrological processes is essential
to comprehensive planning programs.

., Bislogical Foundations for Habitat Protection

Since cur primary concern is biotie integrity of streams and
rivers, this gection forms the centrzl core of the background material.
We discuss the most important relationships betveen physical habitat
attributes and biotic integrity in flowing water systems, with apecial
emphasis on fishes.

5. Annotated Bibliography

This annotated biblicgraphy includes references that we found most
useful in our search of the literature on the subject.

6. Appendix

Throug. .out the report we refer to fish species by common name only.
In Appendix ¥ we provide a list of the secientific names of those
species. Appendix II iists the fishes of the Illinois River, their food
habits, present population status, and population trends since the
mid-19th century.
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SECTION ¢

INTRODUCTION

The characteristics of waterwzys are altered by natural and
man-induced causes. Among man-induced cccurrences, changes in land-use
and channel modifications exert major effects on waterways and their
biotic components. Historically, decislons to alter land-use or channal
characteristics have been made on the basis of their loecal short-term
impact rather than within the contex®: of integrativs, basin-level
analyses. Regrettably, even local impacts have not been adequately
assessed. In most cases, physical and chemical attributes of water are
narrowly emphasized while other important determinants of water resource
fquality are neglected. As a result, running water resourees have heen,
and continue to be, degraded.

One of the must neglected components of water resource guality in
stream ecosyatems is physical habitat. WYWhile the roie of physical
habitat as a determinant of biotic integrity is tne primary focus of
this report, it is important to view this Cactor in a wider framework
{Fig. 1). The attributes of a runring water ecoayshem are determined
by characterisatics of the terrestrial environmen’ of the watershed. The
phyaical structure of stream channela and the low regime that they
support reflazct the climate of tie syatem Aas well as the toposraphy,
parent matertal, and land-uze of the basin. These laterast to produce
the surface and groundwater characteriatics and dynamices of the
wztershed, The riparian environment plays a =ajor role in mitigating
these influences at the land-water interface. Within the streanm itselfl,
five major seta of varliables interact to affeet biotic integrity
(Fig. 2): water quality, flow regime, physical habitat, energy source,
and blotic interacl ons.

Higstorically, of the fiva factors that affcit bistic integrity,
only water quality, and to a lesser extent, {low regime, have been of
concern to water suality managers. Wa hope this report will reverse
that trend by - wing attenticn to and outlining the importance of
physical habitar Treatment of water guality degradation without
addressing phys. 2! habitat degradation will not result in attainmeat of
legislative mani-tes on water resources.

Specificaliy, our objectives are to outline: 1. The importance of
physical characteristics as determinants of fish community attribuces in
stream ecosystems; 2, how changes {n physical characteristics affect
fish faunas; and 3. guidlines and recommendations to halt and reverse
the degradation of phyaical habitat. We hope this report will be of use
to a variety of water resource planners and managers and that 1% will
rasult in a more integrative approach to the nanagement of water
resource systems.
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Figure 1. Cecnceptual model showing the primary variables {and their
interactions) external and internal to tne stream that
govern the integrity of an aguatic biota (From Karr 1i98lia)
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Figure 2. Primary variables that affect the structural and functional
integrity of an aguatic biota (Modified from Karr and Dudley
1981)



WATEXR RESOURCE QUALITY

The passage of the Federal Water Pollution Contrel Act Amendments
of 1972 (PL 92-500) stimulated many efforts to improve water quality
through establishment and cenfcrcement of criteria and standards for
specific contaminants. The use of these criteria has teen attacked on
numerous grounds (Thurston et al. 1979). For example, they have not
taken into account naturally cccurring geographic variation of contaminants
(e.g.,copper, zinc) or considered the synergistic and antaponistic effiects
of numerous contaminants; noc have they considered sublethal effects (e.g.,
reproduction, growth, behavior) of most contaminants. In additcion,
monitering water gquality parameters, such as nutricnts, pesticides,
dissolved oxygen, temperature, and heavy metals often misses short-term
events and long-term patterns {e.g., shifting age structure of fish
populations) that may be critical to assessment of biotic impacts. In
addition, procedures for establishment of criteria have often involved -
inadequate or inappropriate contrels or experimental conditions. For
these and other reasons, the primary dependence on a chemical-contaminants
approach is of limited value in attaining biotic integrity in running
water ecosystems (Gosz 1980).

An additional disadvantage of this narrowly defined water guality
approach is that scveral key determinants of biotic intepricy are not
evaluated (Karr and Dudley 1981, Karr 193la). Chemical monitoving
misses many of the man-induced perturbatiens that inpair use. For example,
flow alterations and physical habitar degradation, are not detected in
chemical sampling.

This navrow focus developed because of inadequacies of early water
resource legislation (Pl 92-500). Although congressioral hearings leading
to pasgage of the law clearly indicate the intent to focus on biotic
integrity, as drafted, the law emphasizes physical-chenical parameters
and water quality. With passage of the Clean Water Act of 1977 (PL 95-217)
a more comprehensive definition of pellution came inte ezxistence; pollution
was defined as “the mavnade or man-induced alterationm of the chenical,
physical, biclogical, and radiological integriir of water." Despite this
refinement, regulatory ageuncies have been slow to replace the classical
approach (uniform standards focusing on contaminant levels) with a more
sophisticated and environmentally sound «pproach.

Mere effective water resource management requires integrative ploaning
and coordination at the basin level. The many agencies and individuals
involved in activities that affect water resource quality must coordinate
their efforts more effectively. This involves development of more
meaningful and less oppressive regulations whenever possible. It also
involves each element in society participating im a spirit of responsibility
and cooperation to protect the values of land-water ecosystems. The specific
values to be protected vary with site and local needs. Nacionally, we carnot
afford continuing degradation of specific values {(e.g., biotic integrity).
The holistic perspective of ecosystems {(and the valuzs derived from them)
as integrated systems of land-water-biota~human must be adopted by society
at large.



MAR'S INFLUENCE Od STREAM HABITAT

Human populztien increases combined with technolegical lmpacts
during the last 100 years have been instrumental in degradation of water
resources. In midwestern Horth America, agriculture, urbanization,
industrial development, navigation, hydroelectric development, and
recreation have all had significant impacts on the physical atiributes
of lotlec environments. TImpacts of modificaticns such as dredging and
dam construction on stream habitats are cbvious, while others are more
indirect. Urbanization, for example, alters watershed hydrology which
affects stream habitat conditions by disrupting flow dynamles and
channel equilibtrium.

The complex interactions that have resulted in water resource
degradation and attendant changes in fish faunas are {illusirated by
perturbations stemming from historical changes in agricultural ecclogy
{Cox and Atkins 1979). The conversion to intensive agriculture has been
particularly important in changing running water resources in the
Midwest; indeed, it was probably the first major encroachment on inland
waters (Cairns 1978).

Early settlers were limited, for the most part, to raising
livestoek and small plots o7 2rops on naturaily well-drained land that
could be cleaved of trees or prairie grasses (Larimore and Swith 1843),
With the deveiopment of improved Tarming technigues and equipment (e.g.,
the stzel plow), more land was cleared and fields expanded. Ditches
were dug by individual farmers to arain marshy areas. Crop rotation,
fallow land, and manure were used to replenish z0il nutrients removed by
cropa and eroslon.

In Illinois, the Farm Drainage Act of 1879 promoted the formation
of dralnage distriets that allowed farmers to work together on drainage
projects covering large areas (Larimore and Smith 1963). By 1920, TOf
of the Tllinois counties atudied by Larimore and Swmith had undergone
drainage imorovements. 33ottomlands along rivara and streams were
cleared of trees, ditches were dug, aund underground tiles installed to
lower the water table and accelerate groundwater flow to natuaral
streams. In some places tlles resulted in burying whal were originally
surface water courses (Larimore and Smith 1963). Dredging and
straightening of existing streams also increased the rate of drainage.
Pralnage Impacts combined with environmental modificaticns aasociated
with the initial tilling and draining of the prairie in the early 1800s
had dramatiec effects on stream environments. By the late 1800s many
streams that were originally deep, narrow and cof continuous c¢lear, cool
flow had become wide, shallow and widely fluctuating in dilscharge ag a
result of changing land-use (Menzel and Fierstine 1976). (see Section 3
for a discuszsion of the hydrologleal causes and consequences of theae
alterations.) 1iIn facht, changes 1n water flow regimes in streamns
ecombined with modifications of so0il structure (resulting from clearing
and caltivation) altered the dynamics of the entire ecosysten.
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Overall, the development of legal (Farm Drainage Act of 1879),
institutional (soll and water consecvation districts), and technologleal
(farm implements, pesticides, fertilizer) innovations sneeded the shift
to more Intensive cultivation. Vigorous hybrids and improved varleties
along with the use of herbicides and pesticides have, by increasing
production, also led to reduced concern about natural soll fertility.
"Soil-building™ erop rotations have been abandoned in nost areas and
replaced by higheincome crops that deplete nutrients in one year rather
than over the course of a multiyear c¢rop rotation (USDA 1981). Wheat,
corn, and later, soybeans became the leading crops becsausa they were
marketable on a large scale.

With agrieculture depending less, in the short-term, on natural
fertility for sustained yields, and groving world markets in the 167Q0s,
even marginal and poor lands are being c¢lsared and cultivated. Farmers
now more than ever put every avallable acre into production, often
resulting in abandonment of condervation practicea {(Karr 19817a) and
accelerated erosion rates.

In faet, erozlon haz onee again become a serious problem. While
the technology of agricultore has changed Ltremendously since the 19230s,
the administration of Federal erosion-control praograms continues to be
carried out in much the same context as it was during the Depression,
especially in terms of short-term, benefit/cost relatinns to the farmer,
the landowner, and socisty at large {JSDA 1981, Karr 138%a). In 1979,
Rupert Cutler, then assistant to the Secrebary of Agriculture, made the
observation that "after 40 years of conservabtion efforts, 501l erosion
is now worse than during the Dust Bowl days® {Risser 1981). Rain and
melting snow continue to wash tons of s0il from fields. Much of that
soil ends up in streams, rivers, and lakes, impeding the flow of waler
and destroying essential habitat for fish and other wildiife. 1In
addition to sediment, livestook waste and chemieal pollutants
(nutrients, herbicides, and pesticides) carried by the soil also find
their way into water systenms.

With sedimenvs from eroalicn clogging stream channels, dredging and
rechannelization efforts have increased. FPerpetual channelization of
large rivers is also necessgary to keep channels open for navigation.
Part of the demand for navigable rivers lies in the need {or barges to
move grain and other products cheaply to ports. Thus,
agriculture-related impacts, including drainage, erosion and
sedimentation, nutrient enrichment, pesticide runoff, and altered
hydrology, have clearly had a profound effect on water resources in
streams and rivers,

Along the continuum fror headwater streams to large rivers relative
impacts of various perturbations change. Modificatlons due te
agriculture seem to have their greatest direct effect on headwater
streams. In addition to being subject to extensive channelization and
removal of near.stream vegetatlon, headwater areas are the primary sites
of sediment inputs from the land surface (Karr and Schlonser 1978).
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Since these areas are importani apawning and nursery grounds for
commercial and sport species that spend their adult life in lakes or
large rivers {Xarr and Gorman 1975), modifications of headwater streams
have wide-ranging as well as loecal impacts. (Alszo see p. 52).

In addition to channelization, hydroelectric, flood control, and
recreational activities have direct and indirect effects on the
hydrology and physical structure of large river environments. The most
significant recent changes to the natural resources of the upper
Missisaippl River appear 1o be associated with navigation (Vanderford
1980}, As early as 1824, the Federal Government authorized removal of
snags, shoals, and sandbars, execavation of rock in several rapids, and
elosing off of meander sloughs and backwaters in an effort to confine
flow to the main channel. By 1878, a 4.5 ft, (1.5 m) deep channel was
authorized and wan increased to 6 ft (2 m) in 1907 and 9 't (3 m) in
1930. The laat of the 9 ft (3 m) channels was completed in 1963 with
the opening of the Upper 5t. Anthony Falla Lock.

Before the 9 ft {3 m) channel, the river bottoms were primarily
wooded islands with numerous dezep wetlands, lakes, and ponis scattered
through wooded areas. The creation of a series of locks and dams and
aszociatad impoundments abruptly changad the ~iver bottoms. Instead of
a complex mosale of habitats with widely fluctuating water levels, a
serieg of navigation pools with relatively stable water levels was
ereated. HNavigation pools generally have three distinot zones: (1) an
upstream zone much as 1t was before Impoundment but with more stahble
water levels, (2) mld-impoundment arz2a with flooded islands, oxbows, and
other habitats, often with extensive marsh development, and (3)
downstream areas with deep open water that preejudes marsh development.

Thaese changes resulted in the replacement of a natural river system
that foestered [ast-water fishery resources wita an artificial pool
system fevoring a lake-type fishzry. The slowed current affected
apawning and nursery areas bath dirsetly and indirectly (e.g., through
811t deposition). 1In addition, sedimentation destroyed many backwater
areas. Overall, the navigation program on large rlivers has affected
fishery resources by modifying habitata as well as preventing migration
among areas in the river system. WMany specles, such as skipjack
herring, paddlefish, American eel, Alabama shad, shovelnose sturgeon,
blue sunier, blue catfish, and lake sturgeon have been especially
aff'ected by these modifications and now occur in relatively low nuwmbers
{Carlander 1954).

The combined impacts of agriculture, urbenization, and navigation
have resulted in massive degradation of physical habitat as well as
water quality. Treatment of water guality degradation without
addregslng physical habitat degradation will not result in attainment of
the legislative mandates on water resourges. As 1s suwwnarized in Table
1, alteration of physical habitat in streams ecreatss a cascade of
changes in numerous fzetors that reduce biotic integrity. We discuss
many of these impacts and methods for reducing their negative effects
throughout this report. 6



TABLE 1. FECOLOGICAL EFFECTS OF ALTERATICNS OF HEAODWATER STREAMS
{EXRCLUDING CREATION OF SHMALL IMPGUNDMENTS)

Water Quality Effects
Increased suspended solids
Increased turbidity
Altered diurnal "DO" cycle
Increased nutrients (especially soluble)
Expanded temperature extyremes

Flow Regime Effects
Increased flow velocity
Alteration in flow extremes
(Both magnitude and frequency)
Reduced diversity of flow conditions
{No protected sites)

Habitat Quality Effects

Decreased sinugsity

Reduced habitat area due to shortened channel

Decreased stability of substrate and banks due to erosion
and sedimentation

Uniform water derth

Reduced habitat heterogeneity

Decreased in- and near-stream cover

Energy Dynamics Lffects
Decreased coarse particulate organic matter input
Increased algal preduction
shifts in invertebrate guilds
(e.g. t scraper, + shredders)
Shifts in fish guilds

Biotic Effects o o
Altered production (1 & 27) dynamics
Alter=d decomposition dynamics
Disruption of seasonal rhythms
Shifts in species composition
Shifts in relative apundances
Increased frequency of hybrids

Downstream Effects

Flooding and low-flow extremes

Sedimentation

Shifts in nutrient and organic inputs

Shifts in bioctic communities
{e.g., fish communities are altered becavs: of:
a. local water, habitat, foocd availability
b. modifications of headwater spawning and nursery areas
c. modified competition and predation dynamics




CHANGES IN THE MIDWEST FISH FAUNA

Changes in watershed hydrology and channel structure have had a
profound effect on fishes of Midwestern streams. Following Karr and
Dudley (1978) we determined the current status and population trends
(since about 1850) for each specles in the Illinois River system and
elassed them according to food habits and typical stream size (Table 2).
Like Karr and Dudley {1978) working on the Maumee River system In Ohio
and Indiana, we assume that population trends aince 1850 primarily
reflect influences of man. A specles was elaased as decreasing if
either or both of the following conditions were tnue: {1} The geographie
sxtent of thes spacies in the watershed has declinsd signifiecantly, or
{2) the average abundance of the species in suitable habitat is lower
now than in the past. The extreme in this case 1s extirpation
(extinction)., At the other end of the apectrum are introductions of
exoties and speciss that have increased in abundance.

The guality of information upon vhich the present atatus and
pupulation trends are based is marginal at bagt. Consequently, we use
only a faw zeneral categories in our classification. Some subjectivity
exists in this type of analysis due to the qualitative nature of the
data base and because precisely equivalent information from both river
systsms i3 not available. However, in bobh river systems a significant
amount of information is available to docvument major trenda. Ve feel
that classification errcors are minimal and not likely to affect
significantly the general conclusions.

Detailed knowledge of fish habitat requirements is not yet
available. Thus, the impacts of man’s activities on stream hahitats can
not yet be precisely related to changes in fish communities. However,
study of food habits are relatively advanced, so changes in the fnod
base can be used as a reasonable first approximation for habitat
quality. The value of interpreting changing abundances of individual
species by trophic status lies in the interpretation of changes which
result from modifications in the entire watershed. Th= diverse
functional roles of fishes makes them ideal organisas for study of
biotic integrity in aquatic ecosystems (Karr 1981b).

According to the stream continuum hypothesis (Cummins 1974, 1975,
Vannote et al. 1980), headwater streams in eastern ¥North America are
primarily heterotrophic and have coarse particulate organic natter {rom
terrestrial environments as their major energy source (Tablae 3).
Primary production in the stream is generally low. Medium-sized rivers
are autotrophic with considerable primary production and fine
particulate organic matter as energy sources. Large rivers tend to be
nore heterobtrophic with the major energy source coming from upstream
areas as exported fine particulates. Under this hypothesis, the
changing energy base affects the stream fauna. Invertivore fishes
ghould dominate in headwaters, invertlvores and piseivores should
dominace in mediun-sized streams, and planktivores should dominate in
larger rivers.
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TABLE 2. CLASSIFICATION SYSTEM USED IN ASSESSMENT OF THE ILLINQIS RIVER FISH FAUNA

bistribution = Stream Size Category
1, Headwateyy - Streas orders 1-3; qenerally less than 8 to 10 m wide; average discharge
generally lespg than 5 cms.
2. Mid-River - Stream orders 4-6; about i0 to 35 m wide; average discharge 5 to 150 cma.
3. Large River -~ Stream orders 7 and sbover greater than 35 m wide; average discharys
generally exceeds 150 oms.

Food Habite
1, Invartivore - food predoninantly (»75%) invertebrates. .
2. Invertivore/Placivore — fpad a mixture of invertebrates and figh; relative proporticns often

a funciion of age.

3. Planktivore - food dominated by wlcroorganisms extractoed from the water column.
4. Omnivora = two or more major (<2%% each] food types consumed.
5. Heriivora - feed montly by scraping algae and diatoas frow rocks, and other stream subatrates.
6. Piscivore - feed cn other fich.

Feod habity informarion obtained fram Carlandor 1969, 1977; Smith 1978, Xarr and Dudley 1978.

Qurrent Polative Abundance®
A - pbundant. A pumerically domipant species,
VD = Vory common. A spoecles that is usually captured in large numbers.
C = Common. A specios found in moderate nurbers.
U - Uncompon. A specles occurring rather regularly in collections, but uspally in small punhers.
R ~ Rare. A specles recorded only once or very infrequently, and invariably in small numbers.
E - Endangerad. Species on the State of IXlinoie endangered rpecies liat,
¥, » Extirpated in watershed.
Population Tread"
§ = Stable. Ko paior change in abundanco.
I - Incraszsing. Marked increase in abundance.
D - Cecreasing., Marked decrease in abundance.
¥ = Introduced. HNon-native species now present through releage or invasien and nstive specles
whose presence is dve primarily to stocking and escape from ponds.
E - Lont. Species whose nunbers have been so drastically reduccd they are considered extirpated
or extremely rare.

"p.xrxem: abundance and population trends are based upen work of Troutman and nle collesgues (cited in
Karr and Dudley 1978) for the Maumce, and work by staff asscciated with the Illinois Natural History
Survey (Millez et al. 1966, Sparks 1977, Smith 1979, Sanderson 1980) for the Illinois River.
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TABLE 3. GENERAL CHARACTERISTICS OF PRELOMINANTLY P'ORESTED RUNNING WATER ECOSYSTEMS OF EASTERN
NORTH AMERICA {(MODIFIED FROM CUMMINS 1975}

Primary energy Production Light and temperature Trophic status of dominant
Stream size source {trophic) state* ragimes Insects Fish
Small Coarse particulate Heterotrophic Heavily shaded Shredders invertiveres
headwater organic matter
streams (CroM)} f£rom the P/R<1 Stable temperatures Collectors
terrestrial
environmen i
Little primary
production
Medium~ Fine particulate  Autotrophic Little shading Collectors Invertivores
sized crganic matter
streans {rPoM), mostly P/R>1 Scrapers Piscivores
Daily {grazers}
Considerable teaperazure
primary variation high
production
Large FFCM from Heterotrophic Little shading Collectors Planktivores
rivers upstream '
P/R<1 Stable temperatures Omnivores

*A stream is autotrophic if instream photosynthesis exceeds the respiratorv requirement of organisms

living in the area (that is, P/R>1},

upstream areas or the land surface is necessary (that is, PB/R<l).

It is heterotrophic if importation of crganie material from



Shifta in land-use and other activities of man alter these patterns
(Table ¥#; see alac Karr and Dudley 1978, 1981, Schlosssr 1931a,b).
Hodified headwaters, for example, suppori more opportunistiec
invertivores. In addition, migrants to headwaters from downztream areas
shift from a dominance hy lnvertivores and piscivores to omnivores and
herbivores.

Before embarking on analysis of the Illinois River system, we
swimarize the major results of tae Maumee River study (Karr and Pudley
1978). Seventeen species have been extirpated from the Maumee during
the past century and an additional 26 species have declined in
abundance. 1In contrast, 11 specles wsre introduced, and 10 have
increased, Populations of an additional 34 species have remained
relatively stable. Overall, 43% have declined while half as many (22%)
have been introduced or increased in abundance. The remainder (35%)
have stable populations.

Tropnle structure of the Maumee River fisn rauna shifted most in
medive-sized rivers. WNine invertivore/piscivore species (insluding
gamefish such a3 northern pike, walleye, and smallmouth bana) declined
in abundance since 1850. Deteriorating water quality as well as
destruction f headwater spawning habitat ware cited as reasons for the
denlines. fhanglng conditions in headwater streams impacted fish hoth
locally (in headwaters) and In substantial portions of downsbream areas,
Karr and Dudley {1973) suggested that functional alterations in streams
were particularly disruptive to the fish compunity hecause reduced
populations of Lop predators removed natural checks on forage fish.

Among the speclies extirpated during the paast century, four were
headwater invertivores requiring clear water and in most cases clean
gravel for successful breeding. Two additional headwater apecies, Lhoe
central mudminnow (an omnivore) and pirate perch {an iavertivore)
require well-vegetated, slow moving streams and marshy areaa that
probably disappeared as a result of widespread dralnage programs (Smuith
1979)., Thus, headwakar Yapecialists"” seem to be especially susceptible
to extirpation.

Among the 10 native speecies with lncreasing populations in the
Maumee, three are opportunistic at lower trouphia levels - gizzard shad,
quillback and bigmouth buffalo. The Increasa in these .upecles, ln
conjunction with the introduction of carp and goldfish, shifted the
system away from dominance by insectivore-piscivores toward dominance by
omnivores. Smll impoundments may have been inatrumental in the succeess
of these introduct. msg as well as the increase in native omnivore
populations. The consequent shift in midriver species compesition to
dominance by planktivores and oaniveres has resulted in different types
of fish movinz into headwatersa to feed and/or reproduce,
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TABLE 4.

GEN£RAL CHARACTERISTICS OF HATURAL FORESTED (CUMMINS 1974}

AND MODIFIED (KARR AND DUDLEY 1981) HEADWATER STREARMS IN
EASTERN NORTH AMERICA.

Parametor of interest

Hatural

Modified

Water quality
Light and temperature

Cigaolverd oxygen
Suapended solids
concentration
Cissolved ilona

Flow regice
Flood eveats

Low flows

.

Habitat styucture
Pools, rifflie=, and
racoways

Sedimentation

Frargetics
Farticulate crganic
matter size and source

Production {trophic)
ctate

Trephic statys of dominant

Insects
Fishes

Migrant {ighes

lleavily shaded
Stable temperatures
Helatively gtable
Low to vory low

Genorally low

Dampened hydzograph

Hoderately severe only
in dry years

Subntrate sorting and
water cepth distribution
complex both along and
acyoss stream channel
Miner

Prodominantly coarse
particulate organic
matier from forasted
teerestrial environreat

Little primary produution
Hetvrahropliae; #/R4L

Ehredders, collectors
Invurtivores

Top predatora
Many invertivoros

Cpen to sunlight
Very high summer
Highly variable
Highly variable

temperature

Hign, especially for P and N

#ydrograph peaks
severs
Mcdarately severo ecach yaar
in late suw=er and eagly
Fall: ex:i-cmely severe in
dry years

shagp and

Peduced andfor destyroyed
by channel mainterance
activitiss

¥Yajor problem with large
sedittent injuts fron
land and unstable banks;

Less coarse and more Pinc
particulatporganic patter
from asrimiltural
tincluding ivestock)
domestic sewage

Algal bBleons common

tuzotrophie; PAR-L

and

Callecrars, scrapers
Cypporeuniseis invertiverves,
emnivores

Mostly filter foodors and/
ar omnivores
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In our analysis of the Illinois River, we scught to answer the
following questions: Do the trends observed in the Illinois River
parallel those of the Maumee? If not, how do they differ? What
ecological or other factors are responaidle for the differenceg?

Before answering those questions, we summarize the general
characteristics of the two watersheds (Table 5). The larzer size of the
I1llinois River watershed accounts for its higher flow and richer fish
fauna. The distribution of fishes among the three major size-classes cf
streans shows that 70% of the increased specles richness in the Illinois
i3 due to additional large river species, and i3 probably a resuit of
the greater length of river in that alze-.class. Headwater and midriver
reglons each account for only 15% of the increase ia species richneas.

TABLE 5. SUMMARY OF CHARACTERISTICS OF MAUMEE AND ILLINOIS
RIVER SYSETEMS.

Flow
2 3 Number of Fish Species
River {Area km' ) m /zec Total HW MR LR
Mawunee 17,000 34,0 g6 36 7 13
Illinois T2,3C0 632.8 131 1 a2 38

The number {and percent) of specles extirpated in tne Yllinois
River is below that of the Maumee River. Two posalble explanations are
tlkely: (1) In the Maumee a species was classed as extirpated if lost
from the watershed or "extremely rare®. In aralyzis of the Illinois
Qivar cnly missing specles are classed as extirpated, This leads to an
overestimate nf extirpation in the Maumes relstive to the Tllinois.

{2) In the Illinois River many species persist only in small isolated
areas cf the watershed (see distributional maps in Smith 1479}, Perhaps
the larger size of the Illinois watershe® nd 1ts more complex
topography provides isolated retuge arei. trat have besn minimally
disturbed by man.

Species with decreasing populations {(Fig. 3) are more common in
all regions of the Iliinois than the Maumee (61% va. 27% for ail river
regions 2ombined, respectively). The Maumee River had Few specles with
decreasing populations in large river areas when compared .o the
Illineois, mainly because the Maumee fauna contalna relatively few large
river species. However, the Maumee River bicta also has notbt been
subject to any habitat modifications comparable to the impazt of the
Chicago sewage diversion (Mills et al., 1966, Sparks 1977) or activities
associated with maintenance of the Illinois River as a navigable
waterway. As in the Maumee, declines by headwater species are likely
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Figure 3. Population trends for the fishes of the Maumee and Illinois
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due to changes in land-use (primarily agriculture} and channel
alteration impacts, such as those associated with drainage.

The trophic status of the deelining species also provides some
inaight into the ecologieal reasons associated with changing
populations. Declining headwater species represent a broad apectrm of
trophie groups in both watersheds (Fig. 4). However, in midriver and
large river areas only invertivores and/or invertivore-plsecivores have
declined in the Maumee. 1In contrast, declining species in the Illinois
River include species in all major trophic groups (Fig. 4).

Poor condition of fish in the main channel Tllinoils River indicates
that there are additional causes for the declines. The weight/length
ratio of Illinois fish seems to have declined suggesting, along with
other data (Sparks 1977, pers. commun.), that food supplies are
limited, Tn addition, the high frequency of tumorz, eroded fins, and
other anomalles suggesats that a toxic{es) problem alsc exists.

Fewer specles in the Illinols River show increasing populations
than in the Maumee. Tndeed, even carp {normally conaidered tolerant)
have declined in the Tllinois to the point woere a major commercial
fishery has disappeared.

Thus, it is likely that several additional human influences in the
Illinois River watarshed account for its greater fish faunal changes
relative to the Maumee. Agricultural impacts (siltation and drainage)
have had major effecus in both areas. However, the Lake Michigan
diveraion and associated toxies as wzll as the maintenance of a
navigation channel and degradation of floodplain lakes have magnified
the disruption of the fish fauna of the Illincis River. Togebher {hese
disruptions have =xceceded the natural resiliency of the river ecosystem.

Although no similar comprehensive analyses are availsble from other
major midweatern river systems, several smaller wabersheda have been
studiad in some detaill. ¥We repeat the primary conclusions of Lhoae
efforts to demonstrate that the Maumee and Tllinois Rivers are not
atypleal.

Larimore and Smith (1963) examined 60 years of colleotion records
on the fishes of Champaign County, Illinois. They shoved extirpations
of the rollowing lsh: speckled chub, bigeye chub, bullhead minnow,
blacknose shiner, bigeye shiner, pugnose mirmow, smallmouth buffale, and
bluntnose darter. In addition, extirpation of seven other species -
bigmouth buffaloc, black buffalo, pallid shiner, slender madtom, spotted
sunfish, and slough darter - was almost cepiain, Seven other species in
Champaign County declined, inecluding black crappie, orangespotted
sunfish, blaek bullhead, and grass pickerel (Larirore and Smith 1963).
Qverall, the disappearance of native fish from Iliinois can be traced to
the following factors: siltaticn, drainage, dessication during drought,
species interactionsa, pollution, impoundmenta, and thermal changes
(Smitn 1971),
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In the upper Des Moines River basin in Yowa, eleven gpecies have
been extirpated, primarily as a conseouence of conversion to Intenalve
agriculture (Menzel and Fierstine 1976). Most of the extirpated species
(e.8., silver lamprey, grass pickerel, blacknose shiner, brock
silverside) require clear water, stable substrates, and permanent flow.
Cther changes in the fish fauna of the upper Des Molnes River include a
reduction in species richness and striking increase in carp abundance.
At present, refuges in some headwater areas and especially in high
gradient areas downstream of low gradient streams serve as sources of
recolonists, If these areas are disturbed or migration routes are
biocked, ancther round of shifts in the fish fauna can be expected
(Menzel and Fierstine 1976).

As in Indiana, Illinoils, and Iowa, the fish fauna of Kangas has
been subjected to a series of changes catastrophie to the more
intolerrat species (Sross and Collins 1975). Six species of fish
disappeared from Kansas streams since the advent of intensive land- and
water-use. Two species were apparently lost in the Bust Bowl drought of
the 1930°s -~ the bigeye chub and the pugnose minnow. The pronounced
losse of many apecies has continued with recent declines by hornyhead
chub, Topeka shiner, comnon shiner, smallmouth bhass and sauger. The
cause of these declines by Kansas fishes is gimilar te that in other
midwestern states {agriculture). However, impoundments and uncontrolied
consumption of water in the face of lcower annwval raianfall are alse
important in the pralrie regions of Xansas.

Thus, since 1850 overal) impacts of man on fish communities of
warnwater atreams have becn significant. The factors with greatest
impact seem to be:

agriculture -~ changing land-use and resultant drainage, =2rosion
sedimentation, and nutrient enrichment.

navigation - maintenance of navigation locks and ehannels in
large rivers.

impoundments and levees

toxics - from urban, industrial, and agricultural sources.
consumption of water

introduction of exoties

Moat of these {except toxles and exotics) have major impaets on
physical habitat conditions although habitat haa received relatively
less attention than toxic impacts. Agriculture has clearly had the
broadest impact. Urban and industrial development influences are
typically more localized, but their impacts on those snall areasa are
generally more intense. 1In addition, large urban and industrial areas
may have more wldespread effecte, such as in the case of sewage
diversion from the Chicago metropolitan area into the Iilinois River.
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It i3 difficult to develop an extensive set of general principles
these analyses, but several conclusions seem clear:

1. Several human activities have major impact on fish faunas (pp. 4-7).

2. These include both extirpations and numerous species with
declining abundances {p. 13).

3. Other specles have increased in abundance, especially speciles
more tolerant of habitat degradation and with more generalized
food habits (p. 15; Karr 1981b).

4, Trophie structure of communities is markedly altered (pp. 15-16).

5. A3z watershed size increases, the mumber of extinctions declines
This 1is probably related to the relative avaliability and
perasistence of isolated refuges in larger watersheds (p. 13).

6. Because of extensive migration of fish among river reaches,
the range and magnitude of local impacts on fish communities
may be vastly extended (pp. & and 52).

7. 1In areas with combined agricultural, industrial and urban
perturbaticns, the aquatic system is devastated and there is
very Jittle chance for recovery with continuation of these
impacts (p. 17}. -

8. The Jagree of' recovery posaslble dependa on the degree of
disruption. Unless present activities related to aguatice
systems are changed, the trend toward declining fish resocurces
In most rivers will continue until only a few tolerant specias
with minimal aesthetie, recreation, and feood value remain
(pr. 4-17).
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EXISTING WATER RESOURCE PROGRAMS IN AGRICULTURAL REGIONS

Although stream habitat degradation results from a number cof human
activities, agriculture, either directly or indirectly, impacts the
largest portion of midwestern streams. Several ongoing agricultural
programas have been used to address water resource problems but have been
largely ineffective in reversing trends toward degradation. Im this
section we outliae what we feel are shortcomings of these programs in
regard to water resource management and conservation (Karr 1981a).

SCS Congervation Farm Plans. This Soil Conservation Service program
¢coupled with 3,000 locally organized soil and water conservation
districts has been the central core of soil and water conservation
programs for over four decades. Ynfortunately, these effortz have been
hindered by several major weaknesses inecluding: (a) emphasis on land
drainage and increased resources, {b) ineffective enfercement of
legislation even in cases of abusive use of land and water resources,
due to delegation of regulatory powers to loecal distriets, (¢} volunktary
programs allowing landowners to accept ar reject any or all portions of
specific plans. Thus, eomponents that have producticn-~oriented values
may be implemented alonhg with those that have some c¢osmetic value while
the more important conszervation components can be ignored. Yt i3 even
poasible for a conservation practice with expensive government
feost-sharing” to be abandoned or removed a year after installation.

Agricultural Stabilization and Conservation Searvice. Apgricultural
Stabjilization and Conservacion Service (ASCS) plays the primary role in
carrying out federal programs involving price-~supports, commodity loans,
target prices, set asides, conservation cost-sharing, and related farm
programs. ‘However, less than half of the money in the cost-sharing
program--$190 million for fiscal vear 1977--was used for measures
primarily oriented toward conserving the nation’s topsoil; most went for
improving crop yields (GA0 1977).

Small Watershed (FL-566) Plang, Like in the SCS Conservation Program
mentioned above, loczl spongors have final authority over what each plan
contains. Emphasis on short-term economic gain results in high
cost-sharing (90+%) for drainage and flecod control and much lower

nost-sharing (50%) for fish, wildlife, and recreation benefits

Resources Conservation Act of 1977. The growth of soil and water
congervation mandates for USDA and especlially SCS created a
decentrallized conservation pregram with at teast 41 individual legal
activities (USDA 1980a). These, combined with a plethora of local
districts and a variety of state programs, have operated without a
general review. As a resuli, Congreas passed the Reasurcas Conservation
Act (RCA) of 1977 to take a fresh look at these programs and their value
to the future of soil, water; and other resources in the 7.S.
Although the overall thrust of first draft RCA documents perpetuated
production oriented cbjectives without really ceming to grips with
present and future resource problems, a recent draft proposes more
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effective programs to halt and reverse soil and water degradaticn.
Clearly, the drafters of RCA documents recoznize that maintenance of
the status quo will result in progressive decay of soil and water
resources, including disasterous consequences for the biota of running
waters., Vigilance will be required to insure that the excellent intent
of the RCA process is not reoriented as happened following the indicial
crisis of the dustbowl era.

Food and Agriculture Acts, An additional weakness of ongoing approaches
is the failure to implement programas that are enacted and
well-coneceived. The Food Act of 1970 required farmers to partleipate in
a set-aside program to be eligible for erop loans, purchases, and
payments. Similar provisions in the Food and Agriculture Aect of 1977
called on farmers to dzvote set-aside acreage to approved conservation
uses. However, uncertain market conditions li it set-.aside programs te
one year instead of long-term contrazets. The 1973 Agriculture and
Consumer Protection Act provided the Secretary of Agi iculture with
authority to write multiyear set-aside contracts with pavments for
vegetative cover. That authority was never used.

Rural Clean Water Program. This program like 80 many others (e.g., 208
plans; Xarr and Dudley i981) is dominated by the assumption that contrel
of soll erosion will solve wiater quality problems and result in improved
biotic integrity,

Summary of Program Weaknesses. In shori, soil and water conservation
programs “have been less successful than their designers had hoped. The
diversity of ccmplicated, conpetitive, znd even contradictecry, programs
is certainly one factor responsible for many failurea. Bt the prodlem
is deeper than that of too much legiszlation and too many prograas. The
deflection of programs {rom primary objsctives (such as SCS and ASCS
emphasis on production and drainage rather than soil and water
canservation) illustrate 2 eritical problem not enviaioned in enadbiing
legislation.

An admirable objective might be to bring each parcel of land into
productivity at a levzl thal is related to its potential in an effort
to owrevent abuse of land and water as well as wetland

environments., We must glve uore explicit attention tu maintaining and
expanding productive capaclty over the long run and doing sc in a
broader socilal contex: (USDA 1981). Tradeoffs must bs found between
operating at maximum produetion in the short run, with severe
environmental degradation, and sustained, long-run preoduction with
environmental enhancement.
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SECTION 2

PRINCIPLES, GUIDELINES AND RECOMMENDATIONS

I. PRESERVATION OF PHYSICAL HABITAT CHARACTERISTICS

4. General Prineciples and Guidelines

1.

2.

3:

B. MWajor Habitat Divisions

1.

a.

f‘.

Physical characteristics of streams and rivers are ultimately
determined by watershed characteristics and natural fluvial
processes.

The water-sediment discharge regime is the proximate determinant
of key interrelationships among physical characteristics of
streams and rivers.

These complex interrelationships form the basilsz of habitat
structure and stability which, in turn, are important determinants

of ecological intezrity in streams and rivers.

Principies and Guidelines

Natural fluvial processas lead to the development of distinct
habltat types with characteristic physical and chemical
attributes that vary with discharge.

Excessive sediment loady obliterate the distinction between
pools, riffles, and raceways and are largely responsible for the
degradation of side-~ and extra-channel habitats,

Fish apeclies are assccliated to various degrees with these
habitat types.

Pools are particularly critical for maintaining populations of
sport fishes and top predators, and provide important refuzes
for many other species during low flow periods.

Riffles and raceways are Indispensable to species that are
adapted to faster flowing and shallower water conditions and
alao serve as nursery areas for many poal species. Riffles are
also a primary site of aquatic invertebrate production (a major
component of fish foed chains).

Side- and extra~channsl habitats (i.e., slougha, side streams,

and backwater lakes and ponds} are invaluable feeding, spawning,
rearing, and overwintering areas for riverine fishes.
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&. The absence of one or more habltat types will almost assuredly
result in the absance of some fish speclies and adversely affect
populations of many cthers.

2. Recommendations

a. A fundamental requirement for maintaining fish community
integrity in streams and riversz 1is tie preservation of all
natural habitat divisions that normally occur within the
hydrologie and physiographice constrainis in the watershed. This
must include pools, riffles, and raceways, as well as side~ and
extra-channel habitats and their connections to main river
channels.

b. To preserve the full complement of habitats, dynamic features of
running water ecosystems must be maintained. Disruption of
natural channel pattern (especially meandering) and water-sediment
discharge regimes must be minimized except in special cases such
as protection of dwellings, roads, and bridges.

Cs iparian Envircnments
1. Principles and Guidelines

a. WNearsiream vegetation playzs a particularty critical role 1.
regulating water temperatures and channal morphology.
stabilizing stiream banks, trapping ercding sediment from the
land surface, providing cover for fish. Nearstream vegetation
alsc serves as a nutrient and energy source for instream
invertebrate populations, and aabitat for terrestrial
invertebrates (an important fish food source).

2+ Reconmendations

a. The importance of riparian vegetation to ecological integrity in
stream ecosystems must be reflected more clearly in water and
land management policies, programs, ani practices (Jahn 1978).

b. The essential functions of nearstream vegetation can be
maintained with a vegetated buffer strip at least 25 m wide on
each side of small, low to medium gradient streams (Brazier and
Brown 1973, Broderson 1977, Newbold et al. 1980}, For large
rivers and mountain streams with steep banks {(e.g., greater than
60%), a 70 m strip on each side of the watercourse is
recommended.

¢. Buffer strips should generally be laft in an undisturbed,
natural state but maintenance of open forest stands may be
permissible to acccomwodate fiocod regimes in urban streanms
(Nunnally and Keller 1979) or prevent damage to bridges and
other river structures with inadequate clearance (Morris et al.
1978}. 29



D. Instream Cover

1I

Qe

2.

Principles and Guidelines

Instream cover features are important to fish because they
provide spauning sites, protzetion from current or predators, or
hiding placss from which predators ambush prey. They also
support important food resources and lead to changes in streanm
rorphology that increase habitat diversity.

IExtensive instream cover is essential in streams and rivers
where viable sport and commercial fish pepulaticns are desired,
including connected extra-~channel reaches and habitats that
provide spawning, rearing, and/or overwinteriar~ arecas.

Recommendations

Instream cover structures such as logs or larga boulders should
2lsc be maintained to provide habitat diversity in selected
reaches of streams and rivers with unstable substrate.

In all other strezms and rivers, some inatreas cover should ba
preserved to enhance fish apecies diversity and productivity.
However, tha amount of instream cover that is to be maintained
in these channals should be weighed against potential conflicts
with other steeam uses {e.g., flood control and drainage).

E. Substrate

1'

a.

b.

2.

As

Ce

Principles and Guidelines

Substrate sorting and divergity 2long and across stream channels
has a major influence on warmwater stream fish communities.

Stream subshrates provide spawning sites, cover, and food
producing areas.

Siltaticen 1is one of the mest pervasive threats to ecologleal.
integrity in streams and rivers.

Recommendations

Natural substrate diversity and sorting must be prezerved.

Fluvial attributes and processes leading to particle-size
sorting and cleansing of substrates must be maintalaeed.

Effective watershed conservation measures must be implemented to
prevent excessive sediment inputs to stream channels.
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F. Fluvial Characteristicas

1.

as

2.

a.

Principles and Guidelines

Spatial and/or temporal variability in a number of highly
correlated fluvial characteristiecs, including stream size,
gradient, current velocity, depth, and discharge exert a major
influence on the structure of stream fish communities.

‘Severe floods and droughts especially have major deatablilizing

effecta on stream fish comnunitiles.

Recommendations

Diversity in depih and current velocity must be preserved by
maintaining stream size and gradient and channel morphology and
pattern.

Increases in the extent and/or severity of discharge variability
must be prevented by maintaining hydrolegic characteriatics of
watersheds in as near a natuaral state as possible.

G. Waterahed Management

1.

A

Principles and Guidelines

The five major sets of varlabies that influsnce biotic integrity
in streams and rivers (i.e., water gquality, habitat structure,
discharge regime, energy source, and biotic interactions) are
directly or indirectly controlled hy watershed characteristiecs,
paricularly those relating %o land-use and the type and amount
of vegetative cover.

Many running water ficsh populations depend upon different
reaches of a drainage basin for various life history functions
ot as refuges during both normal and ssvere envircomental
conditions (Griswold et al. 1978).

Demands of modern scecleby generally do not allow restoration or
preservation of natural conditions throuvghout entire watersheds
{(Odum 1969, Karr and Dudley 1981).

A system of protected stream reaches serves as refuges during
s2vere environmental conditions as well as important
colonization reservolirs for the entire watershed (Luzy and
hdelman 1980).

Maintenance of ecologlical integrity ir stream ecosystems

requires an integrative view of the entire water resource
systen.
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2.

iI.

A.

1.

Bl

1.

2.

3.

1’.

Recommendations

a, A prinary objective of aguatic resource management must be to

preserve the integrity of entire watersheds.

b, A compromise solution to opposing socletal objectives should

involve preservation of selected reaches of watersheds {in their
natural state while implementing to the greatest axtent: poasible
sound land and water conservation methods as w2ll as mitigation
techniquea in other areas.

¢, Preserved areaz in each waterahed must include representative

reaches of streams of all sizeg and environmental conditions and
must be protected from impaects that coriginate in modified
regions of the watershsd.

WATERSHED MODIFICATION AND STREAM RENOVATION GUIDELINES

General Principles and Guidelines

Stream and/or watershed modifications have major local, as
well as wide-ranging impacts on water quality, habitat
atructure, discharge regime, energy source, and biotiec
interactions. These changes typically lead to degradation of
biotie¢ resources in reaning water ecosystems.

Although stream and/or watershed modifications are Iincompatible
with the national mandate for preserving thz integrity of our
water resgources, features of natural watersheds will continue
to be modified to rfacilitate drainage of agricultural lands,
flood controil, navigations, and road and bridge construction.

General Recommendations

Lffective s0il and water zonservation practices must be
implemented in disturbed watersheds to (1) mairtain a hydrologic
balance in the watershed and {2) keep sediments and nutrients

f'rom destroying stream and river habitats (including extra-channel
habitats),

All construction activities must include precautiona. y measures
to minimize transport of dislodged sediment {(especially from the
land to running waters).

Any action that affects stream habitat must be considered
in 1light of other local and reglonal activities.’

Extensive straightening, widening, or deepening of channels should

be unequi rocally prohibited. Short-reach channel modifications

not exceaving 500 m may be acceptable on a limited basia {(e.g.,

for oridie construction and maintenance), providing adeguaie

nitigation measures are taken to proteet aquatie rescurces befora,
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¢. Fl
1.
a.

b.

2.

Ba

b,

during, and after the alterations. Cumuistive modifications on
any stream should not exceed 2%% of the channel length.

At least some entire headwater streams should bhe preserved in
their natural state in all stream szystems. Decisions regarding
which streams or reache:: should be based upon the degree of
potential. land and water-use impacts and within the framework of
a comprehensive watershed management plan.

All stream work should be planned to avold damaging critieal
spawning and rearing areas and times of fishes.

Mitigation techniques including in-stream hablitat improvement
devices should be implemented when ecologlieal recovery from pass

modifications 1s unlikely due to permanent losa or degradation of

habitat. :
ood Prevention, Drainage, and Erosion Control
Principles and Guidelines

Flooding 4s a natural phenomenon.

A number of factors may lead to increased flood- and drainage~
related problenms.,

¥loodplain zoning is not universally feasible.

Attempts to engineer new channels that speed the flcw of water
downstream have catastrophic effegts on stream and river
ecosystems.

Land-use conversiona and other watershed modificationa alter
hydrologie regimes. These changes disrupt stream equilibrium
and often lead to an extended readjustment period during which
considerable streambank erosion may occur.

Recommendations

Efforts to control flooding should involve careful floodplain
zoning where practical.

The first step in any flood prevention, drainage, or erosion
control program should be to identify the cav.as, including
conslderation of land-use conversicns and/or magsive watershed
modifications that have disrupted stream equilibria and led to
stream bank ercosion {(Table 6).

Where major flood damage i3 caused by stream blockages,
nelective clearing and snagging operations should be
implemented. However, these activities, especially bank
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TABLE 6. CLFEARING AND SRAGGING GUIDELINES POF REIiUCING FLOOD DAMAGE IN
SMALL WATERSHEDS (MODIFIED FROM MCCCNNELL ET RL. 1280)

I. Materials to be removed from the channal:

A. log jams, Remove only thoso log accumulations that obétruct flows te a
degree that results in significamt ponding or sadiment Jeposition.

B. Other logs,

), Affixed logs. Isolated or ningle logs shorald not ke disturbed if thoy
are embedded, jamned, rooted, or waterlossed in the channel or the
Elcodplain, are not subjact to displucement by current, and are rot
presentiy blocking flows. Generally, cmredded logs that aye prraliel
to the channel do not cause blockage preslams and should not ke removed.
hffixed logs that are trapping debris to e extent that could resuit
in significant flooding or sedimentatiop Dy be removed, This may not
be the best biology, but is 3 reasonable Sempromise agong VAari-uws societal
obiectives,

2. Free logs. All lags that are not rooted, mmbedded, jamred er sufficicntiv
waterlogged Lo resist movement by currents may le romoved frow tne channel.

C. Rooted treoes, 'k rooted treos, whether alive or dewd, should be cut unless:
1., They aro leaning over the channel at an anil# qreater than 30 degrees off
vertical and thoy are dead or dying or navs severely undercut or Jamagerd
oot aystems or Arerelyiqg upon adjacent veseiat A for BURPOTrT and it
appears chey will fall into the chamnel witsiin one yvear and csicate a
Lloekaga to £lowz; or

2. Their removal from the focdplain is required to securs access for couiphent
to a paint where a significant blockage as been selected for razoval,

D. Small cdebris 2ceumulation.  Small debris accarulations should Le lerfw
urdisturbed unless they are collected arcuwsd a log or blockags that should
be removed,

E. gedimeats and soils. Major sediment plugs in 2he chanpel may be removed if
they are presantly blocking the chapnel o 2 .legree that resules in
ponding and dispersed overland flow throus: poorly defined or zonexisient
charnels and, in the opinicn of appropriate experts, will not be vemoved

' by natural river forces afrer logs and otner ubstructions have beon
removed.

II. Work Procedures and Fquipment to Be Used

A. Log removal., TFirst consideration will be gives to the use of hand
oparated eguipment to remove leg accusulatesng.  Whon use of hand
operatud eguipment ig infeagicle, the follawing restrictioas and guidelines
should bo observed:

1. Water-based equipment (2.9., & c¢ranc or wino™ mounted on a small, shallow
dratt barge or other vessel) should he uwsed for removing material {rom
the streami. A small crawler rractor withwanch or sirildr equipment may be
used to remove debrigs from the channel to selcotod disposai points,
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TABLE €. (CONTINUED)

When it can ke demonstzated that stream conditiona are inadequate

for the use of watec=based equipment, the smallest feasible equaipmant
with tracking systems that minimize ground Jdistutbanse should be used,
Larger cquipment may be employed from non-~wooded areas where cables
could be stretched down te the channel to drag out matcrials to be
Fosoved.

Access routes for oquipment should be selected to minimize disturbance
to existing floodplain vegetation, particulerly in thu riparian zone,

Equipment ahould be selected which requires lictle or no tree removal
to pmaneuver in forested armas.

B. Footed trees., Whether dead or alive, rooted brees selected for removal

uhall he cut well above the base, leaving the stump and roots
undizcurbed. Procedvres for removing the felled porticn will be the
sape as for other logs.

disposal--general. All laqy eor trees designated Jor removal froom .
the streams or floodway shall Lo removad or secured in such a canner
a3 to preciude their re-entry inte the channel by floodwaters.
Generally, tiey should be transported well away from the channol and
flood=way and positioned pavallel to the jtream channel 50 as to
reduce flopd flow impediment., Where large numbera of loys are
removed at ona location (v.g., log jams), burming may te the bess
dispesal technigue. Burial of removed matierial saosuld nat be allcwed.

D. Sediment blocknrges.

1.

2,

3.

9,

7.

Aocess routas far equipmeat sheuld be solected to minimize disturbance
o existing floodilain vegetation, particulariy in the ripgarien zone.

Material disposal and neccetzary tred remowal should be limited 2o ona
side of the eriginal channel at any given location,

To the paximun extent possible, excavating esmmpoent should e
employed in the channnl bed o avoeld Jamage to banks ang vegetative
cover.

where feazible, ercavated materieals should be removed from the floodplain.
Lf floodplain dispasal is the only feasible altarnative, spoil sheuld

be placud on the highest practical clevation and no material should be
ploced in any trihutary or distributary channels which provide for
ingress and eyresa of waters to and from the fleadplain.

Ko cuntinuous spofl plie should be created. 1t is suygerted that no
pile exceed fifry (5001 feed in length ot width and a gap of enual
or greated lengoh should be left betweon adjacent spoil pilces.

‘Sr'.o‘.l pilea shorld be constructed as high as sediment propertics allow,

Th: placement of apolil around the bases of mature trees should re
avoided where posaible.

III. Reclamation Measures., All 2isturbed areas should e rosecded or replantoed
with plant species that will stabilize seils and benefat wildlife,
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f.

clearing and excavation, should only be allowed at specific
locations where signirtcant blockages occur, Furthermore,
clearing to provide access to che stream should be minimized.

Stream and/or watershed renovation programs may be necessary in
severaly modified watershedz.

Accelerated erosion on the land surface regquires an intenaive
watershed reclamation program emphasizing reestablishmeat of
vegetative cover {(Federal Water Pellution Control Administration
1970}.

Stream renovation programs should be judiciously implemented to
improve flow efficiency and promote bank stability in streams
that are in the process of readjusting to man-induced changes in
watershed hydrelogy. Channel straightening and changes in
gradient must be avoided; but a channel can be "re-designed" so
that it is adjusted to the discharge 1t is expected Lo convey.

Extensive streanmbank modifications showld be discouraged but
bank shaping can he effectively empleyed to improve flow
efficienay, keep the bankfull discharge within the chanrel, and
minimize bank erosion. Bank shaping should only be uzed to
facilitate stream channel adjustients to modified discharge
characteristices. In curved reaches oross-sectional areas may
need to be enlarged to keep the bankfull diacharge within the
channel and reduce toe scour along concave banks. This can be
accomplished by shaping the channel 80 that outside banks of
meander Lends have nateeper slopes than the inside banks. 7This
mimics natural channels and promotes deposition of sediment
along the inside bank (Keller and Hoffman 1977) rather than
between bends where axcessive sedimentation can lead to
backwater effects. An inclination of 3:1 or leas on inglide
banks and 2:1 or steeper on outside banks can be used as a
general guideline {Table 7), but the type and texture of
material comprising channel banks i3 a major factor governing
the choice of an erosion reslstent bank slope {Klingeman and
Bradley 1976). Proper alignment of streainbanks is also of
eritical importance in maintaining flow ef'ficiency and
preventing ercsion. Extreme loecal channel conatrictions and
expansions should be aveoided. Alliznment at bends should be
smooth and gradual with an entry angle less than 15-2% degrees
(Elingeman and Bradley 1975). Along straight reaches, emphasils
should be placed upon reshaping [alse points and other bank
irregul arities.
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TABLE 7. SUGGESTED BANK SLOPES FOR STAEAM BANKS WITH DIFFERENT
SOIL TEXTURES (from Klingeman and Bradley 1976.)

Soil Texture Bank Siope {horizontal: vertical)
Heavy clay 1.25 -« 22 1
Medium-textured 1.80 « 2: 1
Sand, gravel, cobbles 2 - 4 1

Stabilization of disturbed and/or eroding streambanks can
usually be accomplished by "natural™ means: that is, by
establishing vegetative cover on streambanks and employing qound
land marnagement in the waterahed.

Structural methods of erosion control such as riprap, revetment,
retards, and jetties should generally only be used to facilitate
and/or suprlement vegetative bank stavilization.

B. Navigation and Bpidge Construction

1.

1

b.

2.

a.

Principlea and Guicdelines '

Periodic dredging is necessary to maintain navigabtion channels
in large rivers.

Minor stream modifications are required fCor bridge construction.

Recommendations

Bet.ter land management practices gshould be implemented to redues
the need for navigational dredging.

Dredging operations should include use of silt curtains or
turbidity barriers {IDOC 1981). Overdepth navigaticnal dredging
should be restricted.

Fish habitat must be protected during spoil disposal. Open
water dizposal should be prohibited.

Recommendations developed by the Great River Environmental

-Action Teams T and II concerning navigational modifications of

rivers should be adhercd to {Vanderford 1980),

Recommendations developed by the Dept. of Transportation for
reducing environmental impacta of Lridge and culvert
installation should be adhered to (FHWA 1979, Shen et al.
1981). 0Open-bottom culverts are preferabie. All culverts
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should be designed to prevent downstream bed or banl erosion and
allow fish passage during low and high flows (IDOC 1981).

E. Establishing Bank Vegetation

1.

-

2.

A

Principles and Guidelines

The effectiveness of bank vegetatlon varies with size and slope
of the stream, frequency and duration of floods, climate,
productivity and inherent erodibvility of the soll materials
along the stream sdge, texture and transport rates of bed
material, and land use (Parsons 1963). Vegetation is perhaps
most effective in preventing streambank erosion in smaller
streams with moderate to low width/depth ratios.

Factors to conaider in choosing vegetation for stabilizing the
face of stream banks include its strength, reailience, vigor,
root aystem development, ipnitial growth rate, ability to
reproduce, and reslstence tc disease and insects (Parsons 1963,
Klingeman and Bradley 1976).

Recommendations

Techniques to inaure vegetative growth on a planted slope
include addition of topsoil on sandy or gravelly =slopes,
cultivation, fertilization, and mulching.

Temporary auxiliary protection may be needed, particulariy on
lower portions of banks when flooding may hinder or prevent
establishment of a vegetative lining. On small streams with
stable beds, 15 to 45 em thick brush mats provide effective
temporary hank protection as well aa a dense mulch for
developing vegetation (IDOC 1981},

Quick establishment of grassy vegetation provides a good
soil-bindipg matrix ard may facilitate development of stable
overhanea which nrovide fish cover (White and Brynildson 1967).
Brush and otner types of vegetation take longer Yo become
eatablished, bubt provide a larger buffer zone botwesn flowing
water and Lhe soil surface. Woody vegetation also provides
shade whi:h i3 extremely important in small warmwater streams.
Hence, establishment of “rush and large woody vegetation should
accompany or immediately follow grass plantings. Effective
mixtures of woody and herbaceous vegetation should include dense
stands of shrubs or shade tolerant grasses in a less dense stand
of trees. TIsolated, buah vegetation is undesirable because it
may obstruct flow and cause destructive water velocities in its
immediate vicinity (Parsons 1963). Willows ( Salix ) appear to
be the most amenable and effective trea species for protecting
banks of small streams. Tuey are easy to establish from
cuttings, thrive in wet solla, and with pericdic bas=al oruning
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produce a continucus "root revetment" that affords more than
adequate streambank protection as well as abundant fish cover
{(White and Brynildson 1957). ' Although the value of willow
leaves and twigs in trophic-energetic relationships in streams
is net sufficiently known to recommend its widespread
propagation along disturbed channels, this potential drawback
can he avolded by mixed-tree plantings.

Management after treatment is a key to vegetative streambank
stabilization {(Lines et al. 1978). Well-vegetated buffer
strips must be free from cultivation or excessive use by
livestock on both the bank slope and top of the bank to prevent
surface runoff on adjacent land from causing sheet or rill

-erosion on the face of the bank.

Other means of bank protection may be required when excessive
toe scour is not amenahle to vegetative stabilization.
Combination of vegetative and structural stabilization can
sometimes be implemented to treat ceritical areas without serious
environmental consejuences.

F.» Structural Solutions to BHaitat Improvement

1.

a.

2.

A

b.

Principles and Guidelines

Structures created to benefilt aquatic organisms often do not
function well because they are not carefully matched to the
physical and biological dynami~s of the stream.

Careful evaluation of the needs of each stream as an individual
dynamic system creates habitat conditions that are both
long-lasting and a positive benefit to the aquatie biota.

Bilclegists, hydrologists, and engineers must cooperate in
evaluating the needs of the stream in guestion from both
biological and physical dynamics perspectives.

The overall effect of habitat improvement devices i3 to increase
habitat diveraity, whether by directly providing shalter, or by
altering fluw, channel morphology or substrate composition
(Swales and 0“Hara 1980)}.

Recommendations

Conaiderable care should be exercised in the selectioﬁ of
structural solutions te habitat problems.

Submerged log and brush shelters c¢an provide cover if they are

securely fastened to the streambank and positicned to avoid
obatructions or damming the flow.
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Judicious plécement of large rocks within a stream channel is
probably the simplest and mest stable in-stream device for
improving fish habitat. Large rock can inerease habitat
diverzity by diverting the flow (Calhoun 1966), as well as
provide nesting areas and cover {Patterson 1976, Griswold et al.
1978).

Low dams of rock or logs are one way of recreating pool and
rifile habitats and increasing the diversity of flow conditions
and substrate types. However, it is important to make the dam
small enough so that it is drowned out at high discharges, and,
hence, allows fish passage during migration periods.

Current deflectors, another means of altering channel
morphology, suide flow through a constricted charnel leading to
higher current velocities, removal of deposited sediment, and
increased thalweg depths. The stream bed eventually forms a
pool and, downstream of this a riffle. Alteration of daflectors
from one bank to the other c¢onduets the current on a sinuous
path resembling natural channel flow.

The most common struttural method for stabilizing a severely
eroding streazbank is to armors it with rcek riprap. Riprap must
be wide enough to insure that it is tied into stable banks and
lew enough to adorately protect the lower banks and toe slope.
Adverse aesthelic =ffects can be nminimized by initially
riprapping only those areas that are highly susceplible to
ercsion and later add?ng supplemental stone to locations where
scour is evident (¥unnally 1578). Application of soil to riprap
followe i by seeding promoles rapid establishment of vegetative
cover, Submarged riprap appears to benefit fisa by providing
cover. spasning sites, and substrate for food resources
(Patt:rson 1976)}.

The use of retrards and jettles to facilitate establishment of a
vegetative lining has also been successful. Hewsver, these
structures should only be used on medium to large rivers where
(1) they are necessary to prevent andermining ef roads or
bridegss and (2} potentiaily erosive flows will not be directed
toward opposite streambanks. Jettiez are built perpendicular to
the flow and upstream of an eroding bank so that slack water isa
created at the erasive area. Jettiez have proven to be
particularly compatible with high density plantings of woody
vegetation {Lines et al. 1978). Retards are built parallel to
an ercding bank and functicn by deflecting the flow. Deep scour

‘holes are commonly created nezr both Jetties and retards and

appear to provide excellent fish habitat, espeelally during low
flow periods {Witten and Bulkley 197%).

Where adequate land drainage or fiood control cannot be attained

by stream renovation, levees, pilot channels, and [looduays

should be conaidered. 13
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1. Levees can be effective in preventing periodic inundation of
land ad jacent to water courses. Yowever, planners should keep
in mind the importance of that inundation as a natural
phenomenon, essantial for maintaining biotic integrity irn some
environmenta (especially large river - wetland ecosystems).
Moreover, levees may lead to bank erosion and channel scour
within the protected area, as well as increased upstream and
downstream flocding. Theae problems can be minimized by
including a portion of the flcoodplain between the levee and
stream channel (IBOC 1981) or by restricting but not eliminating
overbank flows (e.g., with notenes or culverts), thereby
preserving the integrity of eoritical floodplain hablitats.

J. Pilot channels (Keller 1975) are undisturbed, natural streams
that are contained within a larger, man-engineered,
flood-control channel while floodways are auxillary, high-flow
¢hannels that carry floodwaters arcund a protected area (IDOC
1981). The high-flow channel is eenerally straight and is
designed to remain dry until the water stage in the natural
channel reaches a predetermined level. Beyond this stasge, flood
waters are carried in the floodway until it joins the main
channel douwnstream. Although pilot channels and flcodways
appear to be fairly good compromise solutions, they are still
relatively new and untested innovationa. Therefere, they should
only be implemented after carefui svaluationa are made on a case
by case baszis regarding their potential utility and
environmental impacts., WMore detailsd information on the use of
leveesz, pilot channels, and floodways, can be found in USDA
(1971, 1975, and 1977) and IDOC (1581).

k. Recent attempts to mitigate the impaet of structures (dikes)
used for bank slabilization and navigation purposes in large
rivers have the objective of reducing permanent land aceretions
behind the structures and, thus, encroachment upon the {lood
carrying capacity of the river and elimination of fish and
wildlife nabitat diversity (Burke and Robinson 1666). For
example, "notchea" can be cut in existing dikes to allow water
to flow through the structure and develop side-channels and
submerged sand bars. Lowering the height of newly installed
dikes is effective in producing a deep hole immediately behind
the structure and z submerged bar further downstream. Rootless
structures are another design improvement. These are dikes that
are constructed perpendicular %o the flow without being tied to
the bank thus allowing water to flow between the structure and
the bank and leading to the development of small sand bars
downstream., Preliminary observations indicate that a number of
large river fishes such as flathead catfish, freshwater drum,
and blue sucker appear to prefer the fast water provided by
these structural modifications. During lcw flow periods f'ish
concentrate in the deep scour holes near the structures; and the
shallow sand bars provide nursery areas for young fish.
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III.

1.

Whare large river enviranments have been modified by navigation
dams, flsh habitat can be improved by artificial opening or
closing of =ide channels that lead to backwater areas {(Fremling -
et al. 1976, Nielsen et al. 1978, Fremling et al. 1979,
Claflin and Rada 1979). However,; all posaible effects of these
modifications must ba thoroughly evaluated before
implementation.  For example, by increasing inflows of fresh,
oxygenated water into the backwaters, the opening of new side
channels can increase overwintering habitat as well as open
previously stagnant areas. On the negative side, the increased

inflew of water and-accompanying sediment may destroy weed beds
that serve as important spawning, nursery, and feeding arecas for
many riverine fish species. Similarly, vwhile artificial clesing
of slde channels may decrease transport of gediment into
backwaters and improve the hydraulic efficiency of the main
channel, they may cause gevere oxygen depletion problems in
cutoff areasz. In most cases, the negative affects of side
channel openlings or c¢lesings can be avoided if they are
strategiecally located, but charnel modifications should be
avoided when the existing backwater fishery shows no signs of
degradation.

A detajled review of common strezm habitat jmprovement devices
and techniques can he found in White and Brynildson (1967) and
Swales and O°Hara (1980).

TNNOVATIVE SULUTIONS - RECOMMENDATIONS FOR AGRICULTURE

Since agriculture impacts the largest portion of midwestern
streams and since we call atteniion to weaknesses in sevepal
existing programs in an early sectiocn of this report, we fesl
compelled to call attention to programs that have been suggestad
to circumvent present problems.

A. General Principles

1.

2.

3.

Innovative solutions must reconcile the financial viability
of farming and farmers with the need for more enlightened
management of water resources.

Sinee it iz not possiﬁle‘to maximize several goals simultancously,
a careful integration of socletal objectives can only be
accomplished through cooperation of all segments of socliety.

A more efficlent, conservation minded apprcach might merge
price support, conservation cost sharing, and related USDA
programs with EPA nonpoint pollution programs. Tach program
preserves farmland (s0il) while improving water quality: in
combination theilr berefits increase even more {see specific
suggestions below). 35
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2.

3.

S

5,

c.

1.

D.

1’

2!

Regulations

Although it 1s desirable to avoid regulation, the fact remains
that some farmers abuse their so0il and adjacent waters under a
purely voluntary program.

One or two abusers of the resource can produce major damage
despite sincere efforts of their neighbors.

Regualaticn phased in over a period of years (less than one
decade) seems the best approach with society at large sharing

T the "eos3t" of regulatéry measures with the landowner.

Both pogitive (e.g., cost sharing and tax incentives)
and negative (e.g., fines for excess ercsion) incentives
could be included in regulatory programs.

Violaticng might carry a double penalty with the abuser
paying a fine in aduition to repayzent of cost-sharing funds
and technlcal-assistance costs.

Land owners that follow sound conservation practice need not
fear regulation; abusers of 221) and water rescurces should
fear regulation.

Technical As=istance

Federal and state supported conservation pregrams mipht reorder
their technical assistance to conservation objectives from present
programs dominated by productlilon-oriented objectives.

The technleal base of these programsmight be expancded to
include a broader background by incorporating a wider array
of natural iesource objectives., Polley decisions must he
more broadly based for the long-term betterment of American
Society.

With this expanded breadth, land management plans would be
agreemenis between society (through its governmental organization)
and individuals or groups of landowners to implement programs
necesgary to protect soil and water regsources as well as insure
long-term production of feood and fiver.

Cost Sharing Programs

Undar cost-sharing programs sceiety agrees to pay part of
the cost of implementing conszervation practices.

These programs may involve short~term net loss to the landowrer
but long-term gain to society through thelr positive impact on
gsoll and/or water conservation.

36



3.

E.

F.

G.

Required maintenance agreements (see cross-compliance below), as
well as transfer of agreements to new owners (i.e., should land be
sold), might be included.

iow Interest Loans

Availability of low interest, federally-subsidized loans, either
general lvans for normal operations or loans to allow implemen-

tation of .conservation practices, might be tied to a mandatory,

comprehensive, conservation program.

Tax incentives

In a positive sense, a tax law could be designed to give farmers a
tax break if they reduce their erosion losses and other impacts on-
water resources Lo reasonable levels {e.g., below T levels).
Alcernatively, a. flat rate (price) per ton of soil saved per year
might be used, but only farmers on problem lands should receive
this benefit. .

Uifortunately, positive stimuli are likely to be iusufficient to
attain societal objectives rvegarding land and water resource
conservation. Thus, a substantial negative tax might be levied on
proparty owners when erosion levels on their lznd has an adverse
impact on water resources.

A system of export tazes might also be developed to provide fumds
to mitigate rescurce degradation resulting from higher preduction.

The existing tax structure for use of reserveir and stream water
could be reformed Lo more precisely reflect the real value of
these resources. At least some of the proceeds of these taxes
could he used to contreol erosicn, protect stream corricdors, and
otherwise ephance water rescurces.

The tax code could be modified to allew investment credits for
conscrvation programs {with long-term contracts) and heavier
taxation for land developments that degrade water resources f{e.g.,
wetland drsinage, groundt ater contamination, stream dewatering).

Cross Compliance

Federal and state subsidy programs (commodity price supports),
low-interest loans, cost-sharing, and crop insurance) could he
coupled with soil and water conservaticn efforts such thai
attainment of specific conservation goals is a2 precondition for
eligihility.
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H. Selective Application

1. Since funds for water resource improvement will always be
‘1irited, those funds should be targeted where they do the most
good for ascclety. WNot all farmers are entitled to these funds
Just like all farmers are not eligible for disaster relief
in any year.

2. Seleétive application involves protection of all factors,
_including physical habitat parameters, that are necessary for
preservation of biotic integrity in running water ecosystems,

I. Classified Strezms

1. The practice of setting aslde areas for protection is well
established, Unique natural areas or historical sites have
long been protected from development to enhince their long-term
value to socliety. .

2. Since headwater streams play an especially important role in
determining water resource quality throughout watersheds,
set-aside programa might emphaszize a classified headwater
approach.

3. Implementation mechanisms might include long-term leases or
outright purchase, invoking the power of eminent domain
where water resource conservaticn is particularly critical.

J. Miacellaneous

1. The "Green Ticket™ program of the National Association of
Conservation Districts includes many of the advantages of
programs described here as they improve the long-term
profitability of American agriculture while implementing needed
conservation measures. '

2. These programs should be concentrated on land where treatment of
the smallest possible area (at the lowest economic cost) yields
the greatest bvenefit to sceiety.

3. Resource conaservation programsshodd include strong incentives
and be coupled with streonger state and local leadership involwving
all segments of asoclety.

¥, Our long«tern interests requlre more effective protection of
land-based reacurces with judicious enforcement of a palatable
legal and regulatery program.

5. Witheut a program that accomplishes the above ebjectives, we face
catastrophic deciines in food and fiber production, as well as
irreparable degradation of land and water resources.
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K., Model Legimlation

Tha United States is not the only country trying to resolve water
raesource problems. The major Venezuelan law relating to soil

and water resources--"Ley Forestal de Suelogs y Aguas™, and
regulations promulgated after {ts passage are, at least in part,
model legislation for protection of these resources in the United
States. The law calls for development of a soil classification
syatem based on slopes, level of erosion, soll fertllity, and
¢limatic factors. This system 1s to be used to maintain the
physical integrity as well as productive capacity of soilz. It
allows the Ministry of Agriculture to enforce these principles

on private land, at the expense of the owner. It alsc empowers
the Ministry to provide technical and financlal assistance to
landowners when that is in the best Interest of those concerned.

The Venezuelan agencies responsible for drafting of that law

were clearly aware of the principles involved in protection of
the many resources associated with the land. For example, to
reduce erosion and soil deterioration, the repulations promuligated
after passage of the law make rather detailed provisions tor
protection of s0ils. Slopes of 0-15% are suitable for cultivation
of all eclasses of crops, but, to protest the soll, it is still
necessary to control erosion., Sloupes of 10-35% are only suitable
for eatablishment of carefully cultivated annuals and perennials.
Slopes in excess of 35% are suitable only for establishment of
selected crops like coffee and perennial fruits. Slopes

in excess of 10% must be sowed perpendicular to tne slope.

Slopes of 15-257% must have grass terraces at least 1.5 m wide at
maximum distances of 30m apart along the slope. On slopes of
25-35%, mrass terraces must be at least 3.5 m wide with distances
no greater than 10 m between terraces. Further, activities involving
destruction of vegetation on land in the public domain as well

as on private property can only be underiaken with prior
authorizatisn of the Ministry of Agriculture.

L. Summary

A more effective program to protect the physiczl habitat of warmwabter
streams i3 both poasible and practical. Tt should begin with
Judicious enforcement »f a palatable legal and regulatory

program. A more effective system is essential 1f we are to avaid
-gatastrophlc declines in food and fiber production, as wzll as
irreparable degradation of land and water rezources. A more
enlightened program must be bazed ong

1. Sound lnowiedge of the dynamics of interacting soil
and water resource zystems;

2. The effects of human activities on these systems;

3. A governmentally funded program of technical assistance
39




5.

to deliver this knowledge;

An array of incentive prograzs to insuare selective
application of that technical assistance, and

A background of regulatory mechanisms that can be
applied when voluntary and incentive progrzas are not succeasful.

-

IV. EXPECTED BENEFITS

A more integrative approach to the maintenance of physical habitat
characteristics in varmwater streams can bte expected to reverse the
trend toward degradation of water resources through:

N

b.

Improved water quality and quantity.

Improved fishery ayztems and other aspects of biotis Integrity,
including terrestrial wiidiife associated with riparian
environments.

More effective and efficient processing ¢f natural and
man-indused organic inputs to running watars.

Spin off advantages to scil conservation.

Reducaed sedimentation of channels and reservoirs from land and
channel asources.

Decreased cost of chanpel construction and malintenance
activitiesg.

Reduced downstream flooding.

More Intensive agriculture with reduced effects on aquatic
ecosystems when land managemant systems are pot feasible.

Increased recreational opportunities.

More cost effective attalmment of legislative mandates for water
resourceé systems.
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'SECTION 3

DEVELOPMENT OF PHYSICAL CHARACTERISTICS OF STREAM CHANNELS

For many yearz dJdecisions on the management of running water
resources were made by hydraulic engineers on the basis of hydrological
processea. In recent years knowledge of the influences of biological
dynamics have lncreased and a cadre of spokesmen have become more
articulate at communicating the significance of those dynamics. The
result is emergence of a more integrative perapective on goals for
- management-of running water-resources. In-this section we discuss the
determinants of physiczl habitat in a natural stream channsl. 1In
sectl-+ 4§ we outline the role that this habitat plays in determining the
bicloy..al communities of a strean,

Our intent is not an erhaustive treatment of watershed hydrology, a
task that would require volumes. Rather,we hope this short synthesis
will serve az an introduction for those who are unfamiliar with the role
of hydrology in naturzl drainage systems. More substantial
presentations of this hackground naterial are available in the ¢iu- 4
literature (particularly Leopold, et al. 196U, Dunne and Leopold .978,
lcede 1980).

WATERSHED CHARACTERISTICS AND WATER-SEDIMENT DISCHARGE

The physical strusture of stream channels reflecta the geology,
geomorphology, biology, climate, and hydrology of a drainage busin
{Schurm 1971). Drainaze patierns and channel configurations are
ultimately constrazined by the nature of the parent materiul
{particularly its resistence to erosion) and historical factors such as
glaciation, uplift, and faulting (Marzolf 1978), but are largely shaped
by water-sediment discharge regimes.

Hydrologic development of stream channels is mediated by climate
(particularly precipitation patiterns), topography, scil propsrties,
land-use, and vegetative cover {Dunne and Leopold 1978). Interactions
anong these factors determine the primary source of stream flow which,
in turn, influensces a number of drainage and channel characteristies. .
Ir arid and semi-arid reglions and watershoeds that have been disturbed by
intenaive agriculture or urbanizaticn, a large part of the annual
precipitation bdudget is dellvered Lo stream channels as surface runoff
during storm events. 1In humid regions with deep, permeabdle, )
well«drained soils, mos% rainfall penetrates the soll and reaches stream
channels primarily through subsurface {low.

By regulating the iafiltration capacity of soils, the type and
amount of vegetative cover and hence, land-ugse, often exert primary
control over relative rates of surface runoff and groundwater infloy.
Forest scils, for example, may absord 50 times as much water as
cultivated fields and pastures {Auten 1933). Lower water absorption by
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fleld soils is partially duve to compaction of bare surface zoll and
sealing of soil porea during rainfall (Lowdermllk 1930), The poroaity
of forest soil is preserved by the protective covering of leaf litter
and by the granular soll structure that reaults from high humus content
(USDA 1940). The presence of vegetation and litter may also
mechanically retard runcff by reducing the velocity of surface movement;
thus, more time-is allowed for infiltration (Musgrave and Free 1936).
Infiltration and water-holding capacities of scils are also influenced
by the extensiveness of plant root systems (USDA 1940).

Temporal Variation in Flow

Due to prevailing rainfall patterns over the continental United
States, discharge regimes of most warmwater dirainages are typieally
characterized by sustained normal or high flows during winter and spring
and relativeiy low flows in summer and early (all. However, due to the
stochastic nature of precipitation events, this overall pattern may be

“highly variable within seasons as weil as between years.

Discharge variability in stream channels is also influenced by the
primary source of flow. Headwater streams with groundwater flow have
relatively constant and permanent discharge, while runoff-fed streams
have highly variable flow (Horowitz 1978). Discharge variability
decreases In dewnstream sections but seasonal exbremes are stlll common
(Matthews and Hill 1980).

As dizcussed above, the source of stream flow and associated
discharge variahility is determined by watershed (particutarly
vegetative) characteristica. During heavy rains, a proportion of the
water that falls upon wutershads with deep soils that are covered with
vegetation or a mat of litter is ndded to the groundwater supply and
rarely reaches sltream channels in time to add to the creat of floods.
Hence, although the relative amount of precipitation that penetrates the
aoil surface varies with the timing, frequency, and type of rainfall
event, flood hydrographs are generally dampened in well-vegetated
watersheds by reduced surface runoff.

Despite higher evapotranspiration losaes {Dunne and Leopold 1978),
low flows are also less extrenme in well-vegetated (particularly
forested) watersheds. This i3 primarily due to infiliration and
groundwater storage of precipitation and its subsequent prolonged
release to stream channels {Bode 1920, Zon 1927). Low flows are -also
moderated by lowen evaporative losses from the water surface in stream
channeis with exterisive nearstream vegetation.
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Sediment Load

Facters that affect sediment movement from the land surface to
stream channels include climate, drainage area, solls, geology,
topography, vegetation, and land-use (Dendy and Bolton 1976, Dunne and
Leospold 1978). However, vegetation may aasume overriding importance, so0
that the denser the vegetative cover the lower the rate of erosion
(Dunne and Leopold 1973). VYegetation reduces transport of sediment from
the land surface to stream channels in two ways. First, vegetative
cover reduces dislodgement of soll particles by dispersing the energy of
raindrop impact and by the scil binding forces of its root masses
{Copeland 1963). Secondly, by retarding overland flow, vegetation
reduces sheet and rill crosion and promotes deposition of eroded
sediment before it reaches stream channels (XKao 1980).

Sediment discharge in streams is also influenced by bed and bank
erosion, particularly during high flow pericds. The magnitude of
channel ercslion can vary significantly within as well as between
watershedsa (Dudley and Karr 1978). The outside banka of bends,
particularly sharp bends, are the nost likely place for eroslon to
gccur, but strong scouring currents may be directed toward banks that
2re opposite channel bars and iesregular bank lines (Klirseman and
Bradley 1976). Instream structures such as fallen trees and leg jems
may also cause channel erosion by deflecting the flow toward the banls
(Sachet 1977, Munnaily and Keller 1079).

WATER-SEDIMENT DISCHARCE AND CHANNEL STRUCTURE

Although clearly mediated by characteristics of the drainage basin,
the energy [lux associated with discharpgs of water and aediment conirols
the development of most surface stream channels {Curry 1976). As water
flows through the system it {8 transformed from potential energy 4o
kinetie enargy. Most of this kinetle energy is dissipatad as heabt along
the channel boundaries {(Mackin 1948); but the remaining portlon forns
the stream network by carving channels through ercsion and
transportation of sediment. 1In accordance with the second law of
thermodynamica, the most probable distribution of energy expenditurs
‘within geomorphic systems is one in which entropy is maximized (Leopold
and Langbein 1962). Expanslon of this principle suggests that all
aspects of a drainage system, including variability among the hydraulic
parameters {Langbein 196#, Yang 197ta, Stall and Yang 1972, Cherkauer
1973), as well as the development of pools and riffles (Yang 1971b),
various channel patterns {Langbein and Leopold 1966, Yang 1971ia,¢) and
even the form of the stream network (Yang 1971a), represent adjustments
of the rate of energy expendlture within hydrologic and geologia
constrainta. The end result is the evolution of a "dynamic equilibrium®
characterized by a stream channel merphology that effleiently
distributes the energy €lux reguired by the basin’s water-sediment
“discharge regime.
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The evolution of a dynamic eguilibrium in streams occurs within an
mopen™ system in which there is a continuous inflow and ocutflow of
materials. Streams in equilibriuw adjust to variation in discharge and
sediment concentration, while maintaining their form and profile. These
adjustments are made primarily by the hydraulie variables (i.e., depth,
velocity,; and wetted perimeter) but may include minor changes in bed
form. Although channel morphology remains stazble under thase
conditions, it is important to recognize that these parameters are
shaped by long-term water-sediment discharge characteristics of the
watershed. - ’

Hydraulic Adjustments

At a glven ¢ross-section, width, mean depth and mean veloecity of
flowing water generally increase with an increase in discharge (Leopold,
et 31. 1668). However, the manner of hydraulic adjustment is
constrained by channel geometry. 1In narrow channels, wetted perimeter
changes very little with increased discharge, but veloeity and depth
increase. 1In wide channels, the rate of increass by the weltted
perimeter 18 large, while velocity and depth change only slightly.
Velocity distribution alse varies with different width-to-depth ratlios.
In narrow and deep crosa-sections, high velocities extend closer toward
the sides of the channel than in broad, shallow sections. Moreosver, in
narrow, deep channels, velocities close to the sides are a3z high cor
higher than those close to the bottom, whereas in wide, shallow
channels, velccities are higher on the bottom (Lane 1937).

By altering €low reslstence {(Langbein 1964, Simons and Richardson
1966), changes in bed configuration play a major role in hydraulic
adjustments to variation in water--sediment discharge (Meede 1930) and
thus repressnt an important mechanism by which streams maintain an
equilibrium {Leopold, Wolman, Miller 1264}, Changes in bed
configuration may range from subtle modifications of dunes and bars to
channel scour and fill.

Sediment Transport Dynamics

By facilitating hydraulic adjuztments while malntaining a balance
between channel erosion and deposition, sediment transport dynamies play
a pivotal role in stream equilibrivm. Sediment transport rates are
primarily a function of water discharge and slope, and vary among
partiocle sizea (Lane 1955a). Streas sediment loads consist of two
fractions (Dunne and Leopold 1978). Suspended load or wash load is made
up of fine sediment grains that are lifted up and carried for long
distances within the main thread of flow. Larger sediment particles
that are rolled or draggzed along the bottom constitute bed lozd.
Differences in the sediment transport capacity of theae fractions
combined with spatial varlation in stream gradient (see below) result in
natural substrate sorting and heterogenelty in stream channels.
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bifferences between sedimant transport capacity and actual sediment
load lead to nonuniform flow of sedirent and an imbalance between
deposition and scour {(Lane 1055b)}, "he accumulaiion of fine sediments
in stream channels ia dependent upon the magnitude of preceding storm
and associated runoff events, groundwater and throughflow cuntributions,
and especlally the relative timing of usediment and water discharge peaks
{Costa 1977). Id small drainage basins peak sediment concentrations
usually ocour before peak discharge (Dragoun and Miller 1966, Guy 1964},
Consequently, small channels are c¢leared of fine sediment. However, if
rainfall 18 of low intensity and runoff amounts are small, water and
sedizment concentration peaks can occur together {Vanoni 1975) and result
in accumulations of 3ilt and clay deposits as discharge returans to
normal levels.

Substrate characteristics of stream channels change with seasonal
variation in flow (deMarch 1976). Except for depositisnal arsas,
substratey are generally clzansed of fine particles by spring high
flows; however, a3 discharge decreases during sunmer, substrates become
covered with silt and sand. 3Sediment tranaport during summer moanths 1s
also hindered by a reduction in viscosity as walter temperatures increzse
(Colby 1961).

Channel Geomatry

Cnannel width is primarily determined by the long-term diacharge
regime of the watershed, and in particular, the magnitude and {requency
£ high Mow events {Wolman and Miller 1960). However, it is also
affseted by the nature of the sediment load. Like bed £ill and scour,
an equilibrium exists between bank erosion and deposition of sediment
tranaported by the channel {(Shumm 1971, Einsteln 1972). Streams with
enarse sediment loads are generally wider and have more erosive banks
than channels with relatively high suspended sediment loads and banks
composed of high percentages of silt and clav (Heede 1980). Similarly,
where tributaries introduce large suspended sediment loads, channel
wWidth decsreases in the receiving stream; when large sand loads are
introduced, channel width lncreases. -

Channel slope i3 relatively stable in streams at equiliberlium, but
Is also reguiated by water-aediment discharge. As discharge inecreases
downatream, slcpe generally decreages so that the longitudinal profile
of a river is concave. However, this decrease in slope 1s also related
to a decrease in sediment particle-size {Schuamm 1971, Leopold, et al.
1964}, Streams adjust their slope teo maintain a ncndeposit and nomscour
channel and the gradient required fer transport decreases with a
decrezse in sediment particle-aize and/or leoad {Mackin 1948, Yang
1971c).
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Variation in channel slope also gccurs along streams in the form of
alternating sequences of pools and riffles, that are consistently spaced
hetween five and seven channel widths apart (Leopold, et al. 196Hh,
Keller and Melhorn 1578). Pools and riffles are commonly found in all
streams in which the bed wmaterial is larger than coarse sand, but are
most highly developed in medium-gradient gravel bed atreams. Within a
given reach, a riffle is characterized by greater than average
steepness, while a pool has less than the average slope (Langbein and
Leopold 1966), oo

The--development-of-riffles and-pools appears Lo bvegin with the
formation of asymmetric shoals which slope alternately toward one bank
and then toward the other {(Keller 1972). This causes a convergence and
divergence of flow that leads to scouring of the ineipient pool and
deposition on the inciplent riffie below. Deposition leads to a steeper
slope znd hence a higher velocity gradient on the incipient riffle.

Onece the difference in veloclty gradient between a pool and adjacent
riffle is established, differences in pressure between sediment grains
depresses the bed surface at the pool and raises it at the riffle to
form a ccneave-convex profile (Yang 1971b). Differences in velocity
gradient also lead to sorting of sediment grains such that large gravels
collect at riffles and finer materials are deposited in pools. As the
processes of dispersion and sorting continue, the difference between the
water aurface slope of a riffle and that of its adjacent pool increases.

Desplte the presence of these zones of erosion and deposition,
aubstrates in channels with poola and riffles are more stable than
equivalent charnels with unifeorn cross-sections. During low ond medium
fiow conditions, unit stream power, the product of water surfane slope
and velonlty and hence a measure of sediment transpeort capability, is
23 - 26% lower in a stream segment wlth pools and riffles than in a
comparable channel without pools and riffles (Stall and Yang 19727.
However, the hydraulic differences between riffles and pools that lead
to this reduction in unit stream power are highly dependent upon flow
conditions. As discharge increases, water surface alope in pocls
increases while water surface slope in riffies decreases. A threshold
i3 eventually crossed where the bottom velocity of pools exceeds that of
riffles (Keller 197t). Beyond this point unit stream power does not
appear to be affccted by pools and riffles, but the velocity reversal
during these high channel forming flows leads to the scouring of pools
and deposition of coarse material on riffles. Henee, pools scour at
high flow, and fill at low flow, whereas, riffles fill at high flow and
scour at low flow (Hunnally and Keller 1979).

Channel Pattern

Channel pattern also influences hydraulic characteristics of
streams. Increased sinuosity {(the ratio of total length of stream along
its meandering course to downvailey distance), for example, leads to
greater variation in depth and cuvrrent velocity (Zimmer and Bachirann
1976). Long, stralght reaches are rare in unmodified streams and even
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where a channel is relatively straight, the thalweg or line of maximum
depth wanders back and forth from one bank to the cther. As noted
above, this is due to the presence of asymmetric shoals, which in
addition to leading to development of riffles and pools, are also
{mportant in the formation of meanders. In meandering streams, pools
are found at the zone of greatest curvature opposite point hars, and
riffles are located at inflection points between adjacent bends. The
depth of pools opposite point bars is inversely related to the radius of
curvature of the bend (Heede 1980)}. Radius of curvature and meander
length are highly correlated-wibh-channel-widthy while the amplitude of

‘a meander loop appears to be determined by the resistenco of the stream
banks to erosion {Leopold, et al., 1964), Sinuosity tends to increase
in downstream reaches (Stall and Yang 1972).

Vigorous croascurrents near the bed in 2 bend can transport
conslderable guantities of bed material toward the convex banka and
appear to be at least partly respcnsible for point bar formation. The
highest velocity in a meandering reach tends to be located near the
concave bank Jjust downstream from the axis of the tend. This slight
lack of congruence of streamline curvature with bank curvature leads o
a tendency for the lccus of point bar Jeposition to occur downstream
from the axis of the hend. Because of this, river curves tend to move
downvalley over time. They aizo tend to migrate laterally as the stream
erodes 1its channel on the outside bends and dzposits on inside point
bara. Due to added flow resistence introduczd by the curve, l=ss energy
is available for sediment transport {Nunnally 1978). 4s a result therc
is 1little or no net change in sediment discharge through Lhe reach. In
fact, i{n meandering sections with pools and riffles, sediment transport
may be over 20% lower than in stralght channels (¥arr and Gornan 1975).

The dynamic character of natural meandering rivers often results in
the foriation of temporary side channels that are separated from the
main channel by 2 small island (Ellis et al., 1979). Side channel
habitats may range from fast-flcwing riverine typas o those with nearly
statie watera. Sediment deposition during high river stages coupled
with encroachment of island and mainland vegetation wtimately results
in a balance hatween the formation and slimination of side channel
habitats (Simons et al. 1975). .

A braided channel pattern tends to Jdevelop in streams and rivers
with high sediment loads and easily eroded banks. Streams with erodible
bank materialis have high width to depth ratics and as a result,
insufficient velocities to carry a larges sediment load. Hence, part »f
the sediment {particularly the coarser fractions) is depoaited as a
central bar{s) that diverts the flow through smaller but steeper
channels. Since these channels are more capavle of maintaining a
balance betwzen sediment inflow and outflow, they tend to be more steble
under thegse conditions than a single wide and shallow channel.
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RIPARIAN ENVIRONMENT AND CHANNEL DYNAMIZS

Streambank vegetation affects both channel morpholcgy and hydraulie
characteristics by (1) reducing the efrective size of the channel (2)
increasing hydraulic resistence and (3) increasing the resistence of
banks to erosinn (Nunnally 1978). Becaus: of the greater resistence of
vegetated banks, vegectated channels tend to be narrower and have steecpaer
slozea than non-vegztated channels. Vegetation stabilizes streambanks
by (1) dinding soils (2) reducing water velocities at the soil surface
(3) inducing deposition of sediment and (%) acting as a buffer against
transnorted dedbris (Parsons 19.37, Nunnally and Keller 1979). Trees ana
brush afford more orotcotion to streaxzbanks than short or low-lying
vegetation (Klingeman and Bradley 197%)., Grasses are post effective
during the growing season and when they are young, sturdy, and
resilient.

By altering water flowsg and sediment transport dynamics, inputs of
large crganic matler from the riparian environment may alse have
gslgniricant effects on stream channel structure. For example, in
sand-bottem streams, deep holes are commonly scoured near fallen irees
and cther large woody debris, creating relatively permarent pools In an
otherwise uniform and unstable habitat (Hialman 1975, Mendelson 1975}).
In high gradient, bedrock streams, habitat diversity is enhanced by
peols and waterfalls that are formed by entrainment ef sediment behind
debris dams (Triska and Cromack 1379, Bilby and Lilens 1¢80). However,
by diverting water flcws toward stream banks, channel obstruetions may
alszo lead to large local irncreases {up to 50%) in ehannel width (Keller
and Swznson 1979). Moreover, accumulations of debris may cause channel
mod1fying backwater effects upstream (e.g., development of meander
cutoffs),

Wearstrean vegetabtion also Indireetly influences the physiesl
.gtructure of small streams by providing shade. 7Tn addition to having a
major impact on temperature regimes of g2all streams (Brown and Keygier
1970, Brazier and Brown 1973}, shade frosm riparian vegetation limits the
growth of aquatic flora (Jahn 1978, Kern-iansea and Dawson 1978)}. 1In
the absence of ahade, heavy growtha of agquablic macrophytea can constrict
the flow of water and result in scouring of the stream bottom, deepening
of pools, and undercutting of banks (Hunt 1979). ‘ ‘

Since water temperatures Influence oxygen concentrations and
availability of dissolved nutrients, shade provided by nearsiream
vegetation plays an indirect role in regulating these parameters. In
-~ faet, due to its pivotal position at the land-water interface, riparian
vegetation can play a2 major role in detersining water quality. This is
particularly true in azricultuvral watersheds where nearstream vegetation
can effectively filter sediment and attached nubtrients from surface
runoff (Xarr and Sehlesser 1978).
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Wetlands and riparian floodplains also affect lotic environments;
however, their degree of influencc {3 complex and largely determined by
the extent, timingz, frequency, and duratfion of water exchange between
these ecosystems and the adjacent strear or river (Kibby 1978),

Overbank flow is a natural process which builds floodplain features such
as natural levees and supplies water to adjacent lowlands which serve as
a storage site for excess runoff (Nunrally and Keller 1979). During
flood events water valocities are greatly reduced in flcoodplains and
wetlands relative to the main river channel. As a resilt, there can be
oonsiderable deposition of sediment and attached chevnicals and nutrients
in thesc areas. Alluvial flcodplains act a3 sinks or a number of
potential contaminants, including pestic!des, nitrogen, phosphorus, and
sewage (Kuenzler et al. 1977, Wharton and Brinson 1978, ¥arr 1980).
They also serve as a temporary storage and processing zrea for organic
matter and debris (Merritt and Lawcon 1978). During flooding,
accurpulated organic material is washed back into streams so that rivers
with riverine wetlands tend to carry more organic matter than those
without wetlands (Kuenzler et al. 1977, Brown et al. 1975).

STREAM HABITAT MODIFICATIONS

An understanding of the coumplex relationships .nd interactions
involved in the develcopment and maintenance of stream habitat structure
and dynamics Is necessary to fully comprehend the impact of continuing
watershed medifications by man. By disrupting stream equilibrium,
land-use modifications and/or direct alteraticns of channels commonty
reault in marked changes in the structure and stablility of sireanm
habitats. These arfects are further compoundad by interrelationships
among stream habitat components.

Negative impacts of changing land-use primarily Lnvolve
modifications of watershed hydrclogy and are perhaps most severe in
sgmall stream environments. Clearing of vegetative cover, for example,
reduces soil infiltration rates, and thereby leads to increased runcft,
higher pesak fiows, and more fraquent flooding (Hornbeck et al. 1970).
Changes. in channel width, depth, sinuosity and meander wavelength are
generally required to compensate for these hydrologic changes. Hen.e, a
long period of marked channel instability with. considerable bank ercsion
and lateral shifting occurs before equilibrium is restored (Schumm
1971). Since higher spring runoff leads to decreased soll moisture
storage, the extent and severity of summer and fall low flow pericds is
algso enhanced. 1In some sireams (e.g., where sediment loads are low),
increased discharge assoclated with higher runoff results in channel
downgrading and lowering of the water table (Behnke and Raleigh 1978).

Effects of land-uss changes are ccmpounded by removal of nearstream
vegatation., Elimination of nearstream vegetation destabilizes
streambanks, and together with higher discharge, léads to increased
channel erosion {(Patric 1975, Nunnally 1978). In the absence of 2
vegetated, nearstream buffer strip, increased runof'f results in large
losses of sediment (Xarr and Schlosser 1978) and nutrients (Likens e%
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al. 1970) froo the terrestrial %o aquatic compouent of watersheds.
Nutrient enrichment, coupled with increased soalar i{nput and higher water
temperatures (caused by a lack of nearstream canopy)(Brown and Krygier
1670), commonly results in chokinz algal blooms (Likens ct al. 1970)
that drastically alter stiream habitat characteristics during low flcw
poriods in sumer and fall (Karr and Dudley 1981).

In addition to vegetative removal associated with extensive
land-use changes (including grazing), nearstream vegetation is commonly
cleared to facilitate small stream channel modifications in drainage,
flood control, and bank stabjlization projecta. Of the various methods
enployed to achieve these purposes, extensive widening, deepening,
and/or straightening of stream cnhannels have the most severe
environmental impacts. The immediate effect of these channelization
activities 13 destruction of the equilibrium that had evolved in the
watershed (Nunnally 1978). Channel dredging, for example, effectively
lowers the local base level of tributaries ana thereby initlatea a eyele
of erosion in those streams (Nunnally and Keller 1979). 3trajghtening a
channel has the hydraulic effect of increasing the slope, which the
stream accomodates by increasing channel width throuzh bank erosion.
Attainment of a new eguilibrium requires a wider and shallower channel
and results in a permanent loss of habitat complexity (i.e., pool-riffle
development). Straightened streams have remaincd straighter, wider, and
ahallower than natural, meandering streams for 60 teo 80 years folilowing
channelization (Elzer 1963, Zimmer and Bachmann 1976). When channel
widening 1s prevented by bank stabilization measures, the straightened
stream adjusts by bed scour., This elther leads to bed armoring or
uniform channels with unstable substirates.

Effects of straightening, deepaning, or wlidening vary with, as well
as modify, discharge regimes. Since the resulting uniform channel
satisfies only one =et of discharges, altered streams tend to undergu
bank erosion during high flows and deposition during low flowa. During
runoff events, the magnitude of peak discharge i3 greatly increased in
altered streams (Campbell et al. 1972) since larger quantlities of water
are shunted at a faster rate from the land surface into and through t{he
straightened channel. Higher peak flows and azsociated sediment loads
may also increase the flood hazard in downstream reaches (Henegar and
Harmon 1971). Low flows are also azcentuated in modified watersheds due
to altered chennel morpholecgy and/or reduced pgroundwater storage during
runcff eventa {Wyrick 1968). Channelized sections of streams commonly
dry up completely during summer droughts while unchannelized areas
retain discontinuous pools {Gorman and Earr 1978, Griswold et al.

1978).

In large rivers, channel stizizhtening and dredging are conducted
for both flood control and navigation purposes, and have the same
effecta on physical characteriatics of these envircenments as in small
streams. These include (1) increased turbidity and siltation,

(2) creation of an unstable eanvironment characterized by shifting sand
substrates, wide wvater-level and associated physico-chemical
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fluctuationa, and considera®lc bank erosion, and (3) a permanent
reduction in nrabitat structure and coaplexity (Congdon 1871). Channe}
straightening has also resulted in a trenendous reduction in river
lengths (over 50% in some drainages){Congdon 1971, Funk and Robinson
1974).

The physical Intecerity of larpge rivers is also significantly
aliered by bank stebilization and navigation structures (i.e., levees,
dikes, locks, and dams). Hydraulio oharacteristlce ol mAIRA FYVEF
channels are particularly affected as levees and dikes constriot rflow
while locks and dams create a lacustrine eavironment. Moreover, by
restricting flow to main river channels, levees, dikes, and wing dama
have resultaed in & aignificant loss of extra-channel habitats {Ellis et
2l. 1979, Vanderford 1980) and severing of the protective coupling with
wetlands and floodplains.

The physical environment of large streams and rivers is also
altered by modifications affeciing tribdbutary - streams. Increased
flooding (Henegar and Harmon 1971} and siltation (Vanderford 1980), for
exanple, are primarily due to higher inpuis of sedizont and runsff Trom
modified watershed: upstream.

SUMMARY

A2 this seclion clearly demonstrates, atbiributes of strzam chamnels
are determined by complex hydrologic procaeszes originating on the land
and proceeding from headwaters to downstrerm reaches, Modifiecationa nf
these processes and dynamics on the land, at the land-water interface,
or within stream channela profcundly affects physical habitat structure
in running water ecosystems.
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SECTION &4

BIOLOGICAL FOUSDATIONS O7 HABITAT PROTECTION

Characteristics of bdlotic comunities ir warmwater streams are
determined by interactions of a muititude of factors internal and
external to the streas (Fig. 5; simplified versions given in Pigs. 1
A2 R TEA IR ERe Introdictlon, the use of water quality
attridbutes as surrogates for msasurement of biotic integrity is a long
estabdblished approach. 7Tn this report we demonstrate the importance of
other deterzinants (ospecially physical habitat characteristics) of
hiotic integrivy. Thi= section provides a brief review of literature on
this subject, including many detailed examples. First, we outline
general diatributional patterns along headwater to large river
gradients. Second, we deseribe the major habitat types that are
Important to stream fishes. Third, in a series of brief sections we
discuss the importance of cover, substrate, and fiuvial characteristics
to fishes, Pinally, we review impacts of modifications to the physieal
environmeant of strean ecosystem= in relation to their effeets on blobie
integrity.

GENERAL DISTRIBUTION OF FISHES IN STREAMS AND RIVERS

Sinse the ploneering work of Shelford {1911), numerous studies have
demonstirated that fish comunities vary alcng the continuum from
tieadwater streams to large rivers (Bu-ton and Odum 1945, Huet 1959,

- Xuehne 7962, Minckley 1953, Sheldon 1948, Harrel et al. 1967, Whiteside
and M=%¥ast 1972, Trazer and Regers 1973, Gorman and Karr 5978, Horowitz
1978, Evans and Noble 1979, Platts 1979, Baker and Ross 19831, Schlosser
198%a,b). Although ssme specles exhibit longitudinal zonation patteraa
suggesting adaptation to habltat conditions correiated with strean size,
olhers are broadly distiridbuted and can be found in small streams Lo
large rivars.

Distributions of stream fishes may also vary over time and/or with
changing environmental conditions. For example, in soring, many
warmwater fishes migrzte from rivers into headwater streams to spawn
(Larimo=~e et al. 19%9, Rall 1972, Hubbs et al. 1977, Karr and Dudley
1978, Teth et al, 1981). Thelr young may remain in these asmall streams
for a vear cr more before moving dowmstream t0 a receiving river where
they spend most ol thelr adult life. Other species migrate into
tributary streams during fall and spring but reproduce in downstream
rivers in sumer {Mendelson 1975, Toth et al. 1581). Some lotic fish
populatinons may actually be composed of both sedentary and mobile groups
dependivg upcn the relative sultability of local habitats, particularly
during changing envirormental conditions {Funk 1957, Fagen 1962, Harima
and ¥undy 197%, Karr and Dudley 1981). Species requiring specific
habitat conditions may undergo extensive movemants to maintain that
association in unstable or fluctuating environments. Populations may be
highly sedentery when their habitats are relatively stable or the
species is adapted to a wide range of conditions.

52



INTERHAL

EXTERNAL ' LAND-WATER I

! INTERFACE |

WEATHER/ b |
CLATe, Ly e L e

L AVURILIGY T RGN \M—;\_\____
; \ /1_/;)’_ TUSNRTER
L»\:m/ / o «——————7/'" uum ITY

»»»»»» C s FKH

LYy / — _-/-\ 3
' / , EI.£RGY

_,/"’smucwnz
~ -l
. 7 /smnce —
// ,/"g/mg AL

Euvmmuuxr__,_-—’——*:‘:—':?r» HABLTAT /"’

PARENT
MATCRIAL ‘ !

Figure 5. Detailed conceptual wodel of the interactiovn of terrestrial envircnment,
land-water interface and in-stream factors that govern the characteristics
of fizh communities of warmwater streans,



Thease distribution patterns clearly indiecate that management of
lotie fish populatlions may transcend boundaries of stream reaches.
Hence, preaervation of fish community integrity requires an integrative

view of the antire stream network.

FISH HABITAT TYPES

Fish species in streaxss and i*ivers are agsociated to various
degrees with distinct habitat. types. -These-habitats form primartilv as a
£esult-of-natural fluvial processew—tsee Section IJ, and thetr
craitacteristic physfoal and cheamical attributes vary considerably with
discharge. Like thelr genaral distribution patterns, the habitat {n
which a strcam fish speclies (s found may change with age, sex,
reproductive state, geographie area, and/or fluctuating environmental
conditions.

Pools, riffles, and raceways are the primary habitat divisions for
fishes in small o medium-3ized streama (Fig. &3 see also Trautman
1957, Pflieger 1975, Smith 1979, Schlosser 190B1a), Wifflea are areas of
relatively awift current veloeity and shallow depth while ponols
characteristically have deep water and slow 2urrent. Raceways have
intermediate, and typieally more unifsorm depth and rate of flow.
Althougn stream fishes tend to be ecologleally and morphologleally
specialized for exploiting a particular habitat type {Satz 197%), soma
degree of plasticity is commen.

In addition to theae nmain channel habitats, large river

environments have a diverse array of other habirat types (Fig. T} that
are of eriticel importarce to riverine fishes. Side-channz! =z2nd
extra-channel habitats, for example, provide feedineg, spawning, nurcery,
and overasintering areas for many riverine fish specles {Table 83 Schramm
and Lewis 1974, Funk and Robinson 1974, Vanderford 1989). Due to the
dynamic nature of river ecosyatems, side~ and extra-chaanel habizats are
continually created and destroyed by fluvial prccesses. However, unier
natural equillbrium conditions, a mossie of thess haditats, including
glde-channels, slougha, a2nd hackwater lakes and ponds {3 maintained in
aggaciation with the main channel. The diversity of environmental
conditions along the transition Crom side-channels to backwater lakes is
reflected by the different flsh species that utilize these habitata
{Tadle 9).

Side channels are departures from the main channel and main channel
berder, through which there is current during normal river stage. They
may range from fast-flowing, sandy bottom channels to siugglsh, silt
bottom streams that wind through marshy areas. Many commercial species
utilize side channels throughout the year, while others use these areas
a3 rearing and overwintering habitat.
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Greenside daéter
Fontoil dogler
Redfin shiner  Hornyheod chub Rainbow dariér

Spotfin shiner  Stonecat Orangethrbot darter
Creek chub Stoneroliar
Green sunfish Golden redhorse
Longear sunfish Hogsucker
Bluegill Johany darter
Rock boss Bluntnose minnow

 Smallmouth bass Siriped shiner

Yellow builhead
White sucker

Fish-habitat associations in a small Illinois stresm. Note that sdme
specics are typically tuwiund in transition zones between major ha;bi at

~divisions (Adapted f{rom Schiosser 1981}
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Figure 7. Diagrammatic representation of major habitats associated with
large river environments.
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TABLE 8. LARGER FISHES FROM THE UPPER MISSISSIPFI RIVER THAT USE
SIDE-CHANNELS OR EXTRA-CHANNEL HABITATS {i.e., SLOUCHS,
SIDE STREAMS, AND BACKWATER LAKES AND POMDS )} AS SPAWNING,

p42 A -1 T Pyt

Spectes
Walleye Freshwater drum
Sauger Sturgeon
Northern pike PaddlefCish
Largemouth bass Bowfin
Smllmouth bass Caryp
White bass Redhorse
Rock baas Largemouth buffalo
Crapptle Saallmouth buffalo
Bluegill Coldeye
Yellow perch Gizzard shad
Channel catfish Gar
Bullhead American cel

Sloughs and side streams include relatively narrow branches or
offshoots of other bodies of water, and characteriastically have nmd
bottoms, abundant submerged and emerzent aquatic vegebation, and little
or no current at normal water stage. Many sloughs and side sireams are
former side channels that have been cut off by sedimentation, Although
a few apeciea are found in this habitat throughout the year, others
depend on sloughs and side streams primarily for spawning and nursery
areas.

Backwater lakes and ponds have little or no flow, relatively
shallew depths, and a thick bettor layer of silt, sand, and decaying
organic matter, A diverse array of fishes, including commercial and
sport anscieg, utilize these areas. Deeper reglonsg provide
overwintering areas and emergent beds of aquatic vegetation are used as
spawning habitat during high, spring lows.

Other riverine habitats, such as sandbars, zhoals, mudflats, and
seasonally flooded botteomland hardwood forests, meadows, and pralries
are also utilized on a limited basis »s zpawning, rearing and feeding
areas for selected species. . ) .

To maintain fish diversity and productivity in lotic ecogystems all
main channel and extra-channel habitats must be preserved.
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TABLE 9. DIFFERENCES TN FISH COMMUNITY STRUCTURE ACCOMPANYING SUCCESSIONAL CHANGES I»iSIDE-CHANNEL

HABITATS ALONG THE UPPRR MISSISSIPPI RIVER.
OF FISH CAUGHT (ELECTROPISHING) IN EACH SIDE-CHANNEL (FROM ELLI

PERCENTAGES ARE BASED UPUN THE
5 ET AL. 1979

TOTAL NUMBER

Side Channel

Cottonwoo

Buzzard Orton-Fabius -

Flow Conditions Riverine Riverine at high river Lakc—like};ﬂo flow-
stage, little flow- through atinormal
through during or low rivgr stages
normal or low river ‘
stages

Dominant Species Carp (30%) Carp (37.2%) Gizzard shéid (30.7%)

. . 1
Unigue Species

Species Group

Game fi§h2

Panfish

Catfish 4
Predatory Rgugh fish
Foraye fish

keugh fish

Gizzard shad {25.8%)

- Emerald shiner (12%)

skipjack herring,
Black bullhead,
Blue catfish

3
4

Gizzard shad (17.13)
Bluegill (7.B%)

River shiner,
tonecat

Bowfin, Hi
carpsucke:
Warmouth

1. Only captured in irndiceted side-channel )
2. Northern pike, Largemouth bass, Smallmouth bass, Walleye, Sauger
3. White bass and all centrarchids other than black basszes

4. Shortnose gar, Longnose gar, Bowfin
5. All minnow species, Gizzard shad, Shipjack herring



PHYSICAL HABITAT CHARACTERISTICS

Praferencas exhibited by rish species for specific habitat types,
46- Holl-as- tholr everall disbribubion -in river systemsy reflect bhe-- -
suitadbility of a complex of physical, chemical, and biolog!cal factors.
That is, fish speo’ss assess a particular habitat or reach of stream in
a multivarjate way. Physical cnaracte:ristics of lotic environnents are
of major significance in these assessaents. Biotic¢ variation along
headwater to mouth gradients, for example, coincide with changes in the
diversity of physical habitat parameters (Corman and Karr 1978, Horowitz
1978, Platts 1979, Vannote ot al. 1980, Schlosser 1981a). Similarily,
decreased habitat diversity may account for some of thie decline in fish
gpecles divuersity from the eastern to western region of the ceantral
plains (Cross 1970}. Segments of these stream systrms which extend into
the Rocky Mountains retain diversified hablitat as well as some sapecles
of fishes that were prevalent on the eastarn fringe of the prairie
reglon but absent from intervening areas.

Although fish specles diversity i3 generally beat correlated with
multidimensional habitat diversity {Gorman and Karr 1978), individual
physical parameters may, at times or for some speclas, assume overriding
importance. Recognizing that the influence of physical factors on a
fish species or comnunity may vary with the chemical regiice, time of the
year, and/or complement of species present (e.z., through competition or
predation effects), the following relationahips between physiecal
parameters and lotic fishes are critical cogmponeets of ecological
integrity In stream and river ecosystems.

Cover

Cover in ‘obtic environments may be divided into tvo rather
ill-defined classea: instream and nearstream cover. Tnstream cover
includes undercut banks, tree roots, large rocks, logs, brush, and
aquatic vascular plants, while nearstrean cover refers to an array of
factors such ay vegetatinn type, angular cover density, and other
characteristics of' the riparian environment. :

A common attribute of instream cover features is that they tend to
attract and concentrate fish. Functionaily, they are important to fish
because they provide spzwning sites, protection from current or
predators, or hiding places from which predators ambush prey; or because
they suppert important food rescurcas or lead to changes in stream
morphology that increase habitat diversity (Marzolf 1978, s=e zlso
Section 3).

The importance of cover has been most intensively investipated in
coldwater streams where, for example, the relative amount of varlous
forms of cover may largely account for spatizl variation in breock trout
densaity (Hunt 1971) and steelhead and cutthreat trout standing crop
(Wickelson and Hafele 1978). In warmwater streams, instream cover has
similar, out periaps, broader impacts on fish communities, In tha
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Missouri River, the standinsg crop of all fish was 25% higher, and that
of catchable-size fish 1% higher, in a saection with snags relative to a
comparable saction without instream caver {(Hickman 1975). Some striking
differences in commvunity structure were also observed (Table 10). In a
small I'linois stream, fish bicmass was 4.8 to 9.4 times higher in a
section with inst.eam cover relative to an adjacent saction that was
cleared of all cover features (P. L. Angermeier, Univ. of Illinois,
unpudblished, Karr and Dudley 1981). Fish species diversity may also be
higher i{n sections of streams with instream cover (Sheldon 1968).

Instream cover is particularly important to many piscivores since
these fcatures provide hiding placea fromn which they ambush Lheir prey.
Large creek cnube, for exampie, tend to concentrate {n pools with
undercut banks and/or large rocks or subnerged logs (Fraser and Sise
1980), and the presence of smallmouth bass in 3mall streams app=zars to
be restricted to areas with large cover structures [Paragamian 1980).
Similarily, walleyz and {is European ccunterpart, the pikeperch, are
restricted to river hatitats with low light levels (a function of depth,
overhead cover, and turbidity){Kitchell ei al., 1977). Helfman (1979,
1981) argued that fish in shaded habitats are able to see fish in sunlit
surroundings better, and at greater distances, than vice versa.

However, he found that =sma)l fish species are as likely to be found in
shaded areas as larger predators, suggesting that guch areas may also
afford prey species protection from predation.

TAELE 10. STANDING CnOP OF DOMINANT PISHES IN SNAG AND SNAGLESS
SECTIONS OF THE HIDDLE FABIUS RIVER, MISSOURI
(Adapted from Hickman 1975)

% of total standing crop

Spesies Snag Snaglaas
Carp 24.3 20.1
River carpsaucker 23.6 20.3
Chanuel gatfish 17.9 12.7
Redhorsel 12.2 26.7
Green sunfish . 1.6 .7
Smallmouth bass 3.4 1.6
Bullhead? 3.4 1.3
Freshwater drum 1.5 3.8

1. 1Includes Shorthead and Golden redhorse

2. Includes Yellow and Black bullhead

60



Inztream cover also provides refuge from the rigors of the
environment. Many fish that occupv regions with awift current spend a
large proportion of their time behind large rocka or boulders (Cunmins
1972). In fact some benthic riffle species occur within tho interstices
of loosely consolidated gravel and cobbles (Hynes 1970, Stegnan and
Minckley 1959, Toth 1978). Permanent and stable cover structures offer
similar refuze for pool and raceway inhadbiting fishes during elevated
flows. By providing shade, instream structures also moderate vater
temperatures (Hickman 1975).

Aquatic macrophyte beds perhaps best illustrate the diverse roles
of instrcam cover. For exampla, although piscivores commonly lurk in
aquatic vegetation, the intarior of dense beds provides refuge for small
prey speclies. Aquatic plants also serve as spawning and feeding areas
for* a number of stream fishes. In fict, the degree of association with
aquatic vegetation forms the basis of resource partitioning in some
stream communitiies (Baker and Ross 1981, S.T. Ross, University of
Southern Mississippi, pers. communicabion). Beds of aquatic plants
alse Increases habitat diversity by constricting flows and lszading to
increassd scouring, deepening of pools, and undercutting of banks (Hunt
19793.

In streams and rivers with unstable aubstrates, instream cover
structures are particularly important to fish because they lead to
inereased habitat diversity {e.g., by ascouring pools, see Section 3) and
provide substrate for as much as 90% of the macroinvertebrate biumass
(Marzolf 1978, ¥Wharton and Brinscen 1978). Wood debris alse provides
eritical substrate for invertebrate papulations In high gradient,
bedroek streams (Triska and Cromackx 1979).

On= of the most lmportant functions of ilnzatream cover in headwater
streams 12 its role in trapping terrestrial litter, Inputs of
terreatrial crganic matter are a primary energy scurcs for-the biota of
lotie enviroenments (Fisher and Likens 1973, Cummins 1G74). Effizient
utilization of this organic matter is dependent upon its retention in
headwater areas in the form of leaf pucks and debris dams (Relce 1974,
Bilby and iLikenz 1980). Leaf packs form on the upstream sides of iarge
rocka, tree branches, or cther obstructions. Debris dams teap larger
aceunmulations of litter and form when a piece of large woody material,
such as a tree branch, becopes lodged in the stream channel. These
aceurnrulations of leaf litter and other coarse terrestrial debris are
colenized by M"shredding™ invertebrates and thereby converted to fine
particulate organic matter. Some of the fine particulate organic matter
is deposited behind debris dams while the reat is transported
downstream. In either cage it serves as the prineciple source of energy
for anothsr group of invertebrate consumers {(ecollectors). In
intermediate sized rivers, auteochthonous organic production by algae and
aquatic macrophytes may provide an additional sourge of energy for
aquatic food webs, and other invertebrate functional proups {scrapers
and grazers) become dominant. 1In large rivers, high turbidity tends to
1imit autochthonous production and fine particulate organic matter
inputs from upstream agazin forus the base of the food chalin.
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Since aquatic invertebrates are a primary food source of many lotic
fishes (Trautman 1957, Pflieger 1975, Smith 1979), the role that inputs
of terrestrial litter and debris plays in trophic-energetic
relationships in streams and rivers constitutes one of the most
important ways that nearstream cover arfects risnh communities.
Nearstream vegetation also supports terrestrial insect prey (Mechan et
al. 1977) and 1s clearly “he source of most instream cover, including
undercut banks (which are stabilized by. vegetative root systems).
Moreover, nearstream vegetation that extends over and close to the water
surface (e.g., treec limbs and branches) provides overhead cover auch
like instream structures.

Another particularly important function of nearstream vegetation in
headwnter reachus is the stability that it lends to these small atreanm
ecosystems. By stabiliaing streambanks, intercepting eroding sediment
from the adjacent land surface, moderating water temperatures, and
limiting growihs of choking algal blooms and aquatic macrophytes (see
Section 3), nearatream vegetation is largely responsible for maintaining
the phyaical integrity of small stream channels over a wide range of
enviromnmental conditions. This stability in the physical environment is
reflected by its biological ccmponants, particularly the fish fauna.

The impsrtance of nearstream vegetation is best illustrated in modified
streams where forested reaches provide eritical refuges for fishes
during severe environmenizl conditions (Karr and Gorman 1975). Pish
comaunities in forested vegions of modified streams also contalin
permanent residents and tend to be more stabdble throughout the year than
areas with little or no woody riparian vegetation.

Although the importance of in- and nearstream cover to biotle
integrity is clear, potential conflicts with other stream uzes {e.g.,
flood control or drainage) necessitates establlshment of priorities
regarding the type and amount of cover to be maintained. Forenost
conslderation must be given to preservation of nearstream vegetation,
particularly in hsadwater reaches but also in larger siresms and rivers,
because its contribution to ecosystem structure and funetion 1s critieal
to ecologlical integrity. Extensive instream cover is required in
gtreamns, including spawning and rearing areas, where viable sport and
comaercial fish populations are desired. Inatream cover is also nesdad
to provide habitat diversity in streams and rivers with unstable
substrates or high gradients. In all other streams and rivers, variable
amounts (depending upon conflicts with other stream uses) of instream
cover should be preserved to enhance Tish species diversity and
productivity.

Suvbatrate

Various types of substrate and their degree of sorting along and

across stream channels influence characteristics of lotie fish
comavnities in a nunber of ways. For examplie, in headwater streams,
effects of drought on fish communlities are moderated by the water
retaining capacity of impervious bdedrock and clay substrates (Larimore
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et al. 1959, Evans and Yoble 1979). However, sorting cf alluvial
substrate particles is of broader signiflcance in warmwater streans,
where fish spocles diver3ity increases with an incrrcase in substrate
diversity (Gorman and Karr 1978). Individual fish spacies, az well ag
different sex z2nd age classes of the same upecles (Winn 1958), tend to
be found in association «with a specific size-range 2f substrate
particles (Trautman 1957, Pflieger 1973, Smith 1673). The proportion of
gravel and cobble substrates, for example, is an excellent predictor of
smallmouth bass abundance in small rivers (Fig. 8; Paragamian 1980,
1981),

Tha actuval valuo of a particular substrate type or size to a given
fish species may be related to cover, spawning, or feeding. As
Indicated above, nome fish species find shelter from the current and/or
predators behind rocks or within erevizes in the subtstrate (Cuzmins
1972, Toth 1978}. Successful spawning by many species is dependent upon
appropriate substrate for egg deposition and development. Among
salmonids, survivorship during embryo to alevin emergence stages iz
directly related %o the gecmetric mean diameter of the spawning
substrate (Shirazi and Seim 1979). Such detailed relationships have not
been deseribed for warmwater fishes, tut rigid preferences for either
rock, gravel, or sand substrates segregate a mumber of species {Trautman
1957, Pflieger 1975, Smith 1979) and determine their distribution and
relative abundance in streams with different physiographies.

In addition to the importance of substrate as cover, fish
agsociations with particularr substrate types during the non-breeding
season are largely a result of feeding relationships. These invclve
morpnological adaptationa ¢of fish as well as the distribution of their
invertebrate pray. Mouths of benthin fishes, for example, are adapted
for exploiting food resources associated with different substrates.
Hence, many suckers feed in soft {(e.g., silt covered) bottoms while
gstonercllers scrape the surfaces of rocks. HYorphological
characteristics that are seemingly unrelated to feeding may also be
iavalved. 3iight differencas in body flexibility and scale size, for
exsmple, correlates with the fantail darter”a ability to exploit prey
within smaller substrates than the rainbow darter {Toth 1978).

The distribution and relative abundance of invertebrates among
different gubstrate types also plays a major role in fish.gubstrate
assoclations, including those involving fish species that depend upon
benthic invertebrates for food but do not directly feed off the bottom.
Signifiecant diffezrences in invertebrate community strusture and
production are found within different substrates {Tarzwell 1937, Hynes
1970) and are largely due to the diversity, sorting; and physical
atability of particle sizes.
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Changes ir suLstrate characteristica due to seasorally varying flow
conditions liead to a3asociated chanizes n fnver~taebrats comunity
structure (deMarch 197€). During spring, high currcni velocities result
in well-sorted particle sizes and the nunber of !nvertedrate species
associated with cach substrate type i3 highly corrclated with hab{tat
heterogeneity (4.1., particle sfizec distributiosn). As current volocities
decreaso during sumer months, ailt an¢ sand arc defnaited in the
interstices of doarser substrales. Habitat heterogenefty {s graduqlly
reduced and invertebrate. species-ricmess ts more &Sorrelated with
oortxna of substrates than mean particle pize.

The kinds of invertebrates associated with each substrate type are .
influenced by physical characteristica of the habitat {deMarch 197€¢)}.
Since sand 1s highly unstable, only invertehrates with similar
hydrological properties are conaistently found in this habitat., Silt is -
falrly ntable at a range of low current velocities but the density and
diversicy of organisms that czn live in silt subatrates ls severely
‘1imited by a lack of interstitial gpaces.

Boulder substrates possess unique temporal stability and in
contrast to other substrate types have a2 greater affect on water flows
than vice versa. Woreover, in winter, turbuleuace produced within
boulder habitats keeps them open while othsr habitats freeze solid.
Hence, Ilnvertebrate gpecies diversity in houlder habitats is
eonalatently high and includes long-lived specles a3 well as ephemeral
types that are found assoziated with other substrates.

Habitats with substrates finer than boulders but coarser than sand
ave fairly stable over varying flow ccnditions but are subject to silt
and sand encroachment during deponsitional perioda. Seasonal succession
of specles 1is typical of the invartebrata fauna aszsociated with these
substrates (Grant aad Mackay 1969).

The contribution of substrate diversity to ecclogical integrity in
streams and rivera must he preserved., NYatural subastrabe diversitiy and
serting can only be maintalned by preventing excessive sedimentation.
Thiz requirss effective measures to check sediment inputs. A Federal
Water Pollution Control Administration (1968) advisory comittee on
water quality indicated that waters normally containing B0 to 400 mg/}
suspended sollids are unlikely to support good freshwater fisheries.
Integral compconents of fluvial processes, including natural atream
morshology and flow characteristics, must alao be maintained, since
these parameters are responsible for particle-size sorting and cleansing
of substrates.
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Fluvial Charactaorintics

A nuzbor of highly correlated habditat attributes, including satream
size and gradiant, current velocity, depth, and discharge are discusaed
under this haading. Snatial and temporal variablility in these
paramcters axerts a major influence on the structura of atream fish
cocaunitios. Available habitat apace, for example, is linked to atream
8ize and {s partially responsible for faunal changes alcng headwater to
mouth gradients (Shelford 1911, Burton and Odum 1945, Xuehne 1962,
Harrel- et-al. 1967, Shsldon-1968; Evans  and-Nodle 1979; "Baker and Ross
1981, Schloasor 1981a), Many species of centrarchids and catostomids
require fairly large pools and do not appear in streanms until they are
large enough to provide these conditiens (Burtcn and Odum 1985, Kuehne
1962, Paragamian 1980). Sheldon (1968) found that faunal changes cver a
pool-riffle spactrum duplicated those from the headwaters to downstream
areas, with depth .accounting for 66% of the variance in species
diversity. Evans and Noble (1979) also found apecies diversity to be
highly correlated with depth, but indicated tha% species richness wao
influenced by interactions among a number of enviroamental correlates
along the longitudinal gradient. Pool area may account for over 50% of
the variation ir brook trout density (Hunt 1971}, and pool volume
explained about 94% of the variation in standing zrop of ‘uvenile ccho
salmon (Hickelson and Hafele 1978), 1In the latter skudy, depth and
current velocity were also significant faotors in models relating
habitat quality to variatioas im standiug crop of ateelhead and
cutthroat trout. High water velocitlies may reduce the effective depth
of pocls becauae fish are not able to cceupy bhe entire water column
{Sheldon 1663),

Goruan and Karr {1978} demonstrated that Fish species diversity in
headwater streams increases with both current and depth diveraity. This
indicates that different specles occupy habltats with different deptha
or current velocities. Major changes In these parameters tend teo ocour
simultaneously in the form of pools, riffles, and racewavs. Many fish
gpaclen segregate along this gradient much a3 they deo longitudinaliy.
Rowever,; morc subtle differences in depth and current velocity may also
be important in apatial partitioning {(Wallace 1972, Zmart and Ges 1979,
Matthews 1980, Sclilcaser 1981a), and eontribute to high species
diversity. For example, sexregalion among many siream cyprinids appears
to ba largely based upon their vertical position in the water column and
iz helieved to ba important in reducing competition for food (Mendalson
1975, Baker and Ross 1981). Spatial differences in cepth and current
velocity also segregate different sexes as well as juveniles and adults
of the same- species (Winn 1953, Harima and Mundy 1974, Smart and Geo
1979). Juvenils fish generally occur in riflles, shallow pools,
raceways, or along stream margins, and are rarely found in dzep pocls.

- In fact, recruitment rates In small streams are dependent upen the
availability of these rearing areay (Schlosser 1981a}.
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Gradient also influences the distritution and diversity of stream
fishes. Hocutt and Stauffer (1975) found siinifscant negative
correlations between gradient and fish specles richneas (rz-.9G) and
diversity (r=-.87) in a Maryland stream. Spacies ricnnea® increased
with a decreass in gradient from hcadwater to downstream stations but
decreased-with—-an-abrupt—increese—in—gradient—4{n-the Ycwer reaches ot
the stream. Along Furonean streams, fish faunal zones appear to be
determined largely by gradient (Huet 1959) sucn that, within a glven
blogeographical area, rivers or stretches of rivers of like bireadth,
depth, -and slope tend to have-similar diological charanteristics.”
Howaver, Burton and Odum (1945) pointed out that a number of
environmental factors, including temperaturo, oxygon concaentration,
current, and habitat type are correlated with slope. They found that
headwater apeciesz richiaess was higher i(n low gradient streams than in
steep mountaln streams where headwater apecies appear to be
physiologically adapted to a narrow range of environmentati condltions.,
Headwater species in streams with less altitude change Lend to be more
generalized and, 2s a result, have a broader ilongitudinal distribution.
Creek chub, for example, iz a typleal headwater and broad-ranging
spacies 1in prairie stresms; bot £t is not found in the headwaters of
pountain streams where specles such as hrook trout dcominate over a
rather limited range of temperature conditions. Discontinuities in the
longitudinal distribution of a few species, includin~ hiacknose dace,
northern hog sucker, and smallmouth bass, Were also Iinked to abrupt
changes in gradient. Menzel and Tierstine (1976) comparnd leow zZradisnt
{ea, 0.3m/lm) prairie atreams with moderate to high gradient (0.7 & to
2.18m/km) woodland streams and tound fish species richnesz and diversity
to be higher in the weodland streams, In addition to having a higher
gradient the woodland streams alsc had morz developed pools and riffles,
and therefore, greater depth and current diversiiy. Significant
positive correlations occcurred between gradient and Fish blomass
diversity (r=0.55) and gradient and number and biomasz of smallmouth
bass and redhorse {(r=0.85 to 0.87 ). 1In zontraast, the bicmass of
cynrinids was negatively correlated with gradicat {p=-0.77). HNajor
differences in spe ies composition were alsoc nbserved in the tuc types
of streams {Table 11}. Carpsuckers, redhorse, smallmcuth bass, and
fantail darter, for example, were most frequently captured {in woodland
streams while rorthnern pike, Johnny darter, and blackside darter were
more commonly found in prairle streams. Youngeof-the-year carp and
white sucker were the most abundant juvenile fishes captured and showed
a deflinite preference for prailrie streams (Table 12).

Fluctuating water levels and flow regimes are characteriatic of
many streams and a number of studies have sugrested that temporal
discharge patterns regujate fish community structure. For exanple, fish
apecies diveraity is lower in the western plains partly because streams
in thi= region are smaller, shallower, and more <ubject to intermittency
than those on the eastern plains (Cross 1970). Similarly, the tendency
f'or fish species richnass to increase along headwater to mouth gradients
appeara to be at least partially due to a decrease in discharge
variability in downstream reaches (Harrel et al. 1967, Whiteside and
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TABLE 1. PREQUENCY Gr OCCURRENCE CP SELECTED FISH SPECIES IN
N SAMPLES FAOM LCW-CRADISNT PRAIRIE STRIAMS AND
HIGH-GRADIZNT WO(DLAND STREAMS IN IOWA (From Menczel
and Fie:atine 1976.)

Type of Strean

Prairie {N=12) Woodland (Nz36)

Northern pike 58.3 5.6
Suckermouth nianow 2.3 77.8
River carpsusker 25,0 3.3
Quillback 58.3 91.7
Highfin carpsicker 16.7 86.1
Northern Hozsucker 41.7 8.9
Bigncuth tuffalo 1.7 2.8
Silver redhorse 16,7 £3.9
Golden redhange 50.0 97.2
Shortheand rechorse 66.7 100.0
3ma)llmouth baas 33.3 Y7.2
Fantail darter 0.0 52.8
Johnny darter 83.2 27.8
Rlackside darter 91.7 36,1

TABLE 12. ELECTROFISHING CAPTURE 2ATES (RO./HR) OF YOUNG—D?—THE-YE&H
" CARP AND VHITE SUCKER IX PRATRIZ AND WDIDLAND STREAMS IV
TOWA {197%-1975) (From Meazel and Flerstine 1975.)

July Jugist-Coptesber
Pralrie Woodland Priirie Woodland
Carp 31.48 0.20 . 3.14 1.36

White sucker 5.88 C.41 28.A5 0.48

MeNatt 1972, Horowitz 1978). More spacies are added cdownstreas when
there is a large decrease in discharge variabllity ralatlive %o the
headwatera (Horowitz 1378). Moreover, both headwaler and downst.-eam
species richness is higher 1in streams with relatively constant flew than
in those with sesasonal or highly variable runoff {lew. Longitudinal
replacement rates of species also appear to be lowest in the most
variable sections and rivers. Speclies richness within feeding guilds
typically increases from the headwaters to middle reachea, with
piscivores consistently showing the higheat addition rates. These
patterns support hypotheses that predict that (1) temporally variable
areas contain brcad-niched species while more constant regions allow
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gruater niche or hadbitat specifalizaction (Siobodkin and Sancers 1969);
{2) temporal constancy allows increased trophic complexity {“enge and
Sutherland 1976) which may regulate diversity through predation; ang (3}
greater varifability increases extermination ratas which will therefore
be greatest in_intermittent headwatera. Kushlan (1976) observed a
decline in overall fish density and a shift to doainance by larg?
carnivores when g Florida marsh expertienced tnree consecutive years
without a dry season. Fish comnunity structure in the marsh is

DAL O} S HITMIIER,, . 32X £ 3L & :

‘those-capable of-repupulating the-marsh-foilowing dry poectods: -~

Temporal discharge patterns in many warmwater streams are generally
characterized by high flows during the spring and early suzer months,
often followed by an extended period of low flow. Extended high
discharge dupring ~pring may limit reproductive success of early spawning
species by shortening thelr spawning period, decreasalng {ocd
availability, vashing away eggs or fry, or covering them with sediment
{Starrett 1951, Winn 1958). By thinning populations, spring floods may
alan affeet reproductive asuccess of late spawning specles since their
recroits have less competition for habitat snace and food resourcea
{Starrett 1951).

Stream I'ishes typically find shelter during flosds by moving.
upatream (e.g2., into smaller tributariss or iato more sta®le and
profected habitats such as backwater areas; Starrebtt 1991, Pzloumpis
1958, Fagen 1962, Hall 1972, Harrell 1978, Evans and Noble 13793.
ftarrel) (1578) found that the six dominant fish specles {based upon
relative biomass) in a. desart straam were the same and in the same rank
order befeore and after a major flood. However, they all exhibited
proncunced habitat shifts, suggesting that ecological plastisity is a
key to their success in this flood-prone environment. Dominsnce by a
few specles may be typical of naturally stressTul environments.

Fishes alsce respond to low discharge by shifting habitats or
altering their distribution in the watershed. For example,
riffle-inhaviting darter specles move downstream to larger riffles as
flows decrcase during sumner months {(Winm 1953)., Matthews and Hill
(1980) documented changes In habitat breadth among four apecies of
minnows in an Oklahoma river that oxhibited seagonal extremes in
discharge. The greatest change occurred {rom fugust to Dctober as low
water levels prevailed and all species convergzed to similar ‘
phyeizo-chemical refugia. Tn fact, three of the species were largely
confined to backwater pools. Hence, drought conditions, lika floods,
appear to put fish communities out of equilibrium with their~ habitat
optima (Gorman and Xarr 1978). However, for gtream fish populations bto
persist, suitable habitats or "stream havens™ {Paloumpis 1953) must be
available during the most severe envircrnmental conditionz. During
extended dry pericds, isolated pools and/or recelving streams and rivers
serve as refugla and harbor a cclonization and/or breeding stock for
many small stream fish populations (Paloumpis 1958, Havrel et al. 1967,
Whiteside and McHatt 1672, Menzel and Fierstine 1976).
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Larizore et al., (1999) {nvestigated effacls of a scvere drough® on
fish fn a =mall Illinota st:ream and found that the amount of reductlon
of sguftable aquatic habitat varied according to local conditions alorng
the stream’s length. Wwater levels were lowest in silt-bottomed, low
gradient reaches that fiowed through intensively cultivated land, while
‘deep-pools-perststed—-in-a-relatively-high-gradient,—wooded-section-that—
flowed over o~n impervious clay and bedrock substrate. Mortality was rnot
particularly high among fish trapped in §so.ated pools during the sumaer
uonths, but increased in tho fall when tenporaturea tluctuated

since water conditions in somo pools along the stream course did not
reach lethal tevels,

Of course, some species are able to tolerate concditions in isolated
pools better than others. For example, during a summer drought in an
Oklahoma river, the denaity of three cyprinid specles increased while
that of the emerald shiner decreased (Matthews and Maness 1§79).
Laboratory experiments suggested that the relative success of the four
fish specics was primarily reiated to Lhelr temperature tolerancea,
which apparentiy affected adult survivorship, reproductive success, and
the range of microbabitzts in which they could forage.

The sourece of flow, varticularly in small headwater streanmsa; to a
large extent determines the magnitude cof temporal changes in discharge,
as well as wvarlation in correlated habitat parameters such as depth,
current velocity, turbidity, zn. water temperatures {Horowitz 1978).
Temperature pireferences of orange woat and crangebelly darters
corraspond well with the occurrence of the former in thermally abtable
apring runs and the lattar in shallow rivers subject to wide temperature
fluctuations (Hill and Matthewz 1980). Trout streams in Wisconsin
apprar to be dependent on groundwater inflows for maintaining suitabla
temperatures, spawning habitat, shelter (e.g., adeguate depth plus an
abundance of submerged hiding placea), ilvirng space, and supply of
nutrients {White and Brynildson 19567).

Since diversity in depth and current velocity are critical to iotic
fish comunity integrity, they must be prezerved by malntaining natural
habitat heterogeneity in the form of pools, riffles, and raceways. Much.
of the potential fish specles diversity of streams, including the
presence of top predators and spert fishea, will be lnsured by the
presence of deep pools. Moreovar, survival of stream fish populations
during naturally occurring low flcw periods is dependent upon
persistence of deep, pool habitats as refuges., However, species
gpecifically adapted for Ffaster flowing and shallower nadbitats are also
integral components of stream flsh communities. Hence, riffles and
raceways are required to maintain these specles populations. These
habitats are also prime rearing areas for juvenlles of many pool species
{Schlosser 1681a}.
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Although ceasona) variation in discharge is common in warmwater
stream ecocystens, prolonged low or higan flow periods are prevented by
buffering characteristics of natural watersheds. In view of the effects
of severs floods and droughte on fish communities, key hydrologic
- components must-be preserved; in at least acme regions of watersheds, to
waintain as stable flows as possidle.

HABITAT-MODIRICATIONS

Effeots of modifications of watershed hydrology and channel
structu~e on dbiotic {ntegrity provide further evidence of the importanca
of physical habitat parancters in lotic ecosystems. Much of the loss of
blotic inteogrity in streams and rivers is attributable to man-caused
degradaticn of thesea physical habitat attributes.

Small Stream Environments

As suggReated by previously described fish-habitat associations,
reduced habitat complexity (i.e2., poo’-riffle develepment) typically
results in a sisnificant loss of fish species richness (North et al.
1974, King and Carlander 1976, Griswold et al. 1978). Elimination of
deep pool hatitats, for example, commonly results in less of game fish
populations. Yowever, fish biomass may remain the same or even inerease
with a redustion in habitat diversity and/or elimination of a habitat
type sinca denalties of species that are more adapted to the altered
conditions commoniy increase. In modified agricultural watersheds,
these compensatory changes in fish ccrmunity structure typically involve
shifts to deminance by species with more generalized food (i.e.,
omnivores) and/or habita® requiremznts {(Karr and Dudlsy 1978, Sechlosser
1981b). For 2xample, when riffle habitats are eliwinated by channel
straightening, losa of darter biomass is generally more than coapenzated
for by increased biomass of bluntnoze minnow in the new, wide, and
shallow stpream channel (Toth et gl. 1981).

los3 of biotlo integrity in smwall streams is also linked to
modificationz of specific habitat parameters. The absence of instreanm
brush plles, for exampla, may account for lower lish biomass in small
stream reaches wnere the source of these cover structurea (i.s.,
nearstream vegetation). as well as the environment favoring their
retention, has been destroyed by channelization (Xing and Cariander
1976). .ish food supplies are alse affected since brush piles support
denge aquatie macroinvertebrate populations and removal of nearstream
vegetation preducea inputs of terreatrial insacts «Lynch et al. 1977).

Although direat substrate cilterations (e.g., dredging) have major
effecta on fish populationa (Bianchl and Marcoux 1975) and may be
particularly devastating during spawning pericds, indirect modifications
of substrates have had mere severe impacts on biotie integrity in the
long~term. For exampla, a shift {rom sand-gravel-rubble to
predominantly sand-allt substrates has led to Increasing dominanee by
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bluntnose rirncw, sand shiner, and spotfin chiner in a number of Iowa
stream fish compunities, and also contributed to the extirpation of a
fantail darter population (King 1973). In fact, siltation of substrates
has been ono of the major factors responsibla for decreasing quality of
fisheries throughout the United States (Xarr and Schlosser 1978). Tnis
i35 due primarily to efrfects on reproduction, but other negative impacts
of siltatlon, such as rcduced benthic invertebrate production and
alimination of cover, are also significant (see Sorensen et al. 1977
and Muncy et al. 19T f'Si Tevisws)s

The combined effects of modifications of watershed hydrology and
physical characteristics of stream channels lead to marked tempora.
instability {n fish communities (Menzel and Fierstine 1976, Gorwan and
Karr 1978, Toth et al. 1981, Schlosser 1981b). 1In fact, this
instability is perhaps the niost symptomatic measure of degradation in
amall streams that have been stripped of their natural buffering
capacity by the creation of uniform channels and elimination of
nearstrean regetation. Associated with these conditions are drastie
shifts In habitat suitability, including large fluctuations in
temperature, disanlved oxygen, and water levels, choking algal blooms,
and perasistent eroszion and siltation (Karr and Dudley 1981} that iead to
frequent short. and long-range movements by fish populations. These
conditions contribute to the demise of zoma populations {Toth et al,
1082},

Stream and watershed modifications also have a major impact on
natural headwater ecoszystem structure and funetion (Karr and Dudley
19078)., As a result of frequent algal blooms and reduced inputs of
terrestrial orzanic matter accompanying the removal of nearstream
vegebation, disturbed headwater streams underzo a fundamental shift in
anergy flow and associated change from a heterotrophic to autotrophie
community (Xarr and Dudley 1973, Gelroth and Marzoif 1978).
Invertebrate shredders are commonly replaced by collectors, while the
fish [auna typlcally shifts to dominance by omnivorous taxa that are
capable of exploiting rich growths of algae. Nuring the summer and falil
months, for example, medified headwater streams commonly serve as
feeding areas for glzzard shad, and young carp and quillback.

Modiftcations of headwater ecosystems also affect biotic integriny
in downstream reaches. Luey and Adelman {1980} compared the fish fauna
of three streams with different degrees of upstream drailnage development
and found that average specles diversity was significantly greater and
mean biomass of fish waz two times higher in downstream reaches of the
least developad stream. Alteratiens of headwater apawning and rearing
areas have lad to a decline of a number of riverine fish populations,
ineluding northern pike, smallmouth bass, and walleye (Trautman and
- Gartman. 1974). . Late spawning species such as walleye are particularly
affected by altered flow regimes stemming from agricultural drainage
improvements since reduced flows in late spring regularly trap fry in
upstream reaches that are subject to counplete dewatering durlng summer
months (H. Vallant, Manitoba Depariment of Natural Resources, pers.
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commun.). Meanuhile, modifications of headwater streams have increased
their value as feeding and nursery areas for carp, quillback, and
gizzard shad and thereby contributed to increasing populations of theae
species in large rivers (Karr and dudley 1978). Downstream communities
may also be affected by higher organic loadings and bdbiolugical oxygen
demand us unprocessed ljtter {3 transported trom modified headwater
reaches (Marzoif 1978). Converalon of coarse organic matter to fine
particulate organic matter is inefficient in uniform, unobstructed
channaels (Karr and Dudiey 1978, Bi{ldy and Likens 1980) and unsatable sand
or silt substrates (Reioe -1974) created by streéan and tatershed
modifications.

Impacts of small stream and watershed modifications indicate that
several measures nmust be taken to preserve or restore ecological
Integrity in these environments. Firat, effective soll and water
conservation practices mwst be implemented to malntain (1) a hydrologic
balance in the watershed and (2) keep sediments and nutrients out of
atream channela. Historieally, the major foous of land-use programs in
agricultural areas has emphaszized the latter with little recognition of
the signifiiecance of shifting hydrologic regimes. A vegetated,
nearstream buffer strip is essential to trap eroding sediment from the
land surface and to maintain stabhle, naturally functioning biological
comnunities in stream channela. Extensive straightening, widening, or
deepening of channels should be unequivoeaily prohibited to presarve
stream equilibrium and habitat complexity. Short-reach channel
modifications not execeeding 500 m m2y be parmitted on a limiied basis
(e.g., for bridge construction and =aintenance), providing adegquate
misigation measures are taken to protect aguatic resourcea before,
during, and after the alterations. Tn addition, %o compensate for any
loss of biectic integrity incurred as a result of these modificatiosns,
stream improvement measures should be Impleomented in other sections of
the altered stream or in comparable streams in the watershed.
Cunulative modifications on any single stream should not exceed 25% of
the channal length. When feasible, strean reatoration programs should
Ye ‘mplemented in stream channcls where past modifications have severely
impaired ecologiecal integrity. Finally, in view of thelr contribution
to downstream biotic integrity, at leaat a {ew entire headwater streams
should be preserved in their natural state 1in all drainage systems.
Decislons regarding which sireams should be partly based upon the degree
of potential land and water-use impacts and within the franeuveork of a
conprehensive watershed management plan.

River Environments -

Modifications of the physical environment may have an even more
significant impact on fish communicies in large rivers than in small
streams. ¥or example, although 30 years had elapsed since the channel
was modified, the standing crop of fish In a straightened section of the
Chariton River {Missouri) was B3% leas than in an adjacent unmodified
section {(Congdon 1971). The straightened region also had eight Pewer
fish speclies. Fish samples frem modified sections of the Olentangy
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River, Ohio (Griswold et al. 1978) and Luxapalila River,
Alabama-Miss{ssippi (Arner ot al. 1976) indicate that, in addition to
consistently supporting lower fish standing crops (Table 13),
straightened sactions of large rivers have markedly different fish
community structure than unmodified seotions (Table 14). The decline in
game fish populations, for example, 1s particularly striking. Moreover,
many fish that are captured in atralghtened sections are actually
translents that are enroute to more stable (L.e., unmodified) habitats
(Table 15; Hansen 1971, Arner et al.. . 1976)._ .

TABLE 13. SAMPLE BIOMASS OF FISH CAPTURED FROM NATURAL AND :
) CHANNELIZED SECTIONS OF THE LUXAPALILA (From Arner et al.
1976) AMD OLENTANGY (From Griswold et al. 1978) RIVERS.

Average Capture Rate

Natural Channelized
1
Luxapalila River 793.7 g/net day 227.4 g/net day
2
OClentangy River 2,028.7 g/min. 1,533.6 g/min.

1.  Based upon hoop net samples (1973-1978)

2. Based upon electrofishing samples (i974-1976)

Elimination of insiream cover may a2lso have more detrimental
effects on biotie integrlity in large rivers than in small streams. Snag
removal, for exampie, has countributed to a gerious decline in catfish
fishersies in the Missouri River (Funk and Robinson 1974). Moreover, the
standing ercp of all fish has been estimated to be 25% less, and that of
catchatle-glze fish 513 less, in sections of the river without snags
relative to areas with instream cover structures (Hickman 1975).

Removal of snags alsc resulty in a severe reduction in fish food
resources (Hansen 1971, Arner et al. 1976}, since most of the aquatic
invertebrate production in large, unstable-bottom rivers is zssociated
with theae structures.
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Although bank stabilization and navigation structures (i.e.,
levees, dikes, locks and dams) have major effects on the prysical
eavironument of main river channels (partlcularly flow characteriatics),
biotio integrity appears to be more adversely affected by impacts of
these modificzations on axtra-channel hahitats. Dikes and wing dams, for
exampla, have saverely reduced the number and quality of backwater and
side channel habitats on the Misaouri River anc tnereby contributed to
deciines in walleye, sauger, orappie, sunfish,. and black baas
populations (Funk and Robinson 1974). Lo3s_of exira-channel habitats

-installations of levees. anu.dikes and craanelization has also
been linked to a decline in riverine Tish apédie

Misstssippl River (Ellis et al. 1979, Vanderford 1980).

As in small stream environments and because of the severe impacts
of channel straightening on ecologzical integriby, we recommend that
these river modificatinns he stopped. Horeover, attempts should be
made, at least in small rivers, to restore characteristics of the
physical envircnment {particularly pool and riffle habitats) that have
been destroyes by these activities. It also is clear that actions must
be taken to prevent continving degradation and loss of extra-channel
habitats. This includes implementation of land conservation practices
to reduce excessive sediment inputs from upstream, praventative measures
tc eontrol siltation during dredging and spoll dizposal cperztiosns, and
enployment of mitigation tachniques for existing and planned navigation
and bank stabilization efforts. Finally, attenpts should hHe nmade to
maintain instream cover structurea in at least selezted reaches.

SUMHMARY

A number of physical attributes of siresm scosystems, inecluding
maior habitabt divisions as well as specifie components such as cover,
subgtrate, and fluvial characteristics, are primary determinants of
bistiz integrity. Man-induced modifications of these parametaers altep
characteristicy of {ish communities, often leading to theilr degradation.
Preservation of ecolegical integrity in streamz and rivers raquires an
integrative view of all factors.
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TABLE 14. ©DOMINANT FISH SPECIFS (BASED UPON THS NUMBER OF FISH
CAUGHT) IN NATURAL AND CHANNELIZED SECTIONS OF THE GLENTANGY
(from Griswold et al. 1973) AMD LUXAPALILA (From Arner
et al. 1976) RIVERS.

1
Olentangy River

Natural Channel{zed
Giasand—ehad- 0+9% 15-9%
Carp 12.1% 15.6%
Longear sunfish 16.8% 16,1%
Smallmouth bass 13.5% 4,48
Golden redhorse 8.3% 1.7%
Rock basa 19,5% "1.3%
Green sunfish 2.8% 7.5%

Luxapallla Riverz

Natural Channelized
Aluegiil 16.8% 9.6%
Channel catrish 9.2% : 9.1%
Blacktail redhorse ) 8.9% y,8%
Largemouth bass ' T+3% 3.5%
Blacktail shiuer - T.3% 2,3%
Ginzard shad © 3.8% 20.9%
Smallmounth buffzio 3.0% 21.5%

1. Pased upon electrofishing samples (1974-1976) A
2. Baged upon hoop n=t, gill net, and electrolishing samples
{1973-1976)

TABLE 15. HNUMBER OF RESIDENT AND TRANSIENT FISH SPECIES CAPTURED
IN KATURAL AND CBAHNELIZED SICTIOMS OF THE LUXAPALILA RIVER
{1973-1976)., A SPECIES WAS CONSIDERED TRANSIENT IF IT WAS
CAPTURED IN FEWER THAN ¥ OF 36 COLLECTICHS
(From Arner et al. 1976.)

Fesident Species Transient Species
Natural Section 54 (79.4%) 1 (20.6%)
Channelized Secction 33 {53.2%) 29 {46.8%)
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Criteria, Natl. Tech. Advisory Committee Report. Washington,
D. C. 234 pp. W

Sets a turbidity limit of 50 JTU for warmwater streams, 10 JTU
for coldwater streams, z2nd a suspended solids range of 25 tn
80 mg/1 For maintenance of good to moderate fisnerles.

Federal Water Pcllution Control Adminiatration. 1970. Industrizl waste
guide on logging practices. U. 5. Dept. of Interior.
Horthwest Regional Office. Washington, ND. €. 40 pp. E

fishar, 8§, G. and G.E. Likens. 1973. Enerzy flow in Bear Brook,

Hew Hampshire: an integrative approash to stream ecosystem
metabolism. Ecol., Monogr. 43: 421-439., N
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Fraser, D. *. and T. E. Sise. 1980. Obdservations cn stream minnows
in a rat-hy environment: A test of a theory of haditat
distribution. Ecology 6': 790-797. N

Provides e/idance that pool selectivity by creex chudb {3 related
to the amount of cover. Also discusses relatjonships betwaen
population density and distributiona of .aduld-and- juvyniTe craak

ohub and’ hlackuga dace.

Prealing, C. R., ©. R. 4cCcnville, D. N. Nirlsen, and R. N. Vose.
1976. The Weavar Bottoms: A field mode! for the rehadflitation
of backwater arcas of tha Upper Mississipp! River by modification
of standard channel maintenance practices. HReport submitted
to 5. S. Ammy Corps of Fngineers, St. Paul District, Contract
DACW37-75-C-~0194. 307 pp. F

Relates changes in a backwater marsh areca of the upper Misasissippil
River to lock and dam conatruction and other modificatiors on the
main river c¢hannel. Sugpests ways of mltigating these changes,

Fremiing, C. R., D. ®. McConville, D. N. Mielsen, B. N. Vose,
and R. A. Fabar. 1979. The feasibility and eavirommentad
effects of opening side channels in five areas of the Upper
Mississippi River. Report to the GREAT-I by Winona State College
and 8t. Mary's College. 853 pp. F

Funk, J. L. 1957. Movement of stream fishes {n Missocuri.
Trans. Am. Tish. Soc. 85: 35-57. L

Details differences in the Trequency and extent of movement by
various stream fishes.

Funk, J. L. and J. ¥W. Robinaon. 1974. Changes in the channel of*’
the lower ¥izscurdi River and effects on fish and wildlife.
Missouri Dept. Conserv., Aquatic Serieas 11, Jefferaon City,
Missouri, %52 pp. ¥M,0

Relates changes in the fishery of the Missouri River between

1379 and 1972 to various channel modifications. Lake sturgeon,
blue catflah, paddlefish, crappie, sunfish, blackbass, and sauger
populatlons have declined dramatically while carp and channel
eatfish have increased in abundance.
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Gatz, A. J. Jr. 1979, Ecological morphology of freshwater strean
fiszhes. Tulane Studies &n Zool. and Bot. 21: 91-124, M

Gelroth, J. V. and G. R. Marzolf. 197S. Primary production and
leaf-litter decomposition in natural and channelized portions
of a Kansas stream. Am. Midl. Nat. 99; 238-233, O

Channelized sectiona had higher water.temperatures, contained-no:
natural-lesaf:packsy-and-yere-autetrophic-while—unchanneltzed
gections were heterotrophic and contained leaf packs.

Gerking, S. D. 1950. Stability of a stream fish population.
J. Wildl. Manage. 18: 193-202.

Examined novements of marked fish during a flood.

Gillette, R. 1972. Stream chamnelization: Conflict between ditchers,
. eongervationists. 3Science 176: 890-8g4. E

Gorman, 0. T. and J. PR. Karr. 1978. Habitat structure and stream
fish comnunities. Ecology 59: 507-515. K,L,M,N,0

Describas relationships betwcen stream fizh speecies diversity and
hahitat diversity (based upon three habitat dimensions- depth,
current, and substrate). Alsoc compares habitat characteristics
and fish community attricutes of natural and channelized streams.

Gosz, J. R. 1980, The influence af reduced stream flows on water
quality. Pages 3-48 in W. 0.  Spofford, Jr., A. L. Parker,
and A. V. Kneese (eds.) Energy Development in the Southwest.
Vol. 2. Resources for the Future. W¥Washington, D. C. A

Governnent Accounting Office. 1977. To protect tomorrow’s food supply,
anil conservation needs priority attention. Report.to the Congress
by the Comptrcller General of the United States. CED-T7-30.

59 pp. G

' Grant, P.R. and R. J. MacKay. 1969. Ecologiral segregation of
syatemically related stream insects. Car. J. 7Zo0l., H4T:
691-694. N

Griswoid, ®. L., C. Edwards, L. Woods, and E. Weber. 1978,
Some effects of stream channelization on fish populations,
macroinvertebrates, and fishing in Ohio and Indiana.

U. 5. Fish and Wildl. Serv. FWS/0BS-T7/46. D,F,K,0
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Guy,

Channelizatinn typically resulted in a lo93 of aburndance,
diveraily and/or bLiosmass of both fish and microinvertebrates.
However, in sone cases changes in Tish species composition led to
higher densities and biomass {n channelized areas. GCizzard shad,
qQquillback, stonorvllers, and other minnows, for exasple, appeared
to be particularly adapted to habitat providod by channelfzation.
Mitigation structures (i{.e., artiftcial pools and riffles)

in channelizcd sections resulted {n macroinvertebrate production
and relative abindance, standing crop, and fitneas of {iahas
approximating that of natural areas. However, the diversity of
both fish and macroinvertebrates was interwmediate tc natural and
unmitigated chanunelizad areaa, (ndicating some loss of atability
and niche availability.

H. F. 1954, An analysis of some storm-period variables affecting
atrean sedimeat tranaport. Prof. Paper UG2-F. U. S. Geol.
Survey, Washington, D. C. I

Hall, C. A. 11972. Migration and metabolism in a temperate strezn

ecosyssen. Ecology 53: SBU-60M, LN

Hangsen, D. R. 14971, Stream channelization effects on fishes and

bottom fauna in the Little Sicux River, Towa. Pages 29-51 in
B. Schneberger and J. L, ¥Funk (2ds.), Stream Channelizatiszn:
A Symposium. WNorth Central Div. Am. V¥Fish., Soe. Spec. Publ,
Ho. 2. O ‘ ’

Found higher total numbers and biomassz of macroinvertebrates on
artificial substrates in a channelized section relative to an
unchannelized section. 3Sugeests that the presence of fish in
the channelized section depends largely on movement into or
throush the section from other areas.

Harima, H. and P. R. Mupdy. 1974. Divergity indices applied to the

fi=sh biofacies of a small stream. fTrans. Amer. Flsh Soc. 1035:
457461, L,N

Desc¢ribes tempeoral habitat shifts and changes in comaunity
structure of tishes in a small stream.

Harrel, R.C., B. J. Davis, aad T. C. Dorris. 1967. Stream or~der

and species divergity of fishes in an intermittent Oklahcma stream.
Am. Midl., Nat. 78: 4.28.36, L,N
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Suggests that increcased fish species diversity with stream order
was due to an increasc in available habdbitat and a decrease in
environnental fluctuations.

Harrell, H. L. 1978, Respcnse of the Devil’'s River (Texas) fish
compunity to flooding. Copeia 1978: 60-68. N

Sampled fish before and after a flash flood in a desert stream.
Although species diveraity was lower arter the flood the six
dominant fish species remained the same. Suggests that continued
or increased docinance by a few species is typical of naturally
stressful environments.

Heede, B. H. 1980. Stream dynamics: an overview for land management.
General Technical Report RM-72. Rocky Mcuntain Forest and Range
Experimental Statlon. U. S. Forest 3Service. Ft. Collins,
Colorado. I

Good general referance on fluvial proceases and dynamica.

Helfman, G. S. 1979. Fish attraction to floating objeets in lakes,
Pages U9-57 in D. L, Johnson and R. A. Stain (eds.) Response
of Fish to Habltaht Structure jin Standing YWater. Worth Central Div
. Amer. Fish. Soc. S8Spec. Publ. No. 6. N

Observed that prey as well as predatcr spscies tended to hover
under experimentsl floata., Suggested that shade may afford
protection or concealment becauss of the rolative ability of an
observer to jsee an object in a shaded area as compared with a
ghaded observer’s ablilivy to sze an objent In the surrounding
sunlit area.

Helfran, G. S. 19R1. The advantage te fishes of hovaring in shade.
Copeila 1981: 392-%00, N
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Heriegar, D. L. and ¥. HW. Harmon. 1071. A review of references to
channelization and i{ts eunvironmental impact. Pages 79-83 in
E. Schneberger and J. L. Funk (eds.), Stream Channelization: A
Symposiun. North Central Division, Ar. Fiasl. Soc. Spec.
Publ. Number 2, pp. 79-83. X

Categorizes impacts of channelization.

Hickman, G. D. 1975. Value of instream cover to the fish populations
of Middle Fabius Wiver, Missouri. Aquatic Series YNo. 14,
Missouri Dept. of Conservation, Jefferson City, Missouri.

7 pp. J,N,0

Compares a2bundance, vlomass, and relative aize of fish collected
in river secticns with and without snags. The standing ¢rop of
fish was considerably higher in sections with snags. Snags were
important in providing cover and leading to scouring of pools.

Hill, L. G. and W. J, Matchews, 1980. Temperature selection by the
darters, Etheostoma spectabile and Etheostoma radiosim (Pisces:
Percidae). Am. Midl. Nat. 104: 4i2-M15. N

Found that orangethroat darter exhibits active temperature
selection and pointed out that this species ocouples thermally
statle spring runs wherzas the orangebelly darter probably makes
little use of temperature 23 a cue for habltat sslection and is
found in habitats with widely fluctuating temperatures. -

Hocutt, C. H. and J. R. Stauffer. 1975. Influence of gradient on
the distribution of fishes la Conowingo Creek, Maryland and
Pennsylvania. Chesapeake Sei. 16: 14¥3-i87. ¥

Found that gradient was the paramefer that wmost influsnced the
distritution of species. Poth number of fish species and
diversity of specles showed significant regative correlations
-with gradient.

Hornbeck, J. W., R. 8. Pierce, and C. A. Federer., 197C.
Streanflow changes after forest clearing in WNew England.
Water Resour. Res. 6: 1124-1132, K

Found that as a result of nearly eliminating transpiration and
reducing canopy interception losaes, stream flow increased greatly
during the two years after forest clearing.



Horowitz, R. J. 1978. Temporal variabjlity patterns and the
distributional patterns of stream fishas. Fcol. Monogr. Uu8:
307-321. H,L,N

Relates fish apecies richness patterns in streams and rivers to
discharge varfability. In general, species richness increased
with a decrease in discharge variability. Maximum species richness
typically occurred in the most downstream stream order and the
replacezent rate was lowest in the most variable sections

and rivers.

'Hubbs, C., R. R. Miller, R. J. Fdwards, X. W. Thompson, E. Marsh,
G. P. Garrett, 5. L. Powell, D. J. Morris, and R. W. Zerr.
1977. Fishes inhabicing the Rio Grande, Texas and Mexico, between
Fl Paso and Pecos confluence. Pages 91-57 in Importance,
Preservation and Management of Riparian Habitat: A symposium.
USDA, Forest Service, GTR-RM-H43. L

fluet, M. 1959. Profiles and biology of western European streams as
related to fish management. Trans. Am. Fish Soc. B88:
155-1€£3. L,N

Studied headwater to mouth rish faunal zones along Europesan
streams. Concludes that stream width arnd gradient are the nost
important determinants of longitudinal zonation patterns,

Hunt,; R. L. 1971, Responses of a brook trout population to habitat
development in Lawrence Creek. Wisc. Dept. Wat. Res., Madiscs,
Wisconsin. Tech, Bull., No. 8, F,N

Details chanpes in a brook trout population after installation
of a serles of bank covers and curprent deflectors.

Hunt, R. 1. 1979. Removal of woody streambank vegetation to improve
trout habitat. Wise. Dent. HNat. Resources, Madison, Wisconsin.
Tech. Bull. leo. 115, J,N

Hynes, H. B. N. 1970, FEcology of rumning waters. Univ. Toronto
Press, Ontaric, Canada. 555 pp. N

Illinois Department of Conservation. 1981. Hanual of Conservation
Engineering Guidelines. Springfield, Illinois., Draft. E
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Jahn, L. R. 1978. Values of riparian habitats to natural e2cosystems
Pages 157-160 in Strategies for Protection and Management of
Floodplain Hetlanda and Jther Rirarian Ecosystems. Symp. Proc.,
USDA, Forest Service, Washington, D. C,., GTR-W0-12, D,J

Emphasizes the importance of riparian vegetation in maintaining
the productivity of stream communities.

Kao, D. T. 1980. Determination of sediment filtration efficiency of
grass maedia. In Vol. 1T: Sediment Filiration Efficiency of
Continuous Grass Media. Univ. of Kentucky water Resources
Research Inst., Res. Report No. 124, Bi pp. H

Deseribes function of grass (ilters in retarding fldﬁ:and acting -
as a gsediment trap.

Karr, J. %. 1980. Buffer strips, resources and agriecultural
developnent in the Guanare-Masparro region of Venezuela,
CIDIAT, Merida, Venezuela. 103 pp. J

Reviews functiocng of nearstream vegetated buffer strips and
evaluates their potential value in various agricultural areas in
Venezueia. Also discusses legislation pertaining to the
praotection of land and water resources in that country.

Karr, J. R. 1981a. An integrated approach to management of land
resources. From: R. T. Dumke, G. V. Burger, and J. R,
March {eds}, 1981. Wildlife Management on Privete Lanas.
Wisconsin Chapt., The Wildlife Socziety, Madison, Wisconsin.
Irn press. AB,G,;L

Reviews current trends in land, water, and associates resources
in intenaive agricultural regions of North fAmerica. Suggests
ways of improving the effectiveness of various programs
concerned with the conservation of these resources.

Karr, J. R. 1981b, Assessment of biotic integriiy using fish
cocmunities. ¥isherles 6: 21-27. C

Proposes an ecologically based system for evaluating the
biotic integsity of a stream ecosystem using fishes. A set of
species composition and trophice structure metrics are the
central core of the system.
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Karr, J. R. and D. R. Dudley. 1978. Biological integrity of
a headwater stream: Evidence of degradation, prospects for
recovery,. Pages. 3=25.in.J....Morrison-(ed+)y-Envivonmental """

Impact of Land Use on Water Quality. Final Report on the Black
Cresk Project (Suppl. Comments). ¥. 8. Environmental Protectton
_Agency, Chlcago, Illinéis. EPA-905/9-77-00?-D. CyG,L,0 - S

~Peseribes ehanges in the atructure'and functional _status of- streamﬁr
““Pigh and invertebrate cowmuuities resulting from stream and
land-ugse mpdifications.

‘Karr, J. R. and D. R. Dudley. 1981. Ecological perspectivesAbn
water quality goals. Environ. Manag. 5: 55-68.
A4C,D,E,G,K,L,N,0

Describes factors that determine bilotic characteristics of
streams. Jdentifies key problems demanding attention In
agricultural watersheds. Dizousses watershed management plans for
preserving ciotic integrity in agricultural areas.

Karr, J. R. and 0. T. Gorman. 1975. Effects of land treatment on
the aquatice enviropment. In Non-point Source Pollution 3eminar.
U. S. Environmental Protectlon fgency, Chicago, Illinois.
Tech. Report EPA-905/9-75.-007., B,I,N

Deacribes effects of stream habitat modifications, inecluding
channelizatlon, removal of nearstream vegetation and
sedimentation on water quality and fish community characteristices
in a small agricultural watershed.

Karr, J, R. and J. J. Schlosser. 1978, Water resources and the
land-water interface. Sclence 201: 229.34. B,D,G,J,%,0

Discuases interrelationships between nearstream vegetation,
channel morphology, and water guality in natural and modified
wateraheds.

Keller, E. A. 1971. Areal sorting of bed load material: the
hypotheges of velocity reversal. Geol. Soc. Amer. Bull. 82:
753-756, I
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Keller, E. A. 1972. Development of alluvial stream channels: A
five-stage model. Geol. Soec. Amer. Bull. 83: 1531-1536. 1

_Deseribes transitional sbages in the progresaion from straight
to meandering stream channels, ineluding aspects of pool and
riffle development.

iscusses constraints imposed by channellzation on strean
channel stability and equilibfium. Propeses using "pilotn
channels as an alternative to channelization for flood control.

Keller, E. 4. 1978. Pools, riffles, and channelization. Eﬁviron.
Geol. 2: 119127, F

Demonstrated that natural channel features such as econverging
and diverging flows, peint bars, and scour areas rould be produced
by manipulating slopes of channel banks.

Keller, B. A. and E, K. Hoeffman. 1977. Urban streams: Sensual
blight or amenity? J. Seil and Water Cons. 32: E£37-240. E

Dizscuases channel restorabicn practices for urban streams,

Keller, 3, A. and W. N. Melkoran. 1978. Rhyttmie spaeing and origin
of pools and riffles. Dull. Geol. Soc. Amer. B89: 723-730. T

Keller, B. A. and ¥. J. 3wanson. 1979, Effects of large organic
material on channel form and fluvial processss. Farth Surface
Processes U: 361-380. J

Contrants effects of large organic debris on channel structure

in low gradient streams aand mountain streams. In low gradient
streams, dabria dems led to loeal channel scour and widening, the
formation of mid-channel bars, and backwater effacts. In steep
mountain streams, sediment wes deposited behind channel
obstructions while plunge pools developed immedliately downstream.

Kern-Kansen, V. and ¥. H. Dawson. 1978. The standing crop of
aguatic plants of lowland sireams in Denmark and the
inter~ralationships of nutrients in plants, s=diment and water,
Proe. . .Fur. Weed Res. Council on Aquat. Weeds. -d
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Kibby, H. V. 1978. Effects of wetlands on wutor quality. Pages
289-298 in Strategies for Protection and Management of Floodplain
Wetlands and Other Riparian Ecosyste=s. Symp. Proc, USDA,
Porest Scrvice, Washington, B. C., GTR-WO-12. J

Discusses relationships between floodplain wetland- and river
channels.

King, L. R. 1973. Comparison of the distribution of minnows and
darters collected in 1947 and 1972 in Boone County, I~wa. Proc,
Iowa Acad., Sel 80: 133-135. O ‘

Found that despite significant habitat loss due 4o channelizaticn
“and other activities by man, the dominant species in a number of
Iowa streams have remained the same. However, water

temperature and substrate alterations due to channelization and
lake construction appear to have led to the extirpation of a
fantail darter population.

King, L. R. and K. F. Carlander. 19T7€. A study of the effects of
stream channelization and barnk stabilization on warmwater sport
fish in Iowa: Subproject No. 3. Soxa effects of short-reach
channelization on fishes and fish focd organisms in central Towa
wvarmwater streams. U. 8. PFish and Wildlife ZServiza
FUS/0BS-76-13. O ,

Studied effects of "re-channellzation™ of short stream reaches
{i.e., 0.5 km) for bridge construction. Raecently channelized
reaches tended in be shallower, wider, and had fewer pools and
brugh cover than areas above and below. The reduction in brush
pilles was particularly significant since they provided important
substrate for invertebrates. Fish specles richness was also low
in modifizd reaches.

¥itchell, J. F., M, G. Johnson, C. K. Minns, ¥. H. Loftus
.. Greig, and C. H. Oliver. 1977. Percid habitat: the river
analogy. J. Y¥ish., Res. Rd. Can. 3Y: 1936 1940. W

Klingeman, P. C., anu J. B. Bradley. 1976, Willamette River Basin
streambank stabilization by natural means. Oregon St. Univ.
Water Resources Research Inst., Corvallis, Oregon. 238 pp. E,J

Discusses various aspects of natural means of streambank
‘protection - physical shaping of the tank, vegstative management,
and land management adjacent to the stream and ite applicability
in large river environments.

94



Kuchne, R. A. 1962, & classification of streams, {llustrated by fizh
diatritution in an easter) Kentucky creel. Ecology 43:
608-614., L,N

Describes changes in fish specles rlchnesas along a stream order
gradient. Suggeats that the relation between a apecies

and tne range of orders it occupies reflccts adaptation to
local conditions.

Xuenzler, E. J., P. J. Mulholland, L. A. Ruley, and R. P,
Sniffen. 1977. Water quality “¢n North Carolina coastal plain
streams and effects of chammelization., Water Resources Res.
Inst., Univ. of North Carolina, Raleigh, Y. C., Rept.
¥o. 127. 160 pp. J - )

Kushlan, J. A. 1976. Environmenta! stability and fish community
diveraity. Zcology 57: 821-825. ¥

Studied effents of variaticn in the annual wet-dry ¢ycle on the
fish communlty of an Everglazd2gs marsh. Found shifts in the
comaunity ¢to dominance hy large carnlvores at the expense of small
conlvores during years when water levels remained relatively
stable. Suggests that wunder fluctuating cornditiona, the
predictable cyecle of water loss 1imits the mumber and kinds of
fish to those capablie of repopulating the marsh after dry periocds.
Under stabilized water conditicns, large fish predators appzar.

to exert major control over fish ¢ommunily structure.

Lake, J. 1978. Text of spe>zh presented to Furdue Nenpoini Source
Polluticn Committee, Stewart Center, Purdue University, West
Lafayette, Indiana, December 1, 1978, Published by Yational
Association of Conservation Distriets, Washington, D.C.
5pp- G

Lane, E. W. 1937. S5table channela {n erodible nmaterial.
Am., Soe. Civil Eng o Trans. HA3: 123-142, I

Discusses relaticnzhips between veloclty distribution and
bed and banl erosion and deposition.
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Lene, E. W. 1955a. The importance of fluvial morphulogy in hydraulic
engineering. Am. Soc. Civil Eng. Proc., Hydraulic Div. 81:
T785-1 to ThS-17. 1

Lane, BE. W, 1955b. Design of stadle channels. Trans. ASCZ 120:
1234-1279. 1

Langbein. W. B._ 1964, Geometry of river channels. J. Hydraul. Div.
ASCE 90(Hy2): 301-312. I

Discusses energy dynamics of rivers with emphasis on how the
system accomodates changes in discharge.

Langbein, W. B. and L. B. Leopold. 1966, River meanders - Theory
of minfmum variance. U. S. Geol. Surv. Prof. Paper
h22-4. 1

Discusses the energetic btasis of mcander formation. Provides
avidence that meandering reaches are rore stable than straight
reaches.

lLarimo»e, R. L., 4. F, Childers, and C. Heckrotte. 1959,
Destruction and re-establistment of strean fish and invertebrates
affecied by drought. Trans. 4Aw. Flah. Sce. 88: 261-235. L ,N

Indicated that €lsn populations are capadble of witnstanding
droughts as long as water conditions in at least sone regions of
the strear do not reach lethal levels. After coaplete devatering,
21 of the 2§ fish species that had regularly occurred in the 2reek
recolonized it within two weeks after hecavy spring rains troke the
drought.. Lists factors determining the rote of reinvasicn.

tarimore, W. R. and P. ¥. Smith. 1963, The FTiahes of Chazpalgn
County, Illinsis as affected by 60 years of stream changes. Tl1.
Nat. Hist. Sur. Bull. ©28: 29¢-332. B,C

Leopold, '.. B. and k. B. Langbein. 1962. The concept of entropy in
landscape evoiution. U.S. Geol. Surv. Prof. Pap. 500-p. T

Leopold. L.. B., M. GC. Wolman, and J. P. Miller. 1954. Sluvial
Processes in Geomorpholecgy. Freeman Preas, San Franclsco,
California. 522 pp. H,I

Good general reference on hydrology and geomorphology.
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Likens, G. E., F. H. Bormann, N. ™, Jonhnson, D. W. ¥Fisher, and
R. S. Plerce 1270, Effects of forest cutting and herbicide
treatment on nutrient bdudgets in the Hubbard Brook
watershed-ecosyster. Ecological Monographs, BO: 23-47. K

Included among the effects of deforestation were major increases
in water discharge, streaxm channel erosion, water temperature,
and export of dissolved {inorganic substances. Increased nitrate
concentrations were particularly significant and together with
higher water temperatures and solar inputs resulted in dense
algal blooms during summer months. Other effects included the
elimination of debris dams a2nd lowering of strezmwater pH.

Lines. I. L., Jr., J. R. Carlson., and R. A. Cortheil. 1978,
Repairing flcod-damaged sireams in the Pacific Northwest. Pages
195-200 in Strategies for Protection and Management of Floodplain
Wetlands and other Riparian Fcosystems. Swmp. ?roc., USDA,
Forest Service, Washington, D. C., GTR-W0-12. E

Discusses streambank stadilization guidelinea and practices that
aro presently befng used ‘n Oregon and wWashington. These
include: revegctattion with fast-growing shrubs, grasses,
legumes, and willows; ure of jetties; and maintenance of buffer
strips. Also descrides comdinations of structural and
vegetative practices.

Lowdermilk, W. C. 1930. 1Influoernce of foreat litter on runoff,
perceolation, and erosion. J. Forastry 28: N74-4GY, H

Luey, J. €. and I. R. Adelzan. 1930, Downstream natura) arcaa as
refuses Yor fish in drainaze-development wateraheds. Trana.
An., Fish., Soc. 109: 332-335. 9,0

Compared douwnstiream {ish fauna of three streams with varyine
degrzea of upatrean drainage development (‘ucluding cnannel
alteratjons). Found that downstream {mpacts of dratnuge
developzent are less sever2 than {mpacts within radivied areas.
fowever, diveraity and bionass of fish were higheat ir the least
develcoped utream. Suggests that naiural areas scrve s veserveirs
for stream biotas and should be pregserved as refuges for flsh
species i{rhabiting those streams.
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Lynch, J. A., E. S. Corbett, and R. Hoopes. 1977. Implications
of forest management practices on the aquatic environuent.
Fisheries 2: 16-22. Q

Good gaeneral review of the effocts of forestry on streans.

Mackin, J. H. 1948, Concept of the graded river. Bull. Gecl. Soc.
Amer. 59: 463-512, 1

Discusses relationships betwee:n water-sediment discharge and
stream channel equilidriun

Marzolf. G. R. 1978, The potential effects of clcaring and snagging
on siream ccosysters. U.S. Fish and Wildl. Serv.,
Washington, D. C. FWS/08S-783/714, H,N,0

Discusses the hydrclegical 2nd biological effects of clearing and
snagging, particularly in regard to functional aspects of streaz
ecosystenms,

Matthews, W, J. 1980. Critiecal czurrent speeds and wmicrohabitat use by
Percin: roanoke and Stneostoma flabellare (Percidae). ASB
Bulletin 27: 49. N

Matthews, W. J. and L. 6. #Hfli. 1980, Habitat partitioning in the
fish coemunity of a southwestera river. Southwestern lat.
25: 51-66. N

Exam’nes microhaditats of four dominant fish coecies during an

annual wet-drv gycle in a cerntral Oklahona river. Patterns cf

habitat usage by thess fish reflected disoersal and segregation
during relatively mild environmoenta) conditions and convergence
to similar wmicrohaditats when cunditiona were riznrous.

Matthewa, W. J. and J. D. Maness. 1379. Critical thermal maxiza,

oxygen tolerances and success of cyprinid trishes {n a southwesatern
river, Am. Midl. Nat. 102; 374-377. N

Relates population dynamics of four minnow soecies during drought

conditions to their temperature and dissolved oxygen tolerances
in laboratiory tests.
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McConnell, C. A., D. R. Parsons, . L. Montgomery, and W. L.
Gatner. 1900. Stream renovation alternatives: the Wolf River
story. J. Soil and wWater Cons. 35: 17-20. E

Provides guidelines for minimizing biological impacts during
clearing and snagging operations,

Meechan, W. R., F. J. Swanson, and J. R. Sedelil. 1977. Influence:
of riparian vegetation on aquatic ecosystans with particular
reference to salmonid fishes and their fcod supply. Pages
137-145 in Importance, Preservation and Management of Ripar{an
Hebitat: A Symposium. USDA, Forest Service, CTR-RM-U3. N

Mendelson, J. 1975. Feeding relationships among species of Notropis
(Pisces: Cyprinidac) ‘n a Wiasconsin stream. Ecological Monogr.
ES: 199-230. J,L,N

Desceribea spatial distridbutiosna and food habits of four specles
of minnows. Suzgests that adaptations that allow these (fshes to
live ir perticular regions of a pool and to feed on whatever prey
13 available {n that microhabitat a:c {aportant in pemitting
their coaxistence,

Menge, 3. A., and J. P. Sutherland, 1976. Soccies diversity
gradienta: Syncheais of the rolec of predation, ccmpetition and
tempordl heterogeneity. American Naturalisht 130: 351-359. N

Meazel, 8. W. and H. L. Fierstine. 1976. A study of the effezts o
streas channelization and hank stabillzation on warmwater sgport
fish in lowa: Zubproject No. 5: Erfects cf long-reach satreas
cnannellzztion on distributica and abunda-ce of tishex.

U. S. F¥ish and Wildl. Serv., ©wS/0BS-T76-15. 8,C,N,0

Sanpled fish from channel {zed and unchannelized prairtie and
woodland streams. Among tne varioua haditar features 3tudied,
grad.ent was found 1o be most useful for tuplaining the
distributicn and abundance of fishes., The primary cffect of
channeijzation was & reduction in cornunity diversity and
otability. Channeltized arecas appear to act as travel corridors
between favorable reaches of hadbitat and are of lower value as
breading and nursery areas for many species. Indicated tnat
dcwnstrean high gradient reaches provide a high quality sport
fishing resource, scrve as refugia for fishes that are intolerant
of pra‘rie stream conditions, and may also contribute to
racruitament of prairie stream stocka.
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Merritt, R. W. and D. L. Lawson. 1978. Leaf litter processing ‘n
floodplain and stream communities. Pages 93-105 in Strategies
for Protecticn and Managcment of Floodplain Wetlands and Other
Riparian Ecosystems. USDA, Forest Service, Washington,

D. C., GTR-WO-i2. J

Mills, . B., W. C. Starrett, and F. C. Bellrose. 1966, Man’s
effect on the fish and wildlife of the illinois River. Illinots
Nat. Hist. Surv. Bilo). Notes No. 57. 22 pp. C

Minckley, W. L. 1963. The ecology of a spring stream, Doe Run,
Meade County, Kentucky. Wildl Monogr. 11, 128 pp. L

Morris, L. A., A. V. Mollitor, X. J. Johnson, and A. I.. Leaf.
1978. Forest managewent of ¢loodplain sites in the northeastern
United States. DPages 236-242 4n Strategies for Protection and
Management of Flcodplain Wetiands and Other Riparian Fcosysteas.
Symp. Proc., USDA, Forest Service, Washington, D. C-,
GTR-W0-12. D

Foreat management {s =uggrsted as a suitabdle use for regulated
flocidplain lands {l.e., thosz lands used for flood conirol),

Muncy, K. J., G. J. Atchison, K. V. SBuikley, P. %W. Mecnuzel, L. G
Perry, and R, C. Sumnertelt. 1379, Efrfeccts of suepended solids
and szd{ments on :reproduction and carly 1ife of warmwarter "ish:

a reqiew. U, S. Fnvironnental Protectisn Agency, Corvallis,
Oregon. EFA-600/3-73-042, 101 pp. O

Musgrave, 6. Ww. and 5. R. Free. 1626, Some factors which modify
the rate and total amount of {nfiltration > field soils. J.
Amer. Soc. Ag-onomy 28: Te7-T 9. 4

Discusses importasce of vegertation to infidtration capacity
of soils.

Newbold, J. D., D. C. FErmman, and . B. Ffoby. 1650, CSffects of
loesing on masroinvertebrai=2s in atreans with a2ad without huffer
strips. C2n. J. Fish. Aquat. Scl. 37: 107€-1065. D

Suggests that duff~r strips of 20 m or wider were 2fective in

preventing major imoacts of logging on benthic
macroinvertedrates.
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Nickelson, T. E. and R. E. Hafele. 1978. <trcamflow requirements
of salmonids. Oregon Dept. Fish arnd Wildi., Ann. Pro!. Rep.,
Fish Res. Proj: AFS-62. N\,0

Relates varicue habitat parameters, Including pool voluame, cover,
velocity, and wetted area, to standing crop of steelhead and
cutthroat trout and juvenile coho salmon.

Nielsen, D. N., R. N. Vose, C. R. Fremling, and D. R. McConville.
1978. Phase I study of the Yeaver-Belvidcre area of the Upper
Migsiasipp! River. Report to the GREAT-I by Winona State College
and 3t. Mary’s College. 225 pp. F

North, R. M., A. S. Johnson, H¥. O. Hillestad, P. A. R. Maxwvell,
and R. €. Parker. 197L, Survey of econcicic-ecologic impacts of
smal! watershed develpnent. Tech. Coap. Rep. ERC 0974. 1Inst.
Nat. Res. Univ. of Ceorgia, Athens, Ga. ¢

Compared fish snd macrobenthos in channeltzad and unchannelized
strexms in the Ceorgia Pleduoart. Fish production &in the
channelized stream, vhich nad been modified cight yeare carlier,
was similar Lo that of the unchannelized st:enm, YHowever, specien
compoaition was markedly different in the wo atreams., Sucpests
that the nature of the primary chaanel modiflcatisns whercedy only
sections of thr stream were :~odified, and the lack «f waintenance
of the chanrel since the prolect wuas completed, have

enhanzed blological =~ecovery.

Nurnally, . R. 1978, Stream rencvation: Aa alternative to
channeitzation. Envir. Manag. 2: 403-4il. E£,J,K

Describes the major hydraulic changes orouzht about by atream
and land-ice =odifications. Presents guidelines for {mproving
the (lood flov efficiency of small streaxr channeln.

Nunnally, ¥. R. and Z. Kelle~. 1975, Use of t'luvial processes to
mininize adverse offects of stream channeli{zatinn. 'niv., North
Carolina Water Res. Reacarch Inet. 79-144., D,E,T,J,X

Proposes a aethodology {or increasing discharge while ninimizing
erosion and cther cavironnental depgradatisnn uasocialed with
channelization. Includes a good discussion of rluvial processcs
and trheir relatjonship to channel form and stability. These
relationships form the basia of strean resteoration- a process for
designing, constructing, maintaining, or reatoring channels to
equilibrium conditfons.
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Odum, . P. 1969, The strategy of ecosysten devclopment,
Science 164: 262.-270. D

_Palounpis, A. A. 1958. Respouses of some minnows to flocod and drought
conditions in an intermittent stream. Towa State J. Sci. 32:
S47-561. N

Suggests that survival of fish populations in stieams is possidle
during droughts and floods because favoradle conditior.s persist in
limited habitats. These "stream havens" include szz2l' tributary
streams (e.g., during flocds) and isolated pools during droughts.

Paragamian, V. L. 1680. Population dynamtes of smallmouth bass in the
Maquozeta River and other Iowa streams. Fed. Aid to Fish '
Restoration Compl. Rep. No. 602. Stream Fisheries Invest.

Proj. No. F-89-R, 66 pp. N

Found habitat gele .ivity among a number of small river and
atream fishes. Smallmouth bans denalty and standing stock were
algnificantly correlated with the proportion o0f cuvarse gravel and
cobble substrate {n small rivers. MHowaver, in small tri{dutary
atrenns smallmouth basy were restricted more by water depth and
availadility of windfalls for covar than tottom type.

Faragamian, V... 1981, Somc habitat characteriatics that affect
atundancs: and winter survival of cmallmouth bass {n the Maquoketa
River, 12wa. Pages 45-53 in L. A. ¥rumhoiz (ed.) Warawater

trears Symposiwi. Southern Division Ame~ican Fishe-ies
Society. N

Parsons, D. "A. 1963. Vegetative control of atreamban% erosion.
Pages 130-136 {n Proc. TFeder2l Tnteragency Scdimentation Conf.,
I1SDA-ARS, Waahinmton, D. C., Misc. Pudbl. 970, E,J

Gives a numder of valuathle suggections regarding the uvse of
vegetation forr slreambank protectinn,

pasric, J. H. 1975, Tinabar harvest as an azent of Corest strean
channel modif{cation. Ta R. V. Corning, R. F. Raleigh,
G. D. Schuder, Sr., and A. Wood {eds.) Stream Moidificatinn
Symp., Harrigondburg, Va. X
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Patterson, D. W. 1976. Evaluation of habitats resulting from
streambank protection projects in Siskiyou and Mendccino counties,
California. Paper presenied at 7th Ann. .Joint Conf. Western
Sect. Wildl. Soc. and Calif.-Nevada Chapt. Am. Fish. Soc.,
¥resano, California. E,F

Prileger, W. L. 1975. The Tishes of Missouri. Mo. Dept. of Cons.
343 pp. M,N

Platts, W. S. 1979. Relationships among stream order, fish
populations, and aquatic geomorphslcgy in an Idaho river drainage.
Fisheries 4: 5-9. L,H

Ra2ice, S. R. 1974. Environmental patchiness and the breakdown of leaf
litter in a woodland stream., Ecology 55: 1271-1282. N,0

Risser, J. 1981. A renewecd threat of soll ercsion: it’s worse than
the Dust Bowl. Smithsonian ti: 120-131, ¢©

Sachet, J. A. 1977. A channel stability fuventory for twn streams on
the rastern 3lopes of the coast range, Oregon. M.S. Thesis.
Dept. of Geography, Oregon State Univ. Corvallis Orec. H

Sanderson, 3. €. ‘od.) 1980, Projected offectz of increased
diversion of Lake Michigan water on tne envircraent of the
I1i1{nois River valley. Report for the Chicago Tiatrict, . S.
Amy Zorps of Engineers. Prcpared by Il:if{nois Hatira) Hiatory
Survey, Havana and Urbana, Yllinois. C

Scnlosser, I. J. 1981a. Fish community structure and funation alsxag
two habitat gradients in a headwater stream. Manusoript sutmisted
to Ecclogy. £,L,N

Discusses structure of warmwater streun [inh coumunities aiong

two gqradients: upstream to cdownsiream and rifile to

pool. Combdines kncwledgze of habitat structure and volume, with
food availadility in spoce and time to discuss recruilment
dynam.cs and growth patterna in strean fishes along the two
gradiente. Both the stream continuum hypotheses and nonequiiibriuwnm
conditions created by seasonal and betweer. year varjation in
rainfall regimes are important deteminants of fish cumpunity
attributes.
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Schlosser, 1. J. 1981b. Fish comounity organization in natural and
rodified headwater streams. Manuscript submjtted to Can. .J.
Fish. and Aquat. Se¢i. (C,L,O

Two streams (one natural and one highly modified) are compared.
Physical habditat attributecs, food resource availadlility, and fish
‘assemblages vere studied. Concludes that stream 1vdificattion in
headwater* areas have major impacts on fish communities throughout
a watershed. The shift in modified streams toward shallow
temporally variable physical environments create fish
" communities regulated by nonequilibruim processes.

Schramm, H. L., Jr. and W. M. Lewis. 1974. Study of {mportance of
backwater chutes to a riverine fishery. Fish. Res. Lab.,
Southern T11. Univ., Carbondale. U. 3. Army Corps Eng.
Contract DACW 39-73.0015. 145 pp. M

Deacridbes the irportance of btackwater areas to zooplankton,
phytoplankton, benthic invertebrates, macrophytes and [ish.
Concludes that over half of the riverine fisnh speclies frund in the
sf.udy area would be adveraely affected Dy the loss of

backwater habitat.

Schurmn, S. A. 1971. Fluvial geomorphology: the iistorical
perspective. Cfhapts. 4 and 5 in ¥. W. Saer (ed.). River
Mechanica. Water Resourc2s Pub., Fort Collirs, Coic. 4,I,X

Discusses relatioaships between river chanael structure and
characteristics of drainage bhasins.

Sheldon, A. L. 1968. Specles diversity and longitudiral succesczion
in stream fishes. CScology 49: 193-198., L ,N

Found that depth was “he most important factor accounting for
variation in fish species richress and diversity along a
longitudinal gradient. Pointed out that the pregence of cover led
to iocal innreases in species diversitly and that high water
velocitics seemed to reduce the effective depth becausa fish coula
not occupy the entire water cclumn.

Shelford, V. E. 1911, Ecologicali nucccssion. Stream fishes and the
method of physiographic analvsia. Biol. Bull. 2i: 9-35., L,N

Concludes that fishes have definite habitat preferences in streams
which have a graded series of conditions from mouth to source.
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Shen, H.W., S.A. Schum, J.D. Nelson, D.0. 9Yochrizg, H.M. Skinner,
and G.L. Smlth. 1981. Hethods Tor aasessment of stream-rclated
hazards to highways and bridges. Federal *Highway Administration ,
Washington, D.C. Rept. No. FHWA/RD-80/160. 231 pp.

Shirazl, M. A. and W. K. Seim. 1978.. A stream systems evaluation -
an emphasi3s on spawning habitat for =almonids. Y. S.
Environmental .Protection Agency, Corvallis, Oregon.
EPA-600/3-79-109, N

Simons, D. B. and B. V. Richardson. 1966. Resistance to flow ir
alluvial channela., U. S. Geol. Surv. Frof. Paper 422-J.
51 pp. I

Simona, D. B., P.F. Lagasse, Y.H. Chen, and S. A. Schumm. 197S.
The River Environnent: A reference document.. Colorado State Yniv.,
Fort Collins. I

Slobodlzin, L. B. and H. L. Sanders. 1969. 9n the contribution
of environmental predictability to species Jdiversity. Pages
82-95 {n Diversity and 3tability {n Ecologizal Svalems.
Brookhaven NWatisnal Laboratory. ‘lptoun, Mew York. ¥

Smart, 4. J. und J. H. GCee., 1379, <Coexisternce 2nd reacurce
partitioning in two species of darters (Percidae!l,
Etheostona nigrum and Percina 32culata. Can. J. Zoology 57:
2061-2071. N
Desoribes food and haditat seagregation by different age groups,
{including scanonal distribution patterns.

Snith, P, W. 1971, [(llinois atreama: A clarsiTicatiosn das~d on their
fiahes und an analysis of factora responsidle for 2iaappearance
of nativec species. Tllinoia Natural History Survey, Biological
Notes Th. 14 yp. O

Smith, P. HW. 1979, The Fishes of Illinois. Univ., of Ill. Fress,
Urdara, T11. 313 pp. C,H

Soransen, D. L., M. M, McCarthy, ®. J. M™iddledrooks, D. R,
Porcella., 1977. Suspended and dissnlved s0lids eTfects on
freshwater biota: a review. Ecologi~al Research Series, . S.
Environmental Protection Agancy, Corvallis, Oregen.
EPA-600/3-77-042. ©
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Sparks, R. E. 1977. Environmental inventory and asseosment of
navigation pouls 24, 25, and 26, upper Missisaippi and lower
Illinois rivers: an clectrofishing survoy of the Illinois River.
Special Rapt. No. 5, Water Hesources Center, Univ. of Illinois,
Urdana, Tllinois. C

Stall, J. B. and C. T. Yang. 1972. Hydraullc geomeiry and low
stream flow regimen. Univ. of Illinols Water Res. tr., Res.
Rept. No. 54. 1

Describes a hierarchy of levels tnrough which a stream system can
ad just its potential crergy expenditure. Suggests that the "law of
least time rate of cnergy cxpenditure™ gzoveirns fluvial processes.

Starrett, W. C. 1851. Scme factors affecting the abdbundance of
ninnowe in the Des Moines River, Iowa. Ecclogy 32: 13-27. N

Relates discharge characteristicea to recruitment and population
dyrarci2a of minnows. 1Indicates Lhat reproductlve guccess s
dependent upen the timing of nigh flow3d rciativae to the spawning
periods of varioua spacies. Alsuv suggests that the anount of
space availatle dur‘ng the low water atages and the extent to
which thia apace s occupled dby minnows and possidblyv other spocies
mayv control to a conslderahie extent the snuceess of reprocduction
each yvear., Thus, floods :ay have a beneftcial effect by thianing
populationas and providing space for young fish.

Stegman, J. L. and W. L. Minckley. 1959. Jccurrence of threa
species of fishes {n interatices of gravel In an area of
sudsurface flew. Copefa 1852: 341, N

Found slender madtorr., fantall dorter and tanded sculoin {n the
interstices of loosely constituted gravel.

Swales, S. and K. O"Hara. 1980, 1Inmstream haditat :oprovenent devices
and “heir use in freshwater flcheriee manageuent. J. Cnviron.
Manage. 10: 167-179. ¢
Reviews stream habitat improvement devices.

rarzwell, C. ™. 1937. Experimental cvidencs on the value of trout

ntream lmprovement in Michigan. Trans. Amer. Flsh. Soclety
t6: 177-187. W

106



Thurston, R. V., R. C. Russo, ©. M. Fetteroif, Jv., T. A. Edsall,
and Y. Y. Baber, Jr. (eds.). 1979. A review of the EPA Red
Book: Quality Critceria for Water, Water Cuallty Section, American
Fisheries Soc. Bethesda, Md. 313 pp. A

Toth, L. A. 1978, Resource partitiocning betwaen two species of
darters, Ftheostoma caeruleum and Etheostoma flabellare. M. S.
Thesls. Northern Illinois Univ., Dekald, Ill. 133 pp. N

Discusses food and hadbitat segregation ty ralnbow and fantail
darters in A small streax.

Toth, L. A., . R. Dudley, J. R. XKarr, and 0. T. Gorman. 1982,
Natural and man-induced variability in a s{lverjaw ainncw
(Ericymda buczata) population. American Midland “aturalist,

In Press. O

Relates pcpulation dynamiss to :ktream nabitat conditicas and
modifications.

Toth, L. A., J. R, Xarr, 0., T. <Sorman, and D. R. Dudley. 19837,
Tenporzl fnstabllity {n tie fishes of 2 disturbed 2gricultural
watershed. Pages 165-230 ¢r. Environmental Tapact of iand lse on
Water Qualily. Final Report on the Blzer Creek Prolect.. Phaae 17,
. 3. Environnental Protecticn Agency, Chicago, Illinois.
£P4~905/9-81.203., L,0

Short- and long-temy eflecta of 3tre~m Alterations and otner
watcrshe modif{cations regulting L0 extreoze varlaticn in flow
regimcs and chowving alga. ®lcdons are clted a3 causes of population
varlation a1d {natabjlity f{n a3 fish coarunity,

Traner, ¥. J. and P, M. Rozgers. 1672. Dlversity and longitudina)
zonatian fn *ish popul=tinng 4! two streamn enterlis a metropolitan
area. Am, M{dl. MNat. 97 W6A-374, L

Found that v2riation {n svecles richnexs snd diverzity <id not
follow a conaistent pattern along a longitudinal gradicnt. Rather,
diveraity was dependent on lcral substrate and water quality
conditions and {n some cas~n” on conditions ‘mmediately upstiream or
douwnstircan. Conclules that wmter quality praranmeters upsnt the
normal pattern of longitudinal zoanation and eancel
diversity-enhancing effects of increased physical heterogenaity.
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Trautman, M. B. 1957. The Fishes of Ohio. Ohio State University

Preas, Columtus, Ohio. M,M

Trautman, M. 8. and D. X. Gartman. 1974, Re-evaluation of the

effects of man-made modifications on Cordon Creex bctween 1387
and 1973 and especially as regards to i{ts Cish fauna. OGhio j.
Sci. TU: 162-173. O©

Triska, F. J. and K. Cromack, Jr. 1979. The role of wood debdris in

forests and streams. In R. H. Waring (ed.) Forests: Fresh
Perspectives from Ecosystem Analysis. Proc. #0th Ann. Biol.
Colloq., Oregon St. Iinfv., Corvallis, Oregon. J,N

papicts wood debris as playing a major role in dirccting water
flow and gsediment storage. Discusses the value of wood ded-is as
habitat fer stream communities and as a long-tera nutrient 3ource.
Recommends that maintenance of wood d=bris shculd by included

in management programs.

S. Dept. of Agriculture. 1340. Influences of regatation ¢~
watersted treatment or runoff, stiting, and stream flow. TS24,
Washington, D. C., Misec. Pub). Nc. 357, 80 pp. H

Describes reclationshins between vegetative cover and
watershed hydrology.

S. .epartinent af Agritaiture. 1980. Appraisal 1980: Soil and
Water Recnurces Conservation Act, Review Draft. Part I,

Part II, Swuernary, Progranm Report and “nvironnental! Tupact
Statemcnt., USDA, Washington, D. C., & vols. G

S. Dept. of agriculture. 15831, A Time to Choose
Summary Report on the Structure of Agricultures, 1'SDY,
Washington, D.C. 8,C

USDA Soil Conservation Service. 1871. Planaing and deszign of open

USDA Soil Conservaticn Service

channels. Pages 1-17 (Ch. 7) in Channel Design, Installation,
and Maintenance. Technical Release No. 25, USDA, SCS.
Washington, . C. E

. 1975. Engineering Field Yanual ‘or
Concervation Practices., E

USDA So0il Conservation Service. 1977,197G(amendad). Naticnal Handbook

ot Conservation Practices. E
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Vanderford, M. J. f‘ed.). 198C. Ffish ard wildlife work group 1,
final report to the Great River Environmental Action Tean T.
Vol. Sa. 336 pp. B8,D,K,M,0

Documnents modifications of the upper Mississippi River since the
early 1800°s and describes aqiatic habitat resulting from lack
and dam construction and dredging. Presents guideiinas

and rccommendations for preserving fizhery resources.

Vannote, R. L., G. W. Minshall, K. W. Cummins, J. R. Sedell,
and C. E. Cushing. 1980. The river continuum concept, Can. J.
Fish Aquat. Sci. 37: 130-137. C,N

Suggests that the phystical structure of rivers couplrd with the
hydrologic cycle result in consistent patterns of ccrrunity
structure and function and organic matter dynamics and processing
along the longitudinal gradicnt. Hypothesize3 that the biologzical
organization {n rivers conforecs structurally and functionally to
kinetic energy diasipation patterns of the physical systen.

vanoni, V. A. 1975. Sedimentation Engineering. am. Soc. Zivil
Eng., New Yorx, N. Y. I

Wallace, D. €. 1972, The ecology of the silverlaw minnow,
Erjcymba biccata (Cope). Am. Midl. Nat. 87: 172-190, N

Desc~ibes detafiled rabit~t preferences of silverj2w and bluntnose
minnoew. The two s3pecies exhidbit subtle diferences in current and
desth diz%ribution.

wharton, 7. Y. and M. M.Brinson. 1378, Characteristics of
Southeastern River Systems. Pages 32-.40 1: Strategies for
Protection aid Managenent of Floodplain Wetlands and Other
Ripai~ian Ecosystems. Symd. Pruceadings. WVUSZSA, Yoreat Sarvice
GTP-HC-12. J,N

Focuaeca on the importance of flzoodplaing to biztie food chains and
water quality characteristics cof rivers. 9Discusses Lhe value of
floodplain sloughs, backwaters, and fools, t=isutary streams, and
headwater swanps in me2ting specific habdbitat requicements of [ish
and {nvertebrates.

white, R. J. and O. ™. Brynildson. 1967. Guidelines for management
of trout strean habivat in ¥isconsin. Wise. Uept. Nat. Res.,
Tech. Bull. No. 39, 64 pp. E,F.N
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Discusses methods and davices for improving in- and nearstrean
habitat.

Whiteslde, B. G. and R. M. McNatt. 1972. Fish species diversity in
relation to stream order and physicochemical conditions {n the Plum
Creek drainage bayin. Am. Midl. Nat. 88: 90-101. L, ,N

Suggesats that the general increase in species with increasiag
stream order was due %o addition of new atable haditats. The
lover order streanms were subject to drying up during frequently
ocourring periods of low rainfall and are repopulated by species
firom higher orders,

Winn, H. E. 1958, Comparative reproductive behavior and ecology of
fourteen species of darters (Pisces: Perclidue),. Scol. Monogr.
28: 155-191, N

Des~ribes seasonal, interspecific, and intraspecific hadbitat
differences i{n darters.

Witten, A, L. and R. V. Bulkley. 1975. A study of the effacts of
stream channclization and bank stabiiization on warmwater s;ort
fish {n Iowa: Subproject No. 2. A study of the iapact ¢f srlected
bank stabilization structuray on xate fish ard assoclated
organisms. 1, S. Fish and Wildl. Serv., Washinstoan, D. .
FRS/01S-76-12. E

Found that bdank stabilization stru.tues such as ~etards an?
jettles had measurable impacts on atream habdbitat and Snverlaberatns
but little apparent affect on lecal gane~(ish pepulations. In
fact, deeg scour holes produced by these structures Jere
beneficta)l to some specles.

Wolman. M. G. and J. P. Miller. 1960. Magnitude and frequency of
forces in geomorphic proceszes., J. Geology 58: Sa-74. 1

Wyrick, G. 1968, V. S. Geologieal Survey statement for inter-agency
ytream disturdance aymposium. Pages LU-N5 {n D. W. Robinson
and A. D. Gerwig {eds.) Proc. Inter-agency Stream Disturbance
Symposiun. Charleston, We Va. K
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Y.y Co. T. 197T1a. Potential enersy and strean morphology.
Water Resour. Res. T: 311-322. I

Discusses atream channel equilibrium relative to potential
enorgy expendituro.

Yang, C.T. 1971b. Formation of riffle3 and pools. WwWater Resour.
Res. 7T: 1557.157%, 1

Gives a detalled description of riffle and pool formation.

Yang, C. T. 1971¢c. On river meanders, J. Hydrology 13:
231-253, 1

Examiney the hydroiogy of 2 natur3l stream ané the processes by
which it adjuats to matntatin cquilibruim. Lists water discharge,
valley slope, sadiment concentration, and eeologi~cal
characteristics as independent variables and channel slope and
channe! gconetry as the dz2pendent varlaties lavolved in channel
adjustaent.,

timer, Do W. and R, W. Bichrman., 1476, 4 sludy of the effects of
stream channeltlzation and bank stabilization on wirmuwiter sport
flsh in Tows: “abproject Mo, UW. The effects of long-reach
channel{zation on hadbitat arna ‘nvertedrate Jdrift {n saie Town
strcana, ., 3, Fish and Wil lLTa Service,
CWAS/URS-TH=-14. 1,K

Found that channeiization led to a reducticn {1 variadbilitv of
sLream dept\ and current vejocity as well ayw a nrobdadle rcduction
1a rhe gmnlity of water stored in the channel during low Tlows.
Moreaver, stiaicstty and variariliny 1n &opth and current veincity
did 20t appreach natural ‘evels (n chanuelized stlreans oven after
20 1o K9 years Of recovery.

Zon, R. 1927. Forests and =atar in the light of soteatifice
{irvestigation, Flnal Rep: rt Wat. WHWaterways Comn. 1912
£2nd Congreas, 2nd scssion. S3enatorial Doc. U469, 1C6 pp. H

Discuasas the relation of forests to watershed hydrolocgy.
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APPENLIN Y
LIST OF COMHION AND SCIENTIFIC NAMES OF ALL FISHES MENTIONED IN TEXT

PETROMYZONTIDAE
Silver Lanprey - Ichthyomyzon unicuspis

ACXPENSERIDAE
Lake Sturqgcon -~ Acinenser fulvescens
Shovelnose Sturgeon - Scaphirhvnchus platorynchus

POLYDONTIDAE
Puddlefish - Polyden sputhula

LEPISOSTEIDAE
Longrrose Car - lepisosteus osscus

Shortnose Car - L. platostcaus

AMIIDAE
Bowfin - Amia zalvae

ANGUILLIDAE
Arcerican Yel - I\nqu.ﬁl):}_ rostrata

CIUF IDAY
Skiplack Kerring - hlosa chrysochloris
Alabarma Shad = A, ¢ . :
Gizzard Shad - bororora cejedianum

BICOCONICAE
Goldeye - Hiodon alosoides

SALMONIDAY
Cisco - Coreaonus aried
Ccno falmn - Cncothviaciaus kisuteh
Cutthroat ‘irout - Salro clarx:
Rairbow (Steelhead) Trout - §. azirdneri
Brook Trout =~ Salvelinus fontinalis }

ii

JMBRIDAE
Central !udminrow - Umbra limi

ESOCIDAE
Grass Pickerel ~ Lsox americanus
Northern Pike - E. lucius
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Appendix I (continued - page 2)

CYPRINIDAL
Goldfish - Crassius auratus
Carp - Cyprinus carpio
Specklod Chub - lybonsis aestivalis
Bigeye Chub - H. amblops
florneyhecad Chub - Nocomis biquttatus
Pallid Shiner - Notropis ‘amnis
Imerald Shiner - N. .\rhcrxn.,n.es
EBlacknose Shiner - N. hﬂtcrolegx..
Bigeye Shincr - N. bhoops
Common Shincr - N. cornutus
Pugnose Minnow - \l. cnxlmc
Spotfin Shiner - N. __p_xlonteru"
Sard Shiner - N. stramincus
Redfin Shiner - N. umbratilis
Topeka Shiner - N. topeka
Blacktail Shiner - N. venustus
River Shiner - . hlc‘nxus
Chost Shiner - N. 2_)-_19_)_1.1nan
Striped Shiner = N. chrysocephalus
Suckerrouth Minnow - Ihnnncobmq mirabkilis

Bluntrosc Minnew -~ Pl"‘C‘hul 5 rotates
Pull) cad Minnow -~ P. vuulax

C-‘c..h Chub - _Q_(;r_\p tilus atroracala 1S

Comson Stoheroller - Campostona anomaium

TOHTCMIDAS
Waite Suceker - Caterionus comrersoni
Blue “ucker - Cglvo'u‘ 2lonvat as us
Smailmonth Buf:’alo - h.uobus bl.')_"l_li_
Bigmowrh Puffalo -~ I, cypr Jnull\,s
Blucx Buffalo - 1. nrigir
River Carpsuckexr - Carpricdes carpio
Quillepack = C. cyprirus
Highfin Carpsucke:r - C. veiifer
RNorthern hiogsucker - liypcntelium r niurican*‘
Blacktail Redhorse - Moxostoma ?_oc_.*_c:_x_xurun
Golden Redhorse -~ M. crytnrurun
Shorthead Redhorse - M. macroletudot\m
Silver Redhorse - l. anisnru.n




Appendix I (continued - page 3)

ICTALURIDAE
Channel Catfish - Ictalurus punctatus
Blue Catfish - I. furcatus
Black Bullhead - I. mclas
Yellow Bullhead - I. natalis
Flathead Catfish - Pylodictis olivaris
Slender Madtom - Noturus exilis
Stonecat - N. flavug

APHREDODLERIDAE
Pirate Parch - Aphrcdoderus rayanus

ATHERINIDAE
Brook silverside - Labidesthes siccuius

PERCICHTHY ICAE
White Bass - lMorones chrysops

CENTRARCHIDAE
Rock Bats -~ Ambioplites rupestris
Bluegill - lepomis nacrochirus
Green Sunfish - L. cyanellus
Long:ar Suntish - L. rrcalotis
Wwarmouth Sunfish - L. gulosus
Spotted Sunfish - L. punctatus
Largemcuth Bass - Micropte.us salmoides
Smalirnouth Rass - M. dolor eu:
Biack Craeppie - Pomoxis nigromaculatus
White Crappic - P. annularis

PFRCIDAE
Greenside Dartexr - Etheostora bleancides
Fainbow Darter - E. caerulewn
Fantail Darter - F. flabellare
Ocrangebelly Dartey -~ E. radiosum
Johnny Darter - E. niarum
Orangethrnat Dartcr - E, spectadbile
Bluntrose Darter - [. chlorosonum
Slough Darter - E. gracile
Yellow Perch - Pexca flavescens
Blackside Darter - P. maculata
Sauger - Stizostedion canadense
Walleya - £. vitreum
Pikeperch - S. lucioperca

SCIAENIDAE
Freshwater Drum - Aplodinotus gruirnicns
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APPENDIX II. ABUNDAHCE, PSPULATION TRENUDS, AND ECOLCGICAL CLASSIFICATIONS OF FISMES OF THT
ILLINOIS KIVER BASIN. NROTE - KiEY AT LNU CF TASLE FOR SUPERSCRIPTS.

- Current ru;.a-la:wn Typical
Nrlative Yreond :it'lrrc :‘.ln-.% Food \
o
At o 1899 Sizy Habity
PELRCHESGXTEDAL
Sheatnut Lasiroy 8 Qv epren caataan [V -t Hb - L [ 4
Hosthorn Brook gy » 1, Poanae 0 > 11 M [
Silier Lamproy = 1. Lnacc (¥ D MH-LK | 4
Awracan Brook Logfey - laeictea limoties K o HW =¥k el
ACIIE “IoAL
lade Stutagun sA e I 4] #5 inv
Shuveluoue Stutyes -
R D LR Iny
[AYTRY DS 4
taddly fisn = Balylin vyathls x o] Ly -MK ri
WPISCSTLIVAL
lpotted Gar - Lo2iz2atsua oculatas R [ "R /v
loruote var = Lo e o LBt < Lk-MR /i
SLotta wonat = L. ~it . 4 10-KK 1/
Riliaatlor Car - L. Lr. [ La [ 4
ML UL
benfin = ANy zalva L [+ Ml 1 ¥ad
VILLIUAS
fasTacon el - Avpailia f6 .tTets Lne v La P
Cats nitiL
Shapgac haering = Ko g el cohilaris RN ] ik mr
Gizeord shar = Lure .- v h 1 13 =K (¥ ]
FARENVILTS FIRS,
ol orrgae = Hiased s LR i Ve d
RESXIPT RN (8 n LR-KR | 4
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Appendix II ({continued - page 2)

Current ropulation TyYpical
kelative 2 Trend &inr.-a Streuc- Pood 4
Mandance 1ubd Size Rabdize
SALMOHIDAY
Cisco - Coreqonuz artedii Ex Ex Loko ~LA 2]
Rajrbow Trout - Saimo gaitdueri Sporadle Introductions 144
OSMERIDAE N
Smelt ~ Osmerus mordax B Introdyced Lako-LR e
UMBRIGAE
Central Mudninnow - Ipbra limi UNC s b Omn
ESCCILAE
Grass Pickercl - Esox amerivanug UNC ] HE=HH b4
Hortiern Pike - E, lucius uRe D KR /P
CYPRINIDAE
Goldtish ~ Crasalns  auratus 4 {intro.) 1 HR Cor.
Scuthern Raldbelly Dove = Fhoxinug arythrogastoer UNC o W Herd
Curp - Cyprinus carpio v {Intro.} D KE-LR axn
Geays Carp - CLendphoryngirion idulta h {Intro.)}E iLR=MR Herbl
Silverjow Minnew - Ericynda Luceata e 5 ME~liW Inv
Stiver Chab =~ Hyboinls storericna L o LR-Mi 1av
Speckled Chub - I, aestiealisn g 5 LR tav
Groavel Chub = W, ®-prrlata Ex Ex HL ?
Hurpeyhead Chub = locomis biguktatus e 1] Hw Iav
Golden Shingr - Netemigonus eryeolcucas [ D LR-HR, mn
Brerald Shiper = Hobrupis atheranoides ¥C n LR-MR lav
Blackeose Shiner - H. hetwrolepis R o W tan
Bigeye Shiner = N. Loups ’ K D Ku-H iry
Common Shiner - N. cornulug UKT +] Hw v
Pugnosy Mionaw - . emiliac ' R o “i 1w
Spettail  Shiner - N. hwpmiun v s LK~MR In
knsylace Shiner = 4. qubel s une [+3 MR . Iavw
Spotfin Shiner - M. spilopterus g o] MR-UW inw
Sand Shiner - N, straminci:: A Y B Inv
Redfin Shiner - N. umbratilis @ s i Iuv
;—I:ljlau._l:‘ !{-hmur = N, antep Ex Ex Lake-Mi ’
K vl b!lfllul.‘ H. blemntus UNG o Mp-LK Inv
Ghost Shincr = W Luchonend N £ - ?
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Appendix II, (continued - page 3}

Current Population Typical

Relative Trend glnce Strea Food

Abundance® 1859 Size” Habit#
Ironcolor Shiner - H. chalybaeys tOURe 5 Hw Inv
triped Shiner = H. chrysceephalus c D HW-HR Inv
Biguouth shiner - E. dorsaliv Ve 1 1=K Can
Red Shiner -~ ¥, lutrensis e I ift=MR Inv
Silverband Shiner = H. shumardi i 5 LR ?
Wood Spiner - M. bexanus R D HW-LAR ?
Mimis Shiner - N vo‘x.cauus n Y] MR an
Steelcolor Shiner — n. n.hwvlei H ] HW-KR HAY
Ozark Minnow - M. nubills EX Ex H Hegd
Silvery Minnow - Hybognathus nychalis Cove o] ¥R Herb
Suckermoutia Mianow - Phenacobius mirabilis [ b MR- Tnv
Blentrose Minnew - Pimcphales ngtatus A 5 Hed-MR o
Fathcad Hinnow - P. % vC 1 Itw s
Bullhoad Minnow - l’ C » MK-t.&
Placknosa Lace = rdunu:h'n /s atratulug s n W (rmn
Creck Chub - Semotilus atzemagulatus A 4 (1] inv
Cemgn Stonercller - C_:x_‘l 23 c 5 P -itw Herb
Largescale Stoaercller — C. oligolepis U D i Herd

CATORTEAIDAR

wWhite Sucker = Cagoutomuy comnerucni e -] AR-1iW Inv
Creck CHubsucker - Erimyzron ohlongul R D Hw 1av
Lake Chabsugker - E. sucetta R o tHw Inv
Spotted Sucker -~ Hinytroma melanops R ] I~ MR inv
Blue dusker - CyClent R o LR-KR B
Saallmouth Buffaio = ER c 3 187 ZBe Inv
Biegmouth Baffalo - I, cyprinell liu. < H] Lr-HR Plank
Black puffalo - I. nxgur [ H LR-FA Inv
River Carpsucker - Carpicdes Carpio C s LR-MR Oonn
uillback - C. eppripug Ve I k] (¢ '
Hightin L‘mpwJ - Coovelifor (] |43 LR-MR (m
Harchern Hogsuokes = li--yunullum nigricans e o Mie-ted inv
River Redborss - Moxostoma carinatum )3 o HW-MR tav
Golden Redhorse = M. arvrnegrom o4 o (4] tny
Shorthead Redhorze = N. muvrolepidotum s s MR 1av
Greater Redhorse - H. vm fenneni Ex Ex LA ’
Silver Hedhorse = M an' 3 4] 1K inv
Black Redherse — [H. d.:smesne.l R 5 MR inv
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Appendix IJ (cortinued ~ page 4)

Current Population 'nvpién
Relative a Tread pince Streac Food
Abundance 1850 : 1350 Habitsd
ICTALURIDAE .
Channel Catfinh - Ictaluzus punctatun c D KK-LR wzan
White Catfish - I. catng R N LF-Lake ¥4 3
Blue catfish = L. turca . F 5 LR-MR i/p
Blazk Bullhead - I. melas c o MH-HW Inv
Yellow Bullhead - I. c i MR-t Iny
growp Bellhead - 1. ISUS R o HR-HW Iny
Flothead Cathead ctis olivaris 330 s LE-MR /e
Slendey Madtom - Noturus exilis 2 o i Inv
Stonecat - N, {1avus uns L MR-iIW Invy
Tadpele Madtom - M. gyrinus mc b W Inw
Freckled Radtoa - H. nacturenus R D HR-LR Inv
CYPRINCDONTICAE
EBandod Killifish - Fundulus diaphanus Ex Ex HW iny
Blpckstripe Topminnow - F. notatus c s HW 1nv
Stonead Tepmionow - F. dispar ictes D LR=Lbnke inv
POECILTIGAE
Hosquitoflgh - Gambusia affinis GHC {lntro.) 5 HR Inv
PCROGPSIDAE
Troub=-parch ~ Percopsis omiscomaycus R D HR Inv
APRRELOLERIDAL
Plrate Ferch ~ Aphredolorus seayanus R ] Hi=MR Inv
GADIDAE
eurhot -~ lota lota 1 [+ LR /8
ATHERINIDAE
Brook Silversids = Labitdeutbus sicculus UHC b MR=~LR Inv
GRETEROUSTEIRAE
brook Stickiehack - Culzea inconstans uNeC D W Inv

Yinespine Stikleback -~ Pungitiug punyitiuvg 2 [y LakesLR Inv
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Appendix II ({continued - page 5}

Cetrent Populatiaon Typical
Relative a Trend gince Stream Food
‘ Aburdance 1150 1850 tabjesd
COTTIDAE
Mattled Sculpln ~ Cottus bairdi L 5 1w lnv
Banded Sculpin - €. carclinae 4 K] G 1/?
PERCICHTHYIDAL
white Bass - Yoropg chrysops c g LR /e
Yellow Bass = 11, mississipldensis K D LR<Lake e
CENTHARCHIUAE
Fock Bass - Aobisplites rupestyis 4 o MR 1/p
Blueqill = fepomly sacegrhivus < 3 R /9
Green Sunfish - Lo ¢ flut Ve ] W /¢
Cranyespetted Sunfiygh - L. humilis < & EW-2R ¥4 4
longear sunfish < L. azcalotis R o HE=-HW /%
Fumpiinzsesd Sunfish - L. giblosus une [+ MR- b
Fedeas  junfish - L. microlophua R Sioradic Intre. HE-HW Inv
Warnouth sunfish - L. guluges [hie o MR- /e
Spotted Runfish - L. punetatas R D Mr ?
Bantam Sunfish = L. symmatricus Ex Ex MR Lav
Largumouth Bass « Mirropterus ualmoides C (Intro.) S5-I LP-HR /e
Smallecuth Baza - M. dalemieun C 4 MR 1 V44
Black Crappde = Forvsts nogtemaeslabn ¢ Do LR MR 1970
White Crappie = P, epnularys e [ LR, M ¥4
+ BERCIDALD
Wentuen Sand Dartex - Femorrypea clara K Ex MH=LR Inv
Hud Larewr ~ Beh®0 toagasprigene NS D LR=MI 1nv
Matnbaw Dactey - B, cacpuleun C D HW=Mk Inv
luad varter - E, oxile £x Ex ME-HW Inv
Fantail Larter - E. flabellare se jv) He-MR Inv
Loast artue — E. pigeopered v o) i inv
Jobinay Dartar - B wlaran ve D LAt inv
Orammjuthraet Dartur = L. oot v 5 " Inv
Bluntnu,e Lerler — £, citlor in unc 1] te-1.R Inv
Slaargh Lagter = L, aracile R & HW =Lk Inv
Bandud Darter - E. 7zonale R D HW-LR lav
Yellow Frrch — Perea {lavescons Ui D LR, MR | 024
—— e o HH=HW Iav

Lugperch barter = Percina caprodes une



dix IT (continued -~ page )

oZX

Curgent Pupulation Typical

Relztive Trend Emcu Stream food

Alundance 1859 1850% Habitsd
Blackside Cartes ~ P. maculata une o] m Inv
Sleasderhead Dartgy - ¥, olewcgerhala (U ] BR=LR Inv
kiver lartar = . shomardi K D R Iny
Saugar - Stizestedicn sapadenan " » FR-LS e
Wilkleyo - A, witveum S b’ MR 1 924

SCIAENIDAE

Freshesnay Los = fArtotinobes grunniens c o HR~LR /P

¥EY

ﬂL‘m-rv.m': rolative sbyndancon; from Atlison and huthems 1975
A = Abunsiant, A specisd s rumcrong av tu Lo usually ona o the domdpant specles,
VO o= Very compon. A spocios wiieh g Feadily catchuble, vaually in largo nuabers,
C ~ Comwman. & spegies, which, cunsideving dts cotdlebilicy under vavioua conditions snd times,
iz found cvouzlly in modcrate to large nunbers.,
UHC - Uncomson. A apecica occuring rather reqularly in coliegtions, but veually in eeall
numboty,
R ~ Rarg. & spucles recorded ornly once or very infrequently, and invariably in small numbers.
Ex ~ Extirpated. A species that is no longer found in tho wawcrshod,

. 1":‘npl.llm.h.m trund cnajar hahitat) siroam sise Catagory
& ~ Stahle. He major change in abund. . W = headwatgrs
1 ~ tnoreaso, 3Bigaificant increase in akendanrce. MR - Intermedliace-slsed rivers
D ~ Cecrease, Sianificant devicase in aburdacce, LH - Large rivers
pintro. ) -~ latroduced, Nunenative sjuocies now proewent through
releasa or invaslon and native spocies whose presencs d
is dua primarily to atockiag ond ascape frus ponds. Fond habit category based on
Ex = losz. Species whose numbers have been so drastically information found {n Carlander 1969,
reduged thoy are considesed extirpated ov extromely rare, 19?7, Saith i%78, Karz & Dudley 1978.
Inv ~ lnvertivore
Soures of Mntormat lon I/ = Invertivose/Plucivora
-qeuczal form, habltet aud foosd habits data, Rarc and Jodley 1970 Pl - Planktivore
~prpulation statas, Lol habics, oad habitat data, Smith 1979 Omn = {mnivore
-faunistic surveys of ill. Hotural liwstory Sugvoy. unpuis. Herd =~ NHerbivore
=1ife hisvory and sabitat data, prlicgec 197% P o= tisvivore

=1ofe hipLury wad Dalatat data, hubbs and Lypler 19%4

-



	Test File_Page_001
	Test File_Page_002
	Test File_Page_003
	Test File_Page_004
	Test File_Page_005
	Test File_Page_006
	Test File_Page_007
	Test File_Page_008
	Test File_Page_009
	Test File_Page_010
	Test File_Page_011
	Test File_Page_012
	Test File_Page_013
	Test File_Page_014
	Test File_Page_015
	Test File_Page_016
	Test File_Page_017
	Test File_Page_018
	Test File_Page_019
	Test File_Page_020
	Test File_Page_021
	Test File_Page_022
	Test File_Page_023
	Test File_Page_024
	Test File_Page_025
	Test File_Page_026
	Test File_Page_027
	Test File_Page_028
	Test File_Page_029
	Test File_Page_030
	Test File_Page_031
	Test File_Page_032
	Test File_Page_033
	Test File_Page_034
	Test File_Page_035
	Test File_Page_036
	Test File_Page_037
	Test File_Page_038
	Test File_Page_039
	Test File_Page_040
	Test File_Page_041
	Test File_Page_042
	Test File_Page_043
	Test File_Page_044
	Test File_Page_045
	Test File_Page_046
	Test File_Page_047
	Test File_Page_048
	Test File_Page_049
	Test File_Page_050
	Test File_Page_051
	Test File_Page_052
	Test File_Page_053
	Test File_Page_054
	Test File_Page_055
	Test File_Page_056
	Test File_Page_057
	Test File_Page_058
	Test File_Page_059
	Test File_Page_060
	Test File_Page_061
	Test File_Page_062
	Test File_Page_063
	Test File_Page_064
	Test File_Page_065
	Test File_Page_066
	Test File_Page_067
	Test File_Page_068
	Test File_Page_069
	Test File_Page_070
	Test File_Page_071
	Test File_Page_072
	Test File_Page_073
	Test File_Page_074
	Test File_Page_075
	Test File_Page_076
	Test File_Page_077
	Test File_Page_078
	Test File_Page_079
	Test File_Page_080
	Test File_Page_081
	Test File_Page_082
	Test File_Page_083
	Test File_Page_084
	Test File_Page_085
	Test File_Page_086
	Test File_Page_087
	Test File_Page_088
	Test File_Page_089
	Test File_Page_090
	Test File_Page_091
	Test File_Page_092
	Test File_Page_093
	Test File_Page_094
	Test File_Page_095
	Test File_Page_096
	Test File_Page_097
	Test File_Page_098
	Test File_Page_099
	Test File_Page_100
	Test File_Page_101
	Test File_Page_102
	Test File_Page_103
	Test File_Page_104
	Test File_Page_105
	Test File_Page_106
	Test File_Page_107
	Test File_Page_108
	Test File_Page_109
	Test File_Page_110
	Test File_Page_111
	Test File_Page_112
	Test File_Page_113
	Test File_Page_114
	Test File_Page_115
	Test File_Page_116
	Test File_Page_117
	Test File_Page_118
	Test File_Page_119
	Test File_Page_120
	Test File_Page_121
	Test File_Page_122
	Test File_Page_123
	Test File_Page_124
	Test File_Page_125
	Test File_Page_126
	Test File_Page_127
	Test File_Page_128
	Test File_Page_129
	Test File_Page_130
	Test File_Page_131
	Test File_Page_132
	Test File_Page_133
	Test File_Page_134
	Test File_Page_135
	Test File_Page_136

