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PREFACE
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with the assistance of the Environmental Laboratory (EL), U. S. Army
Engineer Waterways Experiment Station (WES), under Interagency Agreement
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This report was written by Messrs. Charles H. Walburg, Jerry F.
Novotn&, Kenneth E. Jacobs, William D. Swink, and Terry M. Campbell of
ECRI and Drs. John M. Nestler and Gary E. Saul, EL, WES. Mr. Charles H.
Walburg is the Chief of ECRI, and Mr. Robert M. Jenkins is the director
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Robey, Chief, Ecosystem Research and Simulation Division, EL; Dr. Jerome
L. Mahloch, Program Manager, EWQOS, EL; and Dr. John Harrison, Chief,
EL.

The Commander and Director of WES during this study was

COL Nelson P. Conover, CE. The Technical Director was Mr. Fred R. Brown.

This report should be cited as follows:

Walburg, C. H., Novotny, J. F., Jacobs, K. E., Swink,
W. D., Campbell, T. M., Nestler, J., and Saul, G. E.
1981. '"Ikffects of Reservoir Releases on Tailwater
Ecology: A Literature Review," Technical Report
E-81-12, prepared by U. S. Department of the Interior,
Fish and Wildlife Service, National Reservior Research
Program, East Central Reservoir Investigations, and
Environmental Laboratory, U. S. Army Engineer Waterways
Experiment Svation, for the U. S. Army Engineer Water-
ways Experiment Station, CE, Vicksburg, Miss.
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EFFECTS OF RESERVOIR RELEASES ON TATILWATER
ECOLOGY: A LITERATURE REVIEW

PART T: TINTRODUCTION

Problem

1. The Corps of Engineers (CE) normally operates reservoir projects

tc achieve downstream environmental quality objectives consistent with

project purposes. rresently, there are no quantitative approaches or re-
liatle guidelines for determining water releases necessary to ensure the
maintenance of a desired downstream aguatic environment. Many environ-
mental quality requirements for downstream habitat and biota are not well
understood or substantiated.

J. Regervoirs afltect downsiream aaquatic habitits in a number of

wayvs, sdevending on rroject desirn and operotion and epecific environ- i
mental requirements o downstrenm biota,  Large variaticons in Tlow
agsociated with rower—-pesking orerations may adversely affect down-
stream fisheries during spawnineg veriods, disrupt benthic communities
that serve as food Tor fish, »nd 1imit stream recreation. Changes in

Lemperature, discolved sses, nand cther water quality characteristics

avsocitted with reservoir releases greatly influence the species

composition and abwiitnee - the tallwiter community.

i, The sverstion of recervoirs to achieve desired downstream
objuctives 1o often complicntod by eonllicting requirements to improve
in-lake worer quality or demands of other projeet purposes. Periodi-

cally, minimur releases reaquired to maintain downstream aquatie habitat

and associnted stream recreation are greater than the releases required

(v

vl e W 1S
e,

to meet other au*horiced vrojecet PurpOses. During these periods, Pro-

3 ' 2
P R

blems ascociated with reserveir releases often become critical. Since

the benefits of maintaining or enhancing downstream aquatic habitat and

.¢
' biota are difficult to quantifty, justifying the nllocation of reservoir
2]
a storarme for downs! renm relenses 1 eomplicated.  Hevertheless, minimum
-~
. releases are required to maintain adequite downstream habitat.
&
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Study Approach

Y. The first tusk of the U. 0. Pish and Wildlife Service in pre-
proration of this revort wis to condue’ o exhaustive literature search
on the ofeet s of reservolr water releases on tailwater blota., An
annotated bibliosraphy wiae prepared from the literature that most dir-
ectly concerned tuilwater vroblems (Welbure et wl. 1980).

5. This report reviews available Titerature on the effects of
recervoir releases on tailwnters that support populations of warmwater

fish or trout.  The extencive literasture available on anadromous fish

is not dfncluded.,  This "state-or=tlte=art"” report documents the relaticon

between chaneces in tihe quint ity wond quality of recervelr water releases
and the qrdiry of the downstream aquatic environment. The review also
includes celecied stream and river studies thal have application to
- “allwater probiene. Tailwaters cited in Lhic report are listed alpha-

betienily in Appendix A “oretheyr with name of river and location (e.g., .
T othe United Otates o eountry).  The geographic locations of ;

the P00 i lwaters Doested in the United 8tates are shown in Appendix

Bo(F e B

7o better understand the physiecnl and chemical conditions

N (/,, 0
“ound in tailwaters, thia report begins with a briet desceription of

rovervoir Timology, followed by section on the design and orveration

o coaervoir ontiot

structures and how this can impact the tailwater

environment. This is followed by a review of the physical, chemical,

and trophic conditions found in tailwaters. A general review of in- 1
. vertebrate ecology in both streams and tailwaters is then presented. i
d f Life history requirements of fishes found in tailwaters are reviewed,

torether with a description of their response to the tailwater environ- j

ment. Tailwater environments created by various management schemes for

s

s

reservoirs and tailwaters are discussed generally. Major physical and

chemical alterations are indicated, together with descriptions of how

. g S e W
e 3

bl -

"o they affect organisms of the higher trorhic levels. Finally, the
e nature and scope of studies necessary to complete the development of
E; conceptual models that can be used to predict the effect of changes

in reservolr manacernent on the tailwater environment are indicated.
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PART II: BASIC RESERVOIR LIMNOLOGY

T. Knowledge of reservoir linmnology is fundamental to under-
standing water quality characteristics in tuilwaters. Water quality
! in reservoir changes with season. The extent of change reflected in
the tailwater depends on the depth of water withdrawal, project de-

' sign, morphometry of the tailwater channel, and local atmospheric
conditions. The Tollowing brief overview of reservoir limnology is
intended to provide sufficient background information for a biolosist
or engineer to understand the relationship between reservoir biogeo-
i chemical processes and tailwater ecology; 1t 1s not intended to be a
detailed discussion of limnology. For a comprehensive deseription,

} the reader should refer to the works of Hutchinson (1967), Wetzel

(1975), and Cole (1975).

:
3
i

Hydraulic Residence Time and Settline within Reservoirs

0. In general, reservolirs with short hydraulic residence times

nave a reduced impact on tailwaters because the water is discharged

betfere the efrects of impoundment become established. This type of
recervolr is often termed a f'low-through or run-of-the-river project.
The divchars-e is usually similar to the inflow in oxyren concentra-
tim, temperature, turbidity, and nutrient concentration. Keservoirs

witii 1o hydraulic residence times undergo processes somewhat similar

o

ose cbserved in lukes, althoush there are significant differences

{Neet 10635 Faxter 1077).

]

9. Reservolrs with long hydraulic residence times act as set-

tiins bagins in which suspended particles settle from the water column.

Trhey are eftective in removing suspended material from inflowing

streans or sediments washed into the reservoir during summer rains.

“arbid water is usually discharged into the tailwaters only after

ton winter rains that are accompanied by hirh runoff rates (Churchill

1926 { ).




Thermal Stratification

10. The process of thermal stratification is a major factor in
altering the water quality of reservoirs. An understanding of thermal
stratification and its influence on water as it flows through a reser- :
voir is essential to discussion of water quality in tailwaters.

11. Reservoirs stratify thermally when solar radiation and in-
tlows from warmer tributaries during the spring heat surface waters
more rapidly than the heat can be distributed throughout the water
column. This produces temperature and density differences between the
} surface water and the underlying water, increasing the resistance to
mixing. Shearing between the surface and deeper waters inhibits addi-
tional mixing and results in the formation of an upper layer of warm
water (epilimnion) and a deep layer of cold water (hypolimnion), with

) 4+ transitional layer between the two (metalimnion). Following strati-

“lention, mixing effects caused by wind and air temperature changes
are largely limited to the epilimnion.

12, PReservoirs Jdestrutify thermally when the loss of heat to the
cooler atmosphere in late summer and early fall exceeds the heat input
from solar radintion. Complete therm:]l mixing begins when the surface
water eools and becomes as dense ns the deeper water. Eventually the
entire water column loses its resictance to mixing and the reservoir
becomes thermally uniform {Wetzel 1975). Tributary inflows may
accelerate destratification by providing additional cool water.

13. The water column in warm temperate reservoirs is essentially

nf constant density during the winter, and 1ittle thermal resistance

i ( to mixing occurs. Convection currents and relatively little wind
i 4-tion can thoroughly mix the entire water column (Churchill 1967). As
2 N
i 4 a recilt, the chemienl and physical characteristics of the water remain

uni form throushont the reservoir until spring. These reservoirs are

termed menomictic, sinee they circulate treely only dw .nug the winter

montha.
- ik, Reservoirs in cooler temperate regions may become stratified
* Aurine the winter. The coldest water (0-3°C) remains at the surface
! 9
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and the warmer, most dense water (L°C) sinks to the bottom (Wetzel 1975).
These reservoirs are termed dimictic because they circulate freely twice
during the year following spring and fall destratification.

15, Mot all reservoirs thermally stratify during the summer.
Shallow reservoirs with relatively rapid ratec of flow-through and
exposure to extensive winds usually remain vertically mixed. Temporary

.. temperature "dirferences”

which form after extended periods of calm
weather el reduced discharge may be destroyed by wind aection., These

recervoirs may, however, undergo periods of winter stratification after

ice cover formition.

Dissolved Oxygen

N 1. Concentrations of dissolved oxyren in reservoirs are closely
aasoceisted with the stratification process.  Tn stratified reservoirs,

the erilimnion is well nerated due te wind action, mixing resulting

from diurnal temperature fluctuation, and oxyeen produced during photo-

synthesis. Dissolved oxygen in the hypolimnion, however, is limited to
¢ that available at the time of stratification, and may be reduced or
eliminated by the oxidation of orgunic mutter that settles into the
hypolimnion from the epilimnion. These conditions persist until the
reservoir mixes vertically. Low dissolved oxygen concentrutions are
seldom a problem during the winter, when low water temperatures sup-
rress metabolic activity, and oxidation rates of organic compounds

are reduced. However, low d ssolved oxygen can occur in ice-covered

{,( lakes during the winter with resuliant fish kills.
# f 17. TIn unstratified reservoirs, complete circulation and frequent
’}i seration by wind action ensures that adequate oxyren is available

i throyshout the water column.  Low oxygen concentrations may occur in

A ivealized protected embayments and other areas ncot subject to frequent

. circalation,  Also, nighttime alyal respiration may lower oxygen levels.

Nutrient Concentration

18, The import of nutrients from upstream or watershed runoff is

10




the main source of reservoir enrichment. Maximum inputs generally occur
“r'ter heavy rains. Excessive amounts of nutrients (e.g., from municipal
and woricultural sources) can cause deterioration in overall water qual-
ity. DNutrients cun also be released from the sediments under anoxic

cenditions,  These nutrients can be carried to the surface during lake

turnover. In addition, wind=driven currents can incorporate sediments ,

and associated nutrients into the water column in shallow, unstratified

roservoirs,
19, Phytortankton growth is stimulated by an influx of nutrients.

In steatified reserveirs, rhyvtoplankters continuously settle out of the

Oog

epilimnion into the hyvpolimnion. The loss of mmtrients from the
epilimnion resaltine from settling may 1imit further phytoplankton pro-
Jduet ion, wherens, the hypolimnion becomes increasingly enriched as the
seewmuladion aand decompesition of organie matter proceeds. When the
recerveir destral i fies, the nmutrients that were restricted to the
Jirndion cire redistributed in the water column.,  The relense of
i lents o curface waters, where light i sufficient to stimulate

viotoarnthesia, results in inerensed phytoplankton vreoduetion.  In

st i e roserveira, there 19 continuous circulation of the water

orranic matter are readily recyelnble and remain

. : . ot erente and

i lable in the produetive areas for continuons ascimilation.,

Reduced Compounsds

200 A oxdie conditions found in the hypolinnion of Takes and roser-
volens eocult iu the Tormation of reduced cvecies of iron, manganese,

A

\\-'.
~

caltar, and nifreocen. Theae substanees moyv become a nuisance to rec-

reational and industrial water usera, and may be detrimental te aquatic

>y

3 oy
LA VRSP, Y]

1ire when they are released.  These reduced compounds nire converted to

Teass noxious, more asaimitablo compounds in Lhe oxidizing environment

50

the epilimnion, and their efrfect does not generally persist for more

- (’)f
; than D0 b, Objdectionable ivon, nargmnese, nitrogen, and sulfur
- s A .
A componds are aeldom a problem in well-mixed, unstratified reservoirs.,
l. ‘
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PART ITI: RESERVOIR OUTLET STRUCTURES AND
THEIR IMPACT ON THE TATILWATER ENVIRONMENT

21. Water quality conditions in reservoir tailwaters are deter-
mined by processes occurring in the reservoir (discussed in the pre-
ceding section) and the design and operation of the project outlet
works. The following brief discussion is intended to provide general
information concerning the design and operation of reservoir outlet
structures. It should be emphasized that each project is unique in

design and operation; therefore, many project features will not be

specifically discussed in this section.

Design Considerations

22. Most Corps of Fngineers (CE) impoundments fulfill multiple
purposes including navigation, flood control, hydropower, recreation,
water supply, etc. Emphasis has been placed on effectively designing

and operating projects to meet all ‘ntended purposes. For approxi-

mately the past 15 years, CE reservoir projects have been designed
‘ considering the water quality of project releases,
23, HNumerous design options are available to assure that project
releases are compatible with tailwater habitat objectives. Most notable

is the incorporation of a selective withdrawal structure which can

release water from various strata within the reservoir to meet down-
stream objectives. TFor selective withdrawal to be a viable alternative,

density stratification must occur within the reservoir. This strati-

S

fication may be due to vertical temperature differences within the

LA R4

impoundment., and/or the occurrence of stratification due to the con-

b

-y

P YA
a?
R AR 7 VN

centration of dissolved constituents. Those reservoirs that are
vertically well mixed have little need for selective withdrawal. Typi-

cally, such reservoirs are shallow, may have a short hydraulic residence

vy

time, and are often dominated by surface wind mixing.

. e o, Stratified reservoirs provide an excellent opportunity for
D ¢ . . . .
' effective operation of selective withdrawal structures. Releases can
4
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be made to meet downstream requirements of tailwater fisheries and also
reduce the impact of flood control operations on the tailwater.

25. Most older flood control projects were designed primarily to
release waters from the bottom of the reservoir. Often, these waters
are low in dissolved oxygen, but because of aeration that occurs in the

outlet works it is not uncommon for dissolved oxygen in release waters

| to approach 95 percent saturation. Releases from hydropower projects
receive little aeration due to the requirements to keep turbulence at
a minimum.

2. Release of minimum flows to meet downstream habitat objec-
L tives is an important consideration of project design and operation.
Projects with large bottom sluice gates are generally unable to dis-
charge low {lows since the gates can not be operated with the neces-
sary precision or they vibrate violently when attempting to pass low

* flows under high hydrostatic head. This problem can be overcome with

the addition of low flow bypass gates that can regulate releases to
. 3 . . .
fers than 1 m /see. Also, sluice gates can be designed to incorporate

lew rlow pigeyvback rates to release minimum low flows.

{ Operation Considerations

T Flood contral operation of a project is designed to attenuate
ad delay veake in the fuflow hydrograph, theveby reducing potential
lamape cnused by inereased downstream witer levels. The attenuation of
f reak flood flows is obtsined by storing water and releasing it through

time. Therefore, the redustion in veak flow results in longer periods

o ( of high flow downstream. 1In many instances, reservoir discharges are
reduced as high flows enter upstrenm to permit the downstream tribu-

taries to discharge before reservoir flood waters are released.

28. FPlood releases from reservoirs are oft a hypolimnetic because

the bottom sluice gaten generally have the largest capacity. Thus, if
epilimnetic withdrawals were occurring prior to the storm event, the
downotream aren may oxperience cold hypolimnetic release waters during

the passage of the flood wiaters before returning to epilimnetic release




schedules. Tf the vroject hus a selective withi-awsnl structure, a
portion of the releases can be mude from near surface wiaters to rcduce
changes in downstream Lemperaturces.

"9. Hydropower is genecrated by two types of projects,  Run-of-the-
river projects penerally provide baselond feneration.  The production
rate of pover is determired primarily by the -mount of water flowing
1 into the reservoir. Their relatively smill capacity precludes their
use in hydropower pcaking operations. The hydraulic residence time of
the water in run-of-the-river projects is usually quit short, and

theretfore, the water quality of reservoir releases is often quite

similar to that of the reservolr inflow. Hydropower projects asso-
ciated with large reservoirs are ideal peaking power planis because of
their short responsce time. Thus, as lemant reaks, the turbines can
cenerante electricity almost immediately.  in reneral, hydropower pro-—
Jecet releases reflect the demund 7oy electrl ity dschareinge only
minimum low flews during the weelkend and ot 2 ik . These rrojects arc

broucht on line lependineg on the deomsnd Tov power,

SUWNnETYyY

¢ 30, #rforts to manage @ reservoir tailwater to reflect conditions

in an unrepulated streuam or river are impracticnl and offen impossible

because of constraints imrosed by the desiyn and operation of the pro-

Ject. Thus, the quantity, quality, and timing of releases creates an

‘ anvironment which differs from a natural stream. Understanding the i

impacts of project releases on the tailwater environment, as well as

< efforts to minimize Jdetrimental effects and possibly improve down-

stream comdi' 15, are often determined by overall project design and

operation.




PART IV: PHYSICAL AND CHEMICAL DESCRIPTION OF TAILWATERS

31. Impoundments cause three major physical modifications in
natural stream conditions: (a) seasonal temperature changes are de-
layed and the amplitude of diurnal and seasonal temperature fluctua-
tions may be reduced, (b) high natural streamflows are reduced or
eliminated and replaced by more moderate discharges over an extended
period of time; and (c¢) sediment transport is reduced (Neel 1963;
Maddock 1976). 1In addition, discharges mny degrade the streambed and
banks, resulting in "armoring" of the strecambed. TImpoundments also
affect the chemical characteristics of the discharge including concen-
trations of dissolved oxygen, organic matter, nutrients, and reduced
! compounds.

32. The magnitude of these physical and chemical modifications is

dependent on conditions within the reservoir (e.g., enrichment as
related to age, duration, and degrec of thermal stratification; hydrau-
lic residence time; density currents) nand the depth and volume of dis-
charge (leel 1963). The water quality of reservoir releases can be

further modified by conditions in the tailwater such as groundwater

v inflow, runoff, streamside vegetation, and atmospheric influences.

Physical Characteristics

Temperature

33. Water temperatures in the tailwater are determined primarily
by climatic conditions and the depth of release. GSome tailwaters are
subject to sudden, drastic temperature changes, whereas in others the
changes are more subtle. Temperaturc alterations frequently result in
the elimination of organicms from habitats where they might otherwise

survive. Many nquatic organisms present in a stream have distinct

temperature requirements, and changes of 1°C can affect their existence

(Britt 1962).
3h.  Epilimnetic release dam: on warmwater streams provide the

tailwater with well-oxypenated water near or at atmospheric




temperatures. Warmwater fish species found in these tailwaters are
well adapted to release water temperatures. Pfitzer (1954) noted
little difference in the warmwater fisheries in tailwaters below
Tennessee Valley Anthority dums built on warmwater streams when water
releases were from the epilimnion. However, epilimnetic releases from
reservoirs built on coldwuter streums cun increase summer water temper-
atures in the tailwater and stress coldwater species. The temperatures
o' epilimnetic discharges from Ennis Reservoir, Montana, were 4°C higher
than those in tlie coldwater streum above the reservoir. This tempera-
ture increase caused growth returdution in trout more than 270 mm long,
but did not affect smaller fish and invertebrates (Fraley 1978).

35. Water temperatures are lowered below hypolimnetic release
reservoirs built on historically warmwater streams. Faunal changes are
generally more pronounced in rivers below these reservoirs than in
rivers below epilimnetic release or nonstratifying impoundments. Sev-
eral investigators have noted reductions in warmwater specles caused
by coldwater discharges below hypollimnietic release reservoirs built on
virmwater streams (Dendy and Stroud 1949; Edwards 1978).

36, Coldwiter discharges from deep-release dams on warmwater
streams may result in tailwater temperatures as much as 20°C lower than
the temperatures of unregulated streams of the region during the summer
(Ward and Stanford 1979). A 10°C reduction in water temperature below
Hovrris Reservoir, Tennessce, changed the tailwater from a warmwater to
a coldwater stream (Ta-zwell 1938), Average water temperatures 11.3 km
below Tenkiller Dum, Oklahoma, duringe June and July were reduced by
L.3°C after impoundment (Finnell 1953). Reductions in water temperature
have permitted the establishment of put-and-take trout fisheries in some
tailwnters that were previously too warm to support trout.

37. During fall, hypolimnetic discharges from stratified reser-
voirs muy provide warmer than normal water to the tailwater, effec-
tively delayving the autumn decline in temperatures. River ice forma-
tions may be delayed during winter by lags in ter. »rature change, and
some tailwaters may be kept completely ice-free by the release of hoc

bottom wiater (Neel 1963). Delays of 20-50 days in the spring rise in

16
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¢ water temperature have also resulted from release of hypolimnetic water
(Crisp 1977).

38. Seasonal temperature changes.are also delayed in tailwaters
below nonstratified reservoirs. Normal temperature changes are re-
tarded because the time required to cool or warm the reservoir is
significantly longer than the time required to cool or warm an unregu-
lated stream. Additionally, diurnal and seasonal temperature fluctua- !
tions take place in unregulated streams, whereas temperatures in tail- |
water areas are more nearly constanrt, especially near the reservoir
outflow. Marked reductions (up to 80 percent) in diurnal temperature
fluctuation have been recorded (Fralev 1978). Before closure of

J Flaming Gorge Dam, seasonal temperatures on the Green River, Utah,
ranged from 2°C in March to 22°C in July. After impoundment, water
’ temperature fluctuations were reduced and ranged between 2 and 10°C

(Vanicek and Kramer 1969).

39. Severe water temperature fluctuations may occur below dams
duwring perinds of low Tlow or no flow, becaise of atmospheric influence.
Such pericods are particularly characteristic of hydropower projects
where changes in water discharge depend on power demand. Temperature

fluctuations of 6-8°C may occur 2 to 3 times a day below these dams ]

¢ (Pritzer 1968). Tf 2 or 3 consecutive days of no flow occurs, water
temperatures can approach mean air temperatures. The sudden release of
large volumes of cold hypolimnetic water during the summer may cause
thermal shock. Tish kills have occurred when cold, hypolimnetic waters,
with reduced levels of dissolved oxygen, were suddenly released into a
tailwater after several days of little or no flow (Krenkel et al. 1979).

40. Thermal changes caused by hypolimnetic discharge can persist

< in a tailwater for an extended distance downstream. The effects of an
) ;i altered temperature regime below n hypolimnetic release reservoir in

i Canada were noted by the devletion of the benthic fauna 100 km down-
Azi stream (Lehmkuhl 1979). Air temperature, discharge volume, groundwater
.; and tributary additions, shade, and substrate type all play a role in

: modifying the tailwater temperature as the water moves downstream. At

some point downstream, where the influence of the reservoir lessens,

17
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the interaction of these factors results in the return of the stream Lo

preimpoundment conditions.
Flow

41. Natural streams are subject to large fluctuations in flow as
1 result of variations in precipitation. Seasonally, flows are highest
in the spring and lowest in the late summer or early autumn, although
intermittent floods may occur as a result of periodic storms.

2. TImpoundments cuan drastically alter the flow characteristics
in stream cystems. Tailwater flows may be relntively uniform or may
fluctuate frequently, depending on the method of dam overation and
downstrenm witer requirements,

L

Yo FMlood control and irrigation dame generally reduce the mangi-

tude of M1ood flows, and release these flows at reduced volumes over
longer reriaods of time. The reduction or elimination of floods reduces
burnk erosion and bed ccour and decreases the amount of sediment washed
in®  the t+ilwater {rom the flooded bottorm lands. The resultant bank
aned bed otability enhances the growth of aquiatic and terrestrial vege-
tation {Meei 1963). The encroachment of streamside vegetation, which
i imrortart in femperature regulation, shadinge, and in providing food
Soro luvertebrstes can further increase bank and floodplain stability.
However, cuch luereaced vegetative encroachment may result in the
eventual locs of part of the water-carrying capacity of the stream
chunnel thronsh s reduction in channel size (Bovee 1975; Maddock 1976).

Whio Unifore flows below flocd control and irrigation dams often
benefit the invertebrate community throush the establishment of dense
mats of periphytic aleae. These alegal mats constitute both a habitat
and a rfood surely for benthic organisms incapable of living in a more
barren stream. lHowever, thezne nmats may eliminate species adapted to
ciean rock surfaces (Ward 1076e),

W5, Flow fluctuntions are more Trequent and of greater magnitude
below hydropower dams than in naturnl streams. Targe dnily flow flue-
tuntions often preclulde the establishment of permanent streamside
vegetation. The alternate inundation and exposure of the streambed,

coupled with extreme variantions in ©low, may remove much of the aquatice

18




biotn from the tailwater (Neel 1963). A sudden increase in flow may
remove algae, macrophytes, and sedimentary detritus, in addition to
benthic invertebrates. Sudden decreases in flow may strand attached or
immobile species and result in their desiccation (Lowe 1979). Overall,
the diversity and abundarnce of tailwater habitat and fish and inverte-
brate food supply may be significantly reduced by radically fluctuating
flows (Neel 1963). Recent studies (Matter et al. 1981) demonstrate
that the surge of water from a peaking hydropower plant, and resultant
bed scour may indirectly benefit tailwater fish by making benthic foods
more available.
Substrate

L6. Recause reservoirs act as sediment traps, there is usually
little sediment in reservoir discharge. This loss of sediment in the

discharge, coupled with the removal of fine particles by the current

below the dam, results in a tailwater streambed composed primarily of

coarse cobble and bedrock. Ultimately an equilibrium is reached be-

tween the particle size of the remaining substrate and the stream's

capucity te transport material. Upon reaching this equilibrium,

further degradation of the tailwater streambed by scouring is halted

. (Komura and Simmons 1967). Increased flow rates below some hydropower
facilities reduce bank and streambed stability, thereby causing in- ;

creased bank erosion, streambed scour, and eventually armoring.

Smaller sediment particles are swept downstream and deposited in pools
and slackwater areas.
Turbidity

47. Turbidity can reduce or eliminate aquatic life in a stream.
Decreased light penetration in turbid streams inhibits the establish-

ment and maintenance of autotrophic plants, which may in turn effec-

(. .
e I

tively limit higher life forms (Ruttner 1963). Additionally, sedi-
mentation resulting from turbid conditions eliminates invertebrate

habitats by filling the interstices of gravel substrates. Sedimenta-

g v vt e
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tion may also cover fish spawning sites and interfere with oxygen

. transport to buried fish eggs (Fry 1960).
. 19
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Ly, 'ailwaters are usually clearer (less turbid) than the reser-
voir inflow, particularly below deep-release reservoirs. Turbidity
below reservoirs is significantly affected by sedimentation within the
reservoeir, density currents, discharge depth from the dam, and the in-

i flow from surface runoff and tributary additions. Turbidity was re-
duced up to sixtyfold in the tailwater below Yellowtail Dam, Montana,

by the settling of suspended matter within the reservoir (Soltero et al.
1073). Density currents carrying fine suspended matter, however, may ;
somet.imes "low beneath or through the main body of water in stratified

reservoirs and be discharged directly into the tailwaters with 1little

alteration within the reservoir {Chitrehill 1958). Tn these instances,

mineral concentrations and turbidity may increase significantly in the

Tarbid conditions may alse result from the flushing of

tallwater.
1o into tailwoters from unstable riverbeds and streambanks

lToose matorials

high discharee, and from tributary inflow.

duringe periods of

Chenical Characteristics

Lo

Chemical properties that may affect the tailwater bilota are

L
Che coneentration of discolved gases (i.e., oxveen, nitrogen), nH,
vyt jeulste orranic matter, available nutrients, and reduced comrounds.

‘ Teenae o7 the variability o~ factors involved in altering water

sunlity, fow meneral statements ecan be made that are applicable to all

! taliwaters,  Cherical propertics off the water immediately below a dam

fopend on werer gqueiity within the reservoir at the level of release.
< A fhe witer moeves Jownstream, loeal conditions influence water quality

characterize onch individual tailwater (Pritzer 195L).

ared tond o

Dicanlved fraoes

The concentration of dissolved oxygen in

1 3 50, Dinsalved oxygon.

?‘g an aquatic syctem is Jdependent on water temperature, biological oxygen
% demand, atmospheric exchange, and primary production. Water tempera-
_J ture determines Che solubility of oxyfen, and thus the amount of avail-

abrle xyeen in streamc. This is an important factor in regulating the

‘:i met b lie nates of eolid=biooded animals, since their rates of
o
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metabolism increase with temperature. The solubility of oxygen de-
creases as water temperature increaces., At 100 percent saturation,
14.16 mg/1l of dissolved oxygen may be in solution at 0°C but only

7.53 mg/) at 30°C (Boyd 1979). Decomposition rates of organic matter
increase with increasing temperature, resulting in an additional deple-
tion of oxygen content. The rate of decomposition generally increases
between 5 and 38°C. Temperature increases of{ 10°C often double the
rates of decomposition and oxygen consumption (Boyd 1979).

51. Most streams are relatively well oxygenated due to turbulent
flows and continual atmospheric exchange. In quiet pool areas with
dense algal vegetation, diurnal variations in the concentration of
digssolved oxygen are directly linked to the amount of photosynthesis
and respiration taking place in the system (Hoskin 1959). Oxvgen con=-
centrations are highest during the duy and lowest at night.

2. The concentration of oxynen in tailwaters depends on the
tyve of reservoir, depth of water release, water mixing during release
frem the dam, and downstream flow c¢.nditiens. Tow dissolved oxygen
concentrations normally do not coccur below surface-release reservoirs.
Water {rom the epilimnion is usually well oxygenated ws a result of
vhetosynthesis and atmospheric gas exchange.

5. In deep-release reservolirs, biolosical decomposition of
organic matter in the hypolimnion during the summer may result in the
diccharre of poorly oxygenated water inlo the tailwnter. The low
axymen content of these waters may not satisty the biologsical and

chemical demand, especially if there are wlditions of domestic and

industrial pollution downstream from the dam (Fish 1959).

s, Tailwater oxygen levels may also be reduced by the oxidation
o iron and manganese present in hypolimnetic releases. This reduction
may cause physiclegical stress te the aquatic community and further
roduece the nassimilation of organic wastes by stream organisms. Low-
cxveen conditions may also intensify the potentially toxic effects of

sthor ehemicnl conctituents—-including ammonia and hydrogen sulfide,

which are often present in the anoxic hypolimnetic water.




55.  Reaeration of Jdeoxygenated water can be rapid, and serious
oxygen depletions cnn e avoided 17 tailwater conditions are such tha:
biclogical and chemienl oxygen demainds ire not excessive. Wirth et al.
(1970} documented i consistent concentration of 7 me/1 dissolved oxyeen
in discharges from a deer-relense reservoir in which the hypolimnion
wis devoid of oxygen. Reneration during discharge is credited with
maintaining the high dissolved oxygen level.

5G.  The rate of reneration below deep-release reservoirs depends
on the turbulence of the flow in the tailwater, atmospheric influence,
and extent of photosynthesis by aquatic vegetation below *he dam. Low
oxyren levels may persist farther downstream during yenk flow periods,
when rirfle areas nre inundated and more laminar flow conditions exist. j

Below an Oklnhoma hydropower profect, dissolved oxyeen concentrations

were low (1.5 me/1) vor .0 km downstream during reriods of moderate
sischree, but oxtended 8 kmodownstream (2.0 me/1) at peak flows

(Meamers 106L)

e

T, Oxyren cconcentrations greater than 5 me/1 are generally pre-
Sorret by moss otream Tish (Pry 1060).  They appear to survive well in
coresrs where disaclved oxyeon content occasionally falls below 5 mg/l

‘ wro et bat o rleen above this level during the day. Certain current-

viorso b ames e invertebrates ean withstand dissclved oxyegen concen-—

e T s fthan 1 ome/1 i1 current velocities remain high {Rovee

Soe When Hoccived o oxyeen deficiencies occur in tallwaters, they
adverse Ty aUTeet che henlth of fich through suffoeation, growth retar- 1
<
iot lorg, and decreaced dlcense regsistance. Macroinvertebrates muyv alsoe |

HTTeet el byt telerant organisms usually replace those

. ? and ned the areas beeause of low oxygen levels.,  Oxyvgen
f}i cerethops that oare net oereat enough to retard fish growth generally
g y St Impadr U0 o rersaprees (Doudoraff and Shumway 1067).
t.; L. Gae ccneresturation., Oas supersaturation can occur in tail-
n
‘ waters when we' o in o opilled over high dame, trapping air and plunging
Do Ptote che strenr beleow where hvdrostatic pressure is sufficient to

“H Pnorense aolubility of atmospheric cases (Weitkamp and Kotz 1980).  The

.
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hich levels of dissolved gases produce embolisms in a variety of
fishes and invertebrates. The supersaturated gases come out of
solution within the fish's or invertebrate's body and form bubbles
aunder the sking severe cases can cause death. The condition is mocst
comrion in tailwaters below hydropower reservoirs in the Pacific lorth-
west atid nas been attributed to bouth spillway and turbine releaces
reiningcen and kEbel 1970; Ruggles and Watt 1975). <JCrunkilton ct al.
{1950) reported on the cccurrence of as supersaturation in a warm-
witer tuliwater in Missouri. Spillway deflectors are reported to
etrrectively reduce the level of gas supersaturation in water passing
over a opillway (Weitkwsp and Hatz 1980).

dydrosen ion concentration gnd alkalinity

0l. The distribution of oryanisms in an aquatic system is deter-
mined to 4 large extent by the hydrogcen ion concentration (pH) of the
water., Jhwntes in the pl of surface waters are often brought about by
additvion or removal of 20 during phctosynthetic activity, decomposi-
tion ol organic matter, and gas exchange. Fluctuations in pH, unless
extremne, are not harmful in themselves, but variations may intensify
or Jecrease the effect of toxic subsiances within the water column
{Fry 1960). Waters with a pH from 6.5 to 8.0 are mest productive,
and fish j.opulations are unaffected by slight deviations within this
rance (Fry 1960). Additions of acid mine drainage or industrial
wastes may result in extreme deviations from thesec acceptable limits
and stress some aquatic organisms (Edwards 1978). Aquatic insects
have been shown to have little tolerance for pl below L (Canton and
Ward 1977). Effects on fish become lethal when the pH falls below 4
or rises above 11 (Swingle 1961).

61. Diurnal fluctuations in pH of unpolluted surface waters
are reduced through buffering by an alkalinity system of carbonates
and bicarbonates, and the degree of buffering effectiveness depends

on the concentration of these substances in the watershed. Total

alkalinity may range from less than 5 mg/f& as CaC03 {little buffer-

ing capacity present) to several hundred milligrams per litre (Boyd

1979).
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Productivity in natural waters is related to their total alkalinity
(Meever 19605 Hayes and Anthony 196L). Waters within an alkalinity
rongte off 00 to h00 me/1 nre generally considered biologienlly more
rroductive than those with higher or lower alkalinities (Movle 1945).

(2. There are no apparent trends in pH and alkalinity values in
tiiilwater:, other than sensonal chanpes brought anbout by thermal stra-
tification (Vanicek 19067; Pearson and Franklin 1968),  Lacterial Jde-
compousition of orranice matter in the hypolimnion increases the concen-
tration of earbon dicxide, thereby reducing the (I in the tailwater.
Turbulence in tallwaters inereares gan exchange, which reduces the con-
centration of carbon floxide; consequently pH rises as the water flows
Jownstream.  Alkalinity values in tailwaters below hypolimnetic release
reservoirs are reduced during spring runoff but increase during the
sunmer, when the reservoirs become thermally stratified (Vanicek 1967:
Chiaries and Melemore 19773; Hannan nnd Youns 107L).

Particulate orsanic matter

~

(3. Particulate organic matter (TOM)., the orsanic compenent of
the aeston (Cole 197%), is the main food supply for detritivores in
natural stream ccenoystems.  Concentrations of TOM present in o stream
are often positively correlated with Tlow rales, which are, in turn,
Jetormined by the amonunt of rainfa1l in the watershed (Webster et al.
1070),  Concentrations of TOM are hichest during leaf fall in autumn
and this source is graduaally derleted from the astream during the rest
v the year,

vl The TOM may Lo separated into conrse and Tine fractions. The
conreer materials tend Lo move enly o short distance downstream before
they are trarped by obstruetions snd reduced in size by mechanical and
binlogieal procenses,  The Tiner particles are generally carried
farther downstream until o voduction in the flow velocity allows the
purticles o setbtie ont.

(0, Deep-relense reservoirs reduce the transport of most sus-
pended POM Lo the ctream berow.  Settling and decomposition in the
reservoir may remove 70 to 00 percent of the particulate organic matter

introduced from the watershed (Lind 1971: Armitase 1077). Most

e
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allochthonous oreanic matter is washed into the reservoir during high
wint *r or sprins flows and is subsequently decomposed and transformed
int. disoolved nutrients during the period of summer stratification
(Webster ot a1, 1979).  The loss or reducticn of this food supply for
bacreria, Dyl qind certain nacroinvertebrates ean redyee the abun-
frrree 0 theoe oreanisms in Yhe tailwaters,  Denoity currents with high
covele U POV omnay Clow throwrh recserveirc-—undernent by throush, or above
the wain body of water——and be diseharesd inte the failwater, and when
cHis occurs concentration o0 POM in the tailwitcr inerenses,
ct nocontrart g oo ethee~relence rocervodirs tend Lo inerease the
concentratian o8 POM I e tailwatop throwth Yhe dlschargse of large
vopulaetions of cestonice ekt on produced {n o the evilimnion of the
recervoic,  The amount of elarkton receivesdt from the recervoir fluctua-
’ ton sensonallys it 1o prewtost duringe ponk product ion pericds (turnover)

. inoaprine and Tall. Microgseston in the effiuent of Lnke Laurel,
Catirornia, was 8% percent more abundant than that in fthe inflowing
streanm (Maciolek and funci 1902),  Bilter fecdine invertebrates miLy
flourish below these epilimnetic relense reservoirs due to the in-
creacad availability off food particloens.

\ CTL 0 Concentrations of TOM in tallwaters below reserveirs with

y short hyvdranlic recidence Limes may not 41 ffer substantially from those

in reservoiv intoowe.  Chort hydeaulice residence time does not allow

corficient Lime v opreodaction off enoweh phytoplankton or settlement
and deocomesition of enouch suspended organie matter to significantly

atter the POYM eoncentrat ion received by the tallwater.

inerals and mitrients characteristic of the surrounding

!

2
~\

witershod are earried into strenms by surface runoff and tributary

v

-

intlow.  MThe amount of nulricnts made available to a reservolr depends

L

Ll A 0
. a
=t Pam. ..

oo the nature o the soil, amount of rainfall, local agricultural
practices, and domestic and industrial sewage inputs. OSignificant

orm increases in minerals and nutrients daring periods of

short=t
¢ intense riune T are characteristice of amaltered strenms; whereas waters

released Srom reservolirs are more uniform in mineral and nutrient
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content (Wirth et al. 1970). Nutrient enrichment of a tailwater is a
function of the enrichment of the reservoir above, reservoir strutifi-
cation, depth of release, and hydraulic residence time.

69. Stratified reservoirs that have surface outflows trap nutri-
ents in the deep hypolimnetic waters (Wright 1968). Total dissolved
solids, nitrogen, and phosphorus concentrations decrease in the epilim-
nion during the summer through the nssimilation of these nutrients by
scaconally increased phytoplankton populations. In addition, adsorp-
tion to clay particles and subseguent settling may reduce phosphorous
concentrations in the epilimnion. Moribund plankton from the epilim-
nion and organic material carried by the iunflowing water continually
settle out, enriching the hypolimnion as decomposition and nutrient
transtormation tuakes pluace.

70. The retention of nutrient rich hypolimnetic water may in-
crease the potential productivity of the reservoir (Murphy 1962); ;
however, continual inflows of dissolved and suspended nutrients may
result in a noticeable deterioration in water quality (Johnson and
Rerst 1965). The biologicul productivity of the tailwater below a

stratificd surface-release resgservoir is reduced during the summer ]

because of the decrease of dissolved nutrients in the discharge. 1In
the rall, however, after the reservoir becomes vertically mixed and
nutrients are uniformly distributed in the water column, the nvail-
ability of nutrients in the tailwater is increased and productivity
improved.
71. Deep-relense reservoirs discharge the nutrients which accumu- i

late in the hypolimnion during stratification. The reduced oxygen ‘
concentration, resulting from decomposition, enhances the accumulation

of dissolved nutrients (Hannan and Young 197L). As a result, more

nutricnts are discharged from the hypolimnion in the form of readily
usable ammonin and dissolved phosphate. The release of clear, nutrient-
rich water, more fertile than that released from the surface, often

results in increased productivity in the tailwater. Objectionable

taste, odor, and excessive alpal production are often associated with
these releases. Dense algal mats, sometimes established below these
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reservoirs as a result of the increased mmtrients, are usually asso-

ciated with tnereansed mumbers of fnvertebrates, providing a food base

rfor tailwater fish.,  Tnereased alpal erowih and the subsequent increases

in macroinvertebrates ean oid in the establishment of a trout fishery
(Pritoer 1000),

Reduced compounds in toilwaters

72, Hyp- Timnetic discharpes may contain high concentrations of
roduced Tron, manganese, sul fury, and ammonia produced by naturally
occurring annerobic processes. High concentrations of these materials
my be toxic to tailwater biota, or affect certain life stapes at
sublethal lovels (Lehmkuhl 1070).  Dissolution of these substances from
the soil and decomposed orpanic motter occurs in the rescervoir when the
hypolimnion becomes annercebic and the redox potential is lowered. A
combintt ion of these eolements may have a synergistic effect, so that no
one e lenment or oconpennd i solely responsible for toxicity to the biota
(o Mo Gricole, Auburn Univeraity, nnpublished m:musoript). The re-
lease of anoxic hypolimnetic witer may voduce combinations of toxic
clements that normally would not be present in unaltered streams or in
epilimnetic release tailwiters.,

T4, Tron and mangancse.  Soluble reduced forms of iron and man-

vanese begin to oxidize upon release from the reservoir and precipitate
it the rform of ferrie and manganic hydroxides that may stain concrefe
and rock surfaces in the wailwaters.  These poorly soluble hydrous
metal oxides are a nuisance to downstream municipal water treatment
plantas,  Deposits of these hydroxides on the substrate below hypelim-
netic releace recservoirs may also affeet the numbers and types of
orFsanismns precent . However, (he effects of these deposits have not
beon autrficientiy decumented (Krenkel et al. 1979).

Th.  Tron concentrations in neutral or alkaline waters usually
range from 0.05 to 0.00 me/1 (Stumn and Lee 1960).  The highest accept-
able concentrations of iron are 0.30 mg/l in domestic water supplies and

1,00 mes/1 tor tfreshwiter aquatic life (U. &. Environmental Protection

Arency 1976).
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75. The chemical characteristics of manganese are similar to
those of iron; however, manganese has a slower oxidation rate and forms
more soluble salts than iron. Manganese concentrations are not as
erfectively eliminated from the water column by precipitation (Wetzel
1975). Soluble forms of munganese are therefore more persistent in
tailwaters, Below stratified deep-release reservoirs, manganese con-

centrations may exceed 1 mg/l, which is greater than concentrations

found in most freshwater environments (Churchill 1958; Martin and

Stroud 1973). Concentrations less than 50 ug/l have been found to
inhibit green and bluc-green algae in streams and to favor diatoms
(Wetzel 1975).

T6.  Hydrogen sulfide. Occurrence of hydrogen sulfide in hypolim-

~

netic discharges is the result of the anaerobic bacterinl decomposition
of organic ulfur compounds and the reduction of sulfates to sulfides
within the reservoir.  Hydromen osul fide concentrations are highest and
most texic under acidic eonditions (low pl).  1n neutral or alkaline
weters, the culfides combine with iron, forming insoluble ferrous
sl tide, which precipitater from the water. Thus, hydrogen sulfide
appears only when off i {ow g oxyveen content is near zero, or when
w1 i lable fron has been precipitated from neutral or alkaline water
(Uvrons ot b, Tadh) K
TS. Dischorees witlh hyvdrogsen sul fide concentrations above 0,000
voo/ 1 have o objectionable odor and may resnult in fish kills and in a

rednction in o divess oy of henthos and algae. Omith et wl. (1970)

veropeted o U =hone “‘un o 0,019 me /1 for bluegill epro at 21.0°C and
Yo=hiear 1] 0.050 me/1T vor adult bluerills at 19.6=00.3°C. Fish

dio=sfra and crdverse benthic responses heve been nttribited to hich

L 1o o hydrogen sulfide (Wrigsht 196G8) .

L Ammonin. Ammonia nitrogen (NHQ—N) is a by-product of organice
reeorneosition (Cols 1975%). T some situations, depending on the pHoof
the witer, NHQ miy be toxic to living organisms. Concentration of NH3
ineenses s pl inerenses, and NH3 is most toxic when both dissolved

axyeen and carbon dioxide levels are low (Boyd 1979). Toxicity is also

qrrvected by temperature and alkalinity (Tloyd and llerbert 1960).

-8
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Concentrations between 0.6 and 2.0 mg/l are lethal to fish after short-
term exposure (bhuropenn Inland Fishery Commicssion 1973, in Boyd 1979).
Pathological changes in tish organs and tissues have been noted after
continuous exposure to sublethal concentrations between 0,006 and 0.34
me/1T (mith and Piper 1975, in Boyd 1979).

T9. In late summer or early fall, the concentration of NH3 ir -
crengses in the anoxie hypolimnion of stratified recervoirs ar the
reanlt of extensive anaerobic decomposition of organic matter. Addi-
tional HH  may be relewused {rom the bottom sediments or may be carried

)
into the hypolimnion by density currents (Hannan 1979). Consequently,
ammonin concentraotions in tailwaters below hyrolimnetic release dams
terd to dnervence during Iate summer or early rall. Ammonia concentra-

tions aleo increase in tailwaters below epilimnetic relense dams during

Call, oter the fall overturn,




PART V: METABOLISM AND TROPHIC STRUCTURE

80. The assembluage of organisms living in a particular reach of a
taillwater may be considered a biotic community. In this community, the
interactions between the various types of organisms (i.e., primary
rroducers; primary, secondary, and tertiary consumers, etc.) are based
primarily on their nutritional requirements and feeding hubits. The
complex nutritional and energy cycle that results from this interaction
is often referred to as the trophic system, within which each type of
organism occupies a particular level.

81. Energy enters the tailwater trophic system in the form of
light energy and nutrients and detritus. These materials are used by
the primary vroducers :and consumers that make up the lower trophic
levels of the system. FEFnergy is progressively transferred upward
through the system when the organisms in these lower trophic levels are
eaten by the secondary und tertiary consumers that make up the higher
trophic levels.

37, As the energy is transtferred from one level to another,
losses result from the partinl use of the availible enecrgy required for
maintenance and reproduction.  Generally, each successive trophic level
contains only about 10 percent of the energy available to the preceding
e (Ruscell=Hunter 1970).  The net result is that only a small rer—
contaye of the sripginal energy is available at the highest trophic
fevel,  Greqter biomass production at the primary level, enabled by
increaced input {e.e., primary production, detritus), usually results

in sreater biomass production at the highest trophic level (Bovee 1975).

Streams

83, In rtreams, metabolic essentials are not recyclied and must be
constantly supplied from upstream sources or streamside vegetation.
Metabolic activity and productivity are additionally governed by the

compoasition and sources off the nutrients entering the stream and how

eficiently they are utilived.
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84L. Stream organisms take up, transform, use and release organic
materials, thus acting as procegsors of the organic material passing
through the system (Fisher 1977). Fish, the largest organisms in the
stream community, usually represent the top level of the food chain.
Their abundance reflects the quantity of primary and secondary produc-
tion that takes pluce in lower levels of the trophic system.

85. The organic content of a natural stream system comes from
allochthonous and autochthonous sources. The metabolism for both
sources is based on the supply of detritus which is used as food by

detritivores and omnivores and furnishes dissolved nutrients to the

primary producers. An allochthouous system (heterotrophy) is based
primarily on organic material that is carried into the system from the
watershed. Autochthonous systems (autotrophy) Jerive their energy from
rhotosynthesis that takes rlace in the streambed. These systems are

. most representative of slower flows, which enable a buildup of peri-
vhy*ic vegetation and, occasionally, vascular plants.

86. In contrast to the source of organic muterials in most 1
ecosystems, that in streams is derived primarily from allochthonous
sources (Hynes 1970; Curming 1974). A headwater stream, for example,

, may derive 99 percent of its energy inflew from allochthonous origins
anl the remaining 1 percent from photosynthesis (Fisher and Likens
19733 Cummins 197L). Higher order streams may also depend on alloch-

thonous scurces of energy.

87. As much as 60 percent of the total organic matter taken into
the streqm from allochthonous sources may be in the form of leaf litter

(Cummins 197h). Additional allochthonous materials may be in the form

< of twigs and shoreline debris or dissolved nutrients from watershed
?: runoff. Leaf material may be found in suspension in the stream or
’51 deposited on the streambed (Minshall 1967). The leaves are rapidly
L colonized by fungi and bacteria, which aid in processing the material
'§ into fine particles and dissolved organic mutter. The dissolved
Tf nutrients released during decomposition are then available for use by

primary producers. The colonizing fungi and bacteria are in turn used

a5 ood by the shredding and scraping invertebrates that are involved
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in the mechanicnl aspects of leaf decomposition. The fungi and bacte-
ria may be the primary source of nourishment for these invertebrates,
cince some leaves have been shown to be of little food value. These
invertebrates, in turn, make up the primary prey of predators in the
hirher levels of the trophic system (Cummins 1974).

28, The structure and complexity of the benthic community may
change with the amount and variety of plant detritus present in the
system (Beelishuw 19695 Mackay and Kalff 1669). As the organic material
breaks down. the variety of food becomes more aiversified, producing a
similar response in the invertebrate community. Seasonal shifts in the
diversity of the stream invertebrates are related to changes in food
supply and other natural changes during the 1life cycle of the organisms
(Mackay and Kalff 1969).

89. Since many aquatic invertebrates nre able to process organic
ruitter at low temperatures, much of the organic material in streams is
used during 4211 and winter. However, not all of the organic matter
entering the system during Tall is used. Some of the material is
stored in the slower depositional zones of the stream, where it remains
until used by the atream biota. These zones act as energy reservoirs

and help maintain the biota annually. Material in depositional zones

may be redistributed during flooding. This redistribution may be
important in slow-wnler zones, in reducing the occurrence of oxygen
deficiencics that could develop during cxtended periods of reduced
flow.

90. Autotrophic production varies as a result of differing envi-
ronmental situations (e.g., changes in shading, turbidity, water
veloeity, and water chemistry). Autotrophic production is greatest in
streams with 1ittle shading from streamside vegetation, and in small
streams in forested areas before and after formation of a leaf canopy
(sprine and £all). Photosynthetic activity is greatly reduced in
henvily chaded streams, even when adeguate amounts of nutrients are
available.

91. Autotrophy may be the major contributor to the energy budget

of Inrpe rivers or small uneanopied streams (Minshall 1978). Removal
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of a canopy results in a shift from a heterotrophic to an autotrophic
system, as stream temperature and photosynthetic production both
increase (Gelroth and Marzolf 1978). Photosynthetic activity by
periphytic algac takes place primarily in shallow, well-oxygenated, and
well-1it stream bottoms. The periphyton is usuully the first auto-
trophic component to become established in a stream, and is most preva-
lent where flows are least variable. Phytoplankton become dominant in
rivers and large streams where depth and turbidity inhibit benthic
vroduction by the attached algac (Fisher and Carpenter 1976).

92. Paster current velocity in riffle areas, as opposed to pools,
results in inereased rates of net primary productivity (Kevern and Ball

) 1065).  Steep diffusion rsradients between plants and available nutrients

are formed in the tast=rlowinge water, allowing for more rapid assimila-

tion of vit:l substances by the attached algue or macrophytes. Because

N

4

R of thege gteep diffucion gradients, many alral svecies grow best in
owift currenvs (15 em/oee) (Whiteford 19603,  Thosphorus uptake may be
over 10 times reater and respiration over 70 percent greater in swift
water {19 em/ece) than in still water (Whitford and Schumacher 1961).
o5, Dense, feltlike, dark freen or brownish communities, con-

sioting mostly ot diatoms, may be established in streams with swift

y currents {MeTntive 1966). Diatoms such as Gomphonema, Diatoma, or

Mavicula, which roquire high light intensities and solid substrates,
are commenly ound in awift streams in association with filamentous
21gace such »s Cladophora.  The nccummlation of attached algae on gravel
and rubble is more rapid in fast currents, but the growth stabilizes
after a time sn! the total blomass per uni' aren is similar to that in

slower euarrents.  However, higsher nroductivity is maintanined in the

[
-~

coter eurrent, allowine o ereater oxport of biomass (MeIntire 1966).

o'

9k, Olow currentes (<15 em/sce) may allow associations of green

I v
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Silamentous alpae (inelnudine Stigeoclonium, Oedogonium, iand Tribonema)

to tovelop (MeIntire 190AG). These nssociations appear as bright green
deeroeationg oimilar to those found in ponds.  Concentrations of
< oreanie matter are usually higher in strearms dominated by green algae

. than in those dominsted by diatoms. Conversion from a diatom-moss
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association to a community of filamentous green algae (possibly
associated with rooted aquatic macrophytes or diatoms) may indicate a
shift to a more autotrophic stream system (Cummins 1974).

95. Macrophytic vegetation develops in streams where flows are
relatively stable. This vegetation is seldom consumed and therefore
«loes not directly contribute to higher trophic levels while alive
(Cummins et al. 1973; Fisher and Carpenter 1976), although they may
: . serve s a surface tor periphyton. However, when the vegetation dies

and Jdecomposes, it contributes organic miatter to the system. Streams

subject to severe changes in flows physically 1imit the development of
significant plant growth. Additionally, these plants are not found

wnere insolation to the stream is low or where the water is relatively

deep and turbid.
- Tailwaters

96. A vuricty of Lvpes of crpanic matter, leawves, POM, algae,

ete., must be present in the ntream to maintain ecosystem diversity

(Curming 1972).  iwever, recservoirs aet as particle traps, interfering

\ with the pascaee o7 detritus int the tailwater., As a recsult, detrital
materianl from the watcrshed, imrortant in energy transformation in
nataral streams, o lareely unavailable to a taiiwater system.

97. lutrient matericl present in the clear discharges of hypolim-
netic release reservoirs Is primarily in a dissolved state as a result
of decomporait ion by-praducts that accumuluté in the hypolimnion (Odum
1971).  Woter discharged Trom the hypolimnion may be more fertile than

< that from the epilimnion because o1 the concentration of these dis~

; aolved nutrients in the deep water.

ii 9, failwaters immediately below hypolimnetic release dams are
{ autotrophic because concentrations of dissolved nutrients are increased )
"j ard turbidity is decreased.  The clear, nutrient-rich discharges are
prrticularly inportant in tailwaters with stabilized flows because they
facilitate the production of dense alpal prowths (Stober 1963; Ward

197¢b). However, as the water moves farther downstream, conditions

3
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(i.e., increased turbidity, reduced nutrient availability) become less
conducive to algal production. The gradual increase in the detritus
load due to allochthonous input results in a reversion of the tailwater
to a heterotrophic condition in which the algal community plays only a
relatively limited role. It may, therefore, be possible for a section
of stream below a reservoir to shift from an autotrophic system in the
immediate tailwater area to a heterotrophic system downstream, with an
area of transition in between.

99. Two genera of filamentous green algae, Cladophora and
Ulothrix, are commonly found below deep-release reservoirs (Stober 1963;
Ward 1976b). Mats of Cladophora were located in riffles in the first
9.6 km below Tiber Reservoir, Montana (Stober 1963). The formation of
these algal mats may physically inhibit the production of the most
desirable Tish food organisms but may attract other taxa (Welch 1961;
Wars 1976b). The alyal mats may act as barriers to corganisms that
require deeper substrates for completion of their life cycles (Armitage
1976) .

100. Vater discharged from surface-release reservoirs, whether
strotified or not, may contain significant amounts of plant debris and
detritus, but the primiry source of organic matter in the tailwater is
plankton produced in the reservoir. Plankton can be used directly by
secondary consurers in the tailwater or, after death and decomposition,
may add to the particulate organic matter that is available to both
nrimary and secondary consumers. Thus, most surface discharges from
reservoirs supply particulate organic matter to tailwaters, and deep
discharges supply dissolved organic matter.

101. Phytoplankton mny occur in zones of the tailwater where the
witer velocity is reduced and the streambed widened, and adequate
nutrients are available. However, phytoplankton numbers decrease as
the water flows farther downstream because of depletion of nutrients,
increased turbidity, and simple mechanical destruction (Hartman and
Himes 1061).

107, Storage of inflowing water for extended periods (e.g., as in

flood control reservoirs), accompanied by reduced downstream releases,




may result in bank stabilization and

strenms lde vepetation in

these arens incerenses both

allochthonous materials

phytic veretation and periphytic algal

tailwiter

the amount

the eventual establishment of

reaches. Otreamside vegetation in

shade and the quantity of

the tailwater.,  The establichment of macro-

crowths are alco enhanced when

stebiliczed flows are accompanied by reduced turbidities (Ward 1976b).

107, Manapement schemes Tor some reservoirs require that dis-

charermers be roloensed at irregular
! f

flood contrel reservoirs may be

arratic,

intervalo,  For example, releases from

sirce they usually devend on

duration and ameuant. oF rainfall in the watershed., Thece flow irregu-

Taritices reodt inon brief buildup of detrital materind in the

H

storoambed o Lhe tailwatoer duringe minimm relesses.  The snbsequent

ol of Mmoottt waters

from the reservolr may scour the tailwater,

resiitins tnor physical dismution and alteration of the stream similar

chbeeto i nnbaral otre

ar s ftes o heavy rainfall (Trotzky 1971). The

vl s ile relennes ey awest the cireambed free of necumulations of leaf

U Ler i deteitue doroaeited by oadjocent strenmside vesetation (Ward
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105, Taiiwaters are hicghly

yrotal ion and

sireambed 21l mrowth., Thoese

Timil the failwater bicota, which might other-

nodiffled environments that may be

Sabfeeot, Lo extrome condiiions not normdl 1y Sonund in natural streams.

Docone of theoe podi flest fonn, Yhe

tailwater biota may be disraptod or

e i, Wity develotment will resnlt in the ereation of n trophic
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PART VI: AQUATIC INVERTEBRATES IN TAILWATERS

Invertebrate Ecology

Streams

106. Benthic stream communities are extremelvy dynamic and are com-
posed of a large number of species {Patrick 1970). Many have intricate ;
life cvcles adarted for survival in the changing environment found in

most streams (Brusven et al. 1976). Their life cycles are charucterized

by short generation times, high reproductive potentials, and reduced
body sizes (Patrick 1970). The ndults of most important stream insects
are terrestrial, short-lived, and concerned only with breeding and
dispersal (Hynes 1970).

107. The bottom fauna is not randomly scattered and its distribu-
“ion results from interaction of the invertebrate's habitat requirements
with the varying environmental conditions that exist in different areas

of the stream (Allen 1959). The mosaic pattern of distribution ex-

hibited by benthnic organisms is primarily determined by current veloc-
ityv, substrate type, and food availability (Ward 1976a; Minshall and

, Minshall 1977). In addition, temporul and spatial temperature differ-
erices affect the presence of both individual species and life stages.
Temrorary ceolonization of microhabitats produced by changes in these

varinbles increases the taxonomic diversity of the stream benthos and

ensures a year-round food supply for fish (Ward 1976b). Outside inter-
forences (e.e., vollution, impoundment) in a stream system tend to

reduce the benthic diversity as a result ot the reduced diversification

- € Af available microhabitats (Ward 1976a).
- i 108, Flow., Current velocity may have the most influence on the
f;i rersulation of invertebrate distribution and abundance, especially at
L cpecific sites in the stream (Chutter 1969; Giger 1973). However, the
2'§ influence of currert velocity on invertebrate densities in different
7: sections of the stream may be masked by the effects of other variables
o] (Chutter 1969}, Some stream organisms have morphological respiratory
2 L4 and feeding demands that require them to position themselves in Tlowing
g
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water (Ward 1976a). As long as the stream velocity remains relatively
high, and the supply of food and oxygen is adequate, these organisms can
survive (Bovee 197%). However, life stages adapted to fast water die
when subjected to slow current and reduced oxygen because they are phys-
iologically unable to adjust to the altered conditions. Relatively high
stream velocities are required to ventilate the delicate gills of these
organisms and they must be exposed to the current (Giger 1973; Armitage
1076).  In addition, filter-feeding insects are deprived of food if the

current fails to carry materials into their food-gathering nets.

109. Many stieam organisms move about in a "boundary layer" or
dead-water zone (up to 1 mm in thickness) near the interface of the
substrate and wuater where current velocities are substantially reduced
{Arbhihl 1959; Ward 1976a). The boundnry layers and dead-water zones
formed in and around substrate components provide many types of habitat
and locations for invertebrates. Rough substrates result in an increase
in thickness of these boundary layers and a tendency toward more rapid
reduction in the current velocity (Bovee 1975).

110,  Strong stream currents discourage free-swimming invertebrates.

Insects living in the swift-water areas are morphologically modified to
withstand the mechanical forces of the current. Most adaptations enable
insects Lo avold many of the adverse effects of strong currents by
keepine their bodies away from the force of the flow (Hynes 1970).
Fuaiforn, flattened, and streamlined bodies aid survival in swift
currents by enabling insects to "erouch” in the boundary layer. Because
morphinlogical modifications force them to face upstream, most voluntary
mevement is upstream (Hynes 1970). Temporary attachment structures are
common adaptations that enable insects to release and reattach them-
sclves after a period of uncontrolled movement in the current. Some

arganisms construct cases of small stones, detritus, or silk that are

i i anchored firmly to the substrate. These organisms catch organic

-

™ -~ particles from the water by either using morphological filtering
! mechanisms or constructing nets.

& 111. Reduced current velocities limit the abundance and diversity

A

of swift-water invertebrate communities, either physically because of

38
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siltation or physiologically because of inadequate oxygen and nutrient
exchange (Giger 1973). An extreme reduction in current eliminates
species that are dependent on flow for respiration and food procurement
(Sprules 19L4T).

112. Freshets, flow cessation, riffle sedimentation, water level
fluctuations. and unstable substrates result in changes in the species
composition and may catastrophically reduce the stream fauna (Sprules
19475 Peterson 1977). Severe floods and spates scour and flush insects
from the. streambed, leaving only the species able to withstand the in-
creased flows (Hynes 1970). Scouring may reduce the numbers of insects
in a particular section of a stream by 50 percent (Sprules 19LT7).

113. Cpates that scour the stream substrate result in temporary
dislocation and dispersal of invertebrates, but the density and struc-
ture of the community may recover to preflood conditions within 30 days
if the insects are not dispersed over great distances. After seven
floods in Big Buffalo Creek, Missouri, the structure of the invertebrate
riffle community was very similar to that found in the same location
before the floods {Ryck 1976). Appirently, enough organisms are left
after spates or other disturbances to repopuliute the stream section.
They escape the effects of the disturbances by maintaining themselves
in the protected arens of the stream where flow is reduced (Patrick
1970).

11L. Most stream organisms are protected from the effects of
severe flooding and relatively short periods of dewatering because they
are imbedded in the upper 15 to 22 cm of the gravel substrate (Hynes

1974). The movement of trichopterans into deeper strata of the stream
bottom may be indicative of their response to scouring or to increased
sediment Toads that accompany flood waters (Poole and Stewart 1976).

In addition, extended hatehing periods and firmly attached eggs also
ensure that certain species are not eliminated during stream distur-
bances (Hynes 1970). The reporpulation of a riffle sections is probably
a result of o combination of several factors, including downstream drift,

ur-ctream larval movement, and upstream egg-laying flights of adults

(Rvok 1076).
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115. Bubstrate type. In most streams, pools and riffles form the

most distinctive types of habitat. Formation of pools and riffles is a
combined process of dispersion and sorting of the bottom materials.
Pools are ussociated with stream bends, and riffles with crossings and
inflections in the streambed. Fine particles are washed away from
riffles und deposited in pools, leaving only the larger gravels and
rubble in the riffle area (Yang 1971). Ritffles provide optimal environ-
mental conditions for many speciles and are diverse, productive inverte-
brate habituts. TInvertebrates produced in riffles may potentially be
swept into the pools, where they are likely to be eaten by fish

(Peterson 1977). More insects ure usually produced in riffles than in
powls or on bedrock or submerged vegetation because current velocities
are higher in riffles and rubble substrates increase the availability
and uumber of microhabitats. Insects inhabiting the pool ureas are
similar Lo those found in ponds and lakes and feed on the accumulation
of areanic matter that forms cediment (Krumholz and Neff 1970; Cummins
197").

11¢. Tntermediante zones, which may occur between stream riffles

and pools, are called "runs" {(Luedtke et al. 1976). These are areas of
moderate flow over relatively shallow stretches of the stream and may
be Jdepositional or erosional, depending on the current velocity. The
tdentity nnd abund:nce of benthic fauna present nre determined by
whether the nrea is in a depositional or erosional zone,

117. The benthic faunn associated with specific cubstrale types
cenerally forms a well-defined community. Any change in the substrate
resulis in an accompanying change in invertebrate species {Sprules
19475 DeMarch 1976).  Large rubble (L5=70 mm in diameter) has a variety
of microhabitats, which may be inhabited by all sivzes of insects. This
type of substrate is fonnd in swiftly flowing arens of streams where
rmaller sized substrate materials are washed away. The organisms
found here are adapted to living in habitats that offer reduced contact

with the current (Cummins 1966). Invertebrates nble to survive in

small-particle (5=-"% mm) substrates are, by necessity, small and




resilient (Oprules 1947). Their microhabitats are commonly destroyed
or altered during high, irregular flows.

118, Manipulations ot streamflow may alter the detrital "trap"”
capucity of the substrate and ultimately affect species composition and
stream productivity. Omall detrital particles and silt tend to accumu-
late excessively in the interstices of small-particle substrates,
whoreas In rubble habitats the interstices are swept clean by the
current. As a result, many aquatic insects prefer substrates composed
of moderately sized (2545 mm) particles because they serve as a better
benthic food trap without veducing habitat diversity (Rabeni and
Minshall 1977).

119, Some species of insects are able to take advantuge of in-
creased sedimentation, but usually suspended and settled sediments
adversely at'fect the invertebrate population. At low flows and reduced
current. veloeeities, silt and sand seal the interstices in 1 rubble
substrate,  This senling restricts access to the undersurfaces of the

stones and rmenerally reduces the number of usable habitats. The sedi-

ment 1o ennily digpineced into suspension at higher 1lows and settles
ot in depositions! zones where tlowe are reduced. The problems
cauveit by sedinenta nre cometimes lessened by the development of ear-
pets o aleae over the streambed, which may replace miecrohabitats
filted in with scdiment (Rrusven and Prather 1974).

170, Macreinvertebrates apparently migrate out of arens exposed
Lo heavy sediment loads.  Their response to sedimentation is rapid, and
nnly o few dayvas are required for numbers to decrease significantly.
Conversely, their cesponse o n decrease in sedimentation results in a
rapid recovery of the community. Oandy substrates are generally un-

suitabice for insece! produetion because of the instability of the sand

prarticles and the thinness of the protective "boundary layer." Up-
stream movement of riftle incects in sandy arenns is generally precluded
by Lhe eoffects of current. on the fine, loosely compacted sediments. Low

current velocities and rubble substrate facilitate upstream movement of

invertebrates (Leudtke and Brusven 1976).




121. Food. A mature stream ecosystem is highly diverse, and
includes complex food webs (Krumholz and Neff 1970). The increased
complexity of links in the food web increases the¢ chances of survival
of the stream community. A fluctuating autochthonous food supply
supplemented by allochthonous nutrients increase: survival because
species are not restricted to a single food item (i ussell-Hunter 1970).

122. Although benthic crustaceans, mollusks, and other small
invertebrate life might be present, aquatic life stages of insects are
the most abundant forms of primary consumers in most streams. Their
diets vary greatly (e.g., the forms represented may include herbivores,
detritivores, carnivores, and omnivores) and some forms shift from one
source to another seasonally (Chupman and Demory 1963). A change from
herbivory in the early instars to carnivory in the later instars is
common (Anderson and Cummins 1979).

123. Food gathering and the associated morphological and be-
havioral adaptations are the most important functions of animal con-
sumers in a lotic system (Cummins 1972). Food habits are more closely
reluted to the size of the organism than tc the species. Most early
life stages and small-sizced insects feed primarily on detrital com-
ponents (Cummins 1972). Aquatic incects are opportunistic and are able
to adjust to differing availabilities of food; very few are strictly
herbivores or strictly carnivores. Minshall (1967) noted the presence
in a smull benthic community of 1k percent herbivores, 3 percent
carnivores, and 83 percent omnivores. Food availability is generally
not a limiting factor for mobile stream organisms because they are
able to actively seek food (Krumholz :nd Neff 1970).

124, Macrophytic communities often shelter larger and more varied
populations of invertebrates when they are composed of plants with
finely divided leaves, raiher than plants with simple leaves., Herbi-
vores harvest periphyton from the surface of the leaves and use the
mane af vegetn!ion for shelter and protection (larrod 196L),

]

125, The rifUles may provide a number of diverse foods for inver-

tebrates, ranging rom piant detritus lodeged under stones to clumps of

aleae and moss ascocinted with the stream bottom. The accompanying
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invertebrate communities may differ greatly among the various types of
foocd sources (Egglishaw 1969).

126. The food base of invertebrates living in slow-water areas or
pools primarily depends on the deposition of detrital material washed
in from upstream. Water in pools may be too turbid and the current too
slow to allow the establishment of sufficient benthic algal growths,
and too deep to allow the development of significant quantities of
macrophytes.

127. The aquatic insect component of the stream benthos has been
classified into four feeding types: shredders, scrapers, collectors,
and predators (Cummins 1973). The life cycles of shredder-type aquatic
insects are closely associated with leaf fall in autumn. Most of their
growth and development occurs during late fall and winter. These
organisms are able to adjust their growth rates to the relative avail-~
ability and quality of food. Observations on shredders have indicated
a positive sclection of leaf material that is heavily colonized by
microorganisms, both on the surface and throughout the matrix of the
leaf particle (Anderson and Cummins 1979).

128, Serapers are dependent on the production of an autochthonous
food source from which they literally "scrape away" required food
particles. The nutritional content of this potential food source
(mostly 2lgne) is much higher than that of a detrital food source
(Cofrman et al. 1971). These organisms are most often in the
meinstream channel, where the dominant foods are diatoms and fila-
mentous green algae (Cummins 1972).

129, Collectors filter fine particulate organic material contain-
ine surface colonies of bacteria and fungi from the stream flow. The
nsuimilation of nutrients by filter feeders is inefficient and much of
the mitorinl is passed downstream, unmodified, where it may be rein-
ested by other orgianisms. This process results in a type of unidirec-
tional "spioalling” eycle in which many organisms, each feeding on
different components, are able to utilize filterable organic material.
Without this filter-feeding community, much of the suspended organic

material wonld pass through the system unused (Wallace et al. 1977).
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130. Tredatory insects have high assimilation efficiences,
largely becnuse the nutritional quality of their prey is very high.
However, the quantity of prey may vary and is usually limiting
(Anderson and Cummins 1979).

131. VPFeeding habits partly determine the location and limit the
prescnce ot invertebrate types in a stream. Filter feeders live in
moving water with a seston load, scrapers in areas where algal growth
is most apt to become established, shredders in areas of leaf litter

and detrital accumulation, and predators in any or all of the available

feeding locations, depending on the abundance of the potential prey
population.

132, Temperature. Diurnal temperature fluctuations are generally
reainired for normal growth and development of stream insects, whereas y
static temmeratures are usually disadvantageous {(Ward 1976c¢). Life
hictories of most stream organisms are geared to annual temperature
cveles which cynehronize the particular life stages and stimulate
srowth (ilvnes 19703 Gove 1977). Trigeering mechanisms for excystment,

encyastment , and other vital developmental processes may not be stimu-

1nted when temperatures remain unchanged; differences of a few degrees
‘ afvect developmenta] times and durations, Higher temperatures are
accompanied by reduced concentrations of dissolved oxygen and increased
metabolic demands, and cool temperatures produce a metabolic slowdown
(Bovee 1975).  The absence of i certuain species from a stream section
‘ . my coculf from one of the specific temperature requirements not being

met o For exompie, Boeorus sp., a heptageniid ephemeropteran, has been

time for the development of diapausing eggs. Additionally, newly

H

< shown to require nenr-=Treening Lemperatures for a certain length of
;I

hatohed nymphs reguire an extended period (2.5-4 months) of relatively

high Lemporatures (18-08°C) for normal development and maturity (Britt

£ 1
§ ﬁi 19€0),

-: 133, Numbers and biomass of invertebrates in the streambed may
S
, 9 fluctuate radically because of differing rates of development and
<+
: emorpence (Patrick 1960).  Invertebrates emerge in the same sequence
i ench yvear, but the dates of first emergence and the duration of the
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hatch vary, depending on water temperatures (Sprules 1947). Insects

may emerge to mate and deposit eggs all year, but the greatest emergence
takes place during the evening hours in spring and early summer (Chapman
1966). During emergence, the population of a particular species in the
stream may be reduced to near zero {(Hooper 1973; Brusven et al. 1976).
Alterations in stream temperature during this time may cause an extended
period of ovivosition, resulting in several ages and sizes of nymphs
{Minshall 1968). Competition among the progeny of a species, as well

as between various insect species with similar life requirements, may ;
be partly averted by the stuggered deposition of eggs ana subsequent |
differences in developmental rates (Minshall 1968). The early stages
of many aquatic invertebrates are small and essentially unavailable as
fish food (Chapman 1966),

134, Densities of insects may vary seasonally, depending on
species composition. TIn northern temperate streams, the benthos
generally reaches a nurerical maximum in the fall and early winter
after eggs hateh (Cummins 1073).  Periods of maxirmum stream inverte-
brate biomass may not occur concurrently with the numerical maxima.
The greatect invertoebrate biomass generally ocenrs in the spring and
fall during peaks of growth. The abundance ot organisms with short
life eycles varies considerably with environmental conditions (Patrick
166¢).  Tf they reach maturity by fall, wlditional eggs are deposited

which underpo development. diring the winter months (Cummins 1973).

Come species, however, require a full yeur of development to reach

maturity.

1 - snvironmental otress.  Benthie stream macroinvertebrates

have traditionally been good indicators of past and present environ-
mertel steesr beesunse of their tong 1ife cycles and relatively sedentary
behavior., Caangres in community structure are sensitive indicators of
envir nment 11 alterations (Cairns and Dickson 1971). The most sensitive
arecics wre eliminated from the stream, resulting in diminished compe-
tition smomy the surviving organisms. Only those species able to
tolerate o1 wide range of environmental conditions are able to survive

when 1ife requirements become limiting (Bradt 1977).




136. Short-term exposure of the stream community to intolerable
conditions may result in alteration of the diversity and density of the
fauna. More tolerant specles increase in number, because of the lack
of competition, until they reach their limits of space and food (Cairns
and Dickson 1971). Additional alteration of an already stressed environ-
ment will eliminate one or more of the remaining species, resulting in
a major reduction in the standing crop.

Lo Tailwaters

137. Invertebrate living conditions in a tailwater are different
from those in a natural stream and are dependent primarily on the
} characteristics of the reservoir discharge. To survive, benthic
organisms must be able to adapt to the changes in primary production
and the altered physical-chemical characteristics of the tailwater
' system (Krumholz and Neff 1970; Jonasson 1975).

y 138. The effects of reservoir releases on the downstream biota

depend on the type of dam and the subsequent flow patterns, release
depths, and resiliency of the natural stream benthos. Macroinverte-
briate species composition and diversity may either be substantially
enhanced or reduced, dependirg on the characteristics of the flow in
‘ the tailwater (Ward 1976a). The benthos below reservoirs generally
respond to the nnnatural conditions with reduced taxa and increased
numbers of certain species (Spence and lynes 197la). Tailwater in-
sects are smaller and are considered to be of marginal food value for
fish (Powell 1958; Bauer 197G). The number of species increases
progressively downstream in response to the greater availability and

variet. of microhabitats nnd the presence of increased quantities of

i < detritus rom streamside vegetation and runoff (Hooper 1973; McGary
. i and Harp 1973). However, total numbers of individuals may be highest
f?i near the dam, since systems with few species often are more productive
4 and support a greater bilomiass than those with many species.
'j 139. Factors which inhibit benthic populations in tailwaters in-
'T{ clude alterations in natural yearly temperature changes, isothermal

temperatures, siltation (in some rlood-control sites), daily water-level

flictuationg, streambed scouring, reduced concentration of particulate
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organic mutter, altered water quality, and seasonally altered flows ‘
(Vanicek 1967; Horfman and Kilambi 19703 Isom 19713 Ward 1976b). Con- i
versely, stabilized flows, decreased turbidities, the introduction of
seston from the reservoir, increased nutrient availability, and the
srowth of algne and moss inerease benthic standing crops. The magnituie :
ot the Inhibiting nand beneficial effects depends on the schedule of
water release, the withdrawal depth, and the lensth of time water has
been retained in the reservoir.

140, Fluctuating flows. High releases following periods of little

or no flow result in scouring and turbidity, and fluctuating water
levels cunuse inereased bed and bank instability (Ward 1976a). Reduced
flows result in decreases in wetted nerimeter, depth, surface area,

and current velocity. Water temperatures during these periods become
incroasingly subject to ambient atmospheric influences (Pritzer 1962;
Werd 19764) . The extreme chanres in Tlow often create conditions that
are unsuitable ffor most aiream benthos. Because of this, invertebrates
are least abundant in immediate tailwater areas that are subject to

oxtreome reriodic flow {luctuations. TInsect Jdensitics in the tailwater

mey be oo much as 30 times less than those of streams flowing into the
posorvois (Powell 19583 Trotzky 1971). However, Jdownstre:nm moderation
Cothe effects of flow Tluctuation often results in the gradual in-
creqase U invertebrate densities (Radford and Hartland-Rowe 1971
Trotoky and Sregory 197k; Ward 1976b).

141, Continually fluctuating flows interfere with the establish-
mont of o otable bhenthice community because of the preference of various
snocies for g narrower range of environmentnl conditions (Pearson et al.
19GA) . Daily water level fluctuations generally reduce the production
and ctanding orop of stream invertebrates by eliminating both the
benthic feood bhise and the benthos (Bovee 19753 Ward 1976a). This
situastion 15 particularly obvious below hydropower projects where
maximum dischiarges occur during periods of peak power demand and
minimn discharses when power Jdemands are lessened. In these instances,
two entirely different stream habitats are created. The tailwater may

chanme teom o typieal pool-riffle association during minimum releases

14 "’




to a deep, swift stream during maximum releases. Most affected is the

"sone of fluctuation,”

which 1s composed of side channels, backwater
areas, and shallows. These areas alternately undergo the physical
disruption of microhabitats during high flows and dewatering and sub-~
strate exposure during reduced flows. Insects in these areas become
dislodged and physically destroyed during high flows, and they are also
subject to stranding and desiccation during reduced flows (Fowell 1958;
Trotzky 1971). In tailwaters with fluctuating flows, the lack of
permanent, clearly defined pools and riffles precludes the survival of
most stream insects.

142. Some benthic tuilwater communities subject to regular, peri-
odic water-level fluctuations may eventually attain a resonable level

" tailwaters, a few species

ot production (Odum 1969;. 1In these "mature
(probably two or three) that have adapted to the flow changes make up
the vast majority of the benthic community (Pfitzer 1962). Members of
these benthic communities apparently tolerate briefl periods of sub-
strate exposure if it is not severe (Fisher ana LaVoy 1972; Ward 1976a).
No gignificant dirference was found between numbers of insects living
on nonexposed substrates and those living on occasionally exposed
substrates {13 percent exposure time) in a "zone of fluctuation" below
2 hydropower dam on the Connecticut River, Massachusetts (Fisher and
LaVoy 1972).

143, Vepetative mats act as a refuge for insects in some tail-
waters during brief periods of exposure because of the retention of
meisture in the vegetation. Insects living near the "mat-rock" inter-
fiice are more likely to survive than those found on the surface of the
vegetation (Brusven et al. 197L).

1Lk, Tow air temperatures also increase the chances of survival
for organisms stranded in a tailwater and enable them to tolerate
dewatering for longer periods than during high air temperatures.

Brusven et al. (1974) reported that larvae of chironomids, lepidop-
terans, and trichopterans could survive dewatering for 48 hours in
e L weather, but that high air temperatures and longer exposure

reriods resulted in high mortalities,

L8
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1h5.  Tn spite of the ability of some insects to survive periodic
exposure, most insect species thal inhabit tallwaters are found in
the permanently submerged habitats not subject to daily exposure
(Fowell 1958, Brusven and Trihey 1978).

146. The lack of flow fluctuation in tailwaters below flood control
reservoirs can disrupt the benthic community. TIn fact, stable releases
ror 3 to 4 weeks followed by moderate or extreme discharges may cause
more stress and mortality Lo an insect community than the frequent
pulsed releases found below hydropower dams (Brusven and Trihey 1978).
The stable periods encourage the colonization of the tailwater sub-
strate, bul benthic organisms which are not able to adjust to subse-
quent severe flow increases are calastrophically swert downstream.

157. The high seasonul dischirges below flood control reservoirs
may nlso Jdestroy the pool-ritfle areus nenrest the dam and replace
therm with an extended "run'" section. Parther downstream, however,
nools and deer channels miy be prosent which act as buffers to fluc-
tuntingg water levels and as refuges for invertebrates during periods of

minimal relesses (Powell 1040).

148, Chivonomids are the most resilient group of insects found in
unctable areas and qare the Cirst to recolonize denuded zones -of fluc-
tuntion (MacPhee nnd Brusven 1976¢). They may be found in association
with oligochactes, amphipods, and isopods in coldwater tailwaters

subject to rapid wuter-level fluctuations (Brown et al. 19G8). These

invertebrate ngcocintions are sable to adapt to temporary periods of
exposure by either migrating out of the exposed area or surviving in

i

the thin inyer of wi'er which remains after the stream recedes.

1.9, Inzecis most nfected by fluctuations in flow are the groups
woich are senerally regarded ns quality [ish food, including mayflies,
stonarlies, and enddistlics (Powell 1998; MacPhee and Brusven 1976).
Jymphs and larvac of these specien are most subject to desiccation,
csince their epes can uosunlly survive extended periods of exposure. The
nurmber of inccects affected by icsiceation, therefore, depends on when a

Mlow reduction occurs and the 1ife otages of the insects present.

Nesiceation of the streambed would affect the population drastically




during a larval hateh, but unhatched eggs may remaln relatively un-
arrected (Hynes 1958).

190, dYtubiliced rlows. Reservoirs with stuble releases have

rele’ ively stuble tailwater substrates (Ward 1976a). The associated
invertebrate tuuna stabilizes as flows and substrites become more con-
sistent, resulting in reduced niche overlap and a shift toward community
equilibrium (Blanz et al. 1970; Ward 1976¢). Streamflow stability com-
bined with reduced turbidiiy may enhance algal and macrophytic growth
and provide additional food niches and microhabitat diversification for

chirecnomics, oligochaetes, and mollusks (Armitage 19763 Ward 1976a).

The stable enviromment and predictable resources tend to elimiratce some
svecies, resulting in a less liverse Taunal assemblare with hicher
standine erops of the species present (Ward 1976bL).
ST Tn tailwaters cubjected to stable scasonal discharges, cedi-
. ment i ior vy become limiting to the benthic cormunity. ¥Fxtended
veriods o0 mindimal relenses seeompanied by moderute detrital and silt
nene tror runer? ond streamside vegetation etffectively reduce the
aveiiable microhabitats, The lack of spates, necesenry to flush the
peetr it omnteria? Srom the guboctrate interstices, may eventunlly resulr
otk complete elimination of these productive invertebrate micro-

bebioata (Olmer 1077%),

P Deep=relense recerveirs,  Cold water temperatures and poor

witor aquality (Llew disoolved oxyeen, reduced o mpounds) often occur in

tallwaters below decp=relense dama.,  Stratified deep-release reservoirs

typivally vr vee benthic tailwater communitics which are low in

ilvercity, but which may have high standing crops. This ecituation is 4

. ( trrienl of a4 airescod environment (Ward 197hk, 1076Ge: Youns ot al. 1976; 3

Fearson of al. 1968),
i 193, Modifieation of the normal temperature regime can affect the
1 diverasity and quantity o the benthie thunn several kilometres down-
j Srear from oo eoldwater release dam (Pearson ot al, 1968: Lehmkuhl
.
: 1072, 1970 Ward 1976e).  The overall change in temperatures, coupled
with the delay of seasonal Tluctuations, often results in the elimina-

tion of many invertebrate species from the tailwaters. Minimum winter

>0
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and maximum summer temperatures that would normally provide the thermal
stimulus escential for the initiation of various life history stages of
meny strewn lnvertebrates are never reached. Reduced growth efficien-
cies at the lowered temperatures may eliminate species which are unable
to adapt metabolically to abnormally cold summer temperatures (Hannan
and Young 1974).  Alternatively, warm winter temperatures may accelerate
growth rates and result in premuature emergence and exposure to air
temreritures that may be lethnl or that may complicate the mating pro-
cecs {(Ward 1976c). These conditions, along with delays in spring
warming and csutumn ¢oolize, may prevent the natural hatching and growth
® insects that have strinsent therrmal requirements (Lehmkuhl 1972).

15h,.  The lack of d2ily Tluctuations in water temperature may
trevent the initiation of eqr or larval develorment {(Ward 1976e). Diel
temperature “luctuati~us in o “h-hour perinl were -« great as 10°C in
an unresulated stream in Fnrlani, but rarely oxcecded 1°C in a refu-

lated section {Armitagse 1977)

. Stressec imposed on asuatic irvertebriates below deep-release
recerveirs may also be due Lo low Jdiscolwved oxyyen, the presence of
high concentrations o 7 and other decomyosition by-rroducts, or the

interaction of these Cnetore {Coutant 100 Hicks 19645 Young et al.

1976).  Reacration of the wnter nc it pacces throush o dam may increas
the concentration of dissolwed oxveen Lo a4 level tolerable by the tail-
water biotn, but the by-products (e.e., iren, manganese, hydrogen
sultide) of hypolimnetic decompocition miy be more persistent and have
a detrimentsl effect on tuilwnter organisms (Coutant 1962). If re-
lewses Crom the reservolr are increased, the harmful effects of the
hypoiimnetic dischareses can be extended downstream.

196.  Deep-releas. reservoirs do not necessarily release water of
veor qunlity (low or no dissolved oxyiren, reduced compounds) but
1o redly 1 roduce o new environment which favors coldwater rather than
warrweter orpanioms (Hoffman and Kilambi 1970). In siratified reser-
solrs where anoxie conditions and poor water quality do not develop
in the hyrelimnion, incronséd concentrations of dissolved nutrients,

"N, it lowered turbidities may favorably affect the living conditions

L]
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ot tailwater invertebrates (Penaz et al. 1968). In these circumstances,
the benthic community may have characteristics similur to those of
communitics in streams with mild organic enrichment (Spence and Hynes
1971:).

157. Filterable food material (plankton, some benthic organisms,
and miscellaneous seston) produced in devp-release reservoirs may be
precsed into the tailwaters during periods of complete vertical mixing.

1 . However, thic is not o reliable rfood source since the plankion and

Seaton o oare censregsated in the upper strata of most reservoirs during

e
)

ation and are theretfore nnaveilable to the discharge. As a

resglty Tilteor=Tewedineg invertebrates are often restriected to downstream
tailwates lToeations, where discharge effects have been modified and
sutticient amounts o7 Tilverablie material have been introduced through
Moot o Lributarcy inflow (Ward 1976b).  Dlankton and benthos muy be ,
flochersed o some deop-release reservoirs during stratification if |
he hvy Timmi oo permrine cxreenated.

D0

prh L, ortee=relence reservolrs, The downstream effecis of a

surtaceo-relesse reservolr are usually similar to those produced by a
peturnl ourfeec=rcience 1ake (Word and Otanford 1979).  Water quality
ooreneraliy noboa preblem and tailwater temperatures may only be
mocdderar oy intiueneed o comparicion to deep-release sites.

149, Chellow, surfuce-releace reservoirs can produce abundant

quantities of bottor fauna and plankton. Invertebrates in the tnjlwater

may oibsequently receive much of their food in the form of seston and
ingects from the reservoir discharge (Walbure ot al. 1971). Because of
the rich suspension off food In the reservoir release, filter-feedinge
inceets, particeniarly trichopterans, may be extremely abundant in the
tailwater.  Generally, the inerease in benthic density is accompanied
by v roeduced diversity and the elimination of some species. In
formerly coliwiter astreams, the relense of warn surtace water from the

recervoir Jduring summer may result in a reduction or elimination of

ceptain speeien from the tailwater (Fralev 19783 Ward and Short 1978).




Benthic Invertebrate Drift

Streams

160. TInterspecific competition for food and microhabitats may
result in an active downstream movement or "drift" by many benthic
organisms (Waters 1969; Hildebrand 1974). The benthic invertebrate
fauna and the drifting fauna are not distinct communities. Drift is
merely a temporary cvent in the life cycle of most benthic organisms
(Waters 1972).

161. Benthic organisms enter the drift when they leave their pro-
u tective retreats and are swept downstream by the current. This process
genernlly oceurs at nipght during periods of feeding activity (Waters
1969}, The feeding activity of each species is governed by a diel

it Lern based on photoperiod and is generally initiated at the same

N time cach day (Elliott 1967; Waters 1972). The actual movement
downstream probably occurs s a series of short hops with the turbulent
Tlow assuring frequent contact with the substrate. The distance of
ravonme deponds primarily on velocity of flow and the species of inver-

tobrate involved (Gore 1977).

N 1€, When lows ore suddenly inerensed, the rhysical disturbance
oot the streambed stimulates a catastrophic-like response from the
benth o and their presence in the dritt increnses markedly (Flliott
a7l Frusven ot al. 1976).  The actual number of organisms in the
Irist per unit volume remains relatively stable during these periods,
ot thee mimbers passinge o certain point in the stream over a period of
tirme ray increase significantly (Waters 196Q). Natural spates in

,_< Streams may disperse organisms over an increased living area or may

; i lace them into stream environments such as pools and runs, where

i they Tind survival difficult and where they are more likely to be con-
i anpped (Woters 1969).  Many benthic organisms die when they are swept

:,i downat ream into physically or chemically unacceptable zones

v (Rusuell=Huntoer 1970).

e 195, The rift may also be used as a means of escape from

"M desiceation during low flows (Flliott 1971). Increases in the drift

7
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result from o decline in available living space associated with drastic
reductions in streamtlow (Minshall and Winger 1968; Armitage 1977; Gore
1977).  Arcas downstream, relatively unatfected by reduced rlows, may
actually exhibit increased invertebrate populations as a result of the
accumulation or organisms from dewntered riffle areas (Gipger 1973).

164, Recovery of the bottom fauna after streambed exposure or
other catastrophic events may be rapid (19-08 days) after natural con-
ditions return (Merricks and Cairns 19TL=76). Drifting organisms from
upstream arens quickly recolonize the atfected streambed. Recoloniza-
tion of denuded areans may also be aided by o certain amount of upstream
"erawling” movement, which may repliace about 6 percent (by number) of
the downstream loss due to drift (Bishop and liynes 1969). The renewal
of drift out of o disrupled area may be delayed until the community
nas recovered to oo point where the benthic population exceeds the
carrying capacity of the habitat (Dimond 1967). The failure of 2
tformerly abundant species to repopuliate nnoarea after a stream distur-
banee may allew other species to become established, ultimately result-
ing in o shif in community compesition and abundance (Waters 1904),
Tai lwnters

165, Drift in failwaters is primnarily compoced of orpanisms from
the reservoir above, particularly below anstratificed reserveirs and
reservoirs with surface-release cystems.  Miercerustacenans and certain
insect Tavvae (e.¢., Chacborus) produced in the reservoir commenly
dominate the tailwater Jdrifr (Gibson ond Saibraith 1975, Armitage 1977,
1a78).

166, Drifrt of benthic oreantsme that 1ive in the tailwater occurs
primarily as noresult of extreme Cluctnations in reservoir discharee.
Fren species not pormslly ronnd in the drirt (e, Chironomidae) may
enter the drift because of these Sluctuntions (Brooker and Hemsworth
Lo78).  Tnereased drift may recult in considerable reductions in the
abundance ot the stream Sana withont actaal streambed desiccation
(Waed 19701) . Repopnlation of dennded voner is obviously not possible
e cources upstream, beespane of Lhe presence of the reservoir.  Re-

colonication s theretfore derendent on sevepral tactors, including egy
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deposition by adult insects which fly upstream, random oviposition of
remaining individuals in the denuded zones, and upstream crawling or
swimming by nonaerial invertebrates., Eggs deposited by insect species
which are tolerant to the particular tailwater environment will develop.
Other species, which are not adapted to the specialized conditions, will
be eliminated.

167, Minimal dnily fluctuations and seasonally stable flows may
result in inereased benthie populations (Ward 1976a). However, the
stable flows that enhance benthic invertebrate development may reduce
drift. Reduced drift in this instance may be detrimental to fish pro-
duction by limiting the availubility of prey (Chapman 1966).

168, Terrostrial insects may make a significant contribution to
available leh food in the tuilwater drift, especially in areas where
streamside vegetation is abundant (Waters 1964). They may be attracted
to the conl, molst areas ot exrosed streambeds below reservoirs during
periods ot reduced flows, and when discharges are suddenly increased,
they are swepl downstream with the dvift (Pritzer 1962). Since
terrestrial insects are most active during dayvlight, they are more

commonly found in the drift during the day than at night (MeClain 1976).
Cooplankton

169. River and stream environments are poorly suited for the pro-
duction and maintenance of cooplankton, and they characteristically
harbor small ooplankton populations (llynes 1970). Their abundance in
flowing waters s inversely related to the rate of the current flow,
Thus, the vooplankton present must be supplied to the stream from
adjncent quiet-water arens or other suitable productive habitats in
the drainage (Hynes 1970).

170. Most zeoplankton found in tailwaters are produced in the
upstream reservolir, Jome zooplankton may be produced in backwaters and
nther quiet-water zones adjacent to the tailwater, but the input from
these areas is not signitficant when compared with that of the reservoir.

Therefore, the species and abundance of zooplankton found in the




tailwater are dependent on the species and abundance in the reservoir
population (Brook and Woodward 1956).

171. The reservoir zooplankton community may vary as a result of
seasonal population cycles. The community is also influenced to a large
degree by the hydraulic residence time of the reservoir. Zooplankton
numbers are generally higher in reservoirs with longer hydraulic resi-
dence times. Both of these factors eventuallv affect tailwater zoo-
plankton abundance.

172. The amount of zooplankton passed into a tailwatler depends on
the depth of reservoir release. The zooplankton migrates vertically
within the water column in response to changes in light intensity. This
vertical migration may keep the zooplankton away from the level of
discharge during certain periods of the day. Zooplanktcn abundance
will also be altered in tailwaters below selective withdrawal dams,
where changes in the level of withdrawal are made on a seasonal or
dally basis.

1'73. Zooplankton transported into a tailwater from the reservoir
provides a more readily available source of energy and protein than the
detritus normally found in unresulated streams (Armitage 1978). Most
of the zooplankton discharped from hypolimnetic-release reservoirs is
already dead and simply contributes to the stream's load of organic
debris, Moribund .ocoplankters settle out and decompose, providing a
nutrient-rich detritus in the tailwater aren (Armitage and Capper 1976).

Seasonnl inconsistencies in the regervoir -lischarge, however, preclude

zooplankton from being o reliable source of either nutrient inputs or
food for berthic comsumption in the tailwater (Ward 1975).

17h.  Larger bodied rooaplankters (e.g., copepods and daphnid
cladocerans) may be common in tailwaters imnediately below surface-
relense reservoirs, but they rapidly disappear as the water flows
dewnstream. The progressive reduction in densities downstream is
characteristic and has been documented by several investigators
(Chandler 1937; tober 1963; Ward 1975; Armitage and Capper 1976).

175. The zooplankton decrease which occurs between reservoir

outlets and arcas downstream it duo to a combination of factors,
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including the abundance of zooplankton discharged, the filtering
effects of periphytic vegetation in the tailwater, physical destruction,
predation, and adherence to or ingestion of silt and debris. Chandler
(1937) indicated that zooplankton discharged from a reservoir in July
was reduced 99 percent 8 km downstream; whereas, during February, when
population levels were higher, abundance was reduced only 40 percent.
Algae and mosses in the tailwater essentially act as filters, removing
the zooplankton as it flows through the vegetation (Chandler 1937).
Armitage and Capper (1976) noted that 99 percent of the zooplankton
discharged had disappeared within the first few kilometres, the
greatest losses occurring in the first 400 m below the dam. Larger
organisms become entangled more easily and are eliminated from the
streamflow sooner than smaller organisms. For this reason, greatest
zooplankton reductions in tailwalers may occur when aquatic vegetation
is abundant and the tailwater levels are lowest. When water levels in
the tallwater are high and aquatic vegetation is absent, the vegetative
filtering phenomenon is eliminated, and zooplankton may be more per-
sistent downstream (Chandler 1937).

176, Zooplankton is also highly susceptible to physical abrasion
and fragmentation. Some zooplankters are utilized as prey when flushed
from the reservoir, benefiting populations of benthic macroinvertebrates
and fish in the tailwater (Ward 1975). Other zooplankters either ingest
or adhere to sand and silt in the turbulent tailwaters and become

heavier, tending to sink and die.

Tailwater Effects on Specific Invertebrate Taxa

177. The productivity and occurrence of stream organiems in
tailwaters are determined by physical-chemical stresses imposed upon
the community. These stresses are related to the quantity and quality
of the releases from the rescrvoir. Species normally present in a
stream may be enhanced or reduced in a tailwater, but the structure

of the tailwater community is generally much different fiom that of a

natural stream.




178. Immature life stages of insects from four orders, including
Diptera, Trichoptera, Ephemeroptera, and Plecoptera, are prevalent in
natural streams. Other aquatic insects, mollusks, benthic crustaceans,
oligochaetes, and planktonic invertebrates may also be abundant.
Diptera

179. In tullwaters, dipterans appear to be the group best adapted
to the altered conditions of reservoir releases (Ward 1976c¢c). Dense
communities of Simuliidae and Chironomidue often occur in the immediate
tailwater below deep-release reservoirs because major invertebrate pre-

dators are few and fish Jdiversities are low (Ward 1976c). They may be

the only invertebrates present because of their ability to adapt to
conditions in most cold tallwaters. Farther downstream in the
tailwater elevated wnter temperatures, predation, and microhabitat
competition may result in reduced dencities of both families and the
possible dicappearance of Cimulildoe,

180. Simulild larvae and pupzie prerer cold water and are appar-
ently tolerant of the poor water quulity which occasionally occurs in
tailwaters below deep-release dams (Hilsenhoff 19713 Goodno 1975).
They are nct common below surface-release dams or in tailwaters where
water temperatuares may become too high for their survival. The more

‘ diverse fauna which exists farther downstream from these dams addi-
tionally limits the establishment of simuliid populations because of
inereansed invertebrate competition and predation.

131. The various species in the family Chironomidae are adapted

to a wide range of environmental conditions, making them ideal
tailwster inhabitants., Some prefer cold water, while others prefer
wirm water. Qther species have more generalized requirements and may y

be found in o variety of conditions. The seasonally altered tempera-
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tures found in tnilwaters below decp-release dams (winter warm, summer

..

o
4
A Y g, & .

cool, and delayed maximum and minimum temperatures) may allow some
species of chironomid larvae to survive during periods of the year when
they would not be found in natural streams. However, these same
alterations may modify emergence patterns, which are controlled by

water temperature and light intensity (Oliver 1971). Adults in these
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instances may undergo premature emergence resulting in disorientation
and reduced survival.
Trichoptera

182. Most species of Trichoptera found in tailwaters are net
spinners or filter feeders. Their abundance is directly related to the
availability of seston discharged from the reservoir which, in turn, is
{ dependent on the location of reservoir outflow (Rhame and Stewart 1976;
l Ward 1976a). Deep-release reservoirs provide an extremely unreliable
food source because of the lack of seston during periods of stratifica-
tion. Unstratified and surface-release reservoirs may, in contrast,
u provide a rich food source, including plankton and other suspended
organic matter.

183. The success of a certain species may depend on the size of
the food particles that are available. Individual species crop parti-

cles of specific sizes, depending on the mesh size of their gathering

apparatus and their location in the streambed (Wallace et al. 1977).
18L. Variations in flow also affect trichopteran survival. Ade-

quate current velocities are necessary to supply food and oxygen to

stationary larvae and influence the design and construction of
! food-gathering nets (Haddock 1977; Wallace et al. 1977). Sufficient
flow is required to keep food-gathering nets extended, but higher flows
will result in their destruction (Haddock 1977). Lurge flow variations
below some dams may inhibit the survival and feeding success of some
trichopterans, since food-gathering nets are swept away at high flows
and collapse at low flows.
185. Larvae of some species of Trichoptera are found in
< quiet-water areas of natural streams. They are unable to withstand
; i swift water and are not dependent on net-gathering mechanisms for
i their food supply. Quiet-water areas are uncommon below most reser-
;i voirs and if present they are subject to destructive periodic flow
» increases. As a result, most trichopterans found in tailwaters are

? adapted to living in swift water.
¢
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Ephemeroptera

186. Ephemeroptera (mayflies)typically inhabit small streams with
large-rubble substrates. The number of species present depends pri-
marily on the habitat diversity, since each species exhibits a high
degree ot habitat selectivity. Generally, the presence of more diverse
habitats is reflected by an increase in the number of species (Macan
1957).

187. Iphemeropterans do not usually occur in tailwaters because
the stable thermal regime found here does not provide the temperature
stimulus required for life-stage development. They are additionally :
affected by the reduced habitat diversity and the absence of an ade-
quate food suprly (detritus). Downstream, where the effects of reser-
volr releases subside, mayflies gradually become more prevalent as the
tallwater becomes more "stream-like" (Lehmkuhl 1972).

183, Fphemeropterans are rarely found in streams where velocities
are below 19 om/sce or above 91 em/sec (Delisle and Eliason 1961). Few
spevies are able ‘o survive in areas subject to extreme flow reductions

(MacPhee and trusven 19733 Ward 1976:). Mayfly species equipped with

hold=tnst organs are able to ex’st in tauilwaters with moderately high
current velocitics (Ward 1976a).

189, M ot oprhemeropterans do not readily colonize areas in a
constant state of wator—-ievel fluctuation since they cannot tolerate

boath 1ow and hicl ©ow extremes. One genus (Paraleptophlebia), however
b L} ’

has been Tound abundantly in tailwnters exhibiting tiese types of

Pluctuat.ions (Trotoky and fOregsory 1976),
Plecoptera

190. Pleeopterans are usually not found in tailwaters because
the 1.oss of habitnt heterogeneity, changes in flow regime, and re-

latively stable femperatures make conditions unacceptable for their

srowth and development . Downstrenm their abundance generally increases
as the influence ~f the reservelr Jdiccharge declines (Ward 1976a).
Ceveral species of nlecopterans (e.e., chloroperlids) are not aflected

by rapidly Tlactust ine Clows, ana may become abundant in tailwaters

£0
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where other environmental conditions are suitable (Ward and Stanford
1979).

191. Plecopterans are common predators on trichopteran eggs,
chironomid larvae, and simuliid larvae in natural streams (Vaught and
Stewart 197L4). The absence of these predatory species contributes to
F the increased abundance of Simuliidae and Chironomidae in most cold
tailwaters.

Miscellaneous

192. Amphipods, oligochaetes, isopods, mollusks, and turbellarians
are often abundant in tailwaters. One factor common to these groups
that may be significant to their abundance in tailwaters is the lack of
an aerial adult stage in their life cycles. Because they do not have
an 1erial adult stage, they are not subject to the problem of premature
emergence that often occurs among aquatic insects in thermally altered

) tailwaters (Ward and Stanford 1979).
193. Ward and Stanford (1979) indicated that amphipods are often

abundant in tailwaters that have reduced summer temperatures and stable
flow regimes. High nutrient inputs and reduced flood flows also favor
amphipods because streambed siltation and increased macrophytic growth

) which occurs in these situations are highly beneficial to their develop-
ment (Hilsenhoff 1971). A

19k, O0ligochaetes may be present below deep-release reservoirs in

pools away from the strongest currents. The cool, nutrient-rich water
and lack of destructive spates favor establishment of dense populations
in these areas (MeGary and Harp 1973; Arnitage 1976).

195. TIsopods may be the dominant organism in the riffle areas of

( cold tailwaters (MeGary and Harp 1973). They are also less affected by
. ?‘ minor water-level fluctuations than other invertebrates because they
':i can migrate out of areas that are periondically exposed.

i 196. The distribution of mollusks in natural streams is deter=~

t mined primarily by substrate patterns and types. The chemical and
"? physical aiterations that occur in tailwater environments have both

enhanced and disrupted mollusk populations,
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197. Fnriched growths of attached algae and increased organic
sediment were found to encourage the establishment of pulmonate snails
{Physa) during the absence of scouring releases or during extended
periods ot reduced flows (Williams and Winget 1979). However, Harman
(1072) found that chemical and biological alterations of the tailwater
environment negatively affected the mollusk population and reduced
species diversity. The number of mussel species was also reduced in
the Tennessee River. Alterations to and loss of riverine habitat after
extensive reservoir construction reduced the number of species from 100

+

to approximately 50 (Tsom 1971). Formerly abundant species were re-

duced or eliminated and natural replucement was limited. The change in

Uish apecies that also occurred as o result of reservolr construction
further reduced mollusk populations through the obstruction of fish-host
assocliations that are o necessary part of the molluskan life cycle
(1som 1071).

198, “Turbellarians appear to be o minor member of the tailwater
invertebrate comriunity and are not widely studied. Based on the few
studies that have been conducted, turbellarians apparently increased

in tailwaters with stable flow regimes and cool summer temperatures

and declined in tailwaters with fluctuatine flows (Ward and Stanford
1970),
196. Crayfish are common in some tailwaters; however, no mention

of this group was made in the literature except as food for some fish

species.
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PART VIT: FISHES IN TATILWATERS

200. In this section, Tishes that commonly occur in tailwaters

wre Jdiscussed.  The presentation is by fumily, followed by individual

aspecies or groups.  Fish species which occur in tailwaters but are of

o~

v miney importance becanse Tew are generally captured or they ure
Trttle mentioned in tallwiater lTiterature are not diccussed. These

include species from the foliowing tfamilies: Petromyzontidae {lum-
veevs )y Acipensoridae (sturseons); Lepisosteidae (sars); Anguillidae

{eets)sy Hiodontidee {mooreves); Aphredoderidae (pirate perches);

~ i

Cverinoad ntidae (Ri1lid

coheo )y ond Atherinidae (silversides).

4

A, A brier decorintion of envirvenmentul conditions necessary

ot the anue cersiu eomeletion of the various Life history phases of

cnell Srecles or e is ovresentod uander the Sedlowing topics:

[ ST pevro et ion, Socdy and aee and mrowths This is followed by

b
Surtherio o ol lwter Pllernituwre pertalining to oo particnlar species
oo o Tichs Bmphacis o plueed on how the cyecies resronds to

cvvivognersal o conditions Coang in o tallwoters. The derth of discuasion

cories byoapecies g is dererdent on the smeunt of lTiterature availi-

SreL Jonree raterial Cor the desorivition o fish 1ife history reauire-
creos wae obteine s Tron Carlander (1960 1977), Seott wnd Crossman

{ro7 ) , Diierer | ‘LQ';"»)., amnd othoeroe,

SO0, The comrion and sejentiric names of flshes mentioned in this
ropoept are listed In Appenalx O Fishes Trom Dorth American tailwaters
are included Do Dot Doang nomenclature 'ollows thut of Balley et al.
Ci070). Visheo Treon Barovenn taillwaters are ineluded in Part I1.

LiTe history informsolion for the most cormon fish grours discussed in

1R peport in eiven in Appendix D,

Polyodortidae (Paddlerishes)
J

YL The paddlerfish o oone of the Tareest freshwater fish in

ot Ameriea, It ois found ondly in the Higsissiopi, Missouri, and

cUyoprs ot Chelr larper tributarics.  Humbers ol paddlefish have




declined greatly since the advent of the twentieth century. Major
causes are believed to be dams, overfishing, and pollution. Fish con-
centrate below dams where they are especially vulnerable to fishing.
Dams built to create reservoirs or for other vurposes have inundated
many former spawning grounds or have prevented fish from reaching
upstream spawning areas. The decline of paddlefish stocks in past
years followed the increased release of domestic and industrial pollu-
tion into the waterways. Paddlefish populations have increased in some
areas where pollution abatement has been effective (Eddy and Underhill
1974).
Paddlefish

20k, Habitat. The paddlefish is primarily found in the open
water of sluggish pools and backwaters ot large rivers where it swims
about continuously near the usurface or in shallow water. For spawning,
it requires access to a large, free-flowing river with gravel bars i
which are inundated during spring floods. i

205. Originally the large free-flowing rivers of the Mississippi
Valley provided ideal habitat for paddlefish. Now some of the largest
propulations are tound in man-made impoundments where tributary rivers
meect the fish's exacting spawning requirements. These conditions are
met in some reservoirs in the states of Alabama, Arkansas, Kentucky,
Missouri, Oklahoma, and Tennegsee, and in several mainstream Missouri
River reservoirs in North and South Dakota and Montana.

206. Reproduction. The reproductive habits of paddlefish were

described by Purkett (1961), whose studies were conducted on the Osage

River in Missouri. SCpawning takes place in midstream, over submerged

gravel-bars when the river is high and muddy in early spring at temper-
atures of about 15.5°C. Meyer and Stevenson (1962) reported that
female paddlefish in Arkansas do not mature until they are over 11.34
ke in weight and that they may nct spawn every year. The adhesive

eges stick to the first object they touch, normally stones on the
streambotion,  Eggs hateh in 9 to 12 days when water temperatures are
about. 10°0 (Purkett 1963; Needham 1965). After hatching, the fry swim

npward vigorously, then settle toward the bottom. Frequent repetition

6b




of this activity by the fry is significant in that it permits the
strong currents to sweep the fry downstream out of the shallows and
into deep pools before the gravel bars are exposed by receding water
levels,

207. Food. Paddlefish feed primarily on zooplankton and insect
larvae filtered from the water. They swim slowly with their mouths
open through arens where food is concentrated. Water passed through is
filtered by the long, closely set gill rakers. The function of the
paddle-shaped snout in relation to feeding is not knewn for certain,
but its elaborute system or sense orpans may enable it to function
primarily as a device for locating concentrations of food organisms.

208, Age and growth. Paddlefish grow rapidly. According to

Pttieger (1975), voung nearly 150 mm long have been collected from
overtlow pools of the Missouri River in early July. Two specimens
kept in a ‘ertilirzed pond recached a length of about 0.9 m and & weight
of .7 kg when they were 17 months vld. Paddlefish in Lake of the
Ozarks, Missouri, attain a length o 250 to 350 mm in their first yeur
and about 530 mm in their second year. OCeventeen-year-old fish average :
nearly 1.5 m in length and 16.8 kg in weight. The largest paddlefish '
are usually females. The species is also long-lived; many individuals
live more than 20 years.

Puddlefish in tailwaters

209. TLarpge concentrations of paddlefish are found in some
tailwaters especially during winter and spring. Most studies on
padidlefish in tailwaters are concerned with spawning and reproduction.
Paddlefish reproduction, prevented primarily by the blockage of

upstream migration by dams, has also been affected by the altered flow

j regimes found in tailwaters. Maln-stem hydropower facilities on the
‘i Misoouri River have not only reduced the amount of natural spawning

i area available but have also rendered most of the remaining river areas
‘

- unisnble.  Large diel water fluctuations mask or delay the normal

.

spring ricse in water flows and temperatures.
210, Young-ot=the-yenr fish have been revorted in only one

tailwater of the Missouri River reservoir system (Friberg 1974).

05




Juveniles feund in Lewis and Clark Lake were produced in the 65-km
section of the Missouri River above the reservoir, while those in the
tailwater either passed through Gavins Point Dam or were produced in
the O7-km section of natural river downstream from the dam (Walburg
19715 Friberg 197k). Recruitment from the reservoir above is believed
to be the primary sourcve ror vpaddlefish found below Lake of the Ozark's
hydropower Jdim on the Osage River in Missouri (Hanson 1977).

211, The effects off navigation or flood control dams on paddlefish
reproduction are not as well defined. Successtnil spawning on eroded
wing Jdikes below Lock und Diim Number 12 on the Mississippi River in
Towa has teen regularly observed (Gengerke 1975).  Froded wing dikes
eilfectively simulate noatural gravel bars., The eontrol of spring
Slocdwaters btelow o Kentueky flood contrel recervoir appears to inhibit
downst ream spawnine wetivity (Branson 10977).

D0 Anoaqlteration of the behavioral characteristics of paddlefish
cuiced by imreundments is evidenced by thelr concentration in the
cwirt=Clowing waters frmedintely below many dams (Friberp 19723 Boehmer
1074 Genrorke 1078), Concentration of these Tish into a relatively

Sntined area inereases their vulnerability Lo both commercial and
srert Tiehine.  Friberg (1974) reported high catech rates of paddlefish
in tailwiters for three to four years following dam closure, followed
by declining catches due to reduced numbers. These concentrations dur-
ing the reproductive season may be explained by the blockage of upstrean
riigrat Lo, During other ceasons these concentritions are most likely
Aue o the incerensed availability of food in the reserveir discharge.

14, In tailwaters, cooplankton is most abundant in the reservoir

its abundance Jdecrenses rapidly downstream. The large

quantity of food available would tend to attruct feeding paddlefish from
slow-flowing =reas intn the faster flowing discharrse, where they would
normid 1y onot be o Sound.,

o1l Lxcert for the immediate discharge, there is generally less
sooplankton aviilabice in the tailwater than in the reservoir. This

reiative searcity of food is reflected in the reduced growth rates of

tailwnter yaddlefish,  fGrowth ctudies by Friberg (197h4) indicated that
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pridierish apparently raised In o reservoir suffered a marked reduction

5

n orrowth foltlowine passage through the dam into the tailwaters.,

Clupeidae (Horringes)

Uhe o The heering Camily To ocompe sed of grecies which are mainly
marie o oanedromioas, Cevera ]l syeeies Live in fresh water and are
occssiona iy Connd T tadlwaters, They are skirjack herring, glzzard
Stlra, el threrain cheeds Hone wee nsed Toe human Tosd, but the skip-
Juek Do osorer Imes sought by sport Ulotieren beecnuse it fights spectue-

oo Vicvrie shee i, tartiontiariy vourys of the year, are

wente Cor ot her Cioheas ThrewdSin chad oare important forage
e bechace Chels pnxdiroan Tength rarely exeeeds 180 mm. The
SED e To oot icaoeed Muriher bBeee becennse TLis 1ittle mentioned

G,oeveert Tor oarn oceasicnsl ocecwrrence in fish

JIG. Habitat. The glzzard shad in senerally distributed over the
castern bl of the Unlted Utates where it is most abundunt in reser-

vieirs and large rivers. It inhabits quiet-water habitats in ifakes,

ponds, reservoirs, ana backwaters of streams where fertility and pro-
ductivity are high., Shad usually avoid high-gradient streams and those i
which lack large, permanent pools.  OShad congrepate into loose aggrega-

tions, and large numbers are often observed near the water surface.

Duringe tall, winter, and spring, large nwnbers may be found in

tallwaters.

(. The threadfin shad, whose habitat is similar to that of the
izzard shad, is generally confined to the southeastern states where it
hus been stocked extensively in reservoirs for forage. 1t has also been
stcked in reservoirs of the Southwest. It is sensitive to low tempera-
tures, and extensive die-offs have been reported at temperatures below
7.2°C (Pflieger 1979). Hecause of overwinter die-off, anuual stockings
o) viuits are necessary to maintuin populations in many reservoirs.
Lar;ge numbers of this species may also occur in tailwaters during fall

and winter.

67




218. Reproduction. Gizuzard shad are very prolific and generally

spawn during April, May, and June at temperatures between 17 anil 23°C
in shallow areas of protected bays and inlets. The scattered eggs sink
to the bottom where they adhere to the first object they contact. Eggs
hateh in about L days and the young begin feeding when 5 days old.
Young attain typical adult form when about 32 mm long.

219, Threadfin shad begin spawning in the spring when the water
temperature reaches 21.1°C and may continue throughout much of the
summer. Threadfin spawn in schools near shore. The adhesive eggs
stick to any submerged object and hatch in about 3 days. Young begin
feeding when 3 days old. Individuals hatched early in the year com-
monly mature and spawn late in their first summer of life.

270. Food. The gizuard shad is almost entirely herbivorous,
feeding heavily on microscopic plants, phytoplankton, and algae. The
species is essentially a filter feeder, removing particulate matter
from the water by passing it through its closely set g111 rakers.

2201, Threadfin shad are also filter feeders. Their diet consists
of microscopic plants and animals found in the water column.

222, Age and growth. Gizzard shad average about 127 mm long at

the end of their first summer, 185 mm at age T, 257 mm at age II, and
302 mm at age ITI (Carlander 1069). The average life span is 4 to 6
years but some live 10 or more years. Maturity is reached in the
second or third year. Adults are commonly 230 to 360 mm long and weigh
about 0.45 kg. Maximum length and weight is about 520 mm and 1.6 kg.

223. Adult threadfin shad are usually 102 to 127 mm long, and

Ia)

few live more than 2 or 3 years. In Bull Shoals Reservoir, Arkansas,

threadfin shad average 53 mm in length at the end of the first growing
season and 124 (males) and 135 {females) mm at the end of three growing
seasons (Bryant and Houser 1969).

Shad in tailwaters

o2k, Ghad are important forage species in tailwaters. Both
rizzard shad and threadfin shad are eaten by striped bass, trout,
walleyes, saugers, and other species (Parsons 1957; Pfitzer 1962;

Walburg et al. 1971; Deppert. 1978; Combs 1979). Threadfin shad have

o8
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been stocked in some reservoirs specifically to provide food in the
tailwaters for piscivorous fish (Parsons 1957).

225. The number of gizzard and threadfin shad is generally higher
in tailwaters than in natural streams due to their movement from reser-
voirs either over or through dams (Clark 1942; Parsons 1957; Louder
1958; Pfitzer 1952; J. P. Carter 1968a, 1968b, 1969; Walburg 1971).
Occurrence of shad in tallwaters appears to be more related to season
than magnitude of outflow from the reservoirs (Clark 1942; Parsons 1957;
Louder 1958). The presence of impoundments has also increased shad
distribution. In Oklahoma, shad became established in a tailwater
where they did not appear in the natural stream prior to impoundment
(Cross 1950).

226. Dams also affect anadromous members of the clupeid family by
acting as barriers to upstream spawning migration (W. R. Carter 1968;
Foye et al. 1969). Large numbers of American shad concentrated below
a dam in Maryland during spring. Fish kills sometimes occurred when
the turbines were shut down during normal peaking operations and dis-
solved oxygen in the tailwaters was reduced to lethal levels (W. R.
Carter 1968). Alteration of operating procedures to provide mainte-
nance flows of 1L41.6 mg/sec through each of two turbines has been
required to avoid further low-oxygen fish kills. Maintenance of
minimum f{lows has been credited with allowing the survival of American

shad in the Russian River in California {Anderson 1972).

Sulmonidae (Trouts)

227. The trouts are coldwater fish which were originally found

in the Arctic and North Temperate regions. Over the years they have
been introduced into suitable waters throughout the world. Many
coldwater tailwiters in the United States have been stocked with
hatchery trout on a put-and-take basis. Stocking is done at regular
intervals throughout the fishing season to maintain a satisfactory

sport fishery. Catchable-size trout (150-200 mm long) are usually




stocked becanse smiller fish often have poor survival to the creel
(Vestal 1954).

D080 The rainbow trout is the most common salmonid stocked below
dams becnure 1t is levs confly Lo raise nnd easier to cateh., Other
salmonids planted in tailwaters are brown trout, brook trout, and coho
salmen, Rainbow ftrout are usunlly stocked in the coldwater tailwaters
below reservoirs built on wairmwater streams. Rainbow trout or other
trouts may be stocked or may occur nnturally in coldwater tailwaters
below reservoirs built on coldwnter streams. Discussion here is limited
to the rainbow trout becanse it i the most common trout in tailwaters.

Rinbow trout

200, liabitar.  The rainbow trout is native to the streams »f the
Preific conat where rany varictiens or subspecies have developed. The
gearoing form is known o the stecihead trout and is believed to be
fdentlical to the surictly Treshwater rioinbow trout.  Because of the
case with which erpes of the rainbow trou!. can be trancrorted, different
S rains have been distributed throushout the world.

D30, This svecies lives in o variety of habitats, including
streama, lakes, and recervoirs. The rainbow trout tolerates somewhat
hirter temperatures than other trouts but does bect In witers thut
rorain more or less countinuously below 21.17C.  According to McAree
(1966), the upper fomperature limit for the species varies from about
2.9 te 20.4°C, depending on the oxyren content of the water, sive of
fish, and degree o7 acclimation,  Conld waters Jdischarged from the lower

levels of some reovervoirvs provide adequate tailwater habitat for this

speciens, provided rear-round oxyren levels remiin above S5 mpp/1.

231, Rainbew frout thrive in small to moderately large streams
and shallow rivers, with moderiate flow and gravel bottoms of the
pool=riffle Lype.  They generally prefer riffles and fasti-water areas.
Depth eriteria heve not been derined for trout in general; however,
thhe depth of poals and amount of cover appear to be very Important in
terms of fish size. Gunderson (1968) found that stream sections

l1acking deep pouls and adequiate cover contained only fingerling trout,

while stream seotions with deep pools sepurated by riffle areas
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contained much larger trout. Trout require adequate stream depths for
normal intrastream movement. Riffles are extensively used for feeding
arens and for movement between pools (Giger 1973). Minimum depth
requirements over riffle areas vary with the size of the stream and the
tront inhabiting ity however, minimum water depth over riffles should
vrobnbly not be less than 0.18 m. Giger (1973) listed the optimul pool
depth for cutthroat trout as 0.4 to 1.1 m, demending on age and cize.
docver (1973) stated that for trout in reneral, areas with velocities
between 9.1 and 31 em/sec are preflerred for resting.

"2, Beproduction. Rainbow trout spawn between early winter and

Iute coring, cerending on the genetic strain and stream conditions.

The ecrs are derosited in o shallow depression dug by the female on a
clean gravel »iffle. Femnles deposit between 200 and 9000 eggs in the
neat (redd), Jdepending on rish sive., After all eggs are 1aid and
fertilized, they are covered with gruvel. The incubation yeried varies
with temverature, averacging abeut £0 days at L4.L°C and 19 days =t
i+.°C. Yourny remain neur the hatching site for a while, tending to

sehool at first and then become solitary and more widely distributed.

C33.0 Ace rdinge to Hooper {(1973), the optimum spawning temperaturc
tor spring-spawning rainbow trout is 11,1°C, but runges from 7.0 to
15.3°0, Yreferred ;ravel size is 0.¢ to 3.8 em in diqmeter, and pre-
fer-cd velocitios Tor spawning are between L2.6 snd 80,0 em/seo.

23k Food. Rainbow troumt eat a wide variety of foods bul depend
rrimarily en drifting insects, A compilation of the findings of many
sordivs indicntes that immoature and adult squatic insects (principally
cadidistTies, mavflies, and dipterans), wooplankton, terrestrial
insects, and fish are ususlly the mest significant foods, though their
relasive imvortance varies greatly between waters, seascons, and size
H5f flsh. Terge trout include more fish in their diet. Oligochae‘es,
mollucks, fish erps, amphivois, and algae are foods citen less ex-
tensively, but they may be important locally. For example, in upper

Inke Trnoyeomo, below Table Rock Reservoir in Missouri, amphipod

eructacetns make up almost 90 percent of the trout diet (Plflieger

1977 ).




235. Age and growth. Few rainbow trout live beyond 6 years, and

life expectancy for most is 3 or U years. Longevity is influenced by
many interrelated factors. Poor food conditions may result in poor
survival after flirst spawning. Heavy angling pressure may crop most
fish before they are 4 years old. This is especially true for fish
stocked in tailwaters, where most may be captured during the same year.
236. Maximum size of rainbow trout varies greatly among different
environments. TIn small streams adults rarely reach 205 mm: whereas in
large lakes individuals occasionally exceed 13.6 kg. Maximum size
depends primarily on growth before attainment of sexual maturity, which
4 in turn is dependent on quantity and quality of available food. Most
growth occurs during the first two growing seasons. Growth is fair
’ for fish on a plankton diet, and is best where forage fish are abun-

dant. Growth usually declines after maturity is reached; this decline

is especially evident in waters where large forage organisms are
lacking.

237. The rate of growth varies seasonally and at different ages,
depending on water temperature, strain of trout, feeding conditions,
age at maturity, and other factors. For example, in waters with re-

latively high temperatures throughout the year, such as the tailwaters

of some reservoirs in the southeastern United States, growth is fairly
conctant in all months; whereas, in waters with seasonal temperature
changes, growth is slower or ceases in the winter.

238. Hatchery-reared trout reach a length of 205 to 254 mm when
about one year old, at which time they are considered large enough to
stock. In Lake Taneycomo, Missouri, where conditions for rapid growth
are favorable, stocked rainbow trout grow about 19 mm per month

(Pflieger 1975). Naturally reared rainbow trout in Minnesota reach

Ll L~
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125 mm the first year, 230 mm the second, and 521 mm the fifth year
(Eddy and Underhill 197k).

239. The weight of rainbow trout varies greatly at lengths over

-

Re o Y
3 z e

! 380 mm because of differences in feeding conditions and stage of

- maturity. Fish are heaviest where food is abundant, particularly in
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lakes. According to McAfee (1966), weight of fish in average condition

by 107-mn fork length groups is as follows:

Length, mm Mean weight, kg
127 0.028
25 0.227
i 381 0.568
508 1.589
635 3.178
762 L.767

Most fish spawn by age II11; males one year earlier than females. Size
at maturity is extremely variable but usually ranges between 25L and
331 mm. In California, mature rainbow trout typically weigh less than
0.45 kg (McAfee 1966).

Rainbow trout in tailwaters

2h0. Habitat. Trout are found in most tailwaters throughout the
United States where summer water temperatures normally do not exceed
21.1°C. They may occur naturally below dams built on coldwater streams
‘ or they may be stocked in tailwaters below dams on warmwater streams
where hypolimnetic releases maintain coldwater conditions throughout
the year. Tailwaters below most deep-release reservoirs have low
turbidity, cold temperature, and stabilized seasonal {low, thus pro-
' viding satisfactory trout habitat. These tailwaters often provide

coldwater habitat on streams in areas such as Texas and Arkansas.

; < where trout could not live before dams were constructed.
- 241, The quantity and quality of coldwnter habitat in a tailwater
‘ % suitable for trout are a function of reservoir design and operation,
_’ as well as tailwater physical characteristics. Reservoir features
"i that determine habitat suitability include reservoir stratification,

reservoir storage capacity, reservoir storage and release patterns,
and intake location. Tailwater features that influence habitat suit-
ability are water temperature, stream channel configuration, stream

substrate, stream cover, water depth, water velocity, water quality,

T3




turbidity, and tributary inflow., These factors act in combination with
stocking to determine trout abundance and distribution.

2h2. Numerous fish species are found in association with rainbow
trout in many tailwaters., Most compete with the trout for tood and
habitat. Gume fish inhabiting these waters include largemouth and
smallmouth bass, blueyills, longear sunfish, and catfish. Brown and
brook trout may also occur in the same locution. Cyprinids, suckers,

soulvins, and sticklebacks are major nongiame competitors.

S

w4, Lbow flow, cometimes aggravated by elevated witer temperature,
toon eommon fretor timiting trout distribution and abundance in many
tatlwaters.  Low Tlows can decrease cover, increase overwintering
mortality, sllow sediment aceumdation, and cause ciranding. Reduetion
¢l Tlow in i Tennessee tailwater Iimited habiitat to a lone schallow peol
wilh bedrock substrate and littie cover (Pursons 1957). Kraft (1970)
found o 6 percent decrense in brown trout habitat when flow was
reduced 90 percent in nanother site. Weber (1959) found that when annual
rlow below o reservoir was reduced to 11 percent of the long-term
avernye, troul habitat was reduced 82 percent,. Flows that reduce water
lepth over riffles to 7.0 ¢m or less make these areas unusable to large
trout (Corning 1970). Decreased flows and thus decreased water velocity
favor emall trout and rough fish over large trout. Low {flows dlso
cause a redistribution of trout to lecs suitable hubitat, increasing
compe® ition with other fish. Corning (1970) slso “ound that reduced
flows concentrate fish in the remaining habitat and intensify predation.
. T the western United States, irrigation-storage reservoirs
colleet s faee runet™ durine winter and spring to be used during
summer irrigation. Holding runoff decreases stream flows during the
winter and spring which can inerease troul mortality. Adequate reser-
vair diseharge o eoritical durine winter to sustain o tailwater trout
poralation. The curvival of S-year and older trout was directly re-
sted Lo the magnitude of flow from & reservoir during the winter
oo period (Nelson 1977). Vinecent (1969) stated thut dewatering

below o dam in Montana resulted in excessive mortality of young (age I)

troat . Otndies in Wyoming showed that seasonal minimum flows were
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essential for trout survival. Winter flows of 14.2 m3/sec were recom-
mended to maintain adequate cover for overwintering trout. Spring and
summer I'lows of 22,7 mg/sec werce recommended to select against rough
fish and for large trout, and flows of 45.3 m3/sec were recommended
veriodically to flush silt from the tailwater. A 30-day survival flow
of 8.5 mg/sec wias recommended for times of extreme water shortage
(Ranks et al. 197H).

~h5,  Low flows in tailwaters allow sediment accumulation in holes
and over gravel substrate, thus limiting the quantity of trout habitat.
Sediment input into tallwaters is usually from tributary inflow or the
erosion of alluviul banks within the tailwater., Reduced spring flows
belew o dnm in Montana inereased sediment accumulation by tributary
inTlow. Timed spring discharges from the dam are used to wash sediment
downstream (Muy and Huston 1979). Seasonal flood flows over the spill-
way removed sediment from u tailwater in Alaska (Schmidt and Robards
1076).  Sediment accumuiations behind o dam in California were reduced
by reriodic fDiashine into the tailwater, which caused destruction of
sront habitst for 1.6 Lo 3.2 km downstream (Anderson 1972).

oL, Hish flows and flow fluctuntions in tailwaters can be
Timitiny Toctors for cortain size olasses of trout. Banks et al. (197h)

Sound Lhat weter veloeity incrensed sharply with increased dam dis-

charse,  Tronut S0 em Ly o longer were Uavored over smaller trout and
reuch tich beeance o7 Tack of recting cover and high water velocities.
Hirgh weter vedocliiies and sparse cover results in low standing crop
(2.0 sl oLt ke/ha) and harvest (7.7 and 2.6 kg/ha) of trout. The
traut that renain are usually laree and weigh between 0.7 and 5.5 kg
(Mt lan et al. 1976).

~h7.  Rapid flow fluctuation below both hydropower and diversion
drms hes cauced stranding of both frout and salmon (Anderson 1972;
Krapger 1973y Fowler 1978). Kroger (1973) ruppested that decreasing
flowe al o maximum rate of 2.8 m3/3uc/duy would reduce stranding of
iah below 2 dam in Wyoming. However, the most serious effect of flow

fluctnations appears to be reduced trout reproduction, rather than a




direct increase in adult fish mortality (Parsons 1957; Baker 1959;
Axon 1975).

248. The cold temperature of tailwaters below hypolimnetic re-
lease dams built on warmwater streams helps trout to compete effectively
with or replace native fish species. Vanicek et al. (1970) found native
fish replaced by rainbow trout in the L2 km of river below a dam in Utah
and Colorado. Lower water temperatures below a dam in Texas caused
partial replacement of 20 native species by stocked rainbow trout
(Butler 1973).

249. Dams with hypolimnetic releases built on coldwater streams
have altered the habitat by lowering water temperatures and stabilizing
flows. Below a Colorado dam, reduced water temperature caused a re-
distribution of trout species, with brook trout moving into the colder
water near the dam (5.0-8.3°C) and brown and rainbow trout moving into
the warmer areas downstream. After completion of two Colorado dams,
summerr water temperatures in the tailwater were reduced by 3.2 to
5.0°C. The temperature reduction is believed responsible for trout
aprearing in areas where they were previously rare or absent (Mullan

et al. 1976). Penaz et al. (1968) stated that the Vir tailwater on

the Svratka River, Czechoslovakia, had reduced water temperatures and
stabilized flows during the summer, and these conditions favored brown
trout over nase, a warmwater species. Nase were reduced from 63.4 to
12.7 percent of the tailwater fish harvest and brown trout increased
to 76.8 percent.

250. In addition to reduced maximum temperatures, the seasonal

rate of temperature increase is slowed in many cold tailwaters. In a
Montana tailwater, the normal spring water temperature of 12.8°C is
achieved 6 to 8 weeks later than it was before the dam was built. This
change delays the spawning of suckers and gives trout a competitive
advantage in the tailwater (May and Huston 1979).

251. Reduced stream flows (usually less than 10 percent average
daily flow) during periods of warm air temperature can cause water
temperatures to exceed lethal levels for trout. This situation often

occurs in natural streams, in tailwaters below deepwater reclease

76




reservoirs on formerly warmwater streams, and below hydropower ums
that discharge only during periods of high electrical demand. Dhridy
and Stroud (1949), Parsons (19%8), Baker (1959), Kent (19¢3), scen
(1974), Axon {1975), Aggus et al. (1979), and others have stutei that
high water temperatures may limit trout populations in tailwiters,
Many reservoirs have incorporated minimum water releases in their
operating schedule to maintain suitable flows and water temperatures

b ) in tailwaters. The U. §. Bureau of Sport Fisheries and Wildlife (19¢9)
recommended a minimum flow of 7.1 to 11.3 m3/sec to maintain the trout
fishery in a Wyoming tailwater. Suitable trout wuter temperatures are
] maintained for 9.7 km below Canyon Dam, Texas, by cold hypolimnetic
discharge (Butler 1973).

r 252. Extremely cold water temperatures were associated with the

loss of a trout fishery in several tailwaters. A New Mexico tailwater

experienced an 8-month average water temperature decline from 10°C in
1968 to 5°C in 1971. This temperature change was associated with a
decrease in trout harvest rrom 78,656 fish in 1968 to 10,642 in 1971
(Mullan et al. 197G). In a similar situation, an average trout harvest
of 109.5 ke/ha was recorded when snnual water temperatures ranged from

3.1 to 12.0°C; however, when the average unnual temperature range

decreased to between 4. and 9.2°C, the trout harvest decreased to
only 6.2 kg/ha (Mullan et al. 1976).

253. Low dissolved oxygen concentrations and gas supersaturation
resulting in nitrogen embolism can cause mortality of trout in other-
wice suitable tnilwater habitat. Low dissolved oxygen is 2 problem
aften encountered in the southeastern United Ctates in tailwaters of

Jdrep=rolense dams built on warmwater streams. This oxygen deficiency

7 neenrs when i reservolr thermally stratifies and decomposition of
(éi organic matter within the hypolimnion consumes available oxygen.
i Nitrogen embolism may occur when fish inhabit tailwaters that are super-
o
. solurasod with atmospheric pases and the body {luids of the fish also
.
': become mipersaturated.

25k, Tront generally prefer water with 5 mg/1 or more dissolved

oxyren. The species may not survive when hypolimnetic release water

7
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contains little or no Jdisuclved oxygen. The penstock design at some
dams does not allow for aeration of hypolimnetic water before release
into the tailwaters. Low lissolved oxygen was found to limit the fauna
in some tailwaters (1111 1978). A dissolved oxygen concentration of
0.8 me /1T presumably caused the death orf about 100 reinbow trout in an
Jklahoma tailwater (Deppert 1078),  lowever, a dissolved oxyrmen concen-
tration of O me/1 in November 1951 in a Tennescee tiojlwater cnused no

apparent siens of distress in troud (Prituer 1962).  Ruker (1059) found
Tow Jdiscolved oxyeren and listressed tish directly below a dam in
Arkansas in the fall. The oxygen concentration returned to normal and
Tish recovered downstream over the first riffle. Turbulent flows in-
crease the aeration process and thus improve the tallwater habitat by
increasing dissolved oxygen concentrations.
Gas oarercaturst on has been o maioor cause o7 steelhesd andg
St rovrality duringe high=water venrs in the Snnke River, Tdahe and
4

Wanhiinson (Ranmoand 1O7AY . Graves and Balnes (1900) ciated that dend

Cian o with e thbies on thelr fing were Sonndg within 7.6 km oof o odam

i Tlew TlexT oo coveral oceasions, Nifrogen curerasturation below a
Mot b persicten for osome 0.7 kmodownstrenm because flows in the

Paltwier wore not frarbulent encuch to discipnte Lhe nitrogen., ¢ 20
reinbow troue Weld Tnor crwme below thic ddam, 1 died, presumnbly of
nitrogen embolism (U. ©. Bureau of Reclamation 1973).

oot o Deawminge of rainbow trout has been obscerved

ool ol i lwaters, althourh siuevivel of epges and duveniles is

T o aale bene in teilwaters coly oon stocking o recrultment

“p o e recoocusir above to maintain their populations (Stone 1972).
Tow el et ainine tailweter treut, popnlations Chat suvrport a fishery
Berve o ot et i the Titoriture. Spawningg may cccur in tribu-
caries whore Dol conditionsg nre faverable, but the magnitude of
Pyibotooes crews s hae nod been adeaunte to maintain fishable trout
rornlat bone dnorat tallwnters,

“he o esh oenvironmental conditions (flow fluctuations, de-
we oo im) one o mntered in tallwaters reduces reproductive success,

Cornime C0eY ot thet high Clows washed ont o trout reads.  Parsons
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(1957) “oun? the =m water=level “luctuation in n Tennessee tailwater
froam Detober threush December detrimental to trout reproduction. Redds
were consistently scourei ont 2t hirh flows and stranded on dry shoals
trine low flows.  Rainbow frowt spawnine in December and January was
common o chonls and »iffles Inoan Arkancns tailwater, but water-level
fluctuntion crosed rolling oravel snd destruetion of redds. Srawnine
in teibutaries was succecaf™l, bt the contribution of naturally pro-
Anced fish to the trout fishery in tailwaters was insienifiennt (Parsons
1057 Raker 1050 Pfityer 194°),  Low trout vorulntions in the
Hesgverhead River, Montana, were caused by poor reproductive success due
1w Tlews. Soringe and winter dewstering {(1-w flows) of the river
e by Trriedation gtoraess redueed ege oand larvae survival by de-

creeacine fhe erecresectiona? ares and waeter veotocity of the stream

Sarnins (1070 4amd that low Tlows exnosed trout redds

\
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] miltation, thas reducine eqp srvival from 89
cereent tooonly 17 pereent. Uittation Tilled the interctices of the
suba! rate and amothered the cemea, Pehmidt and RBebards (1977) suregested

stared flows in ar Alan

a iailwater Lo ¢loan the substrates and increase

Lot and anlmeon orawnine on i orearinge habitat,

Trawnirges o0 trout ia common inoa Wyoming tallwater, but the
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lnck of ecoyer »oldueen survival of fry. This tailwater relies on an

o

il afackine of rainbow teont Tincerlings per hectare to main-

fain the fichers (Mullan ot al. 107) . Moffett (1957} recommended

St oekinee af 20,000 Pineerlines rainbew Srout (127 to 178 mm long) per
wome fos eompereat e far Jow reproduction caused by water-level fluctua-
Pere i o tallwnter in levada and Aricona.

7 TROL An chuione o0t o0 dam o construction is the blockage of
N

Thob e Tt gr cteeam to crawnine erounds. Construction of a dam

G TN et i oy b b OO0 percent of the salmon spawning

a1l part 1y successful, particularly
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hatchery because he beliceved the high number of predators in the
tallwater would devactate the yearling salmen. Striped bass and saugers
are significant predators on smatl trout stocked in some tailwaters
during certain seasons (Roles | 9G93 Aricona Game and Fish Department
10775 Deppert 1078),

260, Food.  Fooud stwiies have been completed on trout from a
nurber of tailwaters and it is apparent that their diet 1= very diverse
(Table 1), (Tl:}.dophora beds are an important food source for trout in
cailwaters {Moffett 1942; Mullan et al. 1976). Trout graze on these
mats and incect the algae and the isopods, simuliids, and mayflics
harbored thercin.,  Tn some tailwaters, food organisms have been intro-
Jueed to provide food for trout. Snails were introduced below Glen
Canyon Dam, Arizona, and amphipods were introduced inte Taneyvcomo Lake,
Miasouri (Table Roek tailwater) (Mullan ot al. 10763 Ralph Burress,

U. 3, Fish and Wildlife Service, perconal communication).

SO1. 0 Trout are not totally devendent on food tooduction within
the tuilweter. Tn Dale Hellow tadlwateor, Tennessee, 81 percent of the
Srmanisms in rainbow trout stomachs were cladocerans which were pro-
duced in the reserveir above {(Little 1067).  Tn this same tailwater,
rainbow trout weichine Srom 1.9 Lo 203 ke ate erapeics 100 to 152 mm
lome which had been stunned when they poacood throurh the dam (Parsons
1057).  Rainbow tront below Center Hill Dam, Tennessee, fed henvily on
Gl=t o TO=mr threadfin shend which hod pasced through the turbines
{(Tarcons 1957).  In Wyman tailwiter, Maine, rainbow trout over L0OG mm
long were more visceivorous than smaller trout,  Smaller trout ate
Chironomidae (dipterans) which were produced in the reservoir and
carried into the tailwater ('{‘t'mi.:'.ky 1a71),

Nor. Food organiame enten by rainbow trout coilected below a
rogeryair differed Prom that of fish h8.3 km downstream (Welceh 1961).
Algpne were the primary food below the dary and mayflies and small
ctonellies forther downstream. The influcence of tailwater flow and
temperature on food availabilily decreases downctbream as tributary
inf'low, meteorolosiconl conditions, and other influences moderate the

effocts of Lthe discharee.  Brown brout that were collectod imnmediately

80
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below a reservoir in Colorado ate more dipterans (small-bodied insects)
than those collected downstream, which ate primarily trichopterans and
ephemeropterans (Weber 1959).

263, Food is rarely limiting on the trout populations in cold
tailwaters because of natural food production within the tailwater and
food exported into the tailwater from the reservoir above. Food orga-
nisms exported from the reservoir display seasonal abundance patterns;
quantities available in the tailwater are greater during spring and
wutumn than during midsummer and winter.

26L. Age and growth. Trout growth in tailwaters is variable,

cgenerally being comnarable to that in reservoirs and often exceeding
that in natural ctreams (Welch 1961; Trotzky 1971). The average
Tenrth of rainbow trout cuptured below Blue Mesa Dam, Colorado, in-
cereased from 2UG mm before impoundment to 285 mm after impoundment
(Wiltzius 1978).

265, Rapid srowth of rainbow trout stocked in tailwaters has been
roported in a number of studies. Mullan et al. (1976) reported that
stocked fingerlings averaging 191 mm long grew 76 to 102 mm per year in
Glen Canvon tailwater, Arizona; T6-mm Uingerlings grew to 254 mm in
length in one vear in Flaming Goree tnilwater, Utah; and 76-to 127-mm
fincerlings grew o 254 to 381 mm in length in Fontenelle tailwater,
Wvoming.,  Rainbow trout fingerlines released at an average length of
24 mm frew 178 mm from July to December in Navajo tailwater, New
Mexico {Olson 1965). Stevenson [1975) reported that the average length
of rainbow and brown trout below Yellowtail Dam, Montana, increased
157 mm between May and December.

DAG. The abundance of food orfanisms coming from a reservoir and
of invertebrates produced in the tailwater is associated with rapid
Frowth of trout. Parsons (1957) stated that rainbow trout in Center
Hi11 tnilwater, Tennessee, fed on threadfin shad coming through the dam
anl rrew 25 mm per month. The availability of the higher quality food
(fist versus insects) in Center Hill tailwater apparently produced the
rapid rrowth. Rainbew trout growth decreased in Dale Hollow tailwater,

Tennessee, in 1953 and 1954 when the number of finpgerlings stocked was
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increased from 20,000 to 30,000. This indicated high utilization of
available food in the tailwater. Temperatures in Dale Hollow tailwater,
which range from 7.2 to 13.3°C with a maximum monthly variation of
1.7°C, are considered excellent for trout growth (Parsons 1957). Rain-
bow trout that fed on the large numbers of arthropods harbored in the
vegetation in Norfork and Bull Shoals tailwaters, Arkansas, during 1957,
grew 23 mm per month. In 1958, when flood flows washed out much of

L. this vegetation, trout growth decreased to 17 mm per month (Baker 1959).
267. Trout growth in tailwaters and other areas has been discussed

by several authors. Irving and Cuplin (1956) reported only small dif-

ferences in growth of native and stocked rainbow trout captured in

several Snake River tailwaters:

Total length, mm

- Age Native fish Hatchery fish
1 130 127
IT 262 244
I1I 351 333
v LeT LLs
{ v 488 -

Also, no differences in growth could be shown for rainbow trout taken
from tailwaters or impoundments on the Snake River, Idaho. Trotzky
(1971) found that rainbow trout in Kennebec River tailwaters, Maine,
grew faster than rainbow trout in streams and lakes from other areas

of the United States. Large trout have been reported from several

4 < tailwaters. Rainbow and brown trout weighing 6.8 kg have been captured
- # in the White River tailwaters, Arkansas (Baker 1959), and trout up to
;ji 5.5 kg are common in Fontenelle tailwater, Wyoming (Banks et al. 197L).
§>' 268. Reduced water temperature extremes in winter and summer and
['g 2 more homogeneous temperature regime throughout the year appear to

71 have resulted in year-round growth of rainbow trout in some tailwaters.

This conclusion is supported by the inconsistent age readings and lack

of annulus formation on scales of trout from some tailwaters (Moffett
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1942; Parsons 1957; Pfitzer 1962; Olson 1968). 1In Watauga tailwater,
Tennessee, where winter water temperatures are moderate, year-round
growth of rainbow trout averaged 15 mm per month. Little or no fish
growth will occur in tailwaters where winter water temperatures are

extremely cold.

Esocidae (Pikes)

269. There are four species of the pike family in North America:
grass pickerel, chain pickerel, northern pike, and muskellunge. The
natural range of the chain and grass pickerels is the eastern United
? States; whereas, that of the northern pike is north-central United
States and Canada, and that of the muskellunge is the Great Lakes
f states south to Kentucky. Northern pike and muskellunge reach a large

. size and are highly regarded as game fishes. Both species or their

hybrids have been stocked extensively in some reservoirs. The chain
and grass pickerel are smaller fish and though chain pickerel provide
fishing in some streams, grass pickerel seldom reach catchable size.
The pickerels occur in some tailwaters, but they receive little mention

in the literature and will not be discussed further.

270. Habitat. All pikes have similar requirements in that they
prefer clean, quiet-water areas of lakes and streams where there is an
nbundance of aquatic vegetation. 1In streams, they prefer cover along
the margins in patches of vegetation, beside submerged roots or
branches, or in patches of shade. DNorthern pike are commonly found in

n variety of habitats in lakes, reservoirs, and large streams, and

[

muskellunge in lakes and pools and backwaters of slow-moving streams.

2T71. Reproduction. Pikes spawn in the spring soon after ice-out.

They move into marshes or other shallow marginal waters where vegeta-

tion is abundant. HNo nest is built, and eggs are broadcast and aban-

ERSTIE. VWIS

doned. The adhesive eggs sink and adhere to the bottom or to vegeta-

it ?

tion. They hatch in 10 to 14 days, and the larvae remain inactive but

attached to vegetatiom for 6 to 10 days or until the yolk sac is
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absorbed. Both eggs and young may be stranded il water levels drop in
the shallow breeding areas. Studies suggest that spring water levels

must remain high for at least a month after pikes sp2wn to obtain good
year-class survival.

272. Food. Pikes are carnivorous, feeding principally on other
fishes. They remain motionless near cover and dart out to capture
unwary passing prey. Pike larvae eat zooplankton and the larger young
ent nquatic insects and small fish.

273. Age and growth. Growth of both the northern pike and

muskellunge is extremely rapid. Northern pike average 251 mm long at
the end of their first year and 777 mm at the end of their sixth year
(Knrvelis 1964). The maximum lensth of males probably does not exceed
760 mm (Threinen et al. 196G6). Maximum length of females may exceed
1016 mm, but few survive beyond 12 vears. Muskellunre average 267 mm
long at the end of their first vear and 769 mm at the end of 5 years
(Karvelic 196L). Maximum age is about 20 vears, and maximum reported
lensth is in oxcess of 1270 mm. Tor a1l srecies of pike, fenales grow
more rapidly and live longer than males. Most fish are mature when 2

or 3 vears old.

Pikens in taillwaters

7L, None of the pikes are common tailwaters. They may be found
there for several years after construction of a reservoir on rivers

where the specien ccecurs naturally or after stocking within the reser-

voir, They may move upstream into tailwaters from downstream locations
1t certain times of the year to feed or spawn.

275, Most northern pike and muskellunge found in tailwaters have
ranaed over or through a dam from the reservoir above (Diuzhikov 1961;
Honson 1977; Wiltzius 1978). During or immediatly after the filling
o’ a new reservoir, pike may become common in the tailwater for a short
period. Diuzhik~v (1961) reported large year classes of pike being
p duced in ¥uibyshev Reservoir, Volga River, as it was being filled.
Many of these fish passed over the dam and congregated in the
tailwaters, Teeding on the large numbers of small fish that passed over

the dam or were blocked during upstream migrations. During the two
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to three years following impoundment, up to 40 percent of the number
w90 pereent ¢f the bilormuss of fish caupht in the tailwaters were
vike.  These hiegh entehes were vollowed by a rapid decline in numbers
ithin & years (Chikova 1062)
Wionln 5o years NTKOWVH YO0 .
Dfe. The Toss of pike frem Kulbyshev tailwaters can be attributed

Lo both reduced reproduction in the recorvoir sand lack of cpawning
success in the tiilwater. JSoawning o the tuilwnter was delayca Trom

ety May oto Tate May beermce of clower warming of water and high daily

and weokly water-level UlTuctuations caused by hydropower production,

which mirther inhibited srawning. Additicnnlly, a gseasonal drop in
water levelas or 4o te Yo occurred during embrevonie development, re-
i ine in macaoive desicention of the Jdevocited eqsgs and larvae

(it iecey and Chikoora 1068Y,

Yo A vt Tar altuation ceovarred in Hlhrvekaya tnllwaters on the

ey Fiver s owhere preendary, chart o weaters=lovel Cluctvdt ons due to
b cwer tenikinr netivics resulied in o the digeaption o cessation of
e ctrewnimees This was ovident Prom the Toarge naeber of adult pike
Shard Lo be cemoarbine el oroduess (Barinnikeva 1967) . Disapponr-
A Cororthern vike Crormothe toilwiters below f oo hydreyower im-
: Corciment s (s, Cooke, Five Channels, Teotoe, ond Mio) on the Au Sable

ry Menioan, i belisved Yo brove been caused by the Lack of srawning
s in the tallwate o, courled with a ceneral decrease in yroduc-
A7 e unetrenm reservsirs (Richards 10760) .
UL Dams bwve dlse erffectively limited reproduction by blocking
swovement a0 Cish o their upstrenm snawning grounds.  Thic occurred on
,< o Mbdito Forko o the Hentiacky River where muskellunge numbers have
X Sendily declined sinee the coustruction of Buckhorn Reservoir,
?‘ Foruery (Beaeson 1977).
T .
‘1 279, The otffects of Tlow resalation on pike are not limited to

~)
i e inmediate tailwaters of certain dams.  Reduced river flows result-
-,

- ine o orecerveir Siliinge can o fect pike distribution and reproduc-

L4
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; tion hundeeds of Bitometrer downstream. Low winter lows below Bennett

5

Durc oo Lhes Penecc=Athabagen River in Tanada during the filling of

Willigton Take threstensd the northern pike populations in Lake




Athabasca through severe freezing of shallow-water areas and increased
oxygen depletion which caused a winter-kill (Townsend 1975).

280. Similarly, flood control below the Volgograd hydropower
facility on the Volga River has affected the northern pike population
in the delta on the Casplan Sea far downstream. The low water resulting
from spring flood control has shifted the pike's distribution within
the delta and has caused a delay in the spawning season from March-April
to May and a corresponding decrease in spawning success. The delay in
spawning shortened the foruging season, and pike growth rates declined.
Additionally, the reduction in numbers of the pike's prime forage
species, mainly spring spawning vobla, pike-perch, and bream, resulted

in a decrease of its aununl food supply (Orlova and Popova 1976).

Cyprinidae (Minnows)

281. The minnow family is the largest of all fish families. Most
members :ure small, but some (carp, squawfish, chubs) attain large size.
Minnows are found in all natural waters, but are more common in streams
than in lakes or ponds. 1In streams, they are often more numerous than
11l other fishes combined. Minnows are efficient in transforming
minute aquatic food intc sizable food for larger game fishes.

282. As a group, the cyprinids vary greatly in food habits; some
feed on insects, some on algae, and some on the organic mud of the
bottom; still others are omnivorous. Habitats may include silty, clear,
or bog waters; quiet or rapidly flowing streams; sand, mud or gravel
bottoms.

283. OSpawning migrations by minnows are limited; no species moves
more than a short distance upstream, or beyond the shoals of a lake.
All spawn in spring or summer and the incubation period of the eggs is
relatively short. Some species merely scatter their eggs in a suitable
habitat; others deposit them in specially prepared nests; and still
others guard the eggs until they hatch.

28k, Many different species of minnows often occur in the same

waters. 1In such instances, the various species are found over
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different types of bottoms: mud feeders over mud bottom, algae feeders

over algae-covered rocks, and insect feeders over sand and gravel or

other types of bottcms.
285. With the exception of carp and some chubs, minnows are not

sought by sport fishermen. Most minnows are effective baits for the

taking of sport fishes. Because of the large number of minnow species,

this discussion of life history is limited to the following general

cyprinid groups: carp, chubs, true minnows,* shiners, and stonerollers. i

Species considered within these groups are those most often mentioned

in tailwater literature. Discussion of cyprinid occurrence in

tailwaters includes the above five groups plus daces, squawfishes and

chiselmouths, and cyprinids in Russian tailwaters. Daces, squawfishes,

and chiselmouths are of local importance, and Russian cyprinids are

included to illustrate tailwater-fish problems similar to those fcund

in the United States.

e 1
286. Habitat. Carp are found throughout the United States. The

species is very adaptable and occurs in most aquatic habitats but is
most common in large streams, lakes, and man-made impoundments that are
highly productive because of natural fertility or organic pollution.
In streams, adult carp are usually found near submerged cover such as
brush piles or logs and where the current is the slowest. In lakes and
reservoirs, carp are usually found near shore or in shallow embayments;
an occasional fish may be found in depths exceeding 10 m.

”8T7. Carp do not school, but they do form loose aggregations.
The species is not considered migratory, but some individuals move for
1ong distances. Where carp become abundant there is usually a general
deterioration of the habitat because of increased turbidity and destruc-
tion of aquatic vegetation caused largely by the fish's feeding habits.

288. Reproduction. Carp move into shallows to spawn between late

March and late June. Opawning starts at water temperatures of 1L.5 to

*¥Members of the family Cyprinidar whose common name includes the
word "minnow" (Bailey et al. 1970).




17°C but peuks at "8.5 to 20°C. The eges are scatiered over lugs,

rocks, or submerged vegetation. Eeps hateh in b to 8 duys, depending

on temperature; there o no parental cure of eggs or fry. Carp oiten

spawn in water so shillow thit their backs are exposed and the ucise

created as they thrash about can be heard for considerable distunces.
289, TFood. Carp feed on a variety of anims} and plant moterial.

+

Aquatic insects nre the most common diet item and plant materisl ranks
second. Mest active feedine occurs in late evenivy or ewrly merning

wnd food is probably located more by taste thun by sight,  Curp are
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moatly bottom Teeders, but they have :ils been observed taking
brects on the water surtace.

D00. Ape and growth. Aceramiing to Prlieger (1979), carr in

Micsouri streams averame Te5 mm 1one ot the end of their Tirst yvear o
Pife and cench Jererths of <bout D70, -0, Wby ant YT me in succeeding
D Loy avorace they weish 0000 e when 505 s Loy, L7 Ky whern

o~

Torem, s b ke when 608 me 1 nee, Crary o cocd o infertile

SISTRN
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* e

Heso trom warn, produe’ Ive watero,  Yew Tive e Lhan 10 vears. lost
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males are meature oo e TV s movt Teraler ab gres 111-V.

Cary in tuilwaters

29l Jarp are common oo oubunedant noneanr woarnmwet or tallwaters.,

They were tbundant in the mclers coteh o Take o the Ozarks from

AL o R - s e . S ~ . .
TOuS te 1974 and were O perecent of the eatel in 1966 in Clearwater Dam

tailwoeter, Micoouri (Hancon 1965, 1977).  Chrr ormedde ur 57 perceut of
the fich coptared by angeders in 100 in Ceivie taliwrer, T1lincis
{Fvins LOO0Y, and eonstituted the bulk o0 thie weicsht of Tish ccllected
in Holyvoke Dam tailweler, Masoachuse'to (Getfrerios 1a7h) . Ther were

wloo nmumerous below Fepen Hidee Reservoir, Creror (Hutehiseon et al,
1066 ),

9., Curp have also adapted well to cona’flons in a number of
cold tailwiters.,  Croel surveys in Fentucky o1 the Barren Rerervoir
and o lin Reservolr Yailwaters from 1905 *hrensh 1971 recorded catches
Of earp ranging Trom 1,200 to 6,000 and 1Lt 40 10,000 fish, respec—

tively. Theoe vatches iccounted for 5 to 30 pereent of the total
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sroott CleRine oo eh oo these tailwsters during those years (J. P. Carter
s e len el MeLomore 1973, Tn addition, earp composed 50 per-
che ciet porulation (estirated from sumples collected by
Tonine) o Tolin Reservelr tuilwater in Marceh 1066 (J. 1. Carier
N .o re abwerint in Chilhowee and Norris thailwaters,

Gt taT) L They are one of the dominant srecies in Dale
Cennessee (Buuer 1976G). Fhoush nct numerous in the
Dol e e Tyt o, eart wore Sound Lo make ur 17 percent of the Tish

k] N N i

S o LA 0L pe downotrenn below Cumberland Do, Kentueky (Henl%y

YL Caper ciee corrienly Tound in ansler eatches in oo oseries of

N I

lyntere s Lhe Unoke River, Tdanhe, includine Lower Solmon Falls,
Sriae, vnd O T, Trrike (Devines Cuplin 19543),  Holden and Stualnsher
(078} alac pororted ey e copmon below Glen Canyon Dam, Colorado. lot
Al eoia Ui lweters cont D fo gy rovide gocd eary habitat. o Caro have

~

i Twator, aprarent 1y becnuse of

creceed n qbundance inoo Wyoris

.o . “ LR
i lnie temrveraturoes il dan e oL, 10707,

comstruction hae o loed the distribucion of carn. The

srct o micre ton of cary oat of come Tenneoscee roserveirs has been
Coockea ot dems. Thiis heles meintuin the populations of small-
meith b ot other mame Cish in fhese ctreams by limitine comvetition

(e VT Y. T the Kenneboo Bivoe, Malne, cary have been kept out of

t

he oy cictive upper viver by Lhe tresence oF Angus N (Fove et al,

ot cavy reoproduction may ocenr in tailwators, but it
han et b werifiod, Runndnge rive ourp o were caught in Lewis and
Clorn - cvyAeaith Dakota and Clebraces, ot teaperatures of anee,

‘ ~ ] 3
o oorent femalos were foand after temberatures of J57C were reached.

Govoune=cf=tne=venr carn wore ecllected from o this tnilwater {(Walture

DL, Meost recraitment o coep Lo tallwiaters appears to come from
fhe o roneryoir above o the siver downatream. Lorge numbers of young-
WUt ioeys o earb-—ng many s 310,000 in b ohours--were found in the
piaehnaree a1t Lewis ond Clark Lake, but these rish Jdid not stay in the

a7 water (Walbure 1071 Walbare ot al. 1071).  Adnlt carp were the
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second most numerous species lost over the spillway at Little Grassy
Lake, Illinois, amounting to 1k percent of the total fish transported
into the tailwater (Louder 1958),

296. PFood habits of carp in tallwaters were examined only below
Lewis and Clark Lake. Zooplankton, algae, and bryozoans were all
utilized, Zooplankton was the main food available during the period
when carp were most abundant, from early spring through July (Walburg
et al. 1971).

2Q7. Carp grow well in most warmwater tailwaters. The average
weight of carp taken by anglers in Carlyle tailwater, Illinois, was
0.66 kg in 1967 and 0.50 kg in 1968 (Fritz 1969). The average weight
of this species collected in Canton Reservoir stilling basin, Oklahoma,
was 0.50 kg (Moser and Hicks 1970). Carp collected in Lewis and Clark
tailwater averaged 8 percent larger than those from the reservoir
(Walburg et al. 1971).

Chubs

298, Habilat. Most species of chubs inhabit clear streams having
permanent flow and a predominance of clean gravel or rubble bottoms.
Adults are usually found near riffles or in pools but not in the
swifter current. The young are usually found in quiet-water areas and
nost often in association with higher aquatic plants.

299. Reproduction. The following description of spawning by the

hornyhead chub (Scott and Crossman 1973) is believed typical for stream
chubs. Snawning takes place in the spring of the year, probably when
water temperatures reach about 24°C. Nests of stones and pebbles are
built by the males on 1 fine-gravel or pebble bottom, often below a
rirfle, and in relatively shallow water that covers the top of a com-
pleted nest to a depth of 15,2-45.7 em. Nest building is usually
begun nt'ter May 15. As construction progresses, females may approach
the nest and be enticed to it or driven over it by the male. Spawning
takes place in a few seconds and the female moves quickly downstream.
Tre relensed epps settle among the stones and the male continues to
add more stones to the nest, thus ensuring additional protection for

the epea.  The nest=buillirg male carries stones in his mouth or rolls

9
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and pushes them with 1ips and snout. The total egg complement is not
deposited in one nest at one time, since at each spawning a female
deposits only ripe eggs. As muny as 10 females may spawn in one nest.
The nest mound increases in sive as more stones are added by the male
after successive spawnings. The sites of nests are irregular and vary
from 30.5 cm to 91.4 em wide, from 61.0 em to 91.4 em long (with the
current), and from 5.1 to 15.2 cm deep. The nesting sites may be used
as spawning grounds by other species of minnows, even while the chub is
still using the nest.

300. Food. Young chubs feed on cladocerans, copepods, and
chironomids. Adults es* mainly immature and adult aquatic insects,
terrestrial insects, crustuceans, and plant material. Crayfish, worms,
and mollusks are also consumed by some species.

301. Age and growth. The ultimute size attained by chubs varies

with the genus. Total lengths of adults are generally 65 to 75 mm in
some genera and 100 to 200 mm in others. Maximum length ranges fron
90 mm for some genera to 060 mm for others. Males grow more rapidly
than females and reach a larger maximum sice.

Chubs in tailwaters

302. The common name "chub" is used for fish of several genera.

This discussion is limited to chubs from the genera Hybopsis, Gila,

Mylocheilus, Nocomis, and Semotilus.
* e ————

303. The various chubs respond differently in tailwater environ-
ments and their presence or absence depends primarily on the charac-
teristics of the particular tailwater. In Tennessee, the river chub

{(Nocomis micropogon) is abundant in the coldwater Apalachia and

Chilhowee tailwaters, where it is used as forage by other fish species
(Pfitzer 1962; Hill 1978). This chub has disappeared from the Grand
River below Shand Dam, Ontario, but it remains common in the river
abive the reservoir., Delay of the spawning seascn because of a 7°C
decline in maximum temperature, from 28°C above the reservoir to 21°C
in the tailwater, is cited as the reason for the river chub's dis-
appearance (Opence and Hynes 1971b). The river chub has also dis-

appeared from the warmwater tailwaters below four hydropower
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impoundments on the Au Sable River, Michignn (Richards 1976), but the
reason for this disappeurance is unknown.

30k,  The roundtnil chub (Gilu robusta) is found below Blue 'lesa
Dam, Colorado, and has apparently suffered no i1l effects from the
reduced temperature and turbidity in this tailwater (Mullan et al. 1976;
Wiltzius 1978). However, this species of chub aprears to be disappear-
ing from a tailwater in New Mexico (Mullan et al. 1976). In a tailwater
in Utalh and Wyoming, the roundtall chub did not revrcduce in two of

three rears Tollowing impoundment, presumably because of the reduction

of shmmer water temperature from 8.3 to ©,8°C that resulted from in-
erensed summer hypolimnetic discharees in 106L and 1966, The growth
rate of this species has alse declined since impoundment (Vunicek and
Kramer 1900) . The simd i bonytail chnb (Gila elegans), once con-
siaered a subspecies ot the roundtail chub, has disappeared from a
. cold tailwnter in Wyoming because water temperaturces and turbidities
snitable for bhis species no longer occur {(Mullan et al. 1970).
0%, The humpback chub (Gila cypha) wa. oeeacionally found in an
Avicons Ladlweter in 1967, but by 197 numbers of this species in this
Vioailweter hos further declined, most likely because of labitat
( Shecvres roeoultine tfrom dam construction and operation (Holden =and
Jteodnaker LO7TR).

SWa, The hoernvhead ohub (Noconis bigpttatus) has a large popula-

Tt ion in the cold fnliwater below lloover Dam, Ohio, where temperatures
carge Urom 100 e D1LT%0. Overcerowding in the tailwater may be aiding
i cxpancion of this cpecies in the drainape, where it was rarely found
bocore impoundment of the reservoir (Cavender and Crunkilton 1974).
< Coawnine deinys caused by the 700 temperatare reduction below Shand Dam,
: ontrrio, have oliminated the hornyhead chub from this tailwater. This
!

stecies is one o0 the more common eyprinidse above the reserveir (Spence

and Hynes 1971b).

éi 307. The creck chub (Semotilus atromaculatus) has thrived in cold
~
.-i tailwaters. (L i commen in Hoover tailwater, Ohio (Cavender and

Crunkilton 197h), and in the tailwiter below Granby Dam, Colorado, in

spite of 4 reduction in Slows to only 11 percent of the historical

a9l
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E v Wb g, ) b water temperostures appear Lo hnve alded the
Crvesn Rk Do Do callwater, Ontarice. The species has continued
Lo ey duee caccenarnldly here, whereas Lhe reproduction of other

1y

Thia haos otiowed Lhe cereck chutr o become numoer-

(SIS RETRI N

sy i boe baddwenor, alitbengh 1v infreauently occurs nbove the recor-

f v (fvyvonco arsd e 19{1b}.
WELA L=te Veweok Jdeluy in ospawnine coused by oreduaced temperi-
3 . e s dod Lo oddeciine inothe reproductive cuccess and numbers of
“hepeawmouth ebnb Givlochellus coarinus) inoo Yonuan failwater Moy
A ibnttorn 197G) 0 The peam ot ehub ooccurs amd i ocencionally ereelod
i cold tailwitors below Urper and Lower Salmorn Fails dams, Rlioe
Sean, nnd CooWJu Otrlre Damoin Db (Ievioge and Cupiin 100000
SO0, The strommline onud (‘:_‘l\"ln\}r;;i:z Gloaimilic) was collected in
Trnrren Heservolr Lliwater, Hentood qn electratiching survey
. Teoteeh 100 (T, DL Carter (00Sa) . The vpeckled ol (Glvbogsie
STvelie) heo dlaapveonrcd Srom oo oeola tailwetor in Yexno, although it
b oin tne vicinity of the dam during vreimpoundnents surveys and
Uil omaviver in lne piver above the reservoir (Bdwards 1979). Celd
Weetor Corinersnbarer cenl othier Stetors in the Lellwater, oonined by
( P tirmen Te pelessery ove most Jikely restonscible for 103s of this
.

Sihe o wedbnee o tarbidity in tallwaters may benefit some chub

Siovien. oo toorbiaityeint ot bigeve ohub (Hybopsis amblops) is

cren oo b T ama S foowver Do foilwater, Chio, perhaps due to

weer carbidier Teveln, Thios species ia celdom fHund i Lhe
Chee PP gl Creck cirvainnec (Caverder and Crunkilton 197%).
,I< 2l oenre -0 e nreee number of chub srecies and the wide
?. Parete o their onvieoament 1l requirements, generalivations on their
g Caceeess St S lwatorn To s cSienlt. Temperature changes and their

L}
: SPreets an renradinet T on, alonge with choages in turbidity. appear to be

moct important in o deteemining the presence or absence of chubs.

117, Habitat., The Lrae minnows are a diverse group with a variety

o habitat preference.  Many prefer lakes, ponds, or backwaters of




slow-moving streams with dense vegetation. Few species are found in
reservoir tailwaters. They are tolerant of turbidity as long as there
i5 enough current to keep riffle areas free of silt. Many occur in
schools near the river bottom, but they avoid strong current.

313. Reproduction. Most minnows spawn between April and July.

Some randomly spawn in shallow areas above gravelly or sandy riffles
and others over silt bottoms; still others prepare nests in sand or
sravel areas which are guarded by the male. The following description

t'or the bluntnose minnow (Pimqppnlos notatus) taken frorm Pfliecger

(1975) is fairly typical for nest-building minnows.

314. The bluntnose minnow has n long spawning season, eoxtending
in Missouri from early May, when water temperatnres are at least 20°C,
to about mid-August. The peak of gspawning ic in Iate May and June.

The eggs are deposited on almost any objicet (flat stones, boards, logs)
that has n flat undersurfuce und lies on the bottom ot depths of 15 to
90 cm. Usually sand or gravel, rather than o muad bottom, is selected
for a nest site. Nest conotruction concicts o evenvating 1 snall
cavity beneath the object selected and cleanine th. unaersurfaces where
the emma will be deponited.  In excavatine the covity, 2i1t, fine sund,

4

and pebbles are cwept away by violent metions o0 the 1401 fin, and
larecer objiects are pushel out with the tabereals o cnout, The roof of
the cavity i ovenned by the male with his mouth and the cpongy pad on
his back. Only v aingle male cecupies @ nes! | tut covernl males often
nest in vroximity beneath o single object,  Ceveral females may spawn
in a2 singmle nest, which may ultimately contain more than 5000 eggs.
Eees hatceh in 6 Lo 1 daye, derendine on witer temperature, and newly
hateched youngs are about 5 mm long. The male remains on the nest
throughout the incubation period, driving away all other fish except
females ready to spawn.

31%. Food. The food of the minnows is generalized and includes
both plants and animals; aquatic inseet:n, small ecrustnaceans, and algae
predominate.

216, Age and growth. Lencths of ndult minnows penerally range

between 50and 75 mm, el maximum lengthe between 7% and 100 mm.  Most

W vl




average about 50 mm long at end of first year of life and 75 mm at the
end of the second. Few live longer than 3 years. Most are sexually
mature in their second summer.

317. Males grow more rapidly and to a larger size than females
for minnow species in which males guard the nest. Females are usually
larger in species that do not guard the nest.

True minnows in tailwaters

{ 318. Seven genera of Cyprinidae are commonly termed "minnows"

(Bailey et al. 1970). Two genera (Pimephales and Phenacobius) that

reportedly occur in tailwaters are discussed in this section.

319. The fathead minnow (Pimephales promelas) has a wide tempera-

ture tolerance which makes it well-suited to the tailwater environment.
It has increased in numbers in both the Navajo tailwater, New Mexico,
and the Fontenelle tailwater, Wyoming (Mullan et al. 1976). The fathead
minnow is one of the remaining native species in cold Granby Dam
tailwater, Coloradv, where flows are only 11 percent of the historical
average (Weber 1959). The fathead minnow is the third most abundant
species in the warm tailwater below Lake Carl Blackwell, Oklahoma, and
spawning activity was indicated in mid-April when water temperatures
reached 17°C {Cross 1950). The fathead minnow also occurs in Hoover
. tailwater, Ohio. It apparently passed over the dam from the reservoir
above where it had been introduced as a bait fish (Cavender and
Crunkilton 197h). This species was also introduced into Dale Hollow
tailwnter, Tennessee, probably through its use as a bait fish (Bauer
1976).

320. The success of the bluntnose minnow {Pimephales notatus) in

. ( cold tailwaters is varied. It is found in the cold Barren Reservoir

= tailwater, Kentucky (J. P. Carter 1968a) and is common in the drainage
{ of Bipg Walnut Creek, Ohin, including Hoover Dam tailwater (Cavender

f’ and Crunkilton 197h). The bluntnese minnow has disappeared from the

Grand River below Ohand Dam, Ontario, presumably because of lack of

~
i spawning cavsed by temperature reductions, since the species is com-

monly found in the drainnge nbove the reservoir (Spence and Hynes

1971b).
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.
Y. The bullhead minnow (Pimephales vigellox) was present in the
cold tuilwuters below Canyon Dam, Texas, in 1976, bun was not collected
Crorr the river sbove the reservelr. o explunation was apparent or
“he absence of this spoecles in the 1070 collections wbove the resery i
Stnee 10 had been eoltocted here Lo obher NAGES b (I:ldwar'd:z 107\\
i 0L Adelt suckermonth minnows (Phenneobius mirabilis) woere abun-
et b the siver below Livee Curl Mlackwell, Oklahoms, only during the
X GrnwnitgT Senoen, Fonsdes Dnoopawning condition occurred fun oponls beoow
) Gt owater temperatures of bt 257°C, Yeung of the yenr
Wer ureiant by mid=Tune o chatilow sninge water. By mid=July, young
vickerm b minrows et oreached o lengtn o0 W) omie and were only round
Tt owiTiort Clowine whtors below e (Cross 1950).
SOcein o turee parers o on tallwaters, minnows were referred Ueoin
Mly otereral teero s witheut cetual srecios belns indicuted. Pfiover
- 1000 pated o sl lTone of minnew sprcies in the cold Sributary
toilwiiers o e Jounersee Vialiev,  Diversity oof minnow species de-
Co 7ol swing the compiction of o hypyolimme e release dam in
. Wicconsin I 1900 ATthoush Uoto L0 rinnow gopecies wers precent udl the
‘ Do otidy ot hone boelow the dam Coon 1005 to 1anl) o only 4o to O
{ Srecbens were Cound o 10090 Aloo, there woo o Jdecrense in the overall
: bt 0 mibmaows Tnothic tallwiter {(Wiroh ot ol. 1070).  The
bl pthve no renr e the observed minnew population changes,
albicnsh 10 woendd aepesr that colid witer temperatures were responsible.
' Thrmows wore numeroas in the worm todlwater below Rlephant Butte
t

D, Lew Mexico, where they made up 97 percent of sanples collected in

i ey

_ LouG in seines ond by electroshocking (Huntington and Navarre 1957).
. .
! < Chiners
i wit. Hobitnt. Chiners (Notropis) are the most abundunt species
within the Cyprinidae. They are a diverse group ani the various i
«i srecies have n wide variety of habital preterences.  Muny are round 1

only in lakes, ponds, or backwaters with little current, and others

»
'~ - . . ~ : : -
. % Tarrely in small headwater streams. Relatively few shiner species are
& . . . . .
. found in teilwaters. Shiners in tailwaters prefer moderate te larpe-
B | dived streams with relatively clear water Lhrourhout most of year, ]




coderabe or Biet o rradients, aond olenn sand, gravel, rubble and or

toulder=strewn bottoms,  Dome vpe sfes are found in the deep, swift

iv ) oetets
LUt

oo wnd In eddies and currente orf pools immedintely below such
ritlers Other shiners prefer low to moderatoe current sradiants and
are mest o abundant in slhidcow condy oola, Some are feund in oschools
in midwater or near the swrtace, and others near the botton,

3

N Heproduetion.  Chiners hove varied cpowine hebito depending

>

o~

s the cpecies. The Tollowing deserintion for Lhe oommen chiner taken

Srom Ueott o Crosepan (1973) is penerally applicable o most shiners.

e STraawmny ity besine when water temperst gves reach 1500
roin May o oor v Spawndingt mayy oceur aver cravel beds
i o T T T N Carvr aveas PR R viiaied s T s :
o Uiowine owet ey Le o ray o oxXenwvate challow nect s i ogravel in

Wt Wil o ooy oy ane e nects mede by other Cishes, oven

my

ot o e e o cwerent Clow. They often orynwn at the head of
cravee bl i ie where Lhe male establisher o torriiory, The Temaleg

G cne eyl below Lhie males antilorosdy Looapnwn, Lo move

urat e and oventually sprwn, The opawndings ret o tehen o Toee dnoa
Croetionn of o oseront and s repeated many imes, oo within o Tew
minites, ard there mayv be oo conotant sucee Lo mbew g Temales

noving onto the crawninge site, soawningt, and drorpines beer,  Jhadieo

cugeat. Phat Tow esme, probably not more than 500 are releaced at ench

spaw. . The adbesive eoges drop to the boettom ol beoome lTodeed

between evevices of pravel.  Ieen bnteh in about C=1/0 days ot 01,190

N

il Tarvae are aboaorr o lornge,

307

. Cnineern have penersliced Tood habite, They Teed on
e and terrectrind Tnocecto, umal b cructaceans, and algae. Larger

..
__< indiviboerla meay prey onoonntl tioh

,?' 00 Age and growth. Aversyc lengith of mdull shiners is variable
i by srecies. Adults of come specicr ranre beotween 55 and 65 mm long and
"i resch o naximm leneth o0 70 mmy adults of other species ranre between
o T4 and 0% mwr lony and regch A maximues lensth off 170 mm. Males are

‘l the larever in some anecieas, and Pemales in others., Most shiners mature

in their secopd or thivd summer; fow live beyond apge TIT7.
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Shiners in tailwaters

329. The shiners are a varied taxonomic group with many species.
The majority discussed in this section are members of the genus
Hotropis; however, two shiners from the genera Notemigonus and

Richardsonius are also included.

330. The rosyface shiner (Notropis rubellus) appears to thrive in

cold tailwaters. It is abundant in Bull Shoals tailwater, Arkansas
(Brown et al. 1968; Hoffman and Kilambi 1970), and is favored in the
tailwiater environment below Hoover Reservoir, Ohio, by both the reduced
temperature and the abundance of well-developed riffles (Cavender and
Crunkilton 197L). This species, together with the blackchin shiner

(liotropis heterodon) and redfin shiner (Notropis umbratilis), has dis-

dppeared in the warm tailwaters below four hydropower facilities on
the Au Suble River, Michican (Richards 1976).

R4l. The mimic shiner (Notropis veolucellus) has become a common

Svecies below the same four hydropower impoundments on the Au Sable
River {(Richards 1976).  This shiner has disappeared from the cold

My oon Dam o teilwater in Texas, although it is common in the river above
the reservoir (Bdwards 1978).

©30. The redside shiner (Richardsonius balteatus) does well in

beth warm and cold tailwaters. Tt thrives in water temperatures up to
26,790, which oceur in tailwaters below dams on the Row River, Long Tom
Kiver, and Coast Fork Willamette River in Oregon (Hutchison et al.
1%:6) ., Tt is abundant in the cold tailwiters below Owyhee Reservoir
1l Antelope RBeservoir, Oregon (Fortune and Thompson 1969). It also
appenrs to be maintaining its abundance in the cold Fontenelle
Crilwater, Wyoming (Mullan et al. 1976).

333, The rod shiner (Notropis lulrensis) is found in both warm

and cold tailwaters., It is the most abundant species in Lake Carl

Bluckweli tnilwater, Oklahoma (Cross 19%0). Relow Canyon Dam, Texas,
i iz the third most abundant species. Edwards (1978) believes that
stebilization of water (lows below this dam has increased red shiner

abundaice,
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33k, The golden shiner (Notemigonus crysoleucas) and the spottail

shiner (Notrqpis hudsonius) are numerous in warm Holyoke Dam tailwater,

Massachusetts (Jefferies 197h4). 1In cold tailwaters, the golden shiner
is found primarily due to its introduction as a bait fish. It is found
in Dale Hollow tailwater, Tennessee, and appears to have“moved from the
reservoirs into both Hoover tailwater, Ohio, and Canyon Dam tailwater,
Texas (Cavender and Crunkilton 197L; Bauer 1976; Edwards 1978).

335. Large numbers of young emerald shiners (Notrogis
atherinoides)--up to 800,000 in 24 hours--were lost in the discharge
from Lewis and Clark Lake, South Dakota (Walburg 1971). In the
Lailwater, this species is widely used as forage by game fish (Walburg
et al. 1971). This specics composed 16 percent of the fish taken in
Buckhorn tailwater and was also tuaken from Barren Reservoir tailwater,
Kentucky, in an electrofishing survey (Henley 1967; J. P. Carter 1968a).

336G. The success of the spotfin shiner (Notropis spilopterus) in

cold tailwaters is varied. It occurs commonly in both Hoover tailwater,
Dhio, and Barren Reservoir tailwater, Kentucky (J. P. Carter 1968a;
Cavender and Crunkilton 197L). This shiner has disappeared below Shand
Dam in Ontario due to a delay in spawning caused by cold water temper-
atures (Spence and Hynes 1971b).

337. A large number of other shiner species occur in cold

tiilwiters. The duskystripe shiner (Notropis pilsbryi) is the most

abundant. cyprinid in Norfork tuilwater, Arkansas. This species, along

with *he bigeye shiner (Notropis boops) and the whitetail shiner
(Uctrovis galacturus), is abundant in Bull Shoals tailwater, Arkansas

(Brown et 1. 1968; Hoffman and Kilambi 1970). 1In Hoover tailwater,

Ohio, the striped shiner (Notropis chrysocephalus) is abundant, while

a species not found upstream, the sand shiner (Notropis stramineus),

is common. Two other species, the rosefin shiner (Notropis ardens)

and the silver shiner (Notropis photogenis), are rare in Hoover

tailwater, although they are common in the headwater streams above
the reservoir (Cavender and Crunkilten 197h). The silver shiner was
nlso found in electroshocking samples in Barren Reservoir tailwater,

and the common shiner (Notropis cornutus) was taken from both Barren
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third summer. Males grow more rapidly than females and attain a much

larger size.

Stonerollers in tailwaters

342, The stoneroller is reported in a number of cold tailwaters.
It was the most abundant species collected in Beaver tallwater,
Arkansas. It is also commonly found in the tailwaters of Bull Shoals
Reservoir and Norfork Reservoir in Arkansas (Brown et al. 1968; Baccn

et al. 1969; Hoffman and Kilambi 1970). The stoneroller is abundant in

Apalachia tailwater, Tennessee (Hill 1978), and is also found in other
tailwaters of the Tennessee Valley system, where it is used as forage
Ly game tish (Pfitzer 1902). Stonerollers were -"so taken in electro-
fishing samples from Nolin tailwater, Kentucky (J. P. Carter 1968a).
The shallow gravel-bedrock substrate and 1h.% to 21.7°C temperatures
have favored the stoneroller in Hoover tallwater, Ohio. Large numbers
of stonerollers spawn in the shallow riffles below the dam and both
adults and young are found in this tailwater throughout the year
(Cavender und Crunkilton 107h).

Daces in tailwaters

343, Membevrs of seven genera of cyprinids are referred to by the

common name "dace." Only two genera, Phoxinus and Rhinichthys, com-
prising four species, have been reported in tailwaters.

344, The speckled dace (Rhinichthys osculus) appears to do well

in some western coldwater tailwaters. It is abundant below Owyhee Dam

and Antelope Rescrvoir, Oregon (Fortune and Thompson 1969). This

species hns curvived below Blue Mesa Dam, Colorado, and has increased
. ( in Fontenelle tailwater, Wyoming (Kinnear 1967; Mullan et al. 1976).
v 245, The longnose dncee (Rhinichthys cataractae) has survived in

some cold taillwaters. Tt i commonly tound below Owyhee Dam and has

0
i:? survived below Granby Dam, Colorade (Weber 1959; Fortune and Thompson
i;j 1969). Tt has disappenred from the warm tailwaters below four small
;72 hydropower dams on Michigan's An Onble River (Richards 1976).

“‘ 3hl, Twe other species ot dace have been reported from cold

g tailwaters. The southern redbelly dace (Phoxinus erythrogaster) occurs

iti pools below Norfork Dim, Arknnsas (Rrown et al. 1968), and the
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blacknose dace (Rhinichthys atratulus) in the headwater streams of Big

Wnlnut Creek, Ohio, and occusionally downstream in the Hoover Dam
tailwater (Cavender and Crunkilton 197h).

Squawfishes and chigelmouths in tailwaters

7. Squawfishes and chiselmouths are found only in western Yorth
Arericn.,  The northern squawtish thrives in the warm (up tc 26.7°C)
tailwnters below Cottage Grove Reservoir, Dorenn Reservoir, and Fern
Ridge Reservoir, Oregon (Hutchison et nl. 1966). This species also

arpears to do well in most cold tailwaters. t, together with the

.

chiselmouth, is abundant below both Owrhee Dam and Antelope Reservoir
in Oregon (Fortune and Thomrse: 1900) ., Beth the northern squawfish
and the chiselmouth are commonly creeled in o corjices of failwniors on
the Snnke River, Tdcho, inciuaing Urper Colpon Poclo, Lower Jalmon
Falls, Blics, @nd C. J. Otrike (Trving nr Catin 10°), A decerease in
vemperature and o resul tant bhe te Faweek deday In o crawnings Do belleved

rostensible oo redbict Do Inonorthern sraawlloh nunbers Inoa Montana

tailwater (May ani Hwat o 1970)

L

AL The Colors i cqunwlich wryears o e beenn 0ot ol more
then the northern squawish by ol conetracticon, The Oolorade sanwlish
hes ilsapponred fror o cold tadlwater in Wyomine (Mulleon et 0. 1076)
and IF Ts no 1 ooy Toand ino 105=krs streeton 7 the Sreern Fiver o in
Utah and Colorato (Vidieek ot a1, 1970). Temperature reduct lons and
aiterations in rormal Thows ray o hove oliminated 1400 Tt ot 111 survives
Sarther downstresm, bt the sltexrqt foas of cenceonnl termveratane ratternos
since imponniment lias vediecd 0o erowthocate (Vanteek and Kramer
1000),  Cpawning mieeat lone off Coraae cgnawfich o in the Gunnicon Biver
I< in Colorado have b diorarted by Towered temperainres and reduced

; arring and summer Cloews {(Wiltoiuas 1079),

1

Cyveinids in Rusoinn tailwaters

-

3

>
g j 9, Dam ¢onctruction and cveration in the Toviet Union have

- . . .. . -
14 Gffected many specien of cyvrrinide., Historically, the bream was the
tredaminant, srecien of eyieinid in the Velps River in the vicinity of
. the Foiibyehev Reservolr hydrorower dam (Diuzhikov 1961).  Shortly after

E ’ dam clocure, *he bream, topether with the bleak, white bream, and roach
i
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(all cyprinids), were still numerous in the tailwater., However, un-
favorable reproductive conditions in the tailwater caused by water
temperature reductions, large diurnal water-level fluctuations, and a
severe decline in spring flood flows, soon resulted in a decrease in
abundance of all cyprinids (Sharonov 1963; Chikova 1968). Ide eggs,
laid in the shallows, were lost through desiccation due to fluctuation
in reservoir releases. Reduced temperatures in the tailwater delayed
the spawning of bream, white bream, and zope. Between 2L and S0 percent
of the females of these three species were found to be resorbing eggs
in 1963 and 1964 (Eliseev and Chikova 1968).

350. Decreased spring flood flows below the Volgograd hydroelec-~
tric facility have disrupted spawning conditions hundreds of kilometres
downstream in the Volga Delta on the Caspian Sen. Spring spawning
bream and carp have declined in abundance. However, the stabilivation
of flows throughout the year below this dam have improved the repro-
ductive success of the summer spawning white bream (Orlova and Popova
1976).

351. A reduction in mean water temperature of & to 5°C has
affected many cyprinid species in the tailwater below Mingeshaur
Hydroelectric Dam on the Kura River. Combined fyke net catches of
gudgeon, bleak, podust, khramulya, and barbel (all cyprinids) have
declined from T3 percent before impoundment to only LD percent after
impoundment. In fact, the barbel and the bystryanka, have completely
disappeared. Thirty percent of the catch is now composed of vobla,
bream, and carp which have moved downstream into the tailwater from
the reservoir above. The altered temperature regime has also shifted
the spawning activity of the shemia from early summer to autumn. This
shift in activity has not affected spawning success, however; large
numbers of shemia larvae snd fry are still found in the tailwater
(Abdurakhmanov 1958).

352. Reproduction of some cyprinid species has been disrupted by
the large flow fluctuations occurring below Narvskaya Hydroelectric Dam
on the Narava River. The spawning areas of the vimba have been severely

altered because of flow fluctuations, while the fry and eggs of the
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golden shiner (European) have been destroyed through the dewatering of
large sections of river bottom. Consequently, the numbers of both

species have declined (Barannikova 1962).

Catostomidae (Suckers)

353. The sucker family is largely restricted to North America.
Suckers are one of the dominant groups of large fishes in fresh water,
and in streams their total weight often exceeds that of all other fishes
combined. In number of species and individuals, they rank second only
to the Cyprinidae. Each group of suckers has specific habi‘at prefer-
ences, and most are bottom dwellers with similar but not identical
diets. All feed to some extent on larval and adult aquatic insects,
small mollusks, small crustaceans, worms, and algae. All suckers spawn
in spring and none build a nest; eggs are scattered in suitable habitat
and abandoned. Preferred habitat of the various species ranges from
high, cold mountain lakes and swift mountain streams to warm, quiet
ponds and lakes.

354, Most suckers are captured during spring spawning runs by use
of gigs and snags; few are captured by hook and line. Large numbers of
some species are taken by commercial fishermen. The flesh of suckers
has good flavor, but numerous small bones detract from its value as
food. Small suckers are an important source of forage for game fishes.

35%. Those catostomids that commonly occur in tailwaters will be
discussed under thiee groups--buffaloes, suckers, and redhorse.
Buffaloes

356. Habitat. The three buffalc species, bigmouth, smallmouth,
and black, have similar habitat requirements. They occur primarily in
the deeper pools of large streams, natural lowland lakes, and man-made
impoundments. Buffalcoes sometimes enter small streams to spawn, and
the young may remain here during their first summer of life. Their
distributional relation suggests that the bigmouth buffalo is more
tolerant of high turbidity than the other two, and that the black

buffalo occurs most often in strong currents.
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357. Reprocduction. The spawning habits of buffaloes are not well

known. Buffaloes have been observed spawning in shallow-water areas
of rivers and reservoirs with a water temperature range of 15.6 to
18.3°C, between April and June. The adhesive eggs are broadcast into
the water, where they settle and uadhere to the substrate--e.g., rocks
and flooded vegetation. Spawning occurs in water so shallow that the
backs of fish are often exposed. 'The eggs hatch in 9 to 10 days at a
water temperature of about 16.7°C.

358. Food. Stud.es by McComish (1907) and others revealed that
all ages of bigmouth buffalo feed principally on zooplankton. The
large, terminal mouth and numerous slender gill rakers are efficient
devices for straining zooplankton from the water.

359. Zooplankton arnd atiached ulfae were the principal foods
found in smallmouth buftalo stomachs {McComish 1967). This species is
primarily a bottom feeder, us indicate?l by the high frequency of insect
larvae, attached algae, and associated detritus and sand in the stom-
achs. The diet of the bluck buffalo is assumed to be similar to that

of the smallmouth buffalo.

360. Age and growth. The bigmouth is the largest buffalo species.

Aduits are commonly 380 to 690 mm long and weigh 0.9 to 6.3 kg.
Weights of 13.0 kg are not uncommon. Smallmouth and black buffnloes
are somewhat smaller than the bigmouth.

1. Buffaloes are long-lived, many living more than 10 years.
Femiles grow larger than males. According to Schoffman (1943) the
average lengths and wei~hts reached by the bigmouth buffiulo in Reelfoot

Liike, Tennessce, through the first cight summers of life were as

follows:




Age in summers Length, mm Weight, kg
2 335 0.7
3 386 1.0
X Lok 1.1
5 Ls5 1.4
6 528 2.4
7 597 3.k
8 668 6.2

362. Growth in weight increnses progressively during the first
eight summers, indicating that fish in their eighth summer are still in
a fast-growing period of life.

Ruffaloes in talliwaters

363. Buffaloes inhabit primarily lakes or large rivers and gen-—
erally are nol important in tailwaters. Tn most instances where
buffaloes are tound in tnilwaters, they have migrated into the area
from the downstream reservoir or river.

3G, Smallmouth and bigmouth buffaloes are common summer inhabi- |
tants of Lewis and Clark Lake tajdlwaters in South Daxota and Nebraska.

‘ Fish ecollected in June had alrendy spawned, and it was assumed that
their presence in the tailwater was related to fecding activity
(Walburg et al. 1971). The increase of smallmouth buffalces in Dale

Hollow tailwater, Tennessee, was attributed to their migration upstream

from Cordell Hull Reservoir (Buuer 1976). BRuffaloes are important in

the smaller Rough River tailwater in Kentucky where they made up 9.3

percent of the fish eateh by weight (Henley 1967). This tailwater

r f difrfers from most because it 15 essentially a long pool created by a

;? mill Jdam 9.7 km downctream. These pondlike conditions closely dupli-

.;i cate the preferred lentic habitat of the buffaloes.
| 365 . The shallow, fast water in most tailwaters, coupled with a 1
g lack of recruitment, severely curtails or eliminates buffalo popula-

7: tions in mos* tailwaters., DBlack buffaloes were important in an

Oklahoma tnilwater shortly after impoundment but were unable to sustain
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themselves. This was reflected by the rapid decline from 15 to 6 per-
cent of totul catch within 2 years (Hall 19L49: Hall and Latta 1951).

366. The food of buffaloes in tailwaters has not been studied
extensively. Walburg et al. (1971) found that bigmouth buffaloes from
Lewis and Clark Lake tailwater fed almost exclusively on zooplankton in
the reservoir discharge, and smallmouth buffaloes fed on both zooplank-
ton in the discharge and on attached algae and bryozoans found in the
tallwater.

Suckers

7. A number of sucker species occur in tailwaters. Most com-
monly wmentioned in the literature are the northern hog sucker, spotted
sucker, river carpsucker, quillback carpsucker, white sucker, longnose
sucker, flannelmouth sucker, bluehend sucker, and largescule sucker.
The first tfour species are generally eastern or midwestern United
States in distribution, and the last four are extreme northern or
western. The white sucker is more widely distributed, except in tle
West and South. Description of life history will be limited to the
northern hog sucker, spotted sucker, river and quillback carpsuckers,
white sucker, longnose sucker, and largescale sucker. Description of
tailwater digstribution includes all nine of the suckers mentioned
above plus seversal other less common species.

368. Habitat. The northern hog sucker is un inhabitant of
moderate-siced streams thit have clean gravel or rock bottoms and
permanent flow. Tt is usually found on the stream bottom in riffles
or in pools with noticeable current. The heavy bony head, slender
tapering body, cnlarged pectoral fins, and reduced swim bladder permit
it to maintain a position in swift currents with little effort. The
northern hog sucker is nearly invisible on the stream bottom because
nf its strongly mottled s | barred coloration.

309, The spotted sucker lives in lakes, overflow ponds, sloughs,
oxbows, and clean sluggish streams with sandy, gravelly, or hard clay
bottoms without silt. It seems intolerant to turbidity, pollutants,

and elay-silt bottoms.
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370. Carpsuckers are common in large rivers, where they prefer
deep, quiet pools and backwaters with moderate or low gradients. The
river carpsucker prefers turbid waters with soft bottoms, while the
closely related quillback 1Is found in cleuarer waters with firm bottoms.

371. White sucker habitat is extremely varied, since the species

occurs in both lakes and streams with low and high temperatures, low
% and high turbidities, and fast and slow currents. The white sucker has

found man-made impoundments suitable, and has become abundant in some.

This species is especially characteristic of headwater streams.

372, The longnose sucker occurs in the cold, clear water of both
lankes and streams. TIts occurrence in streams is usually related to
spawning activity.

73. Largescale suckers live in lnkes and in large rivers. They
are of'ten numerous in the weedy shoreward areas of lakes, in backwaters,

- and in stream mouths. This species and the longnose sucker are often
£ oaul topether in the same general habitat,

*Th. Reproduction. The northern hog sucker spawns during spring

v “he hends of gravelly riffles in water 8 to 13 cm deep, when water
Cemperature reaches 15.6°C.  Each female is attended by one or more

{ reiles.  The Jdemersal, nonadhesive eggs are deposited in a depression
on the ot ream bottom and abandoned.

TS, The spotted sucker spawns on riffles above large pools during
the svring when water temperature ranges between 15 and 18°C. The eggs
hateh in 7 Lo 1D iays, depending on temperature.

376, Corvpenckers are shallow-~water, random spawners. They spawn

n the spring when water temperatures reach about 21°C. Eggs are

L‘< dispersed into the water column where they eventually settle to the
# stream bottom and adhere to the substrate.
lii 77. White suckers spawn in the early spring. Adults usually
: migrate from lakes into gravelly streams when stream temperatures reach
‘5 10°0, but they are :also known to spavn on lake margins, or quiet areas
'Tf in the mouths of blocked streams and in tailwaters. Spawning sites are

nsually in shallow water with a gravel bottom, but they may also spawn

ir. rapids. No nest is bullt; ergs are scattered and adhere to the
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gravel or drift downstream and adhere to substrate in quieter areas.
Eggs hatch in about 2 weeks, depending on temperature, and the young
remain near the hatching site for about 2 weeks before moving to quiet
areas along the stream bank or in a downstream lake. At this time,
they are 12 to 17 mm long.

378. Longnose suckers spawn in the early spring in streams where
available, but otherwise in shallow areas of lakes. They enter spawn-
ing streams as soon as the water temperature exceeds 5°C. The spawning
run for this species reaches a peak several days before the run of
white suckers into the same stream. Spawning often takes place in
stream water 15.2 to 27.9 cm deep, with a current of 30 to 45 cm/sec,
and a bottom of gravel 5 to 10 em in diameter. No nest is built; the
adhesive, demersal eggs are laid in small numbers and adhere to the
gravel and cubstrate. lHatching and emergence of fry is similar to that
reported for the white sucker.

379. Larreccale suckers spawn in spring, usually in deeper sandy
arens o otreqgms where current is strong, but sometimes on gravelly or
sendy shoils in ldkes.  They enter spawning strecams when water temper-
atiare ia 7.9 40 8,99C and spawn o weck or more later than the white
sucker, in the same streams.  Spawning activity and hatching and emer-
gence o fry is simitar to that reported for white suckers.,

380. Fool. The northern hos sucker is an active feeder, over-~
turning rocks and stirring up the bottom as it forages for immature
aquatic insects and other bottom life with its fleshy, sucking lips.

381. The food of tne spotted sucker is said to consist mostly of
mollusks and insect larvae,

382, Carpsuckers browse extensively on attached filamentous algae.
NDther diet items include uquatic insects, worms, and mollusks.

383, White suckers have rather generalized food habits but subsist
mostly on immature agquatic insectis.

3, The diet of 1onrnose suckers consists almost entirely of
aleae, chironomid larvae, amphipods, and other bottom organisms. Food

ot young fish includes immatur» aquatic insects, copepods, cladocerans,

and lgne,

"




385, The diet ot the largescule sucker consists almost entirely
of bottom organisms such as aquatie insects, crustaceans, snails, and
alfae.

386. Age und prowth. According te Pflieger (1979), northern hog

suckers in Missouri streams reach o length of about 85 mm by the end of

their first year of life und average 165, 246, 300, and 230 mm in their

second throush fifth yvears. Females srow more rapidly than males after
. the {ifth year and attain a larger maximum size. Males mature at age
I1 and females at age ITT.

387. In Oklahoma, the spotted sucker attains a length of about
155 mm in its first year and averapes 287, 338, L09, and 439 mm at the
end of succeeding years. Maturity is reuched at 3 years of age, and
the maximum litre span is about % years (Jackson 1957).

338, According to Prlieger {1975), river carpsuckers in Missouri
average 81 mm in length by the end of their Tirst year of life and 165,
229, 310, and 348 mm in succecding years. Maximum life span is at
least 10 years. Average annual growth of the quillback carpsucker is
slightly greater than that of the river carpsucker.

389, In Missouri, the white sucker averages 97T mm in length by
the end of ttg first year of 1ife and 173, 279, and 797 mm in succeeding
years. Maximum length is about 508 mm.  Fich mature when 2 or W yeurs
! oldy males mature 1 year ecarlier than femnles,

300, Aceording to Brown (1971), longnose suckers in Montana
averame 76 mm by the ond of the first venr of 1ife and 1L0, 216, 267,

218, and L300 mm o in cucceodings yvears.  The largest individual reported

Uy N

for Mentann wno SO6 me o cowd weliphed 000 kg. o Fish mature at Y or 5

€
\ yenrs of age,
. ?4

01, Growth of Targescenle suckers is generally slow. According

f
_1 te Brown (1971), erowth in Montana averares 51 mm by the end of the
'i First vear of 1ife and 89, 1h0, 190, and 750 mm in succeeding years.
-

. Specimens ns old s 11 years hove been ro; ~ted. This sucker matures

;

¢ r

when boor & yemrs old,
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Suckers in tailwaters

39, The effects of tallwaters on suckers have been varied, de-
pending on the type of tailwater and the species of sucker. Taken as
1 group, suckers compose a sisgnificant segment of the fish population
in many tailwaters.

393. The northern hog sucker iIs abundant in many eastern
coldwater tailwuters. Pierce (1969) found no change in the numbers of
hog suckers below Summercsville Dam in West Virpinia following closure.
Log suckers have remained extremely abundant in Chilhowee tailwater,
Horris tailwater, and Apalachia tailwater in the Tennessee Valley,
whore younge of the yvear are used ac a2 food source by game fish (Pfitzer
10603 Hitl 1978). The lower witer temperatures (14.4=21,1°C), slightly
reduced turbidity, mixed gravel-bedrock substrate, and higher dissolved
sxven level (always >6.0 mg/l) provide optimal conditions for pro-
dueing Inree numbers of hog suckers below Hoover Dam, Ohio (Cavender
ared Crunkilton 1974).  Hop suckers apparently have been eliminated from
a colbd tailwater in Avkansos,  They were numercus here in 19950 when the
profect was completed but had disappeared by 1959 (Baker 1959; Brown
19°7) . Reasons “or the disappearance were not speciticd.

39L.  The spotted sucker is also common in some eastern tailwaters.
It 15 one of the dominant species in Dale Hollow tailwnater, Tennessee
(Bauer 1976). 1t is nlso Tound in moderate abundance in the cold
tallwetors of Hoover Reservoir, Ohio, and Fast Lynn Lake, West Virginia
(Cavender and Crankitton 19755 Goodno 1975). Occurrence in these
tailwaters 1o moot likely due to transport of fish over the dam from
. the reservoir above.  Juecesstil reproduction of spotted suckers occurs
( vrirarily in Hoover Recovevoir.  Young o the yvear escape over the dam

I

i ared e found throushont the length of lower Big Walnut Creek (Cavender ;

species lost over the spillway of Little drassy Lake in Tllineis, com-

!*1 and Crunkilten 1974%).  Adudlt spotted suckers are the Tifth most numerous
e posing & percent of total Cish numbers (Louder 1058).
e . . .-

) 0%, The river earpsucker oceurs in both cold and warm tailwaters.

H
pe Tt, i one of the major remaininge native species found below Canyon

’ ) . . N
Roeservoir, Texas {(White 1960). Tt is nalce abundant in Lewis and Clark
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tailwaters on the South Dakota-Nebraska border (Walburg 1971). The
damming of Big Walnut Creek has altered quillback distribution by !
blocking upstream migration and increasing spring concentrations in the
tailwater (Cavender and Crunkilton 197L).

396. Carpsuckers are among the most abundant fishes found below '
dams in the Rio Grande, New Mexico. They remain abundant in spite of

the elimination of flows following the irrigation season, which reduces

the river to a series of isolated pools (Huntington and Navarre 1957).

397. The food of the river carpsucker in Lewis and Clark Lake
tuilwater consisted primurily of zooplankton and algae (Walburg et al.
1971).

398. The white sucker has remained dominant in tailwaters below
dams on many rivers where it was abundant before impoundment. The
white gucker is adaptable to conditions in cold tailwaters which can
closely resemble headwater stream habitats. It is abundant below Hoover
Dum and is one of three dominant species in Rocky Gorge tailwater,
Maryland (Tsai 1972; Cavender and Crunkilton 1974). In Twin Valley

Lake tailwater, Wisconsin, the carrying capacity of the white sucker

increused threafold in the 3 years following impoundment (Wirth et al.

v 1970). Even with a reduction of flows to only 11 percent of the
historic average, white suckers have remained numerous in cold Granby
trilweter in Colorado {(Weber 1959). They are also abundant in the
tailwater below Holyoke Dam, Massachusetts (Jefferics 197h).

509, On some rivers, the construction of reservoirs has allowed

the white sucker to incrcase in numbers or become dominant in drainages ]
, where it was previously of only minor importance. TIncreased abundance
- < o the white sucker in Dale Hollow tailwaters, Tennessee, is attributed
¥y f to the decper, more lentic habitat found in the lower tailwater, caused
;%’ by the downstream impoundment of Cordell Hull Reservoir on the
i‘i Cumberland River (Bauer 1976).
- W00, Tn the Taylor and Gunnison rivers in Colorado, the reduction 1

in temperature and turbidity below some reservoirs has allowed the
white sucker to outcompete most other native sucker species, e.g.,

flannelmouth and bluehead suckers (Mullan et al. 19763 Wiltzius 1978). )

T
o~ po
-

Il

A T
: B 4

N

STt Yy - —————g——

N O RE N PR E T ) o . ,,, RSP X W p;.b‘:_m.g




The white sucker is apparently able to reproduce in both of these reser-
voirs and tailwaters, which accounts for its dominance over the native
suckers in the Gunnison River drainage (Wiltzius 1978). Tailwater con-
ditions apparently aid growth, since the condition factor (weight in
relation to length) of white suckers increased in Blue Mesa tailwater
rollowing impoundment (Kinnear 1967).

%Q1. The longnose sucker hias become abundant in the tailwaters of
: . two Colorado dams, and it has also displaced the native sucker species
(Mullan et al. 1976; Wiltzius 1978). The reduced temperature and

Lurbidity in these taillwaters, together with the longnose sucker's

ability to reproduce successfully, may give this species a competitive
advantage.
Lo2.  TLongnose suckers also adapt well to reductions in flow below
dame. They have survived in flows amounting to only 11 percent of the
- annual average (Weber 1959). Additionally, they remain in two Wyoming
tailwaters, in spite of o scasonal reduction of discharge from 24.5 to
0.0h mﬂ/soc and 8.8 to 0.01 m%/sec, respectively (Wesche 197h).
Y0i. The effects of reservoir construction and operation in
wectern rivers on the historically dominant flannelmouth and bluehead
{ suckers have been mixed. The flannelmouth sucker remains the most
rumerons native gpecies pelow Glen Canyon Dam, Arizona, and the blue-
hewd sucker is still present in Granby tailwaters (Weber 10593 Mullan

-

etoal, 1976). hmbers of flannelmouth sucker have declined in a
Wroriing Lol lwater beenuse of reduced water temperatures (Mullan et al.
1976).  Abwnniancee of both the flannelmeuth sucker and the bluehead
sucker has gecrenced in a New Mexico tailwater because of reduced

.( Comperatures and competition from trout (Mullan et al. 1976). However,

20 km downstreanm, where the river returns to its warmer, more turbid

,L;i condition, the Plannelmouth sucker still predominates (Graves and ;
¥ Heines 1968, 1969).
'§ 4oli,  The most serious reduction of bluehend and flannelmouth
Tf suckers hao oceurred below two Colorado tailwaters where cold water

temperatures and reduced turbidity have allowed other species to out-

compete them.,  The result has been the disappearance of both species !
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rom one ot the tailwaters and their general decline in the other
(Mullan ot al, 1976, Wiltwuius 1978).

H0H,  The reduction of water temperatures in a Montana tailwater
has delayed reproduction 0 to 8 weeks ror both the largescale and long-
nose suckers.,  Delay in apawnine has decreased the abundance of large-
scale suckers in this cold tailwater (May and Huston 1979). Nitrogen
embolism below this site has caused some mortality of largescale suckers.
Largeseale suckeors are extremely abundant below Dorenn Dam, Fern Ridge
Heservedir, Lockout Point Dam, and Dexter am in Oregon, apparently
thriving in the 2L to 27°C temperatures commonly attained in these
werpwaer tailwaters (Hutehison et al. 1960).

LOt.  The errfects of reservoir operations on other less widely
distrituted sucker species have also been mixed.  Lowered water temper-

‘

Paren ity Wyoming tailweter have oliminated fhe humpback sucker,

.
while ol wing the mountain aueker to ofabilice or even increase its
voraitet i Ol lan et 1. 197¢) .

SO0 The blue o ocker of the Miscourid River o osbundant in the

and el in the wiorm Lewils rand Jlark Take tailwaters on the

Sonth Daketa=-lebra

border.  Here 10 Teeds heaviiy on nooplankton

gt o Teme and o commonly onte the berooo e el st ie insects that are

i cable (Walbore ot ol 1971).

RN Five apecios o coabioree are SCten mentionesd in litera-

Care o i lwater Ciah popnlac Do, They are the black, golien, silver,
choeethond soand river roctocce, Generaily, Titdle Paetaal indormation
Pooava i lable ot helr svawnine bbbl o, srowthy or o other TiTe
lotory Mootaren,

VOO, Habiter, The vearions redhorses have alight iy difterent

pi it reagirer-ntos They o

w11y inhabit olenar streams having per-

manent Plow and clenn corevel i oo rocky bottoms. The black redhorse,

st den pedbioorie, st riveor rodt orse are oot abundant in streams of

' vreocioe, whereas Che chorthes i oredhorse and silver redhorse are
oo o, in e rivers. Yhe hlack rodherse is more abundant 4
S thee retden s dbeoese T the conler ang awl Tter streams. Where the
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two occur fopether, fhe black redhorse tends to predominate in short,
rocky pools with cuerent; wherens, the golden redhorse is most abundnnt E,
in larger pools and backwaters without noticeable current.
L10. The river rodhorse ceems less tolerant of turbidity, silto-
tion, and intermittent Jlow thian the other redhorse suckers. The
colden redhorse 15 the moaat tolerant of both turblidity snd intermittont
AY
flow, while the silver rothorse avolds spring=_ed streams hoving hich
sraaients s those that have oxceessively high turbi dity, The sherthendd
redborse 1o the most wdaptable In its habitfatl reguirements.,
bi1. Repreduction. Tediborses spawn in Avril or May when water
Lepperatures reach about 15.3°C.  Spowning occurs on riffles in water
15.0 Lo 61 em decp and over noboliom of Simnll rubble mixed with levuser
aromnts of gsmall sravel ond sand. o nest 1o bullty eors are aentiered
aver the cravel and abandoned.,  Urewninge 1o copmnlered onoany gsiven
: FIT7 e within oboat b odaye.
W10, Food.  Youns—or=the=vonr podhorre Cover b backwater arens
crooalene oand ocpentl oractocenns, 0 aer o shiTt thiele Ceoding et Tv-
ities o viffles, where they Doriase Dooc ot e inceer Davvae and
At ame b bhottorm—dwellines invertcbratoes,  The siver roahoroe bae
¢ molnelike Leeth that are g occaeviatbon Cor the eruchings o0 mol luck
.
shoeollia, Mo die 0 this Jioh o mod juskas, othior invorte- H
brates, and plant meterind,
13, Ave and ocvrewtin, Aceordinge to Prlicrser (]OTF), shorthend
coihorse o Misoonel atreama roach 0 length of 107 mm oot the end of
Lheir firet veur snd ln soecccding vears lensths wre 1030 Soh, 305, )
et 139 mme The maximon 100 span of mest redhorse is 9 0r more years,
,< cxcert Dor the s bden redhorae which nousl iy does not live beyond 6 or
?' T venrs,
‘i Wb, Are smiosrowtlc of the redhorses are similar except that
i i crowtli o0 the sherthes i o reee vrapild than that f the geolden and
i ‘. black bt alivhe s slower fhoan that of the cilver.  The river rodhorse
.J
K naually Frowe slower than She otiier speelios aring the Pirst Yew years
_" ‘ aft 1ife, but, sventnally it wvertakes and surpasses them; it also has
;‘. -

A loneer Titfe opan.,
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Reaboroe in Led lwatera
M15. The responce of redbhorse 1o failwater conditions is similar
oo thet o o other cuckers, Rediors: have inereased in o omamber of eold '
toilweors in the Temnersee Vailoy (Foitoer 1062) 0 Redhorse speeies
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remrrining (White 17000 The river redhorse has inereased in the lower
tallwater off Dale Hollow Reservoir, Tennessee, since its inundation by
Cordell Hull Reserveir (Bauer 1976).  The shosthesd redhorse is oabundant
in Lewis and Clark Lnke tailwiter, South Dukot: and Hebraska., Here it
tfeods rrimarily on zooplinkton from the reservoir lisecharee, but olrae,
bryovoans, and nquatic insects are alao commonly eaten (Walbares ot o),

1a71).

Tetalnridae {Cat vichen)

hoo,  The entfich fmily includes 37 species, 11 ronerally ro-

T «

stricted to Horth and South Americo. T o United Satea, they oceur

akoeo, g clowamevinge wators enst of the

’

rebaratly in Iareer rivers,
Cont inental Divide.  Some of che Tarrer species have beo widely intro-
duced outside their nabtural roece and now ccecur Shroihout the United
SLates. Ovecies commonly “omred in tedlwerors are the channel eatfish,
Tlathead catfish, and, to a4 lesser extent, badlTheadsy the blue et fish
and the white catfish are important vepgionnally. At are vopular food
and mame fishes.  Teaser Known species which 21lso oecur in tailwaters
are collectively reterrsd to ns "madtoms.”  They are rarely seen be-
cance of their amall sice and seeretive habitas,. This discussion of
ictalurids inclandes the Lhree seneral sroups—<=bul lheads, catfishes,
and mmdtoma.,

Buliheads

W21, Habitat. The black, brown, and vellow bullheads may occur
in tailwaters, but they are ecsasentinlly guict-water fiches found in
likes, ponds, or sluceish streams,  They oceur in a variety of habitats
but cre most abundant. in areas with turbid water, a2 i1t bottom, and
1o neticeable current. o strong flow.  Espeeially favorable habitatls
are Lhe permanent. pools of small intermittent creeks and muddy oxbows
and boekwiters of large streams.  Black bullheads usually inhabit the

lowe» coctions of omall= to medium=sized streams of fow gradient,

ponda, backwators of laveer rivers, and silty, soft-bottomed areas of

Pake o and inoeeneiments. They do not inhabit the areas in which brown




and yeollow bullhemds ususdly occur but seem to replace them if the

habitat deteriorates. Yellow bullheads seem to prefer clearer water.

hno Reproduetion.  The repraductive habits of the bultheads are

gimitar. They spawn in late spring or cnrly summer, when witer temper-

reach nbout, 21°C, in saucer-shaped nests fanned out by one or

atures

both parent Cish. Nests are usutlly beneanth some type of cover such

ng losa or objects elevated above the stream bottom. One of the parents

remaing continuensly with the epes until they hatch.,  Minnows and

auntiah are often oboerved near the nest, rushing in to ent eprs when-

cver the ovporiunity ariccos.  Fers hateh in 6 Lo 9 days nt 20.6 o

At hatetinge, the voune are about € mm leng; they remain in fhe

AR 20
i
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tioat until abowd the seventh Jday.  The yvounge bul lheads move sabout in n

sorract school after leaving the neot, and continue o be accompruied

by e o both adudts. The veune are sbandened by the ndults when

persict in schoolings theuchout the firct summer

R PR SR, T, - 4
1 Comm Tonge bt

foed

I Yo i theqds are fruly ompiverons and foed primarily

Cecw the bottop on oo variety of plant and oandmal material. Agults ent

Trrarre qaquetie faseeta, oloama, anniiay crustrceeans, niant material,
cocohiery and Picks s Youne up 0 U5 om0 e feed almost exelusively on

: Srevn s eruntaceans. Older younge Peed on o chirvonomid tarvae, cladocerans,

trveads, amphipods, and mayfiies.

the blianek bullhead

Lol Ao and growth.  In Okishomn waters,

sverares O mm in leneth by the ond of e first veny of 1ife and is

Y

about 10O, 0000 2Th, 310, snd 350 mm Lony at the end of succeeding

Colling 1962}, Growth In various habitats is highly

v (Hoaser and

’(‘ variable, however, beinge slowest in overpopulated vonds and streams

ard tactesf. Inonew impoundments. Bullheads may grow to 250 mm during

the first yeor of 1ife in new rescervoirs, but may not reach this length

? 1 until Lthe Sifth or sixth yenr in an overpopulated stream.  Maximum life
'"i span is abont 10 yernrr, but few individuals live more than 5. Yellow

attain slightly larger size than the black bullhead.

by, * “nd brown bullhends
by, *
‘e
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in tailwaters

Bullheads

405, Bullheads may occur in tailwaters, but this habitat is

a

reduced turbidity and strong currents.

generally unsuitable because of
Bullheads found in tailwnters are otten produced in backwaters or in
the upstream recervoir and carried through the dam into the tailwater.
WG, Tn some warm Lailwaters, bullheads coming from the reservoir
above are an important part of the fichery., A 1959 vreimpoundment
rotenone survey of Rarren River, Kentueky, estimated biullheads to be
0.5 percent. of the river fich community; few were taken by anglers
{Carter 1969),  Tn o 1968 creel survey at the Barren tailwater, it wns
ectimated that 23,8 percent of the anplers' cateh was bullheads., Fishing
snecess in ot he ol twater dueine 1908 was correlated with dam dischorge;
Sienine war cond when discharge woes high and poor when it was low
CUlmeter and Melemore 1073). 0 Good fishing suecess for bullheads during
cricaa 7 hiph flow and low hiatorieal bullhead populati-ns in the
slyery Triloate that the bultheads were probably produced in the reser-
Peocp b wemnarorted through the dare into the tailwater. The creel
cessas bn e Barren tailwator fror 1002 throush 1971 showed a steady

N v ~

et T che bullhead eatoh from 3400 e 003 percent. of Lhe total
Bocvess (Chaelen and Melemore 1073) 0 This deline net only indicates
St thee bl Thesd porulation wen anable to coproduce in the tailwater
cnvieonme nt o bt also revenls o Iack of further reeruitment into the
faiiwater o che preservolr above,

Lo, Tielow Carlyle Dam, T1linois, bnllhesds made up 6.0 percent
2 Che 1085 eqtoh by anelers. The bullhesd hervest was 0.38 fish/hour
inothe pecervale comeared with 0008 Cish/hour in the tailwater (Frita

1)L These Siemres indieate o ogreater abundance of bullheads in the
pocoryaic, Apparently bullhemds favor the reservoir habitat over the
Cloawinge tailwiter.  Bullheads from Fern Ridee Reservoir, Oregon, have
establiche! o fichery in the warm tailwater (Hutchison et al. 1966).
Hal1l and Tetta (1991) found that 8 pereent of the fish in the stilling
bracin beiow Wicter Dam, Oklahomn, were black bullheads. They believed
that the Cich found in the warm tailwater, including the bullhecads,

retlected the spocies composition of the reservoir above and not the

.
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river downstream. The bluack bullhead i¢ sabundant in the Stillwater

Creek drainage in Oklahomn, but occurs infrequently in the Lake Carl
Rlackwell tnilweter., This i most likely dus to the strong currents
in tailwaters, which do not. vprovide suitable bullhead habitat (Croes

1950).

L8

v

. Bulihesvis are Tonund in tailwaters with wide temperature
ranes and ow dissolved oxyeen concentrations, Blectrofishing showed

that bluack bu! lhewls were the moot abundant. fish and ranked third in

biomaics in Foast Lvnn tailwnrer, West Vireinia, where water temperatures

from 5 ot P80 and averagsed 16.6°C {(Gouodne 1975%).  Tierce (1969)

ranged
stated that bullheads becuame more abundant after conetruction of
Summersville Dam, West Virginia, cven thoush taillwabler temperatures did
not exceed 15.6°C.  Swmers (1054) captured bullheads by trap net below
Tenkiller Dam, Dklahems, in water of 10,0 to 17.99C, swift currenta,
and dlassolved oxyeen concentrations off less than 0.5 mp/1. Possible
increased vroductisn of bullherwsis in theve recerveirs and thelr export
into the tailwaters may account for the large numbers of bul lheads
observed.

e

429, Only two papers reported food habits of bullhends in
tailwaters. Olson (1965) stated that bullheads in Navaje tailwater,
New Mexico, ate a diet similar to that ot rainbow trout, consisting of
dipterans, plecopterans, ephemeropterans, algae, and fishy only
gastropods (eaten by trout) were excluded from the bullhead diet.
Brown bullheads below Holyoke Dam, Massuchusetts, ate (bv volume) 37.%h
percent. detritus, 395.3 vercent algae, 11.8 percent pelecypods, 11
percent. fish, 2.7 percent bryoroans, and 2. percent other items
(Jeftorios 107h),
catfish
Y20, Habitat. Four catfish species have been collected from
tnilwnters: channel eatfish, flatheal ecatfish, blue catfish, and
white eatfish., The last two species recemble the channel catfish and
are regsionnl in distribution. The white catfish {s found in Atlantic
constinl streams from New Jersey south to Florida, and the blue catfish

occurs only ir the Missouri and Missicsippi rivers and their principal

[
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.
cributaries. This oisencsion concerns only the chiannel catfish. The
Slathend et ficsh my occur in tallwaters, but is 1ittle mentioned in
Caliweleor ITltersture.

L-1. The channel catfish is found in a variety of habitats but is
most commoti in large cstreams having low or moderante gradients. Thoush
channel catfish vrefer currents, excensive current or insufficicnt water
depth Timits their distribution. Adalts are uonually found in feer-wotor
rool.: or near subrerged lope and other cover. The young are commonly
found In rifffles or the shallower parts of pocls., Adults are most
active 1t night, when they move into sohallow wonter to ferd.,

L3720 Reproduction.  The chonnel cntiish spawns in late spring or
surmer when water temperat ares are between <h.0 and 29.4°C.  Catfisk
apawn in nests selecter by the male, lNest sites are natur:] cavities
under cabmer-ed o e debric, onime! burrows, or undercuf civoam

: tranks.  The eges hateh inoabot 4 week and the fry remain in *he nect
o 7 oor 0omore e mente runris bhe nest until the fry lenve,
Vorreast Ton, the curvitel of eatfish during their first summer
Po usudly creater in furdbid than in clear ponds nr stremms.
4373, Fead.  Cheeinel cabPish feod mestls on the bott moant 1ocate
f S oprirarily by tasto, Boiley and darreicon (1048) 0 whe conducted

studics on the oo ot channet eatfish 1 the Des Meines River,

Chan 100 mm Tone fed wlmest ent irely on

Towa, found *that
small insects. Larcer oot fish had o« more varied diet, inclniine {ish,
insects, crayfish, mollusks, nnd plant material,

.\:"))4

Age and crowth. In “he Ualt River in Miscouri, the channel

catrish averages 65 mm in length gt the end of its first yvear of 1life

arl 1o about 135, 206, 90, 297, YL, and 390 mm long at the end of

1)y

\-.-.
s

sueceeding yenrs (Purkett 19%82).  Jtudics by Barnickol and Starrett

AX4

Miggissivpi River showed

L

T PR e - .
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(1951) in ‘he Micoouri-Illincis section of the

that ehannel eatfich moture when L oor 9 years old at a length of 305 to

381 mm. Adul’ e were commonly 305 to 815 mm long and weighed 0.4 to

\;

L €. ke. Life cran is apparently dependent on prowth rote.  Slow-growing

N fich in Canady may live longer than 20 yenrs, whereas, fast-prowing fish

Iy

-; from the ¢ mthern I'mited Otates may not live loneer than 6 or T years.
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Catfish in tailwaters

135, Channel eattish are importnant gume fish in some tailwaters,
particularly in the southeastern United States.  Changes in stream
heibitat caused by dam construction have had viaric] effects on channel
catfish,  They are often abundant in the warm tailwaters of turbid
main=-stem or tributary rivers dbut are uncommon or absent in clear, cold
tidilwaters,

W36, Channel catfish disappeared t'rom the -ngler catch in a 1
Micaeuri reservoir bechuse of coldwater discharge (1, h-1%.6°C) from an :
urstrean reservoir (Hoanson 1969).  Below an Arizons iam, channel
et fish wore second in importance to rainbow trout until the wiater
cooled from 1508°C in 1067 to 10.5°C in 1971 and 1972, The cooling
crond eausod channel et fish Lo leave the tailwater (Mullun et al.,
107,

)‘ 3o

So0 Channel ewt figh qabundance below o Kentucky reservoir appar-
ently decreased oftoor e eonstruetion (Carter 1969).  Water is re-
Tesned from the hye dimnioe fo maintain o1 toilwater trout {ishery.
Channal en: fish connosed 3500 percent of the anglers' cateh in the
Lailwalor aren Beforee ippoundnent in 1959, but never more than 2 per-

q cent after imroundment (Carter 10693 Charles and MeLemore 1973).  The

Ferece Proper hvolimnetic roleases in 1968 and 1969 to epilimnetic

solonpe i 1970 g 1071 did not noticeably @V rect the chiannel ecatfish

cateh, Bt velence resimes resulted in water temroeratures below theos

Cothe Bictocieal menthly aversgee for the Barren River (Cartes 1069).

Downatreem from 2 cold tailwater, s loeal econditions

me ferats fhe dam dicehareey eatfish porulations may inerease,  Graves

ared nines (1979) stated fhat channel et fish were the main same ©iah

P
N N

DN M below o Jew Mexicen dam where turbidity cmnd water temverature

Wed Tnevensed.  Mpether upetream in the tailwater, trout predominated,

4
v

o A

B30, Turbid main=stem Leilwaters and tribulary warmwater

teilwsbors often concentrate catfish and ereate a fishery. Cross (1050)

s
A".a_ "

R
'f" belicved that echannel entfish below Tnake Carl Rlackwell, Oklahomn,
X hnd ~aeaped Trom the reoserveir and remained in the tailwater becnuse
. !
- Sood wans abundant and flows were atabilized.  In June and July, an




upstream migration of channel catfish in Stillwater Creek resulted in
a large concentration in the Blackwell tailwater. Channel rcatfish were
also most abundant in Tewis and Clark tailwater, South Dakotu, during
the summer (Walburg 1971). Channel calfish concentrate and provide a
fishery below Lock and Dam Number 12 on the Mississippi River in Iow:x
(Gengerke 1978). This species is second in biomass and fifth in abun-
dance in East Lynn Lake tailwater, West Virginia (Goodno 1975). A
comparison of the fish population in the stilling basin area before
and after closure of the warmwater Wister Dam, Oklahoma, showed a
reduction in the channel catfish population from 3L percent of the
total numbers of fish to 11 percent (Hall and Latta 1951). The reduc-
tion reflected the change of a cormunity nssocilated with a river to
one more commonly associated with a reservoir.

Lho. Little information is available on the food and growih of
chinnel entfish found in Lailwnters. In Lewis and Clark tailwater,
they ate fish, crayfish, nand ncuntic insects. In April and May, when
iexasenia wae abundant in the tailwater, it was 1 major food item, but
o abundance of Hexrpmenin declined in the summer, catfish ate more fish
{(Walbure 1071).  Catfish in Dale Hollow tailwater, Tennessee, ate pri-
marily dipterans (Little 1967). Chinnel catfish grew faster in Lewis
and Clark Lake than in the tailwater (Walbure 1071).

Modtomns

Wi, Habitat. Madboms inhabit clear to moderately turbid streams
having vermanent flow and Tow or moderate ecradients,  Some srecies are
aloo Connd in the ahalTows of 12kee and their outlets. They renerally
ocenr on riffles over o gravelly or rocky bottom.  Some species may
aloo be found over sandy bottoms in areas with fast current, nnd
cthera, auch s the brindled meitom, in pools below riffles associated
with oreanie Jdebris such g rootoe, leaves, twigs, and logs. Species
vary in their toleranes of current and turbidity. Madt »me are most
active ot night, often hidine by day beneath Iaree rocks or other
cover,

WMo, Reproduction.,  Madtoms spawn from late spring into the sum-

~rg

. - o
mer.  Peak spawning oceurs when wnter temperatures reach 05,6 to 27.8°C.
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Fogos wre deposited ans a compact cluster in i shallow depression excn-
viated beneath o flat rock or other forms of protection such as tin
cans, bonrda, or crockery. HNests are guarded by one of the parent
fish. Uewly hatched young are about 10 mm long.

W0 vood.  Madtoms are active at night, forasine over riffles

and shallow vools.  They feed primarily on insecet larvae and small
crugstacenns that live on the bottom,  Occasional smill fish are also
caten.

Wil Age and prowth.  Little information is available on growth

of madtoms. Carlson (1966), who studied the stonecat in the Vermillion
River in South Dukotn, found Lhat they averaged TO mm nt the end of the
first vear of 1ife and 00, 114, nnd 137 mm by the end of succeeding
vears,  The Targest specimen was 103 mm long and in its seventh yvear.
W5, Other apecies of madtom are cmaller than the stonecat and

. their totnl length at the end o their Cirst vear ranges from 36 to
Ohmm. Adults of most species are 51 to 100 mm 1ong and maximum length
is about 107 mm.  Many mature in their scceend sumnmer and few live longer

A

than 3 vears,

Madtome in tailwaters

{ Lo, There are fow retorts on madtonms in tailwaters. Carter
(1909 ot the brindled madtom in the Barroen tailwater, Kentucky,
in 1964 and 19t FTour species of madtoms—-—-the slender, brindled,
freckled, g an oamdeseribod opecies—=were collected in the Barren
River durine o preimpoweiment survey in 1959, In the Owyhee River,
Oreron, tadeole moeltoms wore commenly tfound in both the tailwater
below Owyheo Dam ol in She reservoir nbove (Fortune and Thompson
1069),  Ctoneceats were enllected below four impoundments on the Au

“nable River, Michiran, in the 197°0's, but none were collected in a

e J

[
L

1972 survey (Richards 1976).

o
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Percichthyidae (Temperate Busses)

»
n
[
Wht,  These bascses inelude several freshwater and marine genera.
- R
g The white base and the less common yeollow bass both occur naturally
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in the Missisoippl River druainage.  The striped bass was introduced
into many recervoire during the past 20 years from anadromous stocks
native to coactnal rivers and estuaries in Virginia, North Carolina, and
Jenth Unrolina, These plantings have been successful in some states,
wrd atpriped bass are now reliatively common in some river-reservoir
syatems. Bxenmples of states with sucecessful striped bass fisheries in
both reservoirs and tailwaters are Oklahoma and Tennessee. Reproduction
o introduced stripod bass has been limited, and the maintenance of
fichable stocks Is often dependent. on annual plantines of hiatchery-
produced fish., The 1ife history discussion of rtemperate basses is
Timitod o the white bass; the tailwiter discussion includes both

white beos and striped bass.

o

SNSL dnbitai. White bass o inhebic the deeper pools of streums

gl he cven watoss of Takes and vesorvoics, Diweing the aprine spawn-
ine miseaticone, Tarse mmbers onsor tribatary streams and are the basis
Coroan imeortant coasens! Cishery. The white biesg tends to avoeild
waters tht e continuowsly fuwrbid o and Is most often found over a firm
sttty cravel, o ecacky bottor. T has been introduced into many lakes
and reservoire throushout the hited States.

ZhGg.  Reproduction.  The white bass spawns in carly spring and

svawning o ucunlly vreceded by the migration of mauture sduirts into

‘rlibutary streams. The prespawning schools are composed ot only one
Jex. o Males move mto the shawnineg grounds about a month before the
femaies,  The spawning periosd throughout their ranee is from April
throngh June, when witer temperature is about 15.6°C.  Spuwning occurs
in midwit or or nenr the surtace, over n gravelly or rocky bottom,
often in o curcent, and without preparation of o nest.  Opawning is
renerally eompleted at oany siven toeality over o period o8 6 1o 10
dayoy there is no parertal care of emee or younr.  The ofgs settle to
the bottom, where they hateh in abeut 2 davs,  Newiy hatched Tarvae
are gbout. 3 onmm o long.

W50, Food. White buos nsunlly feed inoocheole, appearinge in

Trarre nurbers where food fo abundant and reving on when the supply is

[PoTpRS




exhiusted,  Most feed neur the wiler surface in early morning and late
evening, where they pursue rorage fish, small crustaceans, and the
emerging staymes of aquatic insects. Zooplankton and aquatic insects
are the most important diet items for young white bass. The diet of
adults is largely composed ot fish; however, zooplarkton and insects
nre also important.

b1, Age and prowth. Growth ot the white bass is rapid; the life

span i seldom more than W years in southern waters, but may be 7 or 8
veurs in northern waters,  In Loke Wappapello, Missouri, this fish

.

reached a length of about 18% mm its first year and averaged 302, 338,
and A58 mm by the end of succeeding years (Patriarche 1953). Few
whit: bass attnin o length and weight of more than LLS mm and 1.2 kg.

Temperate hasses in tallwaters

heo, The white bass is an important spert fish in many tailwaters,
covecially durine the spring.  In the warm tailwaters of Clearwater
Toke, Missowri, it maude up 3.9 percent of the anglers' cateh in 1961
qnd 1hL T percent in 106 (Fry 19655 Hanson 1965). It composed 8 per-
cont of the anglers' eateh below Porme de Terre Reservoir, Missouri,
iuring 1065=75% (Hanson 1977).
4943, T the Tennessee Valley, white bass support important spring
Pisherics in cold tailwaters, which are primarily the result of spring
migrations upstrewm from reservoirs (Pfitzer 1962). The fish is a
pact icularty important game species below the main-stem reservolrs;
“or example, in Wotts Bar tailwater it composed 18.8 percent of the
suelers' coteh in 1993 (Miller and Chance 1954). Large numbers of
wiiite bacs have also been observed migrating upstream out of Watts Bar
Reservolr into Norris Dam tailwater (Escimeyer and Manges 19L5).

hedis Tn Dnle Hollow tailwater, Tennessee, white bass became
abundant in the lower tailwater after the filling of Cordell Hulil
Resors ir (Bauer 1976). White bass are also important in the fishery
below Tenkitlor Dam, Oklahoma, where they composed 8 percent of the
coteh immedintely below the dam and b3 percent at a point 12.8 km

downstirenm (Deppert. 1078),

P




hoe. Lake Taneycomo tailwater, Missouri, is influcnced by the
presence of Table Rock Reservoir upstream and Bull Shouls Reservoir
downstream.  TInereased power production at the deep-relense Table Rock
Oam has converted Lake Taneycomo tnilwater from a warmwater to a
cotdwiter tailwater, making conditions unfavorable for warmwater rame
fish.  The magnitude of spring migration of whit. buss into Lake
Toneycone (adlwater from ™A1 Shoals Reservolr, however, is most heavily
Influenced by the lTevel of Bull Showls Reserveir, which inuniates Lake
Troneyeorss foilwater, Maximum spring migration o white basc into the

tad lwins or occurred when Bull Sheals Reservoir wes between 0.0 and 5.0 m

bel w rowes oo l, Above or below *hese levels the mirracion rate
dectined prorertiomately (Fry 1965; Hanson 1969).

L. The fooxdosnd reproductive habits of white bros i toilwaters
are ot well krewn. O 165 stomachs of immsiure white brase ecollected

rrom Horris Loilwetor, Tennessce, in the winter of 1940243, 1L0 were

\ Yoo . 4 . v . o e .
empty (.1':moyur Thaly . White bace in Lewis and Clark tailwaters,

o

South Oakote, fod oon cocrlnrkton in the apring and Tll, and pre-

domirantly Cish in cwmer (Welbure b a1, 1971).  Little rerroductive

suceess was tioted o ocither of fhese tailwaters (Eselmeyer and Manges

1045 Walbure ot =1, 19771).

iy o7, Dtrired bass bave been stocked in o number of reservoirs
ard tailwaters in an effort to control large gizznrd shad populations
and to enhance the cport Tisherysy however, they have been found to
compete with trout in tailwnters. Below Davis Dam, Arizona, 2L trout

o

200 to 230 mm lorne were Vound in 20 striped bass stomachs examined

(Arizona Game and Fish Depsrtment 1972).  Additionnlly, food studies

on striped bace in Tenkiller tailwater, Ollahoma, showed that rainbow

P

Ly bW

trout cormposed L0 pereent by number of the food items eaten by striped

ace duringe the tirat week after the trout were stocked. Gizzard shad

b4
.._-.-".
4

i o wans the prirmary ciriped bacss tood in this tailwater, waccounting for
1.. O vercent of fthe total namber of focd items during the first week

e at'ter front stockinge and 7Y percent at other times (D::‘}‘;w?‘t 1978).

§ Cimilee peoelis were poted in Heyetone Doun Lailwalers, Oklahoma, where

it shad mewle un YN nereent. of the food enten {Combs 1979).
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Centrarchidree (Sunfichecs)

LoB. Fishes of this fmily ore found in nenrly sll types of waters,
and most are higFqhly sougsht by spord fichermen. Thedr habite and life
hictory are similur, Jdi ffering only in detail, Centrarchids miprate
littley v rermain in the smame strereh of stream or shoreline throush-~

f cut 1i%e. Yoo dinge e by sigrht, and Ceeding netivity vesks in early
mortinge and oe evenlnge, secormranied by movement into shallow water,
ALl centrgrohide concteet nects Tor crawning, but only miles partici-
pete In this activity. They euned the ores atter ther are derosited
andoremadin untilo Cey lesve the nest . The centrarcehide qre dioeursed
urder threo getersl orouns—==hlack basses, "true cunt s,
crappiec,
Rluack basses

. Esa,  Trroe black baoo stocies gre cormenly found in tailwaters--

the dlronwth taee, spoetied or Fertueky beacs, and lareomeut i bees,

SO0 Habitar . Oeedlimeeitiy baca oo clear, cooly e
Plowing crroars With oot evdient {109 00 -8 w/Em) . Preferved cummer
. O e o . . .. N
woler bompesatcie Jooabount U000 The Tich penceeally oceur over o a
Plhe{roe o ok oo ravel bttt o, near vifCies, but oot in the main
Y h)
v P . 3 - \ a - -
carvent . ATt e e mest abigrite o nesr cover in the Devrn o banlders,
rocts, o oounken trees, In larce yivers with avient ion damns, they are

s 1

naun Ly oresirieted e the rocry cheals below damey where efreamlike
comiitions w171 prevail. The smel Imeath e bay Himits 100 netivi-
tier ta o singile stream vocly but ocenaicenally its home range includes
ceveral posis as omuch s 008 kmoapart.,
’( L. Urotted bass inhablit Plowing woaters that are warner and
; Slightly more turbid than these favored by speillmouth bass.  Preferred
i . o
curmer temporsture o about ONOC. The habits of the spotted bass are

sirmilar to thoose of the amllwout, oxcepd that the oyotted bags is

.
!
~i more migratery.
n
d Loy The lareemouth bLacos io mere wideiy distributed than the
-

GLb ey brasers oned 1o the moct abukdant. bocs species in ctanding-watoer

habitats,  THo crederred cumrer femperature is about D7°C. Tt is
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commenly Tound in lowland lakes, reservoirs, siow-flowing streams, and
bruckwaters f Ioree rivers., Tt 1s intolerant of excessive turbidity,
wnd in streams with continuous strong flow it is replaced by one of the
cther buasses.  The luargemouth displays more sensonsl nmovement than
cither the smallmouth oy spotted bass.

Vo . . . .
wt. o Reproduetion.  The smuilImouth basc begins riesting in the

srringe when the witer femrerature exceeds 15.0°C. dectine activity

wsutlly veaks in late apring, but sometimes continues well inte early

cwmer. Reresrting oceurs [0 early nests are unsuccessful because of

nisgh witer or low femperstures, and may ooccour even if the first nests
are snecess™l,  Meste are in quiet water near shore or downstream from
1 bemlder or sther obtruction that brenks the force of the current.
water dersn rarely exceeds 1 m oover the nect.  Omallmouth bass eggs are
golien 2ol w and about 0.5 mm o in diarmeter. They are diciinguished
frorc thone o7 che opotted bass and largerouth base by their larger sire.
Lewr terteh in D oo 3 dars and Sy oreradn on the sravel for about 6 days

befove Teaving Lhe nest,

RO, Grotted bass generally besin svawning ceveral duys later
than omallmouth buss In the same strear. Hesto nre similar to those of
vhe smallmouth bass, and the development of emps and fry i similar at
the snme tomperccare,. Pry of the gpotieel bagss dicperce Trom the nest
Soap 0 dyn oM er apawning 10 the water temperature i oibove 20°C.

L Thee Tareemonth bass becins cpaswning in the opring when water
tomperature roeochen abent 150090 and enntirges into late spring.  Nests
are conastructed on oalmoct any tyvhe of firm, cilt-free bottom. Water
et over nests muay viry Trorm 0,0 noor less to .06 m oor more, being
deepent in the olear waters of laree impoundments. Nests are never
constructed where thers 1o enrrent or wave action. Tn streams, nests
are Tocated in the <decper and quicter parts of pools or in adjiacent
cloughe,  Fees qre about the size of arotted bass eges and are much
smaller than those f *he smallmouth.  They hateh in 3 or b days and
{1y leave the nest ac a school when about 10 days old. Gchools break
e 6 fo 31 davs after haotehing, when the young bass are slightly over

Momm lone. The male larpemonth (5 a more attentive parent than any of




.
the other cuntiches, remaining with the ocheoling younge for several
weeks ai'ter they lesve Lhe nest.,
Lob, Food.  Midee Tarvie and cooplankton sre the first foods of
smallmouth bass fry. Acccrding to PPliecqer (107%), fry lees than 25 mm
long eut. small Tish, remain an Imrortant part of their Jdiet
throwshout Ticte.  Sear ok aad aceur in abont enual amounts in the
dieot o7 cduit basa, Dite o e taken tregquent iy bub nre of only minor
importanee,
Lo rrante Staeer of aquatice fnnects e the nrineiynl diet of
a e bavs oft all cloes, Tnscets wore suprlemented with osmall erustio-
coarnt o bess ress than 7% mm long, and with eray?ish snd Tign in larger
brse (mith ang Pagee 19000)
GeSe o The Siest focd o reange 1arsemoubh bass consists mostly of
cocplankters, but o thees soec b lerentod by oinsects and thelr iarvae as
) Che vowns boss inerease in size (Prlieger 1975). Adults feed princi-
vt iyoon Tish, orsyiichy and laree incects, olongs with oo cccncionnd
Troe, mouse, or o simest s cther amimael thot ocwime opr il ls o inte the
waror,  In Tt peservoirs, Lhe larcemouth baee derends heavily on
dosheet o Yoo, ond there Toon Jdefihnite relation between the
: trends in o abwectimee of the largemoutrh and fhese o its prineival prey
i,
OL Ace et osrowth, T Moo smallmouth bass
aveepren 00 mpe Tone when Lovear o ld, el attaing lencths of qbeut 170,
L, 00, N, o ST mee in ceeeedine yenes (Poyelort 1008b) 0 A e
cormon o Vichos, srvowth Toomere eapid o In Tarecer orres than in
3 Wt oreens . AT Timonth ba welshe about 705 o oat n
’ ( crctin T L e gt 306 pm. o Smellmenth bass seldon
.
? e { o lenesth e mm oy o wed et ot D 0h K Migooari smelloouth
‘; ‘
1 P boeoges e e daring their Lhivd or fourth sammer of 11 5e and
‘ [ Vi P e ’ o,
-,
° Lo, Gvowt ooy b oodd breos Slich ty Pacier than fhat o Lhe
ke
) ot el Sl b ovenra of 110G b 1o sl ower therenfteor. In
s ey ot e attained nre abhoeer Y ot the Sirst venr and

e vesrs (Purkett
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1958:). CGrowth avpears to be more rapid in reservoirs than in streams.
Most fish are mature when 3 or L years old. Yew spotted bass live
longer than G years or attain a weight much greater than 1.h kg.

4T1. Growth of the largemouth bass is extremely variable, depend-~
ing ou local conditions. In Lake Wappapello, Missouri, a length of
about 13% mm is attained the first year and lengths of 277, 338, 409,
L60, and 498 mm ive reached in succceding years (Patriarche 1993).
Growth rates are similar or faster in new, well-munaged ponds, but much
slower in highly taurbld or overporulate! pende, which may contain buss

Sheen 254 mm long. Fich mature

b vears old or older that are still 1o
between the ages of 1T and TV, devcndine on srowth rate.  Under averuge
conditions i 305-mm bass weiphs about <O ¢ and a 560-mm bass about

2.7 kg. Individuals weighing more than -0 k& are not uncommon.,  Few

largemouth bass live beyond 12 veurs.

Black basses in tailwaters

W72, Black bugsses are imporiant game fish in rivers and reservoirs
in many areas of the United States. They occur in tailwaters if water
temperatures are sultable and cover is adequate. Bluck bass ropulations
have been reduced below many hypolimnetic release dams constructed on
warmwater streams becnuse of low water temperatures, strong currents,
and lack ~f instream cover.

473, The smalimouth bass fishery below Hoover Dam, Ohio, was lost
due to hypolimnetic water discharge from the dam (favender and
Crunkilton 10Th). Pierce (1969) showed & reduction in smallmouth
ropulations from T.24 to 4,72 ke/ha in the Summersville tailwater,
West Virsinia, based on preimpoundment ind postimpoundment electro-
fishing studies. The maximum temperature in Summersvilie Lailwnter is
15.6°¢, which is below the optimal range Tor smallmouth bass. Dendy
and Stroud (1949) believed that low water temperntures and low dis-
solved oxyren following construction of Fontnnn Dam, North Careolina,
alversely affected smal lmouth bass for many miles downstream in the
Little Tennessce River. The coldwater dischirge from Tiuble Rock
Reservoir, Missouri, caunced the locs of smallmouth nnd spotted bass

downstream in Loke Tancycomo (Fry and Hanson 1068).




Uik Cold tnilwaters below twn dams in Fentucky cupport fewer
black busses than occurred in the natural river before impoundment.,
Black basses were estimated to be h7.9 and 10,1 percent of the angler
cateh in o 1959 erecl survey from these two rivers (J. P Carter 1968a).
In LOOK=71, atvter dam construction, black busses crmposed only 0.1 to
2.6 poreent of the angler cateh (Chrrles snd Melemore 1973).  Appurent.y
the tnilwater habitat differed Drom the oricina!l warnwater ctream hubi-
tat and Jdid not provide the condirions necesonry to gustain the bass
'ishery.

B7o. Smallmouth bass were commen in anpler cntehes in the
tailwnter below Cherokee Dam, Tennessee, Tor tie first ¥ years atvter
impomydment.  The fishery chuyred thereafter, and amelers had to tich
2 to L0 km downstream to catch smaidimouth bass (Pritoer 1962). Low
water Cemperatures arparent iy reducod basgs reproduction wnd numbers in
the upper 30 km of the Lailwrter,

WTC. Bachmerer snd Manmes (L0S) showed thet the condition fretor
o Lrpemontth bess e linees Trom oanturnn 1OLD to o autumn 1003 inoa
Tennessee tollwiters  They believed the fish were experiencing hich
natural mordaiity e to the harsh habitat in this cold tailwater,

L. Come warr and conl dntiwaters sustain black bass ropulations
when weter temperastones oond cover are adequate. Hany yvoung—cof-the-year
st Imonth o were captiored by seine below o low=hend dam on the

[kt

Meevneket River, Towe. The large concentrations of fish in this

taiwiter were beliceved o be o presult of high oxyveen Tevels, blockarge

s e tream movenens , cead habitat diversity (Paracamian 1979). 4
Hutebtooas ot ). (1000 raed 1w to moderate smallmouth bass abundance
below Cottame Grove Domoand Dopense Dam, Oreson. These t'lood control
duro have enuned o ineresse inowater temverature in the tnilwaters and
have mode fher more suitable for smal lmonth bass and less suitable for
trout ami solmon.  Andrews ot ol. (197h) compared the cateh of
oot h bass in the river sbove and below an Oklahoma reservoir,

Ficrorieally, iargemouth bast were abundant. in the Jdeep pools of the

Pownctrearn cection whee Slows were more stables Atter impoundment,

90 percent o the largerseith bass were cooptht in the river above the
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reservolir, and they provided 35 percent of the estimated catch of all
fish species. Coolwater discharge and fluctuating flows below this
main-stem hydropower dam apparently reduced habitat suitability for
largemouth bass in the tailwater.

k78, Food of largemouth and smallmouth bass from Holyoke Dam
tailwater, Massachusetts, was studied in 1972 (Jefferies 197L4). The
frequency ot occurrence of fish, insects, and crayfish in largemouth
bass stomachs was 88.9, 16.7, and 7.8 percent. TFish (spottail shiners)
made up 93.4% percent and crayfish 5.3 percent of total food volume.

The largemouth bass selected spottail shiners over Alosa spp.
Smallmouth bass stomachs contained fish, insects, crustaceans, and
pelecypods.  Fish made up U5 percent of the stomach contents, crusta-
ceans 35 percent, and pelecypods 20 percent. In largemouth bass
collected below Norris Dam, Tennessee, U2 of 53 stomachs examined were
empty. Apparently the cold tailwater did not provide good bass habitat
since the fish exhibited no growth (Eschmeyer 10Lh, Eschmeyer and
Manges 10hY).

L7o.  Reproduction of black busses in tailwaters is not well docu~
metited, There is no documented reproduction of smallmouth bass in
South Holston taillwater, Tennessee. No juvenile bass were captured in
this tailwnter and many adult females from o November 19%3 collection
had resorbed their eges (Pritzer 1962).  Young-of-the-year largemouth
biass were the most abundant centrarchid in collections taken in 1965
below Beaver Dam, Arkansas. However, it is not known whether these
fich were produced in the tailwater or had moved out of the reservoir
abave.  In 1966, no largemouth bass adults or Jjuveniles were captured
in the tailwater (Brown 1967).

W80, Generally, cold tailwiters do not provide good bass habitat.
Limited baus fisheries have developed below some dams, but fish harvest
usunlly remains low.  Ouecessful bass fisheries are usunlly found in
wirm trilwaters with backwaters or other sheltered areas,

True sunt'ishes

W81,  The most common of the "true sunfishes™ (o term applied here

to the Lepomis sp. of the family Centrarchidae) occurring in tailwaters
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are the bluegill, green sunfish, and longear sunfish. Also included
in this section is the rock bass. Other true sunfishes may be locally
abundant in tailwaters, but their life histories are generally similar
to those deseribed.

482, Habitat. The bluegill is common in the deeper pools and
backwaters of sireams, and in lakes, ponds, and reservoirs. Tt is
intolerant o continuous high turbidity and siltation and thrives best
in warm, quiet-witer areas with some aquatic vegetation.

483, '"he sreen sunfish tolerates a wide range of conditions, but
does best where few other sunfishes occur. Tt is adaptable for survival
in fluctuating enviroumentgs, since it tolerites extremes of turbidity,
discolved oxyeen, temperature, and flow.

L8L,  The longear sunfish is characteristic ot c¢leur streams with
satkly or rocky bottoms and permanent flow. Tt is5 more common in
streams than in large rivers. Like other sunfishes, it avoids strong
currents and is usually found in pools and backwaters adjacent to the
st reren channel,  In most environments, when longeur sunfish are common,
Frecn coanfich are fow,

St e roek bass commonly occurs In streams.  Permanent flow,
Cow o caebidity abundhnt cover, and silt={ree bottoms are its basic

N T4
TR i

I usually found near boulders, submerged logs, and
Cewe o where there ieoc glight to moderate current. A deep rocky

oD i diately belaw g il fle 1s o favored spot.

Wre . Reprocuction. The true sunfishes appear to have similar

Srawninge hebitoo Fish beein nestine in the spring when water tempera-
turec e about, C1°C, 0 Spawning reaches o peak in June but often con-
tinues into Avrust, Nesting occurs on almest any type of bottom, but
Fravel 1o prcterred. Nests are usunlly in water 0.3 to 0.6 m deep and
connict of ronndish depressions with a diameter about twice the length
of the male varent. Muny nests are commonly close together and in a
limited aren.  The green sunfish is less colonial than some of the

other sunfishes in its nesting habits. The male guards the nest until

Lhe efes hinteh but does not guard the fry once they leave the nest.
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Because of their similar spawning habits, the various sunfish species
often crossmate and produce hybrids.

L8T7. The nesting season of the rock bass coincides with that of
the smallmouth bass and precedes that of the sunfishes. Nests have been
observed as early as the first week of April and as late as early June
in Missouri, but in any given year the seuson seldom lasts more than
one month (Pflieger 1975). Nesting begins when stream temperatures
range between 12.8 and 15.6°C. The male rock bass fans out a saucer-
shaped depression 200 to 250 mm in diameter over a bottom of coarse
sand or gravel. Nests are in water from 0.3 to 1.5 m deevn, usually
near a boulder or other large object, and of'ten where there is a slight
current..  The rock bass is a solitary nester, in contrast to the true
sunfishes, which tend to nest in colonies.

L88. Food. The diets of true sunfishes and rock bass are gener-
ally similar. Young of the year feced on zooplankton arel immature
aguatic insects, and older fish on aquatic insects, supplemented with
small fish, crayfish, and snails. Feeding is most intense during the
early morning and in the evening.

"9, Age and growth. Growth of the bluegill varies considerably

f1rom one body of water to another. Growth is usually slower in streams
than in ponds, lakes, or recervoirs. In most Missouri waters, the
bluegill reaches 1 lensth of 150 mm and a weight of about 70 g by the
end of its third or fourth summer of life. A 215-mm bluegill weighs
about 2% . Bluerpills commonly reach a length of 240 mm and a weight
of 340 « (Prliceer 1979).

490, The ereen sunfish attanins lengths of about 43, 81, 119, 150,
and 193 mm gt an age of 1 through 5 years, in the Salt River, Missouri
(Purkett 10%8%a), A 150-mm ereen sunfish weighs about 85 g; few indi-
viduils exered o longth of 230 mm or a weight of 340 g.

hol,  In Micsouri streams, the longear sunfish attains a length of
about 23 mm its first year and 64, 91, 109, 122, and 127 mm in succeed-
ing yeurs (Purkett 1958b).  The maximum length and weight are about

17% mm and 108
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492, Rock buss from Ozark streams in Missouri average 41 mm in
length by the end of their first year of life and attain lengths of 86,
tho, 178, 203, und 216 mm in succeeding years (Purkett 1958a). Few
live more than 5 or 6 years, but they commonly attuain a length and
weiecht of up to 280 mm and sk g,

%93, Tn summary, growth of the true sunfishes varies considerally
trom one water body to the uext, and stunting occurs in crowded popula-
tions or where water i< continuously turbid. Generally the bluegilil,
rock bass, and green sunfish attain the largest size.

True sunficshes in tailwaters

494,  The abundance of sunfishes in tailwaters is variable and
depends on recruitment and the available habitat. The occurrence of
sunishes in tallwaters below Tennessee Valley Autheority storage reser-
voirs was found to depend on tish present in the river before impound-
ment, fich entering the tailwater from the reservoir above, and mifra-
tin into the tailwater from tributary streams or reservoirs downstream
(Poitzer 19020),  Cavender wnd Crunkilton {1974) reported bluegills and
white crappies beines carried over the spillway of Hoover Dam, Ohio,
and establichinT small populations in the tailwater., Bluegills were
alve periodieally transported over spillways into the tailwaters of
Urieville Lake and Wye Lake, Maryland, =nd Loramie Lake, Ohio (Clark
19h>; Elser 1960).

L95. Sunfishes generally prefer areas with instream cover, low
currents, and maximum water temperatures above 21°C. Sunfish popula-
tions are usuilly depressed in tailwaters that are cold, or have high
turbidity or little instream cover. Bluegills, longear sunfish, and
green cunficsh were collected in Norfork tailwater, Arkansas, in 1950
(reservoir impounded in 1944), but were lacking in collections made in
1659 (Hoffman and Kilambi 1970). Brown (1967) found several sunfishes
in the same drainage below the newer Beaver Dam in 1965 (reservoir
impounded in 1961). Apparently several years are required before the
reduction in tempernture eliminates sunfishes from these cold
tuilwaters. Table Rock tailwater (Lake Taneycomo), Missouri, was con-

verted from a wiarm to n cold tailwater when hypolimnetic discharges
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were begun in 1959. Bluegills were the only warmwater species to re-
main abundant after the change to cold water. Most of the bluegills
were captured at the downstream end of Lake Taneycomo, where solar
warming and some thermal stratification occurred (Fry and Hanson 1968).
Bluegills and longear sunfish composed over 50 percent of the total
numbers of fish collected by electrofishing in Nolin tailwater,
Kentucky, in 1965 and 1966. The abundance of sunfishes in the tailwater
was due primarily to export of fish from the reservoir above {J. P.
Carter 1968b). A change from epilimnetic to hypolimnetic release and
the stocking of trout in the tailwater in 1970 and 1971 resulted in a
reduction of the sunfish harvest. The sunfish catch from 1968 to 1971
declined from 79.4 to 10.7 percent of the total number of fish caught
and from WL.6 to 3.4 percent of the total fish weight (Charles and
McL~more 1973). Reports of sunfishes in other cold tailwaters are
limited. Bluegills, green sunfish, and redear sunfish composed only
5 percent of the 1975 fish community in Dale Hollow tailwater, Tennessee
(Bauer 1976).

496. Studies on several warm tailwaters suggested that sunfishes
can be importunt in the fishery. Bluegills were estimated to be 8, 12,
and 13 percent of the angler catch at Lake of the Ozarks, Pomme de
Terre, and Stockton tailwaters, Missouri. Both Lake of the Ozarks and
Porme de Terre have epilimnetic discharges, resulting in maximum water
temperatures of about 29°C (Hanson 1974). A highly significant corre-
lation between total annual discharge and annual average catch rate
was found at Pomme de Terre. Hanson's findings agreed with the con-
clusions of Moser and Hicks (1970) that tailwater fisheries are sup-
ported by fish from the reservoir (Hanson 1977). Carter (1969) stated
that sunfishes in the Barren tailwater, Kentucky, were more abundant
when water was released from the epilimnion rather than from the
hypolimnion. The warm water, in combination with the abundant instream
cover, accounts for the increase of sunfishes. Of the fish seined
below Lake Carl Blackwell, Oklahoma, 15 percent were sunfishes (longear,
orangespotted, and green). The longear sunfish was most abundant in

July when it was favored by reduced turbidity and stabilized flows
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below the dam (Cross 1950). Not all warm tailwaters provide good
sunfish habitat. Moser and Hicks (1970) found that sunfishes made up
only 1.5 percent of' the fish biomass and 3.0 percent of fish numbers

in the stilling basin of an Oklahoma reservoir. Lack of cover may have
been responsible for the low abundance of sunfishes. Fritz (1969)
reported that bluegills made up 4.4 percent and green sunfish 2.6 per-
cent of the angler cutch in Carlyle tailwater, Illinois.

497. Sunfishes are important to the fisheries in some cool
tallwaters. Longear sunfish was the most common species taken by
anglers in Broken Bow tailwater, Oklahoma (36 percent of the catch), and
was second in biomass (17 percent). However, more longear sunfish were
cuptured in the river above the reservoir than in the tailwater. Weekly
temperature means averaged 3.8°C lower in the tailwater than in the
1river upstream. Apparently the cool water and fluctuating flows in-
fluenced the harvest of sunfishes in this tailwater (Andrews et al.
1974). Cavender and Crunkilton (19T7L) reported that a small concentra-
tion of rock buaco exists in Hoover tailwater, Ohio; the authors be-
lieved Lhat the rock bass stay in the tailwater because of the abun-
dance of forogeme Sish oand crayfish.,

ho&. The roi hubits of bluegills and longear sunfish from Wilson
Dam tailwater, Tennessec, were studied in the spring of 1977 (Warden
and Hubert 1977). Tish cpes made up 67.2 percent of the total number
o1 food items and 59.0 percent of the totanl volume in bluegills, and
56,1 perceunt by number and 3.7 percent by voelume in longear sunfish.
Insects were nbundant in the stomachs of both species. TInsects ac-
counted for 27.1 percent by uumber and 3.1 percent by volume of food
items in bluegills, and 73.0 percent by number and 27.2 percent by
volume in longear sunfish. Insects eaten were of the orders Diptera,
Coleoptera, and Trichoptera and, of these, chironomid larvae and mayfly
nymphs composed 90 percent of the total number and volume. Other items
found in the stomache were decapods, larval fish, i.»opods, mollusks,
arachnids, and annelids.

499. Growth of bluegills in Hartwell tailwater, South Carolina,

did not. vary from that of fish downstream or from those captured in an
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unimpounded control stream. Apparently temperature fluctuations and a
temperature range of 6.1 to 16.8°C in the Hartwell tailwater did not
adversely affect growth (Dudley and Colden 1974), although Fry and
Hanson (1908) stated that growth of wnrmwater fish {including bluegills)
was reduced in i cold Missouri tailwater (discharge temperature b.L-
15.0°C).

Crappies

500. The white crappie and black crappie may both occur in
tailwaters, and they have similar life histories.

501. Habitat. White cruappies are found in ponds, lakes, reser-—
voirs, and slow-moving streams and rivers. In reservoirs, they are
often found in areas having standing timber or other cover, and at
other times they frequent deeper water, commonly occurring at depths
of 4.6 m or move. Young crappies are often found over open water of
considerable depth. TIn streams, the white crappie is most abundant in
the deeper pools or in backwater areas away from the main current. It
avolda streams that are excessively turbid and those kept continuously
cool by flow from springs.

50..  The black crappie requires habitat similar to that of the
white crappie except that it is less tolerant of turbidity and silta-
tion. 1In reservoirs, the black crappie is noticeably more abundant in
embayment:: fed by the clearer streams. 1In streams, black crappies
require clear water, absence of noticeable current, and abundant cover.

503. Reproduction. Crappies begin spawning in April or May,

when the water temperature rises to about 15.6°C. TIn reservoirs,
spawning occurs in shallow areas of coves protected from wave action;
many nests are sometimes concentrated in the same cove. Nests are
prepared by the male on a variety of silt-free substrates in water 0.1
te 6.0 m deep. Uites with nearby logs or other large objects are
favored locations for nests. The location of the nest is indicated
only by the presence of the male. FEggs hatch in about 3 days and the
fry remain in the nest several more days. Fry do not school after

leaving the nect.,

14




50k, Food. The diet of young crappies consists mainly of zoo-
plankton, and that of adults includes zooplankton, aquatic insects,
and small fish. The proportions of these food items in the adult diet
vary with locality, season, and age of the fish. ©Small gizzard shad
and threadfin shad are important foods of adult crappies in many reser-
voirs.

505. Age and growth. According to Carlander (1977), the average

calculated totnl lengths of white crappies at ages I to VI from all

areas of the United States are 78, 158, 213, 257, 290, and 304 mm.
Average weight of a lL-year-old white crappie is about 300 g.

506. Growth in length of black crappies is generally less than
that. of white crappies in the same waters (Pflieger 1975). However,
since the black crappie is heavier at any given length than the white
crappie, growth in weight differs little between the two species. Few

. crappies live more than R or 4 years, but occasional individuals live
as leng as & or 9 years. Maturity is reached during the second or
third summer of life.

Crappies in tailwaters

507. White crappies and black crapples are important in many

{ tailwater fisheries. When crappies are abundant in a reservoir, they
are often carried through the dam and remain in the tailwater. Crappie
abundance in a tailwiter appears to be affected by water temperature,
season, and type of dam Jdischarge.

50%. Crappies are often abundant in warmwater tailwaters and can
contribute substantially to the fishery. White crappies were estimated
to make up 56 percent of the angler catch at Lake of the Ozarks

tailwater, Migsouri, in 1965-Thk. A high correlation was found between
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estimated number of tish caught and the number of days the flood gates

-

were open at the dam (Hanson 1977). Crappies were estimated to be Ll
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ani 54 percent of the number and 35 and 49 percent of the weight of the
t'ich taken by sport fishermen during warmwater releases at Barren and

Nolin tailwaters, Kentucky, in 1970 and 1971 (J. P. Carter 1968a;
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Carter 1069). J. P. Carter (19684) reported that before reservoir

»

i o coratruction in 1965, crappie populations in Barren and Nolin rivers
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were low and contributed little to the fishery. He attributed the
increase in abundance after impoundment to fish that were produced in
the reservoirs and moved downstream through the dam.

509. The occurrence of fish in stilling basins below warmwater
release dams has been examined in two studies: Pfitzer (1962) col-
lected 120,000 crappies weighing 10,884 kg from 1.0 ha of water below
Douglas Dam in Tennessee on October 30, 1953; Hall and Latta (1951)

stated that 23 percent of the fish found in the stilling basin below

Wister Dam, Oklahoma, in August were white crappies.
510. Several investigators have reported on the movement and
seasonal changes in abundance of white crappies in warm tailwaters.
At Kentucky Lake tailwater in Kentucky, 3552 white crappies were
captured, tagged, and released from January to December 1953. Anglers
recaptured 113 fish (3.2 percent) of which 95 (8L percent) were taken
within 1.6 km of the releuse site (Carter 1955a). A concurrent tagging
study in Kentucky Lake showed little movement of white crappies (on the
basis of recaptures of 5 of 1752 marked fish) through the navigation
locks into the tailwater (Carter 1955a). Anglers at Lewis and Clark
Reservoir and its tailwater, South Dakota and Nebraska, returned L2
v tags from 288 white crarpies tagged in the reservoir. Of these, 172
(28 percent) were from fish captured in the tailwater (Walburg et al.
1971). White crappies were abundant in the tailwater below Lake Carl
Blackwell, Oklahoma, from October 1947 until March 1948 because flows
were stable and many fish escaped from the reservoir. Between
November and January, 139 white crappies were tagged and released in 1
. ( the tailwaters. Most tag recoveries were reported during the winter,
- and were made in the tnilwaters. High water releases from the reser-
i voir during March 19L8 apparently caused the crappies to leave the
1 tailwater, since only two tagged fish were captured during the subse~
.;j quent spring and sumn.cr (Cross 1950). An increase in crappie abun-
: dance during £211 19¢% at Barren tailwater, Kentucky, was associated
: with the fall reservoir drawdown and the high water discharge into the

tailwater (J. P. Carter 1968b). There is a large population of white
c¢rappies and black crappies in Hoover Reservoir, Ohio, and many young ﬁ
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are carried over the spillway and into the tuilwater (Cavender and
Crunkilton 1974,

511. The chanpe trom hypolimnetie (coldwiter) to epilimnetic
{(wirmwater) release (or vice versa) at some dams has affected the
abundance ot cravpies in tailwaters. At Barren tailwater, Kentucky,
cruppies composed 13,5 and 11.6 percent of the ecatch during hypolim-
netic releases in 1968 and 1969, but L1 and bl percent during epilim-
netic releases in 1970 and 1971 (Charles and MeLemore 10973). The

conatruction of Mable Roek Dam, Migsouri, changed the downstream Lake

Taneycono rrom 4 wirnwater to a coldwiter habitat.  Test netting in

Like aneyeone betore ant affter the coldwator intrusion showed a
veduetion in white erappie abundance from 0.5 to 0.9 rish per net day
(F‘:'.\' and Hanson 1068) . Apprarently the cold wiater made the tailwater
heebitat lees suitable for the white ernprpice.

- S0 Small o erappies are comnen forage for predatory tish. Combs
(1970, who studied the diet of 1ok adult striped bass collected Trom
the taliwaters o Kevstone Dam, Oklahoma, in 1975 throush 1076, found
that Sregueney of ccourrence and percventage off total volume of white
crarpies fnoclonaells was Le.N and ©.8 percent, resrectively. Walburg

\ ot al. (1071 reported the cccurrence of white crappies in stomachs of
willeves qond soaveers ecllected In Lewia and Clark tailwater, South
Didikoteoe and Hebraoikee.

513, Pooa of black erappies from Holyvoke Dam tailwater, Massa-
chucette, in 1970 congisted mostly o aspottail shiners and insects
(Lo and D70 percent. o total Tood velumes); the frequency of oceur-
ronce or fish, fnoects, and cooplankton in stomachs was Wb, 68, and L0
t ( roereent, cospect ively {(Jertories 1a7h),
- AL Ctwdies of the growth of erappies in tailwaters has received
Little at*entior, Carter (1099b) revorted that white crappies in
: Sontaeky Leike crew fnster than those in the tallwater. RBefore
en=witer reledcses from oo Missouri ceservoir converted the downstream

v, '

B Lake Toneyveeomo into oocoldwater habitat in 1959, the avernge length of

138 mm, bul 1 ter the change in 1063, it

Levosr—nl b owhite crappics was

wae o ouls 1o (Fryooand Honson 1068)
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515. TIn a report on crappie gonadal development in tailwaters,
3 of Th white crappies collected below a Tennessee dam, between July 29
and September 1, 1941, were immature; the rest were ripe, but none had
spawned. Apparently the cold water (<10°C) had disrupted their repro-
ductive cycle (Eschmeyer and Smith 19L3).

Percidae (Perches)

516. The perch family is one of the largest groups of North
American freshwater fishes. Among them are three popular game fishes—-
walleyes, saugers, and yellow perch--and a large number of smaller
fishes known collectively as darters. The three game fishes are repre-
sented in Europe by the same or closely related species. The darters
are native only to North America.

517. The closely related walleye and sauger both occur in rivers
and are imporfant 11, some tailwaters. The yellow perch is most often
fonund in lakes but it is also abundant in backwaters of large rivers.
It is seldom Tound in small streams and usually does not occur in
tailwnters and, therefore, is not discussed further here. Darters are
adapted for life in swift-flowing sections of clear, rocky streams and
are common inhebitunts of many tailwaters. The percids are discussed
under two groups--{a) walleyes and saugers, and (b) darters.

Walleves and snugers

515. Habitat. Walleyes and saugers inhabit the open water of
Inree, shallow lakes on slow~flowing rivers. The habitat requirements
of" the two species are similar, except that the sauger is more tolerant
of hirh turbidity and is often found in areas with strong current. The
sauger is more common in habitats with silted bottoms, whereas walleyes
prefer habitats with gravel, bedrock, and other types of firm bottom.
Tubb et al. (1965), who studied rish distribution in the Sheyenne River
in Horth Dakota, found walleyes in pools 0.9 to 5.5 m deep, but most
commonly in pools deeper than 2.4 m. The sauger was taken in only one

pool, which wis 2.4 m deep.
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519. The sauger feeds more actively during the day, whereas the
walleye is more crepuscular. The walleye is light-sensitive and is
usually found in deepwater pools during the day, especially when water
is clear. Roth generally occur in loose aggregations of a few to many
individuals. They range over a wide area, rather than restricting
activities to a definite home range.

520. Reproduction. Spawning occurs at night over a 2-week period

in the spring when water temperature exceeds 5.6°C. Spawning is com-
monly preceded by movements out of larger rivers and reservoirs into
tributaries, the males moving to the spawning grounds before the
females. There is some evidence that these species tend to return to

a "home" spawning area in successive years. Spawning occurs on riffles
or rocky areas below Jdams in streams and along rocky waveswept
shorelines in lakes and reservoirs. Females are accompanied by several
males during spawning, and eggs are scattered at random. The adhesive
vees stick to Yhe substrate, and hatching occurs in 12 to 18 days,
depending on water temperature.  Newly huatched larvaee are semibuoyant,
and these produced in streums are therefore subject to downstream
iransport.

51 Food. Jmall erustaceans and insects are the food of walleye
and scuper Tryv. Tneects are a significant feod item throughout life,
but tich are the principal tood of ndults. They anparently eat any
srecies of fish readily availuble Lo them.

[T

500, Age and growth.  The sauger grows more slowly than the

willeye and does not attain as large a size. Fish from the northern
nartion of the range grow slower and live longer than those from more
soutnern wateres., Temales ntiain preater lengths and live longer than
males.  Newly hatched larvae of both species are only about 7 to 8 mm
in length, bul. under idenl conditions mayv attain lengths up to 254 mm
by the end ot the first year. Prlieger (1975) reported that the
averase length of walleyes t'rom “he Current River in Missouri is 200 mm
at the end o the first year and 610 mm at the end of the seventh year.
The usuad ife span e 7 or & years, but much older individuals are

noL unecommon.




523. Vasey (1967) reported that the saugers in the Mississippi
River in Towa reach u length of 145 mm in the first year and 51% mm
after the seventh year. The usual life span of saugers in the South
is 5 or 6 yeurs, but some live to 12 or more years in Canadian waters.

Walleyes and saugers in tailwaters

524, Walleyes and saugers commonly occur in tailwaters below dams
in many river systems. Their occurrence is often seasonal, caused by
the blockage of upstream migration or passage downstream from the reser-
voir above. Concentration of prey fishes attracts walleyes and saugers
to tailwaters.

525. Walleye numbers have increased below a number of dams in the
years following construction. They are the second most numerous
species in East Lynn Lake tailwater, Wect Virpginia (Pierce 1969). They
have increased in abundance in Summersville tailwater, West Virginia
(Goodno 1975); below four hydropower impoundments on the Au Sable River,
Michigan {(Richards 1976); and in the tailwater below Stockton
hydropower dam, Missouri, where they composed 28 percent of the catch
by anglers in 1974 as compared with only 9 percent in 197, (Hancon
1974).

526. Saurers are highly migratory, movins unstream as much as
380 km in 18 days, through the navigation lccks in the Tennessee River
main-stem dams (Cobb 1960). Blackage of upstream mipration has pro-
vided significant winter and spring fisheries in most warm main-stem
dam tailwaters and in some colid tributary dam tailwaterc on the
Tennessee River system {Pritzer 1962). An estimated 882,703 saupers
were caught beiwcen HJovember 1959 and March 1060 in Pickwick Dam
tailwater (Trenary 1960). Cobb (1900) reported there was no sanger
fishery in the Tennessee River until the main-ctem dams were con-
structed.

507.  The sauger fisheries in c¢old tributary tailwaters of the
Tennessee River system are generally smaller than those bel-w the
main-stem dams. Periodically some saugers migrate urcstream from Watts
Bur Reservoir and conprepate in the cold Norris tailwater [Eschmeyer

"

194ly Esehmeyer and Manges 1045).  Large numbers o saugers were also
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cmptht in the upper 5kt of the cold Chilhowee Dum tailwater on the
Little Tennessee River. In 196% and 19695, most were taken from
Decenber 0 Mareh and composed 16 percent of the creel. Tn the
downstream portion of the tailwater, Pl to 46 km below the dam, saugers
were less abundant than in the immediate tailwanter, but constituted 80
percent of the anglers' catch (Boles 1969).

S8, Passage of fish over dams from reservoirs upstream is also
important in establishing willeye and sauger fisheries in tailwaters.
An eactimated 19,100 walleyes passed into an Ohio tailwater over a 5-
veur period (Armbruster 19G2). A large percentuge (42 percent) died

trom broker backs and pressure damage while passing through or over the

58 percent survived passage inte the tailwater. Of tag re-

duari, but,
coveries from walleyes tagged in the reservoir, 20 percent came from
the tailwater. OStudies on the Missouri River have shown that large
mmbers of young-of-the-yenr walleyes and saugers--up to T00,000 in

24 hours—-noved out of Lewis and Clark Lake, South Dakota and Nebraska,
and into the tailwater (Walburg 1971). Mark-and-recapture studies
indicated that some adult caugers also move from the reservoir into

the tailwater (Walbure et al. 1971). Additionally, the tailwater
walleye fisheries in Hoover tailwater, Ohico, and Canton Reservoir
tuilwater, Oklahoma, are the result of the export of fish from the
reservoir (Moser and HBicks 19703 Cavender and Crunkilton 197h). A
relatod speecies, the Volgn pike-perch, has increnased in the Kuibyshev
Lallwabter, U.0.0.R., after successful revroduction in the recervoir
(Charonov 10603) .

500, Other factors, including water depth and temperature, atfect

tailwater walleye and sauger fisheries. The increase in water depth with
a probable increase in water temperature in the lower sections of Dale
Hollew tallwater, Tennocsee, due to inundation by Cordell Hull Reser-
voir, wis followed by the appearance of both walleyes and saugers

(Reger 1970).  Sport fishing success for walleyes in lLake Taneycomo i
tajjwnter, Micsouri, is dependent. on the water level ot Bull Choals
Reavrvair, which inundates the tailwater. Best eatches occurred when

Eull Shondls Reservoir was 0.0 to 3.0 m below power pool level. Catches k

148




vroFressively decelined when water levels were either above or below
this range (Huinson 1969Y.

430, Water temperatures in some cold tailwaters have had a nepa-
tive efffect on walleye populations.  Lowered water temperature in a
North Caroling toilwater eliminnted the walleye tishery (Dendy and
Strowd 106MA) L Low water temperature in Table Rock tailwater, Missouri,

we alsoe arfected the walleye cateh, apid temperature incerease
hee al Mfected th 11ley itet A it t rea of

a

L0600

Coln the taitwater due to flood flows spilling over the dam re-
sulted in an inmedinte incresse in feeding activity and consequent
increase iun walleye cateh (P'r'.v 1065),

531, Reproduction of sauwrers has been adversely affected in some
cold tailwaters,  Sawgsers in oa Tennesasee tailwater have shown sipgns of
rescerbin oren. This was atiributed to tow water tempreratures, which
were cenorally lecs than 10.0°0 (}'T:;cluno;\'r‘x' and cmith 1067,

. 530, Flow requdation can intfluence welleye repreduction hundreds
ot wilometres downotream.  Reduced winter Clews Prom Benmett Dam oon
the Peace-Athabase: River in Conodn ailowed the inlet to Lake Richardson

o freece, thereby delayin: aceoess of walleves to spawningT arens in the

aprine (Peaco=Athobasen Delta Projeet Grour 1070 Geon 10780 A similar
\ situntion wen revortod below the Volporrad Hydroelectrie Damy 10, 00R.
.

.

Reduend sperine flows conved o detorioration o0 pike=pereh spawning

habitat e downstrems o the Vol River Deltn on the Caspian Sen

(Or1ovee and Popovi 1976 .

Gan. Wedor=lovel finctuntions in tailwanters have o negative in-

Slucnce on o ostmer reproduet fon, o Yenr-clams streneth in Fort Randall

Dap tailwoaters, Jouth Dekota, was 19 times preater in years when water
; 'd fevels Sluctited ondy 0.8 p/day than in yvears when fluctuntions were
VN or/dny (Cleloon 1968) 0 Apparently, reduced water-level fluctuation

rosiited in et or survival of eees and larvae,  To inerease sauger

. abumdance, Weltaee (1070) recommended that water releases from Fort
% Reqnia (1 Dam be net Tess than 66 m /oee during the spawning and egg
A
B incubntion period. 1

Cal Walleven have been stocked in some tailwaters where natural

reprodiucetion Jdoes not oceur. A Sh-km streteh of river below the




Boysen Unit Dam, Wyoming, has provided a good walleye fishery uas a
result of stocking (U. S. Bureau of Sports Fisheries and Wildlife
1969}. Hicks (1964) recommended stocking walleye fingerlings instead
of walleye fry in Tenkiller tailwater, Oklahoma, because of unsuitable
zooplankton supplies caused by intermittent water releases. The recom-
mended stocking of fingerlings was apparently successful, since both
walleyes and saugers now occur in the tailwater (Deppert 1978).

535. Food habits and growth of walleyes and saugers in tailwaters
are not well documented. An examination of six walleyes collected from
Holyoke Dam tailwater, Massachusetts, showed that fish made up 9¢ per-
cent of the tLotal volume of food in stomachs (Jefferies 197h). Saugers
in Chilhowee tailwater, Tennessee, preyed heavily on stocked rainbow
trout during the spring spawning run (Boles 1969). Food of walleyes
and saugers from Lewis and Clark tailwaters, South Dakota and Nebraska,
consisted primarily of gizzard shad, emerald shiners, yellow perch,
white bass, and white crappies (Walburg et al., 1971). The growth of
walleyes und saugers in Lewis and Clark Lake tailwater was superior
to that in the reservoir; for fish of similar lengths, the weights of
willeyes and saupers were respectively 7 and 10 percent greater in
the tailwater.

Durters

536G,  According to Bailev et al. (1970), 109 species of darters
are found in Lhe United Gtates and Canada. Comparatively few are
mentioned in the tailwater literature. A general description of
darter 1ife history is presented because of the large number of
species.

537. Habitat. Most darters are found in clear, small- to medium-
sized streams with permanent flow and clean, gravelly, or rocky bottoms.
They are most often Tound in the deeper sections of riffles, but also
accur in rocky pools having no perceptible current. Some species are
more tolerant to turbidity than others. The young of most species can

be found in quiet-water areas associated with leaves, sticks, and

Srpanic debria.




538, Darters are adapted for life in swift-flowing streams.
They sink immedintely Lo the bottom when they stop swimming, and the
press of the current against their enlarged pectoral fins tends to hold
them in place. Darters ure usually found beneath or between rocks and
are thus afforded protection from the direct action of the current.
When moving from place to place, they proceed by a series of short
darts.

539. Reproduction. Most darters usuilly spawn in late spring

over a sand or gravel bottom in water about 0.3 m deep having moderate
current. Eggs ure 1laid and fertilized in a depression on the stream
bottom, where they hatch in about 21 days at 21°C. Eggs and larvae
receive no parental protection.
5h0. Some darter species attach eggs to strands of filamentous
algae or aguatic mosses and males establish territories. Breeding
. males of =still other species seek out and occupy cavities beneath
rocks,.  Ripe females enter the cavity and deposit their eggs, where
they adhere to the underside of the rock. The male stays with the
eqms until they hateh.
541, Foad. Darters are carnivorous, feeding principally on
{ ingsects and other small aquatic invertebrates.

SL2.  Age and growth. Lengths of adult darters other than

logperch usually range from 64 to 89 mm, with a maximum of about 100
mm. Males grow more rapidly and attain a larger size than females.
Most are mature in the first spring after hatching and few live longer
than 3 years. The loeperch, the largest darter, usually ranges in

length from 100 to 15 mm, but sometimes attains 178 mm.

: < Darters in tailwaters

f i 5073, Darters have not been studied extensively in tailwaters.

‘}{ They flourish in a variety of environments, and some have become
:’ establiched in cold tailwaters., Many darter species, particularly ;
i the oraneccthroat darter, rainbow darter, and logperch, are abundant ;
.

b © in Reaver tailwater, Arkansas (Brown et al. 1968; Bacon et al. 1969;

Hotfman and Kilambi 1070). Their abundance may be due to the unstable

composition of the fish population in this relatively new tnilwater.
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Darter numbers are reduced in older tailwaters in the same drainage
(Brown et al. 1968; Hoffman and Kilambi 1970).

Shh.  The relatively low water temperatures (1L, ,L~21.7°C), low
turbidities, mixed gravel-bedrock substrates, and high dissolved oxygen
levels in Hoover tailwater, Ohio, provide excellent habitat for some
darver species. The logperch, greenside darter, rainbow darter, and
bunded darter are all abundant, and the blackside darter, johnny darter,
ant fantail darter also occur there (Cavender and Crunkilton 1974).

5L5. The logperch, gilt darter, and banded darter were all abun-
dant in the cold Chilhowee tailwater in Tennessee. The logperch was
alse numerous in the cold Norris tailwater (Hill 1978). The Lessellated
dirter was dominant in the cold Rocky Gorge Dam tailwater, Maryland
(Teai 1972). The orangethroat darler wuas the second most abundant
species in the cold tailwater below Canyon Dam, Texus. The reduced
temperatures in this tailwater appear to have extended the winter and
spring breeding seanson of this species, and reproduction now occurs
throushout the year (kdwards 1978).

S5hG.  Only one report on the age and growth o darters in
tailweters was found. Tsal (1972), who studied the tessellated darter
in Rocky Gorge Dam tailwater in 1967, found that the mean standard
lensths of females at ages T, TT, and ITT were 395, L7, and S5 wm;

Ve

males were 37 mm long at age I and 50 mm at ape TT.

Seiaenidae (Drums)

5L

. The drum family contains many important marine fishes; only
one ia o freshwater species, the freshwater drum.

roeshwater drum

548, flabitat. This fish is found in large, shallow lakes and
1nree, slow-=moving rivers. 1t is usually found in the larger pools of
streams and in lakes and reservoirs at depths of 9.0 m or more. The
frechwiter drum aveids strong current, is usunlly found near the bottom,

and Is tolerant of high turbidity. It is particularly common in the

Missouri and Mississippi rivers and the downstream sections of their




major tributaries. It is also common in Lake Erie and in many reser-
voirs.

549. Reproduction. Spawning of the freshwater drum occurs in

late spring or early summer, when water temperatures reach about 18°C.
Spawning occurs over a period of about 6 weeks (Swedberg and Walburg

1970). Eggs are fertilized in the open water and float until hatching.
H They hatch in about 36 hours at 21°C; newly hatched larvae are 3.2 mm

long. The lurvae are semipelagic until they are at least 15 mm long.

The wide distribution of the freshwater drum in flowing-water systems
is related to the pelagic state of their eggs and larvae.

550. Food. The diet of freshwater drum consists mainly of fish,

cruyfish, and immature aquatic insects; mollusks are eaten if available.
Young of the yvear eat mostly zooplankton and chironomids; as fish in-
crease in size, larger aquatic inscets become important.

551.  Age and growth., In Missouri streams, freshwater drum

average 112 mm in length by the end of the first year of life and 206,

269, 315, 353, and 378 mm in succeedineg years (Purkett 1958b). On the

average, a 330-mm fish weighs about 450 ¢ and a 4L00-mm fish about 900

g. Most drum caught by fishermen weigh 900 g or less, but individuals

weighing up to 15.9 kg ware occasionally taken. The maximum 1ife span
. is at least 13 years.

Freshwater drum in tailwaters

552. The role of freshwater drum in tailwaters has not been
studied extensively. Several reports deal with their occurrence in
warm and cold tailwaters, They are relatively common in the warm
Keystone Dam tailwater, Oklahoma, where they are eaten by striped

buse (Combs 1979). They are abundant in Lewis and Clark Lake, a

.

main-stem Missouri River reservoir on Lhe South Dakota-Nebraska

EAi border, and large numbers of young of the year less than 25 mm long
" pass into the tailwater with the discharge during the summer (Walburg
,j 1971). 1In spite of the large numbers of young lost from the reservoir,
'-: adults are relatively uncommon in this warm tailwater (Walburg et al.
: 1971). Apparently few of the youns carried downstream in the river

flow Jater return to the tailwater. Freshwater drum made up 10 percent
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of the total sport catch in the cool Pomme de Terre tailwater, Missouri,
from 1965 through 1974 (Hanson 1977). They were also common in the

cold Tenkiller Dam tailwater, Oklahoma (Deppert 1978). The numbers of
freshwater drum in a Missouri tailwater have declined in recent years
because water temperatures have decreased since completion of the

upstream dam (Hanson 1969).

Cottidue (Sculpins)

553. The sculpins are bottom~living, primarily marine fishes, of
arctic and temperate seas; sever:dl genera are found in fresh waters of
the northern hemisphere. This discussion will be limited to the
mottled and baunded sculpins, which occur in some streams.

Sculpins

554, Habitat. The two sculpin species often occur together
because their requirements are similar, The mottled sculpin is usually
found in streams with clear, cold water, in both riffles and pools with
bottom tyres rangiug from silt to gravel and rock. Generally, it is
most abundant in cover such as coarce rock or thick growths of water-
cress.  The banded sculpin tolerates higher temperatures than the
mnottled sculpin and is the more abundant of the two in larger and
warmer ctreams.  Sculpins live on the bottom, spending considerable
time lying motionless in one spot and moving in short, quick dashes.

555. Reproduction. The mottled sculpin spawns in the spring when

witer temperature resaches about 10°C. The adhesive eggs are deposited
in clusters of about 200 on the undersides of stones. The incubation
period 15 3 to L weeks and the male remains near the nest until the
fry Jdisperse.

556, Food. Larval aquatic insects are the main diet of sculpins.
Cottids are predaceous, but they do not feed extensively on eggs and
young of trout, as is sometimes claimed (Prliepger 1975).

557. Age and growth. The mottled sculpin is 28 to 36 mm long

when one year old., Tt probably does not mature until its third or

rfourth summer of life. Adults are commonly 60 to 90 mm long and the
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maximum is about 115 mm. The banded scuplin is somewhat larger. Adults
are commonly 65 to 130 mm long and the maximum is 185 mm or more.

Sculpins in tailwaters

558. Sculpins have not been extensively studied in tailwaters,
although they are numerous in some cold tailwaters. Pfitzer (1962)
noted that sculpins became important as forage in many cold tailwaters
of the Tennessee Valley when the number of minnow species declined.

Both the banded sculpin and mottled sculpin have become numerous in
Chilhowee tailwater, Norris tailwater, and Apalachia tailwater (Hill
1978). The mottled sculpin is the most abundant species in both the
Norfork and Bull Shoals tailwaters in Arkansas (Brown 1967; Hoffman and
Kilambi 1970). Sculpins are also abundant in the McKenzie River System,
Oregon, where they are found in the cold tailwaters of four hydropower 1
facilities and one flood-control dam {Hutchison et al. 1966).

559, Cottids are not found in all tailwaters. The mottled
seulpin has disappeared below four hydropower dams on the Au Sable
River, Michisun (Richards 1976), and were rarely collected during 1966
studicz in the cold Beaver tailwater, Arkansas (Brown 1967).

5G0. Sculpins are highly susceptible to stranding during large }
water fluctuations because of their sedentary behavior. A total of 55
sculpins were found stranded in three O.Rﬁ-mp sections of the tailwater
below o Wyoming dam. 1t was recommended that tlow decreases not exceed

3

JU8 ,sec/duy, to allow for fich migration out of the area (Kroger

m
1973).
5GL. Overall, reductions in flow do not appear to affect sculpin

survival. The piute sculpin (formerly eagle sculpin) is one of the

‘ 3 .
N

surviving native species in the Granby Dam tailwater, Colorado, in

spite of large flow reductions.

o ¥
e 2 A

6. Seulpins appear to reproduce successfully in a number of

tailwaters. The banded sculpin was the only fish species able to

. VR
'A-‘_‘ )

reproduce in the cold Dale Hollow tailwater, Tennessee; no young of
! the year other than sculpins were observed (Little 1967). The partial

.= inundation of a tailwater by a1 downstream reservoir beginning in about

.
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1970 seriously reduced the abundance of the banded sculpin, and the
species is now infrequently collected (Bauer 1976, .

563. The food habits of sculpins in tailwaters are not well
known. The common bullhead, a cottid which occurs in Cow Green
tailwater on the Tees River, United Kingdom, exhibited a feeding shift
following impoundment of the reservoir. The reduction of Plecoptera
caused the adults to begin feeding on mollusks, and the fry shifted
to Diptera and Ephemeroptera (Crisp et al. 1978). The food of the
banded sculpin in Dule Hollow tailwater, prior to inundation by the
downstream Cordell Hull Reservoir, consisted of Diptera, Coleoptera,
Isopnda, crayfish, and small trout. The sculpins did not eat Cladocera,

which were abundant in the reservoir discharge (Little 1967).
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PART VITII: CONCLUSIONS

564, The construction of an impoundment alters the biological,
chemical, and physical churacteristics of the stream environment below
the reservoir. Many of the biological changes are a direct result of
dam construction, and include blockage of upstream fish migration,
inundation of spawning grounds, and the interruption of downstream
invertebrate drift. In addition, the tailwater biota is influenced by
the characteristics of the impoundment and the faunal and geomorphic
characteristics of the preimpoundment stream.

565. Physical and chemical characteristics in the tailwater are
primarily determined by the volume and timing of water released and by
the devnth from which water is withdrawn from the reservoir. The effects
of these releases are further modified within the tailwater by inflows
rrom downstream tributaries and groundwater, riparian vegetation,
atmospheric conditions, and physical characteristics of the streambed.
The tailwater biota reflects interactions between the native or intro-
duced organisms und the physical and chemical conditions in the

tailwater.

Effects of Hypolimnetic Release on Downstream Biota

566G, The depth of the discharge is of primary importance in deter-
mining the tailwater environment below stratified reservoirs. The
release derth affects water temperatures, dissolved gas concentrations,
nutrients, turbidity, and the presence of toxic concentrations of some
dissonlved substances in the tailwater. These factors have a profound
effect on the tailwater biota.

567, Maximum and averuage water temperatures are generally colder
in the tailwater below 1 hypolimnetic release reservoir than in the
unimpounded stream. The effects of these coldwaler releases are similar
on beth warmwater and coldwater streams but are more severe for the
warmwater streams. The reduced water temperatures may fall below the

tolerance levels of certain native specien of invertebrates and fish.
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Lowered water temperature can increase the competition between native
species and introduced organisms adapted to the colder environment.

The result may be the loss of some native species from the tailwater.
568. A change in the seasonal water temperature pattern also
occurs in tailwaters. Water in hypolimnetic discharges is colder than
that in the unimpounded stream during the summer and warmer during the
winter. Delays in spring warming because of cold hypolimnetic releases

may alter the reproduction, hatching, emergence, and development of
many invertebrates and fish. The altered temperature regimes may
disrupt the life cycles of some insect species and cause them to emerge
during the winter or prevent them from hatching in the spring. Some
fishes may not reproduce because the cold water disrupts their physio-
logical development and eliminates the temperature stimulus to spawn.
Some may spawn several weeks late, retarding egg and larval development.
The smaller young are subject to more intense interspecific competition
and reduced over-winter survival.

569. The temperature of cold tailwaters below hypolimnetic release
dams built on warmwater streams eventually returns to ambient as waters
proceed downstream. The biota in the downstream section closely re-
sembles that in the natural unimpounded stream. A transitional zone
may exist between the cold tailwater and the warm downstream river that
may not be readily inhabited by either coldwater or warmwater organisms.
This transitional zone is often larger than the immediate tailwater
(Hulsey 1959).

570. Hypolimnetic releases into coldwater streams generally do
not, have a drastic effect on the stream biota. Water temperatures in
these tailwaters generally remain within the tolerance levels of the
coldwater organisms that inhabited the original stream. Temperatures
may sometimes be reduced below the tolerance level of certain organisms
which may disappear from the immediate tailwater. This situation may
also result in some redistribution of insects and fish. For example,
chironomids and simuliids have replaced most other insect species, and

brook trout have replaced rainbow and brown trout in some tailwaters.
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571. The volume of cold, hypolimnetic water stored in the reser-
voir and the loss of daily temperature fluctuations in the tailwater
affects downstream biota. Some reservoirs lack sufficient storage
capacity of cold, hypolimnetic water to maintaln coldwater releases
throughout the summer and fall. Inadequate storage capacity may result
in the change from a coldwater to a warmwater tailwater during the
latter part of the summer. This change significantly affects the
tailwater biota, since colidwater organisms cannot survive in the warm
waters of late summer and warmwater organisms cannot reproduce or grow
iti the cold waters which occurred earlier in the year.

570, The loss of diurnal fluctuations in water temperature may
remove the temperature stimulus necessary for normal progression of
invertebrate 1ile processes. Some invertebrates may disapprear but
ather terroer adapted species usually replace them. Invertebrate popu-
latisns in thegse stressed envirouments often display low diversities
wn.t hish denaitien.

“Te. Low discolved oxygen concentrations in tailwaters below
Stratified deer—-release reservoirs may cause physiological stress in
the wquatic community and limit fish and invertebrate diversity. Bio-
cowienl decomrosition in the hyvpolimnion of some reservoirs during the
surmer eliminates most of the dissolved oxygen and results in the re-
leuce of deoxygenated water. If incufficient reaeration occurs in the
outlet works, invertebrates may enter the drift and fish may actively
mirrate downstream. TIn extreme cases, lack of adequate dissolved
oxyien hags been responsible for the die-off of fish in railwaters. In
most tailwaters, however, turbulent rlow over riffles rapidly increases
the dissoived oxygen concentration as the water proceeds downstream.

57h.  lutrients which enter a reservoir may be used by the reser-
voir rhytoplankton or mny settle into the hypolimnion. The dissolved
mitrients which aceumulate in the hypelimnion, either as a result of

the decomposition of organic matter or directly from the watershed, are

flushed into the tailwnter during release of hypolimnetic water and may

enhance primary produetivity in the tailwaters. The additional nutri-

erts may increase veriphytic algal production in the tailwater and,
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consequently, increase the numbers of invertebrates feeding on or
living in the algae.

575. Toxic levels ot reduced substances, including iron, manga-
nese, hydrogen culfide, and ammonia, may be formed in the hypolimnion
o' a4 reservoir during low oxygen conditions. Tt is possible for these
substances to be released into the tailwater at levels which may stress
both the invertebrate and fish populations.

57G. Turbidity is usually reduced in tailwaters below deep-release

dams and organisms which are adapted to turbid waters may be at a
competitive disadvintage. For example, reduced turbidity favors trout
and other clear-water species over rough tish., In some instances,
nowever, turbid inflows move through the reservoir as a density current

ard are releused into the tailwater.

Ffvtects of Epilimnetic Relense on Downstream Biotn

n

7. Reseorvolrys with eprilimnetic releases ave generally les

3

u

Aisruptive to tailwater biot: than are those with hypolimnetic releases.
Warmwater streams are subliect to only minor temperature chanses as a
roesutlt ot the construetion of an epilimmetic release reservoir. The
witer temperature of the dischorgee ic ucually within the tolerance
limits of the native warmwater stream csrecies and does not affect thelr
curvival,  Additionally, seme apecies o fish and invertebroates may be
t.rancported out of the reserveir and added to the tailwater biota. Fish
common in the reservoir often predominate in the tajlwater. Fpilimnetic
discharre from a dam built on a coldwater stream usually has a higher
sumrer and autumn temperature than the original stream., The warmer
diccherges may ecause changes in the biota of the tailwater. Coldwater
gpecies (plecopterans and trout) may be eliminuated by temperatures
excending their toterance levels., FElevated temperatures ialso may allow

rouch fish (carp nd suckers) to outcompete many of the native or intro-

dneed specien {trout).
o S7T0. Leow dicsolved oxyveen concentrations rarely limit the biota

below surtico=releane reserveirs,  Hirh levels of photosynthesis in

g
!
)
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the reservoir epilimnion, gas exchange during passage of water from
the reservoir, and downstream turbulent flow all increase concentra-
tions of dissolved oxygen in the tailwater. Toxic concentrations of
iron, manganese, and hydrogen sulfide are rarely encountered since
these materials are products of anoxic conditions in the hypolimnion.
579. ©Spillway releases from high dams, particularly in years of
high flow, can cause gas supersaturation in tailwaters and result in
mortality to fish and invertebrates. Low downstream temperatures and
a laminar flow inhibits the dissipation of the dissolved gases back
to the atmosphere. Gas supersaturation has been noted in the tail-
witter below a dam on a warmwater stream in the central United States,
Lut the problem is most common at high dams on the larger rivers of
vt Pucific Northwest. Nitrogen supersaturation and nitrogen em-
.iom renerally do not occur at lowhead dams.
550. Epilimnetic discharges are generally low in dissolved

nutrients, since particles {algae, suspended material) containing
n surbing nutrients settle into the hypolimnion. This loss of
nutrients results in reduced primary productivity in the immediate
tailwater. However, the export of insects, phytoplankton and zoo-

. plankton from the reservoir often compensates for this reduction.
The exported organisms are often used as food and may increase the
numbers of fish congregating below the dam. Many of the inverte-
brates may flourish below surface-release reservoirs because of the
export of plankton and other suspended organic matter from the
reservoir.

581. Many reservoir fish move into the tailwater either through

oW
e

the turbines or over the spillway. Tailwater populations of shad, 3

sunfishes, suckers, pikes, and some percids may be maintained through

Y
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export from the reservoir. 1In addition, native stream fishes often
concentrate here, and consequently sport fishing in tailwaters is
sometimes excellent. Tailwater fisheries are most successful in spring
and early summer because of migrations related to spawning. Sustained

low flows adversely affect fishing success.
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Effects of Water Release Patterns on Downstream Hiota

(30200
PN

The timinge nnd volume of water released from a dam may
severely limit or enhance the tailwater biota. Changes in the flow
patterns «fter duam construction include seasonally stabilized flows,
suttained high flows (with reduced peak flows) during high water

peri oo, minimum Slows Jduring dry periods, and diel fluctuating flows
below hydropower Mmeilities. The effect of these flow changes on the

biota moy, however, be masked by other fuctors such as temperature,

son, and texic levels of reduced substances.
ads s The tallwaters below most nonhydropower reservoirs have a
more stable qoinusl Ylow repine than that in unimpounded streams. The
stabiliczed Clows that result from both o reduction in the intensity of
rloods and the maintenance o flowe Jdurine lew-wiiter periods provide a
. less variable habitat., Dence olen? meto, 'ten ansocinated with stabi-
Tized flows, may inhibit the pre daet 1o 0 come nntive invertebrate
crecics that prefer rock cubstrates.  Powever, the odidis fonn]l habitat
and food supply provided by the alend mot s coneraily oftract new inver-
tebrate Laxa that become i important rnet 8 (he Sond web, but species
ceeding on allochthoncus micterinl beoome Teose abhnaiant. Hesting fishes
may reproduce more successtully in oo obabilicel wwilwater, GOtable
flows may, however, be detrimental te Tich * e reanire noderate flow
variation to Inititte aprawning activitioo,
58h,  The effects of hirh flews (P1ooda) ‘i retural streams have
been desceribed by roveral authors (Toroweill 10-5; Seceprict and Gard
1977, Ryek 1776, Hirh Mows in tailwiters are sencerally less intense

then i analtered atreams but are continued over o Thneer time. The

N

effeets of ieh Tlowe on tailwater Ciches ave partiy dependent on the

NRAEN
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tei iwater phvoiograrhy,. 110 the tailwater has deer peels, sufficient

._.‘,-*“

cover, oo backwater areas ffor fish chelter, Lifgh flows are less detri-

-- porta] e Pich pepulations than 18 the tailwater has 1ittle physical 1
‘. - . . . . . . - ~ .

> . varinbility. High flows during the reproductive perioa of fish can

5" seotr the stream bottom and destroy the egpes and larvae and reduce
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reproductive success, especially in unsheltered areas. Increased
discharges may cause catastrophic drift of benthos, causing a sub-
stantial decrease in benthic standing crops. High flows can be bene-
ficial in some tailwaters as they flush sediment from the interstices
of the rubble substrate and supply food and oxygen to benthic
invertebrates.

585. Fall drawdown of flood control reservoirs increases flows
into the tailwater. This drawdown usually occurs after reservoir de-
stratification, when fish and other organisms are more evenly distri-
buted within the reservoir. Many young-of-the~year and older fish may
be lost from the reservoir during this time, causing an increased
abundance in the tailwaters. The effects of the increased flows on the
resident stream fishes in the tailwater, both during the reservoir
drawdown and for sustained periods after flood flows, are largely
unknown. The increased flows may 1nitially produce catastrophic effects
on stream invertebrates, but the benthic community gradually stabilizes
as the remaining flow-tolerant species adjust to the prevailing condi-
tions, Higher flows extend the influence of the reservoir discharge
downstream,

58G. The subject of minimum flows is one of the most widely
studied nspects of regulated streams. During the dry season of late
summer and fall, minimum flows are often maintained below dams to
rrovide aquatic habitat for the survival of invertebrates and fish.

The habitat that remains, however, is usually of decreased quality and
quantity. Reduced habitat increases interspecific competition for
space and food ameng fish and among invertebrates. Both groups experi-
ence rhysiological stress and reduced production during low flows.

Low Tlows in tailwaters reduce water velocities and associated detrital
material, and thus food and oxygen for benthic organisms are also
reduced. Low flows allow silt and detritus to accumulate in the
tailwiter from streamside runoff. This material may be beneficial to
the productivity in the tailwater if not present in excessive quanti-

tirn.,  In coldwater streams, minimum flows from deep-release reservoirs
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often maintain water temperatures within tolerance levels for coldwater
species (e.g., trout).

587T. Irrigation storage reservoirs impound winter and spring
runoff, with a consequent reduction in tailwater flows. Winter de-
watering of the tailwater reduces overwinter survival of many organisms
by limiting habitat and exposing them to harsh winter conditions. Poor
survival of trout has been documented in streams dewatered in winter.
Dewatering in the spring probably affects the reproduction of some
fishes by reducing both the stimulus to spawn and the availability of
spawning habitat.

588. Below hydropower dams, large Jdiurnal flow fluctuations most
often have a destructive influence on the tailwater biota and create an
unstable, highly variable downstream habitat. The extreme variacion in
flow scours the tailwater and displaces both fauna and flora. Species
with narrowly defined environmental requirements are eliminated from
these tailwaters. During power generation, high water velocities cause
streambed and bank instability and habitat degradation. The stream may
be subject to increased turbidity, and algal and macrophytic growth is
discouruaged. The widely fluctuating flows discourage the establishment
of strenmside vegetation and other aquatic plants. The benthic food
base is radically reduced and some species may be eliminated. A "zone
of fluctuation" is permanently established where no production takes
place because of periodic streambed exposure during nonpower cycles.

589, Fluctuating flows disrupt the spawning and reproductive
success of some fish species by destroying nests and sweeping away
unsheltered eggs and fry. Only fish adapted to high water velocities
are able to sustain their populations in tailwaters below hydropower
dams. Stranding and desiccation of many species of invertebrates, fish
egss, salmonid fry, and sculpins have been reported. Invertebrates
located in fluctuating tailwaters may attain community equilibrium,
provided they are able to adapt to the variations in flow.

530. The release of larpge volumes of cold hypolimnetic water
during power generation maintains a cold tailwater environment below

some southern reservoirs. However, during nongenerating periods, the
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small volume of water released may warm rapidly due to solar radiation
and exposure to warm air temperatures. The thermal tolerance of some
fish and invertebrates muy be exceeded during these periods, and the
organisms either move out of the tailwater or die. The increased water
temperatures may be beneficial to some species, such as carp and
smallmouth buss, thit compete with coldwater fishes. Despite the fluc-
tuating flows encountered below hydropower dams, many excellent trout
fisheries have developed in these waters. The quality of the fishery
depends on the habitat suitability for trout, which includes cold water,

adequate flow, plentiful cover and food.

Past Tnilwater Research and Suggestions for Future Study

591. Review of the availnble literature revealed that the present
understanding of biological problems in tailwaters ic far from complete.
Current research being funded or conducted by various groups, including
the U. &. Army Corps of ¥ngineers, Tennessee Valley Authority, U. S.
Water and Power Resources Service (formerly Bureau of Reclamation), and
the U. G. Fish and Wildlife Jervice, may provide the necessary infor-
mation to overcome the inadequacy of the literature.

590, Most tailwater research has been narrow in scope. Usually,
the study of the biota in a tailwater has been limited to the compila-

tion of lists »f invertebrate species and fish species or creel census.
It has sometimes been assumed that a major change in one physical
Tnetor (e.g., temperature, flow, ctce.) has caused a change in the
tailwater biota. However, the more comprehensive investigations needed
to confirm these assumptions have rarely been conducted.

593. The few studies that have been directed toward determining
the causes for observed changes in tailwater biota have generally been
the result of acute short-term problems (e.g., fish kills caused by
fas supersaturation or reduced dissolved oxygen). The more subtle
chanpes resulting in the disappearance of a species or change of spe-
cies compusition in tailwaters have generally not been determined. As

an example, the loss of a fish species in cold tailwaters has been
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attributed to the reduction in temperature. What is usually not known
is which stauges of the fish's life cycle were affected by the lowered
temporature. Reduced temperatures may have had any of several effects
or combinutions of effects: (a) prevented the initiation of spawning
activity, (b) inhibited the hatching of eggs, (c) impeded the growth of
fry, (d) destroyed a required food source, (e) provided other species
with a competitive advantage, or (f) simply been below the talerance
limits of the affected species. If the "weak 1ink" in the lire cycle
of the species was known, it might be possible to release water of a
more favorable temperature during the c¢ritical period (e.g., releasing
water of a warmer temperature until egg hutching is completed).

594, Tt is improbable that changes in species compositicn were
due solely to one factor, such as a reduction in tempernture. Changes
in the tailwater biota are more likely due to the alteration of a
number of factors such as temperature, flow, habitat availability, food
abundance, aud the levels of turbidity, dissolved guses, nni certnin
chemicals. Additionally, the degree to which these alterations naffect
the biota in each tailwater may be highly variable. The biota in two
apparently similar tailwaters may react differently to similiar changes
in chemical and physical factors because of differences in projiect
location, construction, and operation. Indeed, it is possible that in
some tailwaters the assumed cause ot the faunil changes (e.g., temper-
ature reduction) may not have had any real effect, but simply masked
the actual causative factors.

595. Studies are needed to determine the tailwater chemical and
physical properties that cause changes in diversity and abundances in
the biotic community. Such studies shoull investigate all parts of
the tailwater ecosystem and must include continuous (i.e., daily)
monitoring of major chemical and physical variables and periodic
sampling of the tailwater biota (i.e., periphyton, plankton, benthos,
fish). Once sufficient information on the chemical and physical
environment of a tailwater is obtained, it should be possible to relate

this information to observed changes in the biotic community with

appropriate statistical analyses.




590, In addition to determining which chemicnl and physiecal

factors act to alter the biotic community, further more intensive,
limited studies will be needed to discover how these factors act on
the most seriocusly atftected members of the biota. Only by determiuing
how the affected tallwater orpunisms are influenced will it be possible
to sugsmest Improvements in the current tailwiater management plan; for
example, how a valucble warmwater t'ish species Is influenced below a
hyrolimnet ic release, hydrovower dum. It may be determined that the
disavpearance of this species is most closely correlated with diurnal
Tlow and temperature fluctuations and delayed seasonal warming,  More
rrowly defined studies may determine that fish spawning has been
telayed beeanse of a lack of adequate thermul stimulus and thut Tish
e hatehinge and invertebrate food production have declined becnuse of
the periodic drying of spawning beds and riffle areac. Ultimately, it

o

- wiil be up to the manacing agency to determine if any or the suggestions
micht be implemented within the context of an overall reservoir munnge-—
ment plan.,

507, The tyve of intensive study just discussed is only usetul for
underasvanding he problems o an individual tailwater being investigated.
¢ It would be helpful in the hiture 1o have @ generalized conceptual model
At oeach mador tailwater type Po oascist in the recognition ot tailwater
troblems wibthout resorting to large-scale intensive studies. Such a
conceprtual model must provide o clear nunderstinding of how the major
shemical, physical, and bioiogicnl variables relate to and interact

with each other. 4
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APPENDIX A: ALPHABETICAL LIST OF THE 113 TAILWATERS MENTIONED
IN THE TEXT WITH LOCATION BY RIVER AND STATE, PROVINCE, OR COUNTRY
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AFPPENDIX B: LOCATION OF 105 RESERVOIR TAILWATERS
IN THE UNITED STATES MENTIONED IN THE TEXT
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APPENDIX C: COMMON AND SCIENTIFIC NAMES OF FISHES
MENTIONED IN THE TEXT, ARRANGED BY FAMILY
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Part I:

Polyodontidae
Paddlefish
Clupeidae

SkipJjack herring
American shad
Gizzard shad
Threadfin shad

Salmonidae

Coho salmon
Cutthroat trout
Ruainbow trout
Brown trout
BRrook trout

Esocidae

Grass pickerel
Horthern prike
Muskellunge

Chain pickerel

Cyrrinidae

Chiselmouth

Jtoneroller
Cary

Humvback chub
Bonytail
Ronndtail chub
Speckled chub
Bireye chub
Streamline chub
Peamnuth
Hornyhead chub
River chub
Golden shiner
Texns shiner
Rosetin shiner
Fmerald shiner

Fishes from North American Tailwaters

Polyodon spathula (Walbaum)

Alosa chrysochloris (Rafinesque)
Alosa sapidissima (Wilson)
Dorosoma cepedianum (Lec 2ur)
Dorosoma petenense (Glinther)

Oncorhynchus kisutch (Walbaum)
Salmo clarki Richardson

Salmo gairdneri Richardson
Salmo trutta Linnaeus
Salvelinus fontinalis {(Mitchill)

Esox americanus vermiculatus Lesueur
Esox lucius Linnaeus

Esox masquinongy Mitchill

Esox niger TLesueur

Acrocheilus alutaceus Agassiz and
Pickering

Campostom: ancmalum (Rafinesque)

Cyprinus carpio Linnaeus

Gila cypha Miller

Gila elegans Baird and Girard

Gila robusta Baird and Girard

Hiybopsis aestivalis (Girard)

llybopsis amblops (Rafinesque)

Hybopsis dissimilis (Kirtland)

Mylocheilus caurinus (Richardson)

Nocomis biguttatus (Kirtland)

locomis micropog,on (Cope)

Notemigonus cryscleucas (Mitchill)

Notropis amabilis (Girard)

Notropis ardens (Cope)

Notropis atherinoides Rafinesque

(Continued)
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Cyprinidae (continued)

Bigeye shiner
Striped shiner
Cormmon shiner
Whitetail shiner
Blackechin shiner
Spottail shiner
Red shiner

Silver shiner
Duskystripe shiner
Rosy’nuce shiner
Spotfin shiner
Sand shiner
Telescope shiner
Redfin shiner
Blacktail shiner
Mimic shiner
Suckermouth minnow

Couthern redbelly dace

Bluntnose minnow
Fathead minnow
Bullhead minnow
Colorado squawfish
Northern squawfish
Blacknose dace
Lonenogse dace
Cpeckled dace
Fodside shiner
Creek chub

Catostomidne

River carpsucker
Quillback
Lon,/noce sucker
wWhite sucker
Bluehead sucker

Tlannelm-omth sucker

Largescnle sucker
Mountain sucker
Hlue sucker

dorthern hog sucker

“mallmouth buffalo
PBigmruth buffalo
Black buflfalo

F P X R S O

Notropis boops Gilbert

Notropis chrysocephalus (Rafinesque)

Notropis cornutus (Mitchill)

Notropis galacturus {Cope)

Notropis heterodon (Cope)

Notropis hudsonius (Clinton)

Notropis lutrensis (Baird and Girard)
Notropis photogenis (Cope)

Notropis pilsbryi Fowler

Notropis rubellus (Agassiz)

Notropis spilopterus (Cope)

Notropis stramineus (Cope)

Notropis telescopus (Cope)

Notropis umbratilis {Girard)

Notropis venustus (Girard)

Notropis volucellus (Cope)
Phenacobius mirabilis (Girard)
Phoxinus erythrogaster (Rafinesque)
Pimephales notatus (Rafinesque)
Pimephales promelas Rafinesque
Pimephales vigilax (Baird and Girard)
Ptychocheilus lucius Girard
Ptychocheilus oregonensis (Richardson)
Rhinichthys atratulus (Hermann)
Rhinichthys cataractae (Valenciennes)
Rhinichthys osculus (Girard)
Richardsonius balteatus (Richardson)
Semotilus atromaculatus (Mitchill)

Carpiodes carpio (Rafinesque)
Carpiodes cyprinus (Lesueur)
Catostomus catostomus (Forster)
Catostomus commersoni (Lacépéde)
Catostomus discobolus Cope
Catostomus latipinnis Baird and Girard
Catostomus macrocheilus Girard
Catostomus platyrhynchus (Cope)
Cycleptus elongatus (Lesueur)
Hypentelium nigricans (Lesueur)
Tetiobus bubalus (Rafinesque)
Tctiobus cyprinellus (Valenciennes)
Ictiobus niger (Rafinesque)

{Continued)




Catostomidae {continued)

Spotted sucker
Silver redhorse
River redhorse
Gray redhorse
Black redhorse
Golden redhorse
Shorthead redhorse
Humpback sucker

Ictaluridae

White catfish
Blue catfish
Black bullhead
Yellow bullhead
Brown bullhead
Channel catfich
GSlender madtom
Stonecat
Tadpole madtom
Brindled madtom
Freckled madtom
Flathead catfich

Percichthyidae

White bass
Yellow bass

Striped basg

Centrarchidac

Rock bas:

Green sunfish
Orangespotted sunfish
Bluegill
Longeanr sunfish
Redear sunfish
Smallmouth brsa
Opotted bass
Largemouth bisg
White crappie
Black erappie

N S T IR

Minytrema melanops (Rafinesque)
Moxostoma anisurum (Rafinesque)

Moxostoma carinatum (Cope)

Moxostoma congestum (Baird and Girard)

Moxostoma duquesnei (Lesueur)

Moxostoma erythrurum (Rafinesque)
Moxostoma macrolepidotum (Lesueur)

Xyrauchen texanus (Abbott)

Tetalurus catus (Linnaeus)
Ictalurus furcatus (Lesueur)
Tetalurus melas (Rafinesque)

Tctalurus natalis (Lesueur)
Tetalurus nebulosus (Lesueur)
Tctalurus punctatus (Rafinesque)
Noturus exilis Nelson

Noturus flavus Rafinesque

Noturus gyrinus (Mitchill)

Noturus miurus Jordan

Noturus nocturnus Jordan and Gilbert
Pylodictis olivaris (Rafinesque)

Morone chrysops (Rafinesque)

Morone mississippiensis Jordan and
Figenmunn

Morone saxatilis {(Walbaum)

Ambloplites rupestris (Rafinesque)
Lepomis cyanellus Rafinesque
Lepomis humilis (Girard)

Lepomis macrochirus Rafinesque
Lepomis megalotis (Rafinesque)
Leopmis microlophus (Giinther)
Micropterus dolomieui Lacepede
Micropterus punctulatus (Rafinesque)
Micropterus salmoides (Lacepede)
Pomoxis annularis Rafinesque
Pomoxis nigromacul: fus (Lesueur)

{Continued)
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Percidae

Greenside darter
Rainbow darter
Fantail darter
Johnny darter
Tessellated darter
Orangethroat darter
Banded darter
Yellow perch
Logprerch

Gilt darter
Qlackside darter
Sauger

Walleye

Sciaenidae

Freshwater drum
cidae
Mottled sculpin

Piute sculpin

Banded sculpin

Etheostoma blennioides Rafinesque
Etheostoma caeruleum Storer
Etheostoma flabellare Rafinesque
Etheostoma nigrum Rafinesque
Etheostoma olmstedi Storer
Etheostoma spectabile (Agassiz)
Etheostoma zonale (Cope)

Percu flavescens (Mitchill)

Percina caprodes (Rafinesque)
Percina evides (Jordan and Copeland)
Percina maculata (Girard)
Stizostedion canadense (Smith)
Stizostedion vitreum vitreum (Mitchill)

Aplodinotus grunniens Rafinesque

Cottus bairdi Girard

Cottus beldingi Eigenmann and
Eigenmann

Cottus carolinae (Gill)




Salmonidae
Baltic salmon
Cyprinidae

: - Zope
Bream
Golden shiner (European)
Bystryanka
Bleak
] Barbel
White bream
Shemaia
Nase (Pclust)
Carp
. Gudgeonr
Ide
Roach or Vobla
Khramulya
Vimba

Percidae
Volga pike-perch
. Cottidae

Common bulihead (sculpin)

Part II: Fishes from European Tailwaters

Salmo salar Linnaeus

Abramis ballerus (Linnaeus)

Abramis brama (Linnaeus)
Abramis sp.
Alburnoides bipunctatus (Bloch)

Alburnus alburnus {Linnaeus)

Barbus barbus (Linnaeus)

Blicca bjoerkna (Linnaeus)
Chalealburnus chalcoides (Guldenstadt)
Chondrostoma nasus (Linnaeus)

Cyprrinus carpio Linnaeus

Gobio robio (Linnaeus)

Leuciscus idus (Linnaeus) .
Rutilus rutilus (Linnaeus)
Varicorhinus capoeta (Gildenstadt)
Vimba vimba (Linnaeus)

Lucioperca volgensis (Gmelin)

Cottus gobio Linnaeus




APPENDIX D: LIFE HISTORY INFORMATION FOR THE
MOST COMMON FISH GROUPS MENTIONED IN THE TEXT
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Algae: primitive plants, one-celled to many-celled.

Allochthonous: materials such as leaves and detritus that originate
from outside a lake or stream.

Amphipods: group of crustaceans that includes the freshwater forms
Hyalella and Gammarus.

Anadromous fish: fish that spend most of their lives in the sea or
lakes but ascend rivers to spawn.

Anaerobic organisms: microorganisms that thrive in the absence of
oxygen.
Annelids: earthworms and leeches.

Anoxia: state of having too little oxygen in tissues for normal
metabolism.

Arachnids: spiders and water mites.

Armoring: accumulation of coarse particles on a stream bottom through
loss of finer materials to the current; the formation of a firm
layer on the streambed that is resistant to further degradation.

Arthropods: group of invertebrate animals that includes crustaceans,
insects, and spiders.

Autochthonous: materials such as algae, macrophytes, and their decom-
position products that originate within a lake or stream.

Autotrophy: type of nutrition in which an organism manufactures its
own food from inorganic compounds.

Benthic organisms (benthos): aquatic invertebrates such as mollusks,
immature aquatic insects, and crustaceans that live on or in the
stream bottom.

Biomass: total weight of a particular species or of all organisms in
a particular habitat.

Biota: all living organisms in a region.
Bryozoans: small bottom organisms that make up part of the benthos.

Carnivore: any animal partly or wholly dependent on catching other
animals for its food.

Chironomids: family of insects of the Order Diptera; large group that
includes the nonbiting, mosquitolike midges.

Cladocerans: freshwater crustaceans; includes such zooplankton genera
as Daphnia, Chydorus, and Alona.

E2




e e

B aaanman o

‘,
N

)

i

»
.—‘.w

. P T Y
(SRS '4"‘_

Copepods: freshwater crustaceans; includes such zooplankton genera as
Diaptomus and Cyclops.

Crustaceans: includes certain zoouplankters (copepods and cladocerans),
amphipods, decapods, isopods, and ostracods.

Daphnids: any member of the cladoceran genus Daphnia.

Decapods: Treshwater shrimp and crayfish.

Detritivores: organisms that ingest detritus.

Detritus: fine particulate debris of organic or inorganic origin.
Diatoms: class of algae having silicified skeletons.

Dipterans: order of insects that includes true flies.

Drift: aquatic or terrestrial invertebrates that move or float with
the current.

Ecology: science of the interrelations between living organisms and
their environment,

Encystment: formation ol a resistant cyst by certain microorganisms,
especially under unfavorable environmental conditions.

Erhemeropterans: order of insects that includes the mayflies.

Erilimnion: wupper stratum of more or less uniformly warm circulating
water that forms in lakes wund reservoirs during periods ¢f stratifi-
cation and extends from the surface to the metalimnion or thermocline.

Excystment: portion of the life cycle cof an organism when it emerges
from its cyst stage and resumes normal metabolic activity.

Fingerling: immature fish, from a length of about 25 mm (or size at
disappearance of yolk sac) to the end of first year of life.

Fry: 1ife stage of fish between hatching of the egg and assumption of
adult characteristics (usually at a length of about 25 mm).

Gastropods: snails.
Habitat: place where a particulur plant or animal lives.
Herbivore: organism that feeds on plant material.

Heterotrophy: type of nutrition in which an organism depends on organic
matter for food.

Hydraulic residence time: time (usually days) required for a volume of
water equal to the reservoir capacity to move through the reservoir
and be diccharged downgstream,
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Hypolimnion: lower stratum of cold and relatively undisturbed water
that forms in lakes and reservoirs during periods of stratification
and extends from the bottom up to the metalimnion or thermocline.

Instaur: any one of the successive stages in the life history of an
ingect.

Tsopads:  freshwater crustaceans {(Asellus), which are similar to
terrestrial sow bugs.

Laminar flow:  smooth, low-velocity flow, with parallel layers of water
) 5 T A
shearing over one another, and with little or no mixing of layers.

Lentie:  stanaine waters such as lakes and ponds.

Levidorterans:  order of insects that includes the moths and butter-
Tlies.

Uimrology:  study of the rhysical, chemical, arnd bioloriecal conditions
in tresn waters.

Lotlc:s  rmmning waters such ac streams and rivers,
Macrophytes: mucrescopic or large forms of veretation.

,.\,;;1im N

ot ctratum between the epilimnio nnd *he b nion in
iried lakeg und resgervoirs; exhibits marked thermad discon-

cemperature changes at least 1°C ver melre throurhout

Nolluske:r cori=ebeaicd nnimals usually enclosed in a oshell und having
omasenlae Coaty Srechwster forps o include snalls and elamo.,
{ rnos oo S o coriers of immature stages in certain insects.
Oligochaetes: earthworms and their aquatic representatives.
Oritiv ore: oy oanirmal that eants o variety »f living wnd dead plants
and animeio,
Ostracndsr amall eracticeans enclesed in bivalve shellsy resemble
small olamo.,
Teriphyvton:  wsoociation of aquatic oreanisms uttached or clinging to
ctems qad leaves of rooted plants or other surfaces projecting
o, abeve the stream bottom,
» ¢

pti:  the negative loparithm of the effective hydrogen-ion concentration.
a Used to express both ncidity and basicity on a scale of 0 to 1h4; 7
. reprecente nentrality, numbers less than 7 increasing acidity, and
1 numbers greater than 7 increasing basicity.
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Photosynthesis: complex of processes involved in the formation of
carbohydrates from carbon dioxide and water i~ living plants in
the presence of light and chlorophyll.

Phytoplankton: small plants (algae) that live unattached in the water.
Piscivorous: feeding on fishes.

Plankton: organisms of relatively small size, mostly microscopic,
f that drift with the water current; some have weak powers of
locomotion.

. Plecopterans: order of insects that includes the stoneflies and
salmonflies.

Pool: portion of a stream that is deep and quiet relative to the main
current.

Redd: type of fish spawning area (usually a cleared circular or oblong
depression) in running water with a gravel bottom.

Redox potential: oxidation-reduction potential; a measure of the
oxidizing or reducing intensity of a solution.

Riffle: shallow rapids in an open stream, where the water surface is
broken into waves by obstructions wholly or partly submerged.

Run: stretch of relatively deep, fast-flowing water with the surface
essentially nonturbulent.

Seston: 1living or nonliving bodies of plents or animals that float or
swim in the water.

Simuliids: family of insects of the Order Diptera; includes black
flies and buffalo gnats.

Spate: a sudden freshet or flood.

Stenothermal: refers to an organism that can maintain itself only
over a relatively narrow range of temperature.

Stratification: separation of and nonmixing between the surface :
epilimnetic water and the deep hypolimnetic water because of
density differences between the two layers. 5

Tailwater: channel or stream below a dam.

Thermocline: see metalimnion.

,\w.
at

Trichopterans: order of insects that includes caddisflies.

Trophic level: refers to the position occupied by an organism in a
simplified food chain.
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Turbellarians: free-living flatworms.

Turbidity: cloudiness of water caused by the presence of suspended
matter.

Turbulent flow: flow with secondary, heterogeneous eddies super-
imposed on the main forward flow, accompanied by considerable
mnixing of components,

Water quality: a term used to describe the chemical, physical, and
biological characteristics of water in respect to its suitability
! . for a particular use.

Zooplankton: animal microorganisms that live unattached in the water.
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In a~cordance with letter trom DAEN-RDC, DAEN-AST dated
22 July 1977 Subject:  Facsimile Catalog Cards for
Laboratory Technical Publications, a facsimile catalog
card in Pibraey of Congress MARC format is reproduced
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