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PREFACE

This report was prepared by the U. S. Department of the Interior,

U. S. Fish and Wildlife Service, National Reservoir Research Program

(NRRP), East Central Reservoir Investigations (ECRI), Bowling Green, Ky.,

with the assistance of the Environmental Laboratory (EL), U. S. Army

Engineer Waterways Experiment 'Station (WES), under Interagency Agreement

WES 79-04 dated 1 April 1980. This study forms part of the Environmental

and Water Quality Operational Studies (EWQOS), Task IIB, Reservoir

Releases. The EWQOS Program is sponsored by the Office, Chief of

Engineers, and is assigned to WES under the management of EL.

This report was written by Messrs. Charles H. Walburg, Jerry F.

Novotny, 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

of the NRRP.

Preparation of this report was under the direct supervision of

Drs. Nestler and Saul and the general supervision of Mr. Joseph L.

Norton, Acting Chief, Water Quality Modeling Group, EL; Mr. Donald L.

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. "Effects 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, andEnvironmental Laboratory, U. S. Army Engineer Waterways

Experiment 2uation, for the U. S. Army Engineer Water-
ways Experiment Station, CE, Vicksburg, Miss.
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FFECTS OF RESERVOIR RELEASES ON TAILWATER

ECOLOGY: A LITERATURE REVIEW

PA RT T : INTRODUCTION

ProblIeni

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

to achieve downstream environ~mental quality objectives consistent with

project purposes. Presently, there are no quantitative approaches or re-

liable guidelines for determining- water releases necessary to ensure the

maintenance of a desired downstream aquatic environment. Many eniviron-

mental quality requirements for downstream habitat and biota are not well

understood or substantiated.

9. Reervo rs ffe iC jWnSi ream aliuiti c habi totts in a numiber of

wall, 15ann c e ni 11 rero !tion and spiecifi c environ-

men to.1 ro lllrorlen :oi I ownz.; -- nn 1 'ta . Large variatic ens- in a I w

a. :oI t.jw th aw -nks oa.ioens maq~y a ivorselv affect iow-

rea ftshoi e ~Ir rg oiwaa<erio ds, i arupt benthi c communitieCs

that s-erve s oo rIh,; i1m t. ream recreation. Chanfces in

mooratone* d ao vojoe , nd t hor water quail ity haroIstis

'a oe tdWi t~hrae r o-,ae roatly influence tlie sipecio,,

sompni ~j0 5 2ndab~n ri"hle til]w aer communlity

I1ho ore ri in rt-.-rv i rr, to) achieve desi red downst ream

obecivs fenco.i * by cn flirting- requirements to improve

r n-laik- wit r ju- t2 1 t: ma cr dmilLot' pie roj ect. purposes . Periodi -

- ~~~cal.ly , mill j-unsl a r no.: rro ton midnt n ownstream aquatt ic habi tat

and a::i * t r er orei it j -,n :rni reater than the, rel eases required

to) meet Wh,- 'I'll' hnr -'. I;re trposes . Durinrg these periods, i pro-

blems,- aso aiwith l'-neriv i r nuleases) often become critical. Si rice

the beniefit; no' -1 11, ' aIi i ng r enae Iown s-tream aquatic hzabitat and

biolta are 11I :fc"It t- urrftutifin the aillocation of reservoir

n t rae fr' wn:' n in re.e~ no 1 comi Li -!ated . Nievertheliess , mini mum

re 1 ase: r reli ired t. ni ritai n :idequa ite d ow-n strea.m habitat.
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heC t' tnt-, t (9: U-lof h . 1 sh 0 a nd W!~ I~ J IIP Srie 1npre-

I',, Ie t his0 relrort wn c.- to rendii- n -!1i exljauii. IA ye I i tei-n t~ire sea rch

on th I . of reserve lI wate(r i-l eIne on I i I water 1 lotIa. An

inst i cibi biI iop-raphy wa. rrepnr, fc 'rom th-e 1 it etcat ure thni I, mo:nt iir-

ect iv conk-t n-ed tt t1wn0 ec .) robl ems- (Wtlinr e2 j . 1 980)

This- t'nort roview.- liv:ilable li tecatilt 'n c the effects of

i>' O~O ' IenLses on !711w rrtht noortl pcoulat i ns- of warmwater

!i1 o r TI nit Te extfeni1ve 1 i f e tlre nvaI I aibl o e)n n .roufish

I Srie 1 o h ed. T s '2tat.-so c-rt rep: hit douments the rel atiIl

bet weji banes in ic 01112 V5 (ni ty of' rc-5Itroir L wat er -u-,ese

adteqt i; 's y1 lhe diewnt en(mnnatirc environmitent . Thet review I] so

mr lm~e relectd steam ni ivsiudmics hniit have appli cat ion to

i IWi m o P.eth a i li etsi ted i n th ir report are listedl alophn-

bet>jI iii 41oenilx A csi wi tii name, of river and l oration ( e.r7.

t ni d Vth~' f *'Citiil he pok)grn oh ic 1 orations of

'he ilwat''l':1 I'niteod Staites- re shown in Appendix

Tobet ter an lcsndihe physici 1. and chiemic-al condi4, ions,-

si~n. a 1± wa'. ishi cro ct be- inS Wi th a Pi 0 ecc it ono

s N iand ' f'I 1owed P's !1ec on the design 711. i rerat ion

11oii fttct ce nd hew thi, s inn impactI the tn ii water

environment. '-his is followed by a review of the physical, chemical,

and trophic conditions found in taiwaters. A general review of in-

vertebrate ecology in both streams and talwaters is then presented.

Life history requirements of fishes found in tailwaters are reviewed,

tokether with a description of their response to the tailwater environ-

L merit. Tailwater environments created by various management schemes for

reservoirs and tailwaters are discussed generally. Major physical and

chemical alterations are indicated, together with descriptions of how

they affect organisms of the higher trophic levels. Finally, the

nature and scope of studies necessary to complete the development of

conceptual models that can be used to predict the effect of changes

In erI;rveir mraentI.the tailwater environrient are indicated.



PART II: BASIC RESERVOIR LIMNOLOGY

7. Knowledge of' reservoir lirmnology is fundamental to under-

standing water quality characteristics in tailwaters. 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 following brief overview of reservoir limnology is

intended to provide sufficient back round information for a biologist

ir engineer to understand the relationship between reservoir biogeo-

chemical processes and tailwater ecology; it is not intended to be a

detuiltJ discussion of lilooy. For a comprehensive description,

the reader should refer to the works of Hutchinson (1Q67), Wetz el

by5) , and Cole (1975).

Hydraulic Residence Time aind Settling within Reservoirs

. -feneral , reservoirs with short hydraulic residence times

nave a reduued impact on tailwaters because the water is discharged

btei% re the effects of impoundment become established. This type of

,ccervir is often termed a f'low-through or run-of-the-river project.

he diochar<c is usually similar to the inf'low in oxygen concentra-

ti i1, tejmperature, turbidity, and nutrient concentration. lieservoirs

with -:e hydraulic residence tines undergo processes somewhat similar
t ...ti se, served] in I les, a ]though thcre are significant differences

t,e<l 106'; 1axter .19(7).

9. [eoervuirs with ],{ hydraulic residence times act as set-

*-bsi';~ in which suspended particles settle from the water colamn.

'Lr' effective in reitiuving suspended material from inflowing

jstr'1:n;{~mr sediments washed into the reservoir durinF snunmer rains.
iriil wter is usually discharged into the tailwaters only after

i, rn winter rains that are accompanied by high runoff rates (Churchill

POW ).
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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-

flows 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

mnixing. SheLring between the surface and deeper waters inhibits addi-

tional mixing ind results in the formation of an upper layer of warm

water (eilimnion) and a deep layer of cold water (hypolimnion), with

trnnsitional l:Iyer between the two (metalimnion). Following strati-

f:(- tion, mixing egfects cused by wind and air temperature changes

are. I ,irely liimi4,ed to the epilimnion.

12. Reservoirs destrutify thermally when the loss of heat to the

cooler atmospher( in lite .smmer and early fall exceeds the heat input

from solar radiation. Complete thermal mixing begins when the surface

water cools and becomes as dense -is the deeper water. Eventually the

entire water column loses its resistance to mixing and the reservoir

becomes thermally tinifrin (Wetzel 1975). Tributary inflows may

accelerate destratificntion by providing additiona] cool water.

13. The water column in warm temperate reservoirs is essentially

of constant density during the winter, and little thermal resistan-e

, mixing, occurs. Convection current:; and relatively little wind

-i,,. ion can thoroughly mix the entire water column (Churchill 1967). As

s c r it, the cheml cal and physical characteristics of the water remain

on florm throughi,)it the reservoir until spring. These reservoirs are

tirm td menomictic, since they circulate freely only du: .uI the winter

1). Reservoirs in cooler temperate regions may become stratified

0dur ic th, winter. The coldest. water (0-3°C) remains it the surface

• 9



and the warmer, most dense water (hot) sinks to the bottom (Wetzel 1975).

These reservoirs are termed dimictic because they circulate freely twice

daurint- the year following spring and fall destratification.

I. Noht all reservoirs thermally stratify during the surm:er.

.,]hallow reservoirs with relatively rapid rates of flow-through and

exposie to extensive winds usually remain vertically mixed. Temporary

ten ierattur, ", ii ferences" which form aftur extended periods of calm

we.dther Ini reiuced discharge may be destroye:d by wind action. These

rrisr m'y, however, undergo periods cf winter stratification after

ict cover formttiion.

Dissolved Oxygen

Concentra.tions of Iiissolved oxyve-: in reservoirs are closely

a re te,,d with the stratif cation T res. in strut i fied reservoirs

the er11asion is well aerated due to wind act, a, mixinf- resultin

fro liurnal temperature fluctuation, and -xy-en producel darini- photo-

synthes.-is. Dissolved oxygen in the hyrol imnon, however, is limited to

that available at, the time of stratifi catien, and may be reduced or

eliminated by the oxidation of organic mattor that settles into the

hy olimnion from the epilimnion. These cndit ions ,ersist until the

reservoir mixes vertically. Low dissolved oxygen concentritions are

seldom a problem during the winter, when low water temperatures sup-

press metabolic activity, and oxidation rttes of organic compounds

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

lakes during the winter with resulta:nt f:sh kills.

17. Tr unstratified reservoirs, complete circulation and frequent

.4 ieration by wind action ensures that adequate oxyg-en is available

thrun g}bout the water coluimn. Low oxygen concentrations may occur in

l(calined protected embaymients and other areas no(t subject to frequent

cir ilati-n. Also, nighttime algal respiration may lower oxygen levels.

Nutrient Concentration

I . Tle imp-rt (,f nutrients from upstreaml or watershed runoff is

10



the main source of reservoir enrichment. Maximum inputs generally occur

afiter heavy rains. Excessive amounts of nutrients (e.g., from municipal

and atgrIcultural sources) can cause deteriorattion in overall water qual-

it.Nutrients can aiso be released from the sediments under anuxic

c"Iitions. These nutrients canl be carried to the surface during lake

turnover, Ii adldition, wind-driven currents can incorporate sediments

aniA associated nutrients into the water coliun in shallow, unstratified

reservo)irs.

10.Phv a ant o rwthi.- -tilmul atcd by an influx of nutrients.

Zn t at ledresrvers, hvton] inhters.- coni. inuoulily settle out of the

eni'iimnioi. into the hvinoliin on. Theic loss of' nuitrients from the

epilllinni on resi,linor froM SetIingfl nayIi m further phytopi ankton pro-

dus i ,whu-re:o ,the iy oinio beoneso i nrreas ing 1 y enriched as- the

et~a O l Oifomeit ono rai a Tr nrereds . When the

Jeol t crtrW I fi s , the nut riecits hat were res tr'i etd to the

1IriiinV r-,istribui-*d in thek Water1 ro annTI. The rel ease of

en o tsii'frewalt terfs where. I is-lit is ufiser to stimulate

oat hsi s, i'eulV ii Inereased phytni lariktoii pis Wet lon. In

.'s.ry ii', , there i,_1mtInuu 1 :-ut at i ()I, of the water

............... i ts f Ii organIl ! mattel:r are reasl i 1,rterye I a3b] e and remain

!,, he1, i)Iodiiet ye -Ie fI 'ii~ii soiilto

'n. Ai \Ils oadl C lam ifnd a t.Le h:ioi ininici of lakes aril r-ser-

V ~ ~ ~ s r' siill fte 2 or t n of(-)eIo o'e f Iron, mannganese,

fir,.' i. i're n. 'iws sus t~ s. ny becorme a nul sance to rec-

analad iint i ai wter user, a l y be tI't,i mntal to aquatic

'1I I fwhen t herI are rolI easedl . These, redit d omp -undo aire c-onverted to

1 15 noiousI', 1or 0ass l, ml bI '1 oird 1 al ',te oxidi:sinr environmient

ofthe or, i 1 in mt in?, ai rid the ir o 2f, 1 1o '; ii, 'Iogneral I y per.'s is t f or more

han~~l ).h'ii'.7bectioniabl t, ir )n , nogrf7anese, n i trogenoi , and sill fur

l"T! 1 VI a1 'e et -(do n a probi em i It we 1 I-m i xoi 1, inist rat i fNld reservoi rs.

i i i i ~ l l i m I i I! 1 1 1 1 1 1 1



PART ITT: RESERVOIR OUTLET STRUCTURES AND

THEIR IMPACT ON THE TAILWATER 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. Mo- t Corps of Engineers (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 T'ntended purposes. For approxi-

mately the past 15 years, CE reservoir projects have been designed

considering the water quality of project releases.

23. Numerous design options are available to assure that project

releases are compatible with tailwater habitat objectives. Most notable

is the incorporation of i selective withdrawal structure which can

release water from variou, strata within the reservoir to meet down-

stream objectives. For selective withdrawal to be a viable alternative,

density stratificatLon must occur within the reservoir. This strati-

fication miy be due to vertical temperature differences within the

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

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

-' time, and are often dominated by surface wind mixing.

2K ,2tratifled reservoirs provide an excellent opportunity for

effct, ive opernt,ion of selective withdrawal structures. Releases can

1.2
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be inade 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.

) . Release of minimum flows to meet downstream habitat objec-

tives is an important consideration of project design and operation.

Projects with large bottom sluice gates are generally unable to dis-

charge low flows since the gates can not be operated with the neces-

sary precision or they vibrate violently when attempting to pass low

flows under higIh hydrostatic head. This problem can be overcome with

the %di tion of low flow bypass gates that can regulate releases to

leon than I m/seec. Also, sluice gates can be designed to incorporate

h w flow iiggybtick gates to release minimum low flows.

Operat i,)n Considerat ions

, Ml. .[ <el sr.tr erat 1-i of a pro'e ot, in- iesi-ned to attenuate

tnd i"7liy 1k,'I:k ii, the it:",,w hy r-rLh, thereby re-ducing potential

iamag, o'nmsed by i'ru;sP ]wt stream w:tt cr levels. The s 'tenuation of

peak flood flows is obt,::t . 'i 1):; tr i wntor and rcleasink, it through

time. Therefore, the redit tti i in oeaik flew results in 1origer periods

of high flow downs-tream. In min: iy instances, reservoir discharges are

reduced as high flows enter utotreLm to permit the downstream tribu-

taries to discharge before reservoir flood waters are released.

8.Flood releases f romn reservoirs are of' a hypolimnetic because

the bottom sluice rate.s ge-nerally have the largest capacity. Thus, if

epilimnetic withdr-iwals were occurring prior to the storm event, the

(iownI+treLm :Lret P'tiy experience oold hypolimnetic release waters during

the pr:innaLfg of the fl ,od wa ters, before returning to epilimnetic release

... ..



schedules. If' the pro)Ject has, a selective withr afil structure, a1

port ion of the vol eases can be madt~e from near s-urf>~wc waters to reduce

L hanges in downstreamtepeatre

19. Hlyd ropower i-s genoi-t ed by two types o-)I proj-~ts Run-of -the-

Ilver 1Wrojec't s generally provide baseloald gneratinn. The prnduction

ratte of power is determice~l primari ly by the Lriount. of water flowing

into the reservoir. Their rel tiv( lv small -apacity precludes their

use in hydropower pea, kingr operations;. The hydraulic residence time of

the water in ruti-of-the-river projet., s, s sually quit short, and

therefore, the water (jivlity of res'ervoir releases is often quite

similar to that of the reservo)ir linw. Ilydropower projects asso-

eiated with larg-e reservoirsi arc idea l peakiJng- power plants because of

the ir short cespoonso time. Thus, -is en Ieasthe turbines can

generate ~ ~ MO ec Mri 11i to' o mlt, ti.' n generail ,h>'1 cop ,,wer pro-

otreloases- reflec-t the lmn rect isloc gol

minimuml' low Il f irirlg- the w-kend in -c -1.hc s c rc-

brought on iio lepentli ng o n t. oni ri

WiO. i!ffurtt s to mnag -e a reservoir tai lwm tecr to reflei cc cnditions

in ain ivirogful ated streaim or ri vor nre impractica-l and on'fen i mossible

becauise of constrn.i nt s ir snos ed by the lesli-n and operation of the pro-

ject. Thus, the quanLjtijty, qoal ity, and timingr of releas..-es creates an

e!nvironment whi(oh di ffers from a natural stream. Understanding the

impac0ts of prWoject cc lea1ses on the tailwater environment,, as well as

efforts to minnmmmze dotrimental effects and possibly improve down-

stream coril' i, ae -ften determined by overall project design and

operat ion.



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). In addition, discharges may degrade the streambed and

banks, resulting in "armoring" of the streambed. Impoundments also

affect the chemical characteristics of the discharge including concen-

trations of dissolved oxygen, organic matter, nutrients, and reduced

compounds.

32. The matgnitude of these physcil and chemical modifications is

dependent on conditions within the reservoir (e.g., enrichment as

related to age, duration, and deg-ree of thermal stratification; hydrau-

lic residence time; density currents) and the depth and volume of dis-

charge (Neel 193). The water quality of reservoir releases can be

further moi lied by conditions in the tailwater such as groundwater

inflow, runoff, strennside vegetation, and atmospheric influences.

Phys ieal Characteristics

Temperature

33. Water temperatures in the tailwater are determined primarily

by climatic conditions and the depth of release. Some tnilwaters are

subject to sudden, drastic temperature changes, whereas in others the

changes are more subtle. Temperature alterations frequently result in

the elimination of organisms from habitats where they might otherwise

survive. Many :tquatie organisms present in a stream have distinct

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

(Britt 1962).

3h. Epilimnetic release dune; on warmwater streams provide the

t,'ilwater with well-oxytyenated water near or at atmospheric
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temperaLtures. Warmwuter fish species found in these tailwaters are

well adapted to reletse water temperatures. Pfitzer (1954) noted

little diflerence in the warmwater fisheries in tailwaters below

Tennessee Valley Athority d:u-o; built on warmwater streams when water

releases were from the epilimnion. However, epilimnetic releases from

reservoirs built on coldwater st'euns can increase summer water temper-

atures in the tailwater and stress culdwater species. The temperatures

ct' epilimnetic discharges from Ennis Reservoir, Montana, were L°C higher

than those in tlie coldwater stream. above the reservoir. This tempera-

ture increase caused growth ret:ardation in tr'out more than 270 mm long,

but did not affect smaller fish and invertebrates (Fraley 1978).

35. Water temperatures are flowered 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 nonstrati .ying impoundments. Sev-

eral investigators have noted reduction, in warmwater species caused

by coldwater discharges below hypolimnetic release reservoirs built on

Vtmnwater strearms (Dendy and Stroud 19h9; Edwards 1978).

36. Col~lwil.ter discharges Crom deep-release dams on warmwater

str'eams may result In tailwater temperatures as much as 20 0 C lower than

the temoeratures of unregulated streams of the region during the summer

(Wardl 'Lod Stanford 1979). A 10°C reduction in water temperature below

ilorr is Re.stsrvoi nersse, changed the tailwater from a warmwater to

o]Jwitur streari (Ta.well 193,'). Average water temperatures 11.3 km

below Tr-nkiller Dam, Okla.homa, dur[n< Jure, and July were reduced by
:3 0C aftel- impoullndment (Finnell 19). Reductions in water temperature

have permitted tho establi sicnent, of put-and-take trout fisheries in some

talwaters thatt were previousi.y too warm to support trout.

37. During fall, hypolimnetic discharges from stratified reser-

voirs may provide warmer than normal wtfer to the tailwater, effec-

tively delaying, the autumn decline in temperatures. River ice forma-

tions may be delayed during winter- by lags, in te .rature change, and

soe tai Iwaters may be kept completely ice-free by the release of hC

bo',ttm w:ater (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 constant, especially near the reservoir

outflow. Marked reductions (up to Mo percent) in diurnal temperature

fluctuation have been recorded (Fraley 1978). BE fore closure of

Flaming Gorge Dam, seasonal temperatures on the Green River, Utah,

ranged from 2C in Mat'ch to 22°C in July. After impoundment, water

temperature fluctuations were reduced and ranged between 2 and 10 0 C

(Vanicek and Kramer 1969).

39. Severe water temperature fluctuations may occur below dams

during perir-ds of low flow or no flow, because of atmospheric influence.

ruch periods are particularly characteristic of hydropower projects

where changes in water discharge depend on power demand. Temperature

fIluctuations of 6-8'C may occur 2 to 3 times a day below these dams

(Pfit:.er 196P). If 2' or 3 consecutive days of no flow occurs, water

temperatures can approach mean air temperatures. The cudden release of

large volumes of cold hypolimnetic water during the summer may cause

thermal shock. Fish 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 hyrolimnetic discharge can persist

in a tailwater for an extended distance downstream. The effects of an

altered temperature regime belcw a hynolimnetic release reservoir in

Canada were noted by the depletion of the benthic fauna 100 km down-

stream (Lehmkuh] 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

come point downstrenm, where the influence of the reservoir lessens,

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

preimpoundment conditions.

Flow
41. Natural streams are subject to large fluctuations in flow as

a result of variations in precipitation. Sensonally, flows are highest

in the spring and lowest in the late summer or early autumn, although

intermittent floods may occur as a result of pe.riodic storms.

h2. Impoundments can drastically alter the flow characteristics

in stream systems. Tailwater flows may be relatively uniform or may

fluctuate frequently, depending on the method of dam operation and

'iowr;tretm wu or requirements.

."'"oo, cntrol and irrigation dams generally reduce the mangi-

tude !I "'d flows, and release these flows at, reduced volumes over

lon;- w V .. ime. The reduction or elimination of floods reduces

be! our and decreases the nmc,ant of sediment washed

in tht, !-IIwater From the flooded bottor! lands. The resultant bank

i be i :'ability enhances the growth of :iaquatie- and terrestrial vege-

t I n ( t,,c I 0 ,-) The encroachment of streamsi de veetation, which

at' [ror-!,'. it! 'emPerature regulation, shading, and in providing food

," qr ,,, 'an further increase bank and floodplain stability.

.... wever , .ucl in.rsovegetative encroachment may result in the

'\cv ul bo.; o" tart of the water-carrying capacity of the stream

c'h:mn! thir j~ ' redacton in channel size (Bovee 1975; Maddock 1976).

T. I ir flfws be], w flood control and irrigation dams often

berief!t - invertebrate community through the establishment of dense

mat. of" periphyfl(- algie. These nlgal mats constitute both a habitat

and a fol suly fr benthic organismi incapable of living in a more

barren ste~am. owever, these, mats may elimi nate secies adapted to

clean rock surfaces (Ward 1070c).

)i5. Flow fluctuations. are more frequent and of greater magnitude

below hydropower dams than in n:tIurl streans. Large daily flow fluc-

tuations often preclude the establishment of permanent, streamside

vegetat inn. The al t,erna t.e inundation and exposure of the streambed

(0 nil ed with 'xtrome vnriation s in flow, may remove much of the aquatic
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biota from the taiiwater (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 abundance 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

46. Because reservoirs act as sediment traps, there is usually

lil le 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

capacity ta 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-

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-

tion may also cover fish spawning sites and interfere with oxygen

transport to buried fish eggs (Fry 1960).
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4 S. Taiw-aters are uisually clearer (less turbid) than the reser-

voir inflow, particularly below deep-rel-ease reservoirs. Turbidity

below reservoirs is significantly affectedf by sedimentation within the

reservoir, diensity currents, discharge depth from the dam, and the in-

fl.w from surface runoiff and tributary additions. Turbidity was re-

duced up t,, sixtyfold in the tajiwater below Yellotail Dam, Montana,

by the settlIing of suspended matter within the reservoir (9oltero et al.

I n7 T lene-ity currents &-arryinr, fine suspended matter, however, may

oretlmnes :'low b(ene-ath cc thro ugh the main body of water in stratified

reservors :ini be di schargedI directlIy into the tailwatei's with little

ilterat ion wi tiil n the roservoit (Cli chill 1959). Tn these instances,

ol nri-al k-cnoentr'aloin; and turbi (lit:: m,9y increase significantly in the

t.Ni wate-. "Punt ii ,onditi nr- ijv also result from the flushing of

I eoc ite I;2ei nto Iii twa tern- from unstable- rivetrbeds and st reambanks

nn~rc pe odei hh d i.sh iroc t, andI( from tri butary inflow.

Chemical Charateristics

tio* lir l eorie-'t e'- thait may aiffect the tailwater biota are

ic con cet ia r-!i ep o, I gase ee( (i. e., oxyg~en , nitrog-en) , oHl

1 Oil c gril !Y]At t r, avail abl e nutrients , and reducedi compounds.

* . ce Ir. YVt r.11 Ii y fa toters involved in al tening water

ii tY, tow i d lifatel1Citf ear be madle that are appli cable to all

ci' 'w-lter ! 'i ale no i s of' the water immed iately below a dam

cp~ ~nw1r: wi tli In thle reservoi-A riat the level of release.

<wnt~ramlocail condlitions influence water quality

an e Ii t o cv ceeac-h ireiivi dual tai water (Pfi t:er 195).

(1 9 i oxvn ' ht- oncentrat-i on of di ssolvedI oxygen inIIin a11171t-il' 1.;~i iepeierit. -oi water temperature, biological oxygen

errnd po*rlio I ~charteind primary product ion. Water tempera-

tie ii ir incrlie;i>1 d; 1 (i f' oxygen, and thus the amount of avail-

Xi. r,,:. in is rc h ai intiorianit factor in regulating the

mc a~tI-j. riof, i 1bbie nimalsa, since, their rates of



metabolism increase with temperature. The solubility of oxygen de-

creases as water temperature incre'ises. At 100 percent saturation,

14.16 mg/l of dissolved oxygen may be in solution at O°C but only

7.53 mg/l at 300 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 380 C. Temperature increases -)! 10 0 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

dissolved oxygen are directly linked to the anount of photosynthesis

and respiration taking place in the system (1Hoskin 1959). Oxygen con-

centrations are highest during the d<qp and lowest at night.

5?. The concentration of oxygen in tailwaters derends on the

t'gne of reservoir, detth of wter release, water mixing during release

from the darn, and downstream flow ciditions. Low dissolved oxygen

concentrnitions normally do itot occur below surrface-release reservoirs.

Water from the epilimnion is usually well oxygenated a.s a result of

,phe o<synthesis and atmospheric gas exchange.

. In deep-release reservoirs, biological decomposition of
Crinic matter in the hyolimnion durinr, the summer may result in the

discha 'e 'f poorly exygenatedl water into the tnilwater. The l:w

)x' ,,en content nf these waters may not sat]is''y the biological and

chni cal demand, especially if there are PIlitions of domestic and

indIstrial pollution downstream from the d:m (Fish 1959).

55. Tailwater oxygen levels may als, be reduced by the oxidation

f ron and mn-ganese present In hypo imneti c cl eaises. This reduction

a -ause physiological stress to the aquatic community and further

, the issiml!aiion of organic wastes by stream organisms. Low-

xyon carol i 'as ~ni: also interisify the potentially toxic effects of

ithor oliom i l censtituents--incluting ammonia and hydrogen sulfide,

which are often present in the anoxic hypolimnetic water.
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';.Reaeratf ion of lexyg-enafed water can be rapid!, and seriouis

oxyg~en devlet Ioro_ (.rm be avoided it' tatilwater cond it ions are s-uch tha

b iol, oci cal andl ahem lil oxygen den-nrids atre not excessive. Wil-rth et al.

1070) dociumented a comnr'i stent cc~rcentralt ion of 7 mg-/i di ssolved oxygren

inii :1sohari'ces from a deei-release- res-ervoir ill which the hy!rol mni on

wis dIevoid of oxygen. Ile-eratl on durn- ngIi scharge is cred ted, with

ai nta iini r g the hi oh disosol ved o)xyNr t 1level.

Ti he ratne of roeie:ai ion below deep-release reservoirs depends

on)r the tur-bulence of the flow in the tai Iwater , atmospheric influenceO,

nn,' extent ofphotoonhes I i by aquatic vegetation below +he dam. Low

oxyien levels may prs ist. farther dlown siroam. during- peak flow periods,

when rlIff1 e ac:is re i nun. a zel airid more I ami nn flow cond it ions exist.

Peowin OklaI homal hyv'i'0Powe! Prscoect, diIsolved o-xygen concentrations

were, lo:w (1Kmgl ) or.2kmi downol recas during rneriods of moderate

ha MI'e , n ',"Ited d ~ mdownI 2tream ( o .0 mg,/I) at neak flows

'0'* 2xxccn ncentra', ons grcealser than 5 mg/ll are generally pre-

i l 1)yremfio (Pr' 196(0). They appear t~o survivye well in

Wn~r r e oxs'c-on contenit occasionally falls below 5 mg/I

,I: 'tb ye thi: s levjel during thc lay. Ce!'tain current-

2102v- aI c cn wi thst and :d is -s- vedi oxygen concen-

*~~~~ -a:. r e: ha I sc 1 o fcretvoc i t i e s -emaii n h i g h ( "Invece

'0.'" ~ *~i nle fi ciernc ies nocur in tao lwat c's, they

................. '.'>;:2 ' kmI l~ fift oh through siuffocati on, growth! r'et ar-

2,,a :.:'c' e '''20resistanmce. Macrinvertebra-tes rr.aiy ailso

ho-' ~ ~ ~ ~ 1)A t '' ''', a or:mnt ra sins uisual ly repl ace t hos e

I-! 'ln''' ho'n'i becauise of lo(-w oxygen l evels-. Oxyg-en

£ ~ ~ ~ ~ -! ''2 2a' i- - 5ii enol igh to re: a rd fish growth g'enerally

nra i' ~h :n -u c~s ( iouorof aind Shumway 1067).

*~~-I +') 1s -s''ura n. n'super satura tion can occur in tail-

*.1 w'.- o ' i W.! i: rr'Ii 1 1"" ''.1 i . on i h dams , traipping- air and plunging

I,, .:'r. belcw where hyr'ostatic pressure, is sufficient to

r:'~ ~ ~ ~ 'l n.' s .1 l W i .o:;er'ic aes(Weitkamp and Katz 100). The



high lvels of" dissolved gases produce embulisrs in a variety of

fishes arid invertebrates. The supersaturated gases come ,ut of

solution within the fish's or invertebrate's body and form bubbles

n,ier the skin; severe cases can cause death. The condition is m;ect

comm,.. in tailwaters below hydropower reservoirs in the Pacific :',rth-

west an.i has been attributed to buth spillway and turbine releases
?}'einincen ani Ebel 1970; ugess and Watt 1975). runkilt(n et a].

0I ,"3) reprtAi ,,n the occurrence of 'as supersaturation in a warm-

water" taitwater in ?.ssouri. Spillway leflectors are reported to

e:':'ectiveP/ reduce the level ,of gas supersaturation in water passing

ov r a Lspiliway (W'itk:sxp arid Katz 1980).

Hiyu-ren ion concentratin and alkalinity

e0. The distribution f or,-anisms in an aquatic system is deter-

mined to a large extent by the hyurogen ion concentration (pi) of the

water. ,ian:-es in the p1 of surface waters are often brought about by

adition or removal of' 20 during photosynthetic activity, decomposi-

tir ol organic matter, and gas exchang-e. Fluctuations in pH, unless

extre:e, are not harmful in themselves, but variations may intensify

or ,ecrease the effect of toxic substances within the water column

(Fry 1960). Water's with a pH from 6.5 to 8.6 are most productive,

and fish 1-opulations are unaffected by slight deviations within this

ranc:e (Fry 1960). Additions of acid mine drainage or industrial

wastes may result in extreme deviations from these acceptable limits

and stress some aquatic organisms (Edwards 1978). Aquatic insects

have been shown tu have Little tolerance for p1l below 1; (Canton and

Ward 197). Effects on fish become lethal when the pH falls below Li

or rises above 11 (Swingle 1961).

61. Diurnal fluctuations in p11 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/Z as CaCO (little buffer-3
ing capacity present) to several hundred mi.lirnirs per litre (Boyd

1979).
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Productivity in natural waters is related t~o their total alkalinity

l()60~r ~C; Hayes and Anthony 19610.) Waters within ant alkalinity

); o 0 to) ),0 mgi!ire generally considered biologically more

p!'dilr-ti ye than those with hig-her- or lower, alkali nitics (MovI le 19)15).

t.T'here :o'e notic) ''n trends in nil anid al kal i1n ity values in

z:;itw'te r:1, tither Irt fseasonail clr± riges br-oufht aiboutf by thermal1 stra-

t ifKatI n Vi 'k 97 PArLison and FrankliIn 19(,"). Tar tori~f Ie

cornos it tni' . g n math er in the hypoll irrion i nereastes th(e concert-

ta-ttion ot' ~'r.ak:i j thereby reduoinrg te 1. ini the t: lliwater.

To' hl once, ii t tr,:re 'o gast cxchrie , wh ic n re-dii te:-. the ccon-

reata.::.of e l iix!ie; conriseqrrnt ly pl ise 'is the wart er- fle(ws

dlown! res1,In. A tkal at 1- : v valuces a tai l waters, b)elo-w hainI imrnot.1c release

reservoirs- art re~lu.'~ d uori I 1;apri-q ag mao f but i orrease dunrigf t he

summrer , when ft, e ii soyi ra ber) ae 1.trmal lv s rittift el (Vaiil PeE 1967;

ai-r t,!<'elaite i,'n i iatter

63. h't o t organic, matt or (POM.), the org7an i component of

lhe snot(Col1e 1 975) , is,: the ma-in food :-ulal v for det ri t ivere! i n

ma 'ara .1 r roan e's es Concert trati on, a of t preseont in .a .stream

ai'e ;ON oras iT rely correl i ated withi flow rates ., whirch :ire, !t iturni

lef, ertinl'd 11s P'i, irloutnt of r'ainfaill ini the waters;hed (Webster et al.

10Q7o) . feretat nof P'tN -tare i ghost lamin;- 1leaf Call ia autumin

an d tis, 5ource is njotII ;le.e frnnm t he s-tream dur-ing the rest

the vear'

Tuhe llT1 tiny isaaraeiIrt( in oni% ri nd fine fractlions- The

C enit ''lain ten to rmis/i 'ti' a short dli stre lownistreas before

- ~~th!ey are rn''(';bt'it otis 'd rediired i size by mechaniral and

bi-lori 'ca Inal 'a TIhe ie ai 1e 'ireWj g'enleral iv rred

~ j t rther' ow'rs V ran~nii I 1 t-iof ;,)ln i the fClow velocity allows the

part~icles- -t-telt It ()it-

t'ornirmT'!li'o;: I r~h . he,'n i--i !o. 1t~ in;, tnd de,,umpos i ti on in the

renoroir a' rrio( i r to10 r'e rv''5 'educe the ptrnspote ogni mosttses

Crnmthf W tor-,ho (Lnd 971 Armlaf 107).Most
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a1 I okelI ~I IIol2 OW. I I!( ma It erI i- w~is Iitd i nit,( Ihe reservoirI duri I f- high-j
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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 stratifi-

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

s;olids, nitrogen, and phosphorus concentrations decrease in the epilim-

nion during the summer through the aissimilation of these nutrients by

seasonally increased phytoplankton population,-. In addition, adsorp-

tion to clay particles and subsequent settliiqri may reduce phosp horoi,-

concentraitions in the op limnion. Moribund plankton from the epiim-

nion and organic material carried by the inflowing< water continually

settle out., enriching[ the hypoliMnio(n as decomposition and nutrient

t.r:tnsformation takes place.

70. The retention of nutrient rich hypolimnetic water may in-

crerose the potential productivity of the reservoir (Murphy 1962);

however, continunl1 inflows of dissolved and susTpende] nutrients may

realt in a noticeable (ieterioration in water quality (Johnson and

Berst 1963). The biological productivity of" the tailwater below a

stratifP d sur"face-'lease reservoir is-, reduced durng the srummer

because of" the decrease of di;solved nutrients in the dis charge. In

the .'tL!, however, after the reservoir becomes vertically mixed and

nut r ~t ~ are unif'ormly dir tributed in the water columnn, the avail -

:ibility oW nutri ent. s in the tailwater is increa sed anid productivity

improved.

71. D{eep-release reservoirs discharge the nutrients which accumu-

late in the hypolimni, ii during stratification. The reduced oxygen

concentrution, resulting from decomposition, enhances the accumulation

of dissolved nutrients (lannan and Young 197h). As a result, more

nutiints aLre dischirged from the hypolimnion in the form of readily

usabls ammonia and di ssolved phosphate. The release of clear, nutrient-

rich water, more fe ti le than that relensed from the surface, often

results in incrn.sed productivity in the tailwater. Objectionable

taste, odor, and excessive alg-al production are often associated with

these releases. Dense, alfal mats, sometimes established below these
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reservoir.; atsa re sul t oCI the ilnor 1:-sv 1 ri ous are us-ually asso-

k te~~td w i tliI iiortsea red nrmiber-. ,f' nrvort Irt *provid ing a food base

for tat iiwa to r f iioh. Inrresea g: ia grow h anid t lie subsequent increases

iri mark-iotobascn -!1d in tfliet, :1) lrnn of a trout fishery

Baico1 irpoullds- ill tal1Wa toel:'

I') lve l ilt t d 3(01f may iVa ihith cncent rati ons of

roli lco I i, ingio , Il ou :III 1 I fur,-k l ai anTIIn i a p)roduce,(,d by na 1turall-,i Iy

oc'urr ~ ~ ~ ~ ~~~I iigiiOrb pre on ii li ko con t rat ions of' those materi :il s

row, be toxic to( taii lwator blota%, or Ifot eranlife stgrat

sut hietlhal loveli O limikuil 101 . i. nolut ion of tht.- subs taiwei- from

the soiC0i11 eoinn I orga OtZili- ocouin in t he rese (rvoir when the

hye imii nbkOcMon :ino:ob w til* roliox pnontiail i s loweredi. A

comrbinat lon oftee,!rr a eaO' iier rl.10 effect, so that rio

riek t [ t'rlte1st or t' t 'I' 11 1le 11) 1 ojbl (Ir tox 1ci 1ty to the bi ota

M ri l*Aulbli a Un i V01r' i by. , lIii pub I i sll(ed mn:Iuscript) . The re-

la.otf anox ic ilrvroe Idic. walterl may' ro0dUco combinations of toxic

euleont 1 n, thfat nlormai I ly wouli r iot be irlet.1 unialtered streamrs or in

7 . I rI Ul ad ci iain e i creduced Corm-s of iron and man-

-nnemi.e bog i:i t o ox idizc upon rel ease :'i'en the reservoir and prec ip itate

i te Corm of, ferni a :nd maniganiIc- hydrox ides thatl may 5 t~ain iioneret e,

arid ro urfesi n the iail1waters. Thr 1)ony 0] u.1 hydrous

mhot 2 oxiiloar ai sau.ce t.( downsi- t realmuimi o i pal Iwat ev treatmenit

nlait.s 2~ n o' f tes drox iius on 1,111 b~ t aeblow hy-pol un-
ne1 . Ic r'el ear7 1*orekrvo ili vir my :r I ;o affeot tihe lllmber::. :11ioi types of

1 5~ st oo peroiii. Hwever , thle offe td tto e (he.osIto; have iiot

1)( uff1 nt * Iuno 1 Krenkel et. iI . 10)

-I' i 4 oiron tra t. oris- 1i neutral or- alkaline waters usually

range( f'rom ().0') t o 0.,20 mg,/i ( ft,.wwin and Lee 1960) . The highest accept-

a~le orieit at.tolsof' iron are 0.30 ighf, ill dIOMestic water supplies and

1.00 mg/I li'freshwater nquatic Life (11. 2. Evironmental Protection

Ag-ency 1976)



Th.Ple chemical characteri sties of manganese are similar to

those of iron; however, manganese has a slower oxidation rate and forms

morke scoLuble s,-alt_- than iron. Manganese concentrations are not as

eff'ectively el iminated from the water column by precipitation (Wetzel

197r,). Soluble, forms of manganese are therefore more persistent in

tailIw:itcfrs.- Below stratified deep-release reservoirs, manganese con-

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

found in most, freshwater environments (Churchill 1958; Martin and

,Stroud 19Y 3). Concentrat ions less than 50 Prg/l have been found to

inhibit f-reon and blue-green algae in streams and to favor diatoms

(Wetzel 1975).

7(). llydrogen sulfide. fe'currence of hydroi:en sulfide in hypolim-

niet iCdicirgss the reutof the anaerobic bacterial decomposition

of* orgaa '. 'm c rn uki and the reduict iOn Of uTftsto sul fides

1 h ,-t;ev1)T, llydi g eri .oul f de cotneentrati ons n re highest and

St v no si os(low pil). In neutral or alkaline

a i 'I e ' h 'With !PLron, fot'ming insoluble ferrous

si I wl oh tt' ii it l from, the water. Thus, hydrogen sulfide

lv wleti rHi m' W i Vw-~~ oxycsen coat cot. is near zero, or when

171) e hi roll nnc ae from neutral or alkaline water

Disohg wil I.% i-vcom iuf ide concetutritions above 0.00?

hav nn '' n~lii;l odor and may result. in fish kills, and in a

I*-.iw c 'j, v b -t ho 11 l Lm 'I L e . Cmlii t, h e t il. 191'(

>0~~mr -Po '' f .1n/lfr bluegill eggs at 71.0C :nd

-ica1 .fU oI * iuil t bluiegil is al l_9.6-2"0. B0 C7. Fish

ii'-f' nd aldve?'rs hen ltll( P epne Ive boon a!t.rib ited to hik~

Armion ia. A-ii anitrogen (NI! ,-N ) is a by-oroduct Of organic

te it ion (Col L9'T') . Ill socie sitolltInnos , Aolldlriiiti onl the, p11 of

W Wttf r , I II nay be tox ic to ii ving organi sins. Cooc entrat ion of Nli

iticasc as n inc rea.son, and 141 is most. toxic when hoth dissolved
3

xyiroinl ail carts o dirox ide levels are low (Boyd 1979) . Toxicity is also

by !ri mpcratui'e and alkalinity (Lloyd and Hlerbert, L900).
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Concentrations between 0.6 and 2.0 mg/l are lethal to fish after short-

term exposure (Luropean Inland Fishery Commission 1973, in Boyd 1979).

Pathological changes in fish organs and tissues have been noted after

continuous exp osure to sublethal concentrations between 0.006 and 0.34

mg/i (' :tith and Piper 1975, in Boyd 1979).

79. Il late rimier or early fall, the concentration of NII 3 ir-

(',,:,,es in the anoxic hy-polimnion of stratified re.,r,'voirs av the

result t of extensiv,, anaerobic decomposition of organic mitter. Addi-

S:1, r:!y be !-e1ei'sed from the bottonm ediments or may be carried

lnt,, th,o hyr ,,imnion by density currents (Hannan 1979). Consequently,

:turu.IT ' ortcetilttions in tailwnters below hy'limnetic rlease darns

t(IT d no ' e tourini late sUmmet or eirly Call. Ammonia concentra-

t.,,I.:" : i." I a.us in tL iwters below epilimnetic rele: ce darns during

t' "'t th i f:l1 ovcrt n .

j
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PART V: METABOLISM AND TROPHIC STPIJCTURE

80O. The assemblage of organtismns living in a particular reach of a

tailwater may be considered a biotic community. Tin this community, the

interactions between the various; types of organisins (i.e., primary

I-roducers; primary, secondary, and tertiary consumers, etc.) are based

primarily on their nutritional requirements and feeding habits. The

complex nutritional and energy cycle that res;ults from this interaction

is often referred to as the trophic system, within which each type of

organism occupies a particular level.

81. Energ-y enters the taiwater trophic system in the form of

light energy and nutrients.- and detritus. These materials are used by

the primary producers andi consumers that mtake up the lower trophic

levels of the system. Energy is progressively transferred upward

through the system when the org-ani ss.; in these lower trophic levels are

eaten by the 00eroniLry :tnd tert ary consujrwrL that make up the higher

trophi c l-evel s.

8.As the energ y is- trnns!terredt from onie level t~o another,

Losses result. fronm the part. 1:il us-e of the nvail able en-rgy required for

ma iirtn 'sner anid reprodue lion. Generally, each successive trophio level

rnto only a buit 10 percent of the energ-y avaltable to the preceding

* o ( it o'i1-Hnte I970) . The net resul I. 1 s t I tt o-nly a smnall per-

-et )Cr tho ri n nergy is ai-,ai lable at the hi ghest trophic

I ev -] . re'rt t. hi )inass production at the primary level, enabled by

to i. '.!rtut ( g.,primary producti on, detritus) , usually results

il br~ i ettta-. prod(uetiort at the highest. trophie level (Bovee 1975).

st r e Le!s

T n t'usmot-ibol ik, essenitials are niot recycled and must be

tristantly -tuppi i ed frum upstream sources or streamside vegetation.

Mti ri fl ivi ty. and productivity are additionally governed by the

-5)ros :-t.Ti '111i so(ura'es )I the nutri ents entering the stream and how

'hieitlvthey are utl i ie.
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84. Stream organisms take up, transform, use and release organic

materials, thus acting as processors 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 place 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 allochthonous system (heterotrophy) is based

primarily on organic material that is carried into the system from the

watershed. Aut- chthonous systems (autotrophy) Jerive their energy from

photosynthesis Ihat. takes place in the streambed. These systems are

most representative of slower flows, which enable a buildup of pern-

stAyt ic veg7etation and, occasionally, vascular plants.

96. In contrast to the source c! organic mat erials in most

ecosystems, thnt in streams is derived primarily from allochthonous

sources (I{ynes 1970; Cummins-, 197)4). A headwater stream, for example,

may derive 99 percent of its energy inflcw from allochthonous origins

an] the remaining 1 percent from photosynthesis (Fisher and Likens

!97( ; CLuw.'ins 1971,). Higher order streams may also depend on alloch-

thonous sources uf energy.

87. As mucl as 60 percent of the total organic matter taken into

the stre-im from al]ochthonous sources may be in the form of leaf litter

(Cummins 1974). 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

deposited on the streambed (Minshall 1967). The leaves are rapidly

colonized by fungi and bacteria, which aid in processing the material

into fine particles and dissolved organic matter. The dissolved

nutrients roleased durinf7 decomposition are then available for use by

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

as Food,- by the shredding and scraping inv,,rtebrates that are involved
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in the mechanical aspects of leaf decomposition. The fungi and bacte-

ria may be the primary source of nourishment for these invertebrates,

since some leaves have been shown to be of little food value. These

invertebrates, in turn, make up the primary prey of predators in the

higher levels of the trophic system (Cumins 1974).

M. The structure and complexity of the benthic community may

h'ane with the amount and variety of plant detritus present in the

syst,m (E glishaw 1969; Mackay and Kalff 1969). As the organic material

breaks down, the variety of food becomes more aiversified, producing a

simlar 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 life cycle of the organisms

(Mackay and Kal ff 1969).

89. Since many aquatic invertebrates fire able to process organic

matter at low temperatu1res, much of the organic material in streams is

used dur ing t'al1 and winter. However, not all of the organic matter

entering the system luring fall is used. Some of the material is

stored in the slower depositional zones of the stream, where it remains

until used by the stream biota. These zones act as energy reservoirs

and help maintain the biots annually. Material in depositional zones

may be redistributed during flooding. This redistribution may be

import:ant in slow-water zones, in reducing the occurrence of oxygen

dtlofici encics that could develop during- extended periods of reduced

f 1 ow.

90. Autotrophic production varies as a result of differing envi-

ronmentl! s7ituatoi>ns (e.g., changes in shading, turbidity, water

velo.city, anid wnter chemistry). Autotrophic production is greatest in

:trams with little shading from streamside vegetation, and in small

1st,'rems in forested areas before and after formation of a leaf canopy

(crin a nd fall). Photosynthetic activity is greatly reduced in

,-av7.ly shaded streams, even when adequate amounts of nutrients are

Lv I ab I

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

o f I rgo rivers or small uncanopied strems (Minshall 1978). Removal

K)
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of a canopy results in ai shift from a heterotrophic to an autotrophic

system, as streamn temperature and photosynthetic production both

increase (Geiroth and Mlaracif 1978). Photosynthetic activity by

p er iphytic alg7ae takes place primarily in shallow, well-oxygenated, and

well-lit stream bottoms. The periphyton is usually the first auto-

trophic component to become established in a stream, and is most preva-

Lent where flows aire least variable. Phytoplankton become dominant in

riviers and large streams where depth and turbidity inhibit benthic

troduetion by the attached algae (Fisher aind Carpenter 1976).

92. Fast~er current yel ocity in riffle areas, as opposed to pools,

eslsin increased rates of not primary producetivity (Kevern and Ball

1065). fteei) di ffusion e-radients between plants and available nutrients

aire formned in I h tt lei watter , al wingr for more rapid assimila-

tierl 'fVi*,. uPt tco by the LtticheJ la or macronphytes. Because

cC iiores~ i mi il tra dicnts , mny al -l recies grow best in

swift ur ll ( i em :e )(' Whit eford 1900). Phosphc mis uptake may be

o)Vor IC tint,- 1 i-ter nne respi mation' over 70 rercent greater in swi ft

water( /sr than in otl i wate2r (Whi tiord and] "chumacher 19611).

Dese f eitlike, d irk green or brownish coimmunities, con-

5Si rio",l t t datoms, may be est-abiished iii streams with swift

eairrerit.- ('IrIn! i o !966). Diatoms suich as Gornnhonena, Diatoma, or

71,ivcul, whic eli qUire hig7h lig-ht mrt end iior and sollid substrates,

are comm 11n1lV "Minud i n .Wi ft trasi n as soc iation with fi lamentous

al ~t h CI adphoa .Theo tcciml.nition of attached algae on gravel

nd rubble is more rapid in fast. currents -, but, the growth stabilizes

a fter ai lIne an!11 the t ,talboms per uni' area. is similar to that in

ia1)e t OWOVrrent a. 1 owevr , hI-ehrj, torodu1tJvi ty i s maintained in the

I o curen.,all owine- g reater export. of' bi omass (Melntire 1966).

*9).. :1low currents (<15 e m/ac) may allow associations of green

1 1irnritous al ga~e ( iris d inc ft1oo]oiin edogonium , and Tribonema)

ovtp(Mclntire 1066). These( aissociations appear as brig~ht green

- -re'im imi I ai to) thosie fou.nd i n onds. Concentrations of

ie niltoy airo usuraly higherj in r~ersdominated by green algaie

I irn i n (I omit rt t,(-.] by d inatoms . Conversion from a diatom-moss

3 1
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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

does not directly contribute to higher trophic lvels while alive

(Cunmins et al. 1973; Fisher and Carpenter 1976), although they may

serve as' a surface for periphyton. However, when the vegetation dies

and iecomposes, it conttributes ortanic matter to the system. Streams

smubject, to severe changes in flows physically limit the development of

aignlf'icant pl:int gr wth. Additional ly, these plants are not found

where ilsolation to the. stream is low or where the water is relatively

deep and turbid.

Ta 1 lwat -s o

96. A variety of* 1vpes I' r.aai matter, leatves, POM, algae,

etc., must, be pre:'ent in the at rea to maintain ecosystem diversity,

(Cuunins 197. ) . ow,,v c, I-crvo cu *,t. i- pas rtiole traps, interfering

wiTh thep ;sag, dltit,us i n he Iti 1water. As a res,ult, detrital

!-.t eholaI from the wtershe It, I m.,,rtant in energ:y transformation in

n tiral streams, i a 1 r cel y unaavil ible to a ta iwi ter system.

97. :.utrie, t. mater-i :!] rea;eat in the clear discharges of hypolim-

soertc release re-ervoirs 1s primarily in a dissolved state as a result

of decomrra, itfo b1-ptsi t hat accumulate in the hypolimnion (Odum

9(1). t, ho i(nhacg~d from the ioimrp lirnins may be more fertile than

hnt from t he ej i I imntn because X the concentration of these dis-

IavI n, e tri ests 1p the leep wa te-.

'7a i' lwaters imme,!iateIy below hypolimnetic release dams are

atot, rep>{ i c eca use. c(,aCeatrations of dissolved nutrients are increased

ati lubdity is. !ecrease . The clear, nutrient-rich discharges are

1re' tioulty i tlp rtaIt, in ft alwaters with stabilized flows because they

Ici] itte the er ahucton sI' dense algal g;rowths (Ctober 1963; Ward

I(976b). lowevec, as the waler moves- 'arther downstream, conditions

1.



(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 Clalophora were located in riffles in the first

9.6 kin bellow Tiber Reservoir, Montana (Stober 1962). The formation of

these algal mats may physically inhibit, the production of the most

IlesiraLble fish food organisms but may attract other taxa (Welch 1961;

War- 1976b). The a] 7al mats may act as barriers to organisms that

require deeper substrates for ompletion of their life cycles (Armitage

196).

L00. Water discharged from surf-ce-release reservoirs, whether

s~r:itified or not, may contain significant amounts of plant debris and

detritus, but the itrmary source of organic matter in the tailwater is

plaLnkton produced in the reservoir. Plankton can be used directly by

secondary consumers in the tailwater or, after death and decomposition,

may add to th particulate organic matter thait is available to both

o r mary and secondary consumers. Thus, most surface discharges from

r-servoirs supply particulate organic matter to tailwaters, and deep

Ii scharges supply dissolved organic matter.

101. Phytoplankton may occur in zones of the tailwater where the

water velocity is reduced and the stxieambed widened, and adequate

nutrients are available. However, phytoplankton numbers decrease as

the water flows farther downstream because of depletion of nutrients,

increased turbidity, "nd simplec mechanical destruction (Hartman and

ili es 1961).

10?. t orage of inflowing wnter for extended periods (e.g., as in

f'lo)d control reservo irs), accompanied by reduced downstream releases,

~ ~Pr



mayi resa I $ i in bank I tiij 1sa I ln arlid the event ual en Labi i shment of

e:u5teverriert.ion in La 1lw: teri reache. ",treamisidle vergetatLion in

incs e 5 ie 1et:enboth th le anieiint, of' shade and the? (lu:flnt 1 y of

:1L1t )Ct! t Olin , m I i i fl ; iti I t h tt i water. The estaibli ii ert. of macro-

n~Levc 1 eto ti en a1,1d perlphyiek a Ilral g-rowths- are at so enha.-nced when

* h I i ned fi wnare accomipan led by reibic ed turhidi ti en (W\ard 1976~b)

lod- .aigeeni schemes fer soni)c- reservel ris re~juif- so haL dinl-

bLe ta ~ :in(d ait lregu i i ao a1n F )r ex, mpi Ie, reT c ases from

f s ie rI roe voivmny be i:rs 1 , Iee they usuially depend on

du 'iil :i nari ei iii ill inr the water-shed(. Thes e flow irregu-

1 ri il 1, 7r; I Vf buildiii (of' d trif l I caterii inl:h
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PART VI: AQUATIC INVERTEBRATES IN TAILWATERS

Invertebrate Ecology

Streams

106. Benthic stream communities are extremely dynamic and are com-

posed of a large number of species (Patrick 1970). Many have intricate

life cycles adapted for survival in the changing environment found in

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

b- short generation times, high reproductive potentials, and reduced

body sizes (Patrick 1970). The adults of most important stream insects

3re terrestrial, short-lived, and concerned only with breeding, and

dispersal (Hynes 1970).

107. The bottom fauuna i-s not randomly scattered and its distribu-

'ion results from interaction of the invertebrate's habitat requirements

with the varying- environmentl conditions that exist in different areas

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

hibited by benthic organisms is c'rimarily de+ermined by current veloc-

ity, substrate tyne, and food availability (Ward 197 6 a; Minshall and

Minshall 19'7) . In !iddition, tempioral and spatial temperature differ-

ences affect the presence of both individual species and life stages.

TemTorary ci nza'tion of microhabitats produced by chanfges in these

vari!,bles incr-easa7 he taxonomic diversity of the stream benthos and

ensures a year-round food supply for fish (Ward 1976b). Outside inter-

ference.< (e. pn. , c lution, impnoundment) in a stream system tend to

reduce the benthic diversity as a result of the reduced diversification

, "'iv1i 1able microhabitats (Ward 1976a).

I I. F],w. Cinrent velocity may have the most, influence on the

reFulati ,n of invertebrate distribution and abundance, especially at

,eci fic sites in the stream (Chutter 1969; Giger 1.973). However, the

inf13(nQe f -urrent velocity en invertebrate densities in different

• (,ctien of the stream may be masked by the effects of other variables

(Chut ter 19(0). ome str-eam organisms have morphological respiratory

• no I'edi ng- Jim tnds that, reqiiire them to posit.ion themselves in flowing



water (Ward 1976 a). As long as the stream velocity remains relatively

high, and the supply of food and oxygen is adequate, these organisms can

survive (Bovee 1975). 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

1976). In add.tiion, filter-feeding insects are deprived of food if the

c.urrent 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 i mm in thickness) near the interface of the

substr-ate and waiter where current velocities are substantially reduced

(Arb bii 1959; Ward 1976"). The boundary layers and dead-water zones

forme in ansA around substrate components provide many types of habitat

and locations for invertebrates. Rough substrates result in an increase

th.ckness of these boundary layers "and a tendency toward more rapid

rLuction in the current velocity (Bovee 1975).

1iO. ,trong streu 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

.. :n~cts to avoid many of the adverse effects of strong currents by

,eninc their bodies away from the force of the flow (Hynes 1970).

Fu.sIfora, flattened, and streamlined bodies aid survival in swift

cirrents-, by enabling insects to "crouch" in the boundary layer. Because

mrirphalogijcal modifications force them to face upstream, most voluntary

'vement is upstream (Hynes 1970). Temporary attachment structures are

,'caoii daptati sns that enable insects to release and reattach them-

e;tlves after a period of uncontrolled movement in the current. Some

1 organ1ims construct cases of small stones, detritus, or silk that are

anchored firmly to the substrate. These organisms catch organic

ji-rticles from the water by either using morphological filtering

mecharnisms or constructing nets.

111. Reduced current velocities limit the abundance and diversity

of swi ft-waiter invertebrate communities, either physically because of

I'I 7 -]- .... .-,8



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 1947).

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

1947; Peterson 1977). Severe floods and spates scour and flush insects

from the streambed, leaving only the species able to withstand the in-

creased flows (Hyries 1970). Scouring may reduce the numbers of insects

in a particular section of a stream by 50 percent (Sprules 1947).

113. 'pates 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). Apparently, enough organisms are left

after spates or other disturbances to repopulate the stream section.

They escape the effects of' the disturbances by maintaining themselves

in the protected areas of the stream where flow is reduced (Patrick

1970).

11)4. 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 grnvel 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 I-ads that accompany flood waters (Poole and Stewart 1976).

In nddition, extended hatching periods and firmly attached eggs also

ensure that certain species are not eliminated during stream distur-

bances (}lynes 1970). The repopulation of a riffle sections is probably

a r.siult of a, (cmbinattion of several factors, including downstream drift,

ijis.tream larval movement, and upstream erg-laying flights of adults

( Rlk 1976)



115. 5ubs-trate 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 associated with stream bends, and riffles with crossings and

inflections in the streambed. Fine particles are washed away from

riffles and deposited in pools, leaving only the larger gravels and

rubble in the riffle area (Yang 1971). Riffles provide optimal environ-

mental conditions for mitiny species and are diverse, productive inverte-

brate habitats. Invertebrates produced in riffles may potentially be

swept into the pools, where they are likely to be eaten by fish

(Peterson 1977). More insects :are usually produced in riffles than in

p s or on bedrock or submerged vegetat.ion because current velocities

are hirher in riffles and rubble substrates increase the availability

aid ininber of' microhabitats. Insects inhabiting the pool areas are

similar to trhose found in ponds and lakes and feed on the accumulation

of' orrnic matter that forms sediment (Krumholz and Neff 1970; Cummis-

197<).

11 C. Intermedi ate znes, which may occur between stream riffles

'nd pools, are called "runs" (Luedtke e , nI. 197f ). These are areas of

Tmoderate flow over relatively shallow stretches of the stream and may

be diepositional oc erosional, depending on the current velocity. The

Identity a'nd abund.'nce of benthic f'unn present are determinod by

whcwthor the atrea is in a depositional tr erosional zone.

1 17. The benthic fnunia associated with specific substrate types

generally forms a well-defined community. Any change in the substrate

rensul s in an accompanying change in invertebrate species (Sprules

19':7; DeMarch 976). Iirg rubble (1 5-7O mm in diameter) has a variety

-)f m'r'ibitats, whiolh may be inhabited by all siz-es of insects. This

y1.yse of s:ubstrate is found in swiftly flowing areas of streams where

s'maller" sie eubstrate materials are washed away. The org-anisms

found h, -irc ce,iapted to living in hbitats that offer reduced contact

with the c'u'ent (urimns 1966) . Invertebrates able to survive in

sma, ll-partiicle (%-:<, mm) substrates are, by necessity, small and

140
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resti I i ent (:ThrulI es 19147) . Their mi crohabi tats are commonly destroyed

or- a 1 teed dur irig, high, irregular flows.

I V8. %Iariipulations of -,treamflow may alter the detrital "trap"

capa i ty of the substrate and( ultimately affect species composition and

s.trea,-m productivity. ,m!ll. detriti] particl es and silt tend to accumu-

late exressively in the, interstices of small-particle substrates,

whereas in rubble linib it ts the intersEti ces are swept clean by the

Current. As n r-es-ult, rmany aquatic insects prefer substrates composed

of moderately, si s'od (tl;mn.) particles because they serve as a better

benthi c f'ood trap without reducing habitat divers.ity (Pabeni and

Minshail 1977 ).

119. Seine oineci1 0 of' ineti re aible to take advaintagite of i n-

creasedl sed imenitation, but usually suspended and settled sediments

idversely v a eot t he i avert ebrate populati on. At low flows and reduced

current. velo! eci s il t and i and selthe interstices in ai rubble

substraite(. 'Phi sse I a res-ti crts access.- to the under sur faces of the

stones a a. gem rally reucst.he nulmber of usable hatbi tits . The sod i-

meatis asi v d salree n.,sus-penislon at higher flows anrd settles

or in e l en where 1 ows,- are reduced. The prnbl ems

ra eby soIrarr ~oet nales-sened by the devel opment of oar-

ner o r o -~ tIa 0 eabe whic h may replace ml crohraibi tnts

filIled Il rwi tir eI ei (5 Brusvenl and Pralther 19714).

M~r roI rv~ t bra i e a nernt ly si grate out. of areals exposed

to,, heavy sodlimeritlas. The ir !(sonis to sed imentat ion is rapid, and

nna 1 I few laisar requ ired fr numbers. to decrease signi fi cantly.

( C. rrv r: me , f Irelr es ,kn to a ececaso i n sedi mentati on result!- in ai

rapi1d rl rovtery oft're cenmmin ; tIy . Om Ind y substraites are general Iy un-

suitble or rtiseo'r t-neti err eas of t he i nstabililly of the sand

tart 'I O a n the t~ iisa thle prctot.i ye "boundary layer . lip-

s-tream n !1VeI~lrIs ofr I ff1o I t ect in sandy arasis; generally precluded

bhy thoe of frts o f cur-rent on lihoe i no , hI ensely compaicted sediments . Low

cirriont, vol , ecri rubbln ~]e u ae far] 11 ta tte upstream move-me'n, of

i ivertebratos- (Tenud tV nd Brnsvent 1 976).



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 th(. 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 (russell-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 (Chapman 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 197P). Food habits are more closely

related to the size of the organism than to the species. Most early

life stages and small-rir'ned insects, feed primarily on detrital com-

ponents (Cummins 1972). Aquatic insvcts 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 srall benthic community ot 1 1 percent herbivores, 3 percent

carnivores, and 83 percent omnivores. Food avUilability is generally

not a limiting factor for mobile stream organisms because they are

able to actively seek food (Krumholz and Neff 1970).

12l4. Macrophytic communities often shelter larger and more varied

populations of invertebrates when they are composed of plants with

finely divided leaver, rauher than plants with simple ]eaves. Herbi-

vores harvest periphyton from the surface of the leIaves and use the

mare of veget'-.I )? for shelter and protection (linrrod 1,64).

]25. The ri'I'los may provide a number of diverse foods for inver-

tebrates, ranging7 from plant detritus lodged under stones to clumps of

algae arid moss asso :tod wi th the stream bottom. The accompanying



invertebrate communities may differ greatly among the various types of

food 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 selection 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).

12S. 2crapers )re dependent on the production of an autochthonous

food source from which they literally "scrape away" required food

particles. The nutritional conternt of this potential food source

(mostly algae) is much higher than that of a detrital food source

(Cof!fman et :l. 1971). These organisms are most often in the

m'innstream channel, where the dominant foods are diatoms and fila-

men t ous green alfgae (Cummins 1972).

1,9. Collectors filter fine particulate organic material contain-

Si:.c surfSae colonies of bacteria and fungi from the stream flow. The

'-52 Linlatlou n of nutrients by filter feeders is inefficient and much of

fthe m' tlrial is passed downstream, unmodified, where it may be rein-
, etd by other organi sms. This process results in a type of unidirec-

tfulrt "spi.alling" cycle in which many organisms, each feeding on

(liferent components, are able to utilize filterable organic material.

'4ithout thi: f'ilter-feeding community, much of the suspended organic

mat,r iil weal 1 pass through the system unused (Wallace et al. 1977).

* -- h



l' 0. predatory insects have high assimilation efficiences,

largely because the nutritional quality of their prey is very high.

However, the quantity of prey may vary and is usually limiting

(Anderson and Cunmnins 1979).

1 1.. Feeding habits partly determine the location and limit the

presence o!' 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, shreidors in areas of leaf litter

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

feeling lon tions, depending on the abundance of the potential prey

population.

132. Tempeerature. Diurnal temperature fluctuations are generally

r(, iuired for normal growth and development of stream insects, whereas

stfitic teomer%[tures are usually disadvantageous (Ward 1976c). Life

hioto'I o ,f' rost streai organisms are geared to annual temperature

cycles which ::ynchroni ro the pnrticular life stages and stimulate

growth (iynec- 1970; Gore 1977). Triggering mechanisms for excystment,

encyv;.ment , ,ind )ther vital developmental processes may not, be stimu-

1:itie when temperitue'.- remain unchanged; differences of a few degrees

i I' level cpn4en,:41 times and durzitions. Higher temperatures are

:!ccompanliei by reduced concentratIons of dissolved oxygen and increased

mnt,'tbol ic deman,!, in] :',oi temperatures produce a metabolic slowdown

,we 1975). The absence of at certain species from a stream section

Ill% "'sul from one of the specific temperature requirements not being

mI4 . W r ex'riep,, l.,pejrus sp. , a heptageniid ephemeropteran, has been

sh,4IO.?I t, r,, ro n r-free:;ing temperatures for a certain length of

i ne t,. Otie lfovelol ment of dlapausing, eggs. Additionally, newly

hatched ny nph s rqpi iireo nn extend d period (2.5-1 months) of relatively

high te mper' urer (]8- °C) fr normal development and maturity (Britt

I3. Numbers and bom:;ss n:' invertebra tes in the streambed may

fluctuate radil]ly becqiuse of differing rates of development and

em,'rgence (Patrick 1962). Invertebrates emerge in the same sequence

ea-h year, but the dates of first emerg,,nce and the duration of the



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 oviposition, resulting in several ages and sizes of nymphs

(Minshal l9Eli). Competition unong the progeny of a species, as well

-1s between various insect suecier with similar life requirements, may

be p',rtly averted by the staggered deposition o eggs anu subsequent

differences in developmental. rates (Minshall 1.968). The early stages

of many aquatic invertebrates are small and essentially unavailable as

fi sh f0od (Chapman 1966).

:34. Densities of insects nay vary seasonally, depending on

species composition. In northern temperate streams, the benthos

generally reaches a nam-ericn] maximum in the fall and enrly winter

after eggs hatch (Cfmu.uins 107T) . Periods of m-xi:iiL1 stream inverte-

brate biamass may nk t cewcur concurre tiy with the numerical maxima.

The f,,reater. t invertebrate bioma ss }tener:ally 0(1rr3rL in the spring and

fall durintg pe'aks of frowth. The abundance of" organisms with short

life cycl-es varier (-nsiderably with environmental conditions (Patrick

196). F thoy reacl, maturity by fall, additional eggs are deposited

whichh u('erBo devilpmonti iing the winter months (Cummins 1973).

.-m, ecier , howt'veor, requi re a fu] yoar of development to reach
ma tar it tV

-' . KHvi riimorta 1 srtser. Benthic stream macroi nvertebrates

have ira d ait i'l]y ben rood Inadi'ator f o past and present environ-

tm.:1' ri., . b or"are of t"heir [ong. life cycles :and relatively sedentary

)b(,! cvio r. i'' , n o('mmunity, , ,tructare are sensitive indicators of

en',vir rmn-Wi tera,,rti ens (Cairns aind Dickson 1971). The most sensitive

-.re .s ire c minate,i from the stream, resulting in diminished compe-

-t n m ir Ihe -urviv i rig organi sms. Only those species able to

tolerate a7 wide range of environmental conditions are able to survive

wieri life requirements become limiting (Bradt, 1977).
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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 species 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.

Tailwaters

137. Invertebrate living conditions in a tailwater are different

from those in a natural stream Lnd 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).

138. The effects of reservoir releases on the downistream biota

depend on the type of dam and the subsequent flow patterns, release

depths, andl resiliency of the natural stream benthos. Macroinverte-

brate spe ies composition and diversity may either be substantially

enhaned or reduced, dependirg on the characteristics of the flow in

thi taliwwater (Ward 197 6 a). The benthos below reservoirs generally

resP(Th, to the unn:itural conditions with reduced taxa and increased

niLabers of certain s'pecies (Spence and Hlynes 1971a). Tailwater in-

sects nre ,ma]ler and are considered to be of marginal food value for

fish (Pnwell 1958; Bauer 197K. The number of species increases

progressively downiistream in response to the greater availability and

variet, -f microh:ibi tm s :imd the presence of increased quantities of

detritus 'om streamside vegetation and runoff' (Hooper 1973; MeGary

and H rp 1973). llowever, total numbers of individuals may be highest

near the dam, .ince systems with few species often are more productive

amd funiiprt a reatr b) mass than those with many species.

139. .wot .rs which inhibit benthic populations in tailwaters in-

cluie Wi]tertionf; in natural yearly temperature changes, isothermal

tmper'atures , si 1tit!inm (in some flood-control sites), daily water-level

flriu:,,ti,,, s:trarnbed scouring, reduced concentration of particulate

Ii (



og,"lei matter, altered water quality, and seasonally altered flows

(Van jock 1967; Hn1ffman and Kilambi 1970; Isom 1971; Ward 1976b). Con-

ve]'Sely, St:Lbi hoed flows,, dlecreased turbidities, the introduction of

,estoni from the reservoir, increased nutrient availability, and the

,rowibh of laeand moss inorease benthi c standing. crops. The magnitudeC

ile in1hibiting aid beneficial effects depends on the schedule of

wnteyr release, the withdrawa~l depth, and the- len-th of time water has

bn retiined in the reservoir.

Vl 0. Fluctuating flows-. Hig1h releases following- periods of' little

or -a, '.'ow result in scourinr aLnd turbid;ity, and flurtuating water

levels, ca:use increased bed and bank instability (Ward 1976 a) . R edu c ed

flo)ws- re-,eilt in dec,(reases in wetted perimeter, depth, surface area ,

and current velocity. We ter- temperatures during these peri ods become

incr-uiing-ly siubjec-t to -arblent atmospheric influences (Pfitz.er 1962;

1 e~'& .Thu (-\treme cagsin flo(-w o)ften creaite conditions that

ire" uinsni table for most st Iream benthon . Because ef this, invertebrates

ar 1east aibundlant. in 1mcitetai lwater areaLs +hat nre subliect to

oat rerme erelicflow f Lue tjat iens . lnsect d ensit it. in the tail water

my ho-mach as 0 times.es than those of s:treams flowing into the

'srv i(Powell 1Qt3,; i'rotzky 1971) . Hiowever, d~ownstreaLm moderation

'the effects(! fl. -w fluctuation often resuilts in the gradual in-

crece:irvert ebrate diensi ties- (Radford and Hartland-Powe 1971;

I ,) i~ f Ce tt 1 1 y fIuc t uat i ng flo ws-, intte rfere wi th t.he es tabli sh-

peIorf a'i s~table berithic commiunityv because n: the preference of various

s-:oc-:ies for narrower raLnge of environimental condlitions (Pearson et al.

L 9(d Dii ty wa.ter level fluctuations generall-y reduce the production

:10.4 ~ ol ()ating " f streami invertebrates by eliminating both the

bent hic fod as nd the benithos (Bnvee 1975; Ward 197 6 a) . This

t~t~ nis p,-tli colonlY obvious below hydropower projects where

naximum d shrg our during periods of peak power demand and

-I inmtmhsharge.;when po-wer demands are lessened. In these instances,

tw ci eti rely di fferent streatm habi tats are cneat ed. The tailwater may

change 7 !''(M 't f vpi1 cal ool-ri ff1O e ass ociat.ion during, minimum releases



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

"zone of fluctuation," which is 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 strandLng and desiccation during reduced flows (Powell 1958;

Trotzky 1971). In tailwaters with flucttating flows, the lack of

permanent, clearly defined pools and riffles precludes the survival of

most stream insects.

1)2. Some benthic tailwater communities subject to regular, peri-

odic water-level fluctuation, mny eventually attain a resonable level

,: production (Odum 1969). In these "mature" tailwaters, a few species

(probably two or three) that have adapte--d to the flow changes make up

the vast majority of the benthic community (Pfitzer 1962). Members of

these benthic communities apparently tolerate brief periods of sub-

trate exposure if' it is not severe (Fisher an LaVoy 1972; Ward 1976a).

No significant dif'erence was found between numbers of insects living

on nonexposed substrates and those living on occasionally exposed

substrntes (13 percent exposure time) in a "zone of fluctuation" below

a hydropower dam on the Connecticut River, Massachusetts (Fisher and

LaVoy 197?) .

14. Vegetative mats act as a refuge for insects in some tail-

waters during brief periods of exposure because of the retention of

mcisture in the vegetation. Insects living near the "mat-rock" inter-

face are more likely to survive than those found on the surface of the

vegetation (Brusven et al. 19714).

144. Low air temperatures also increase the chances of survival

'I for organisms stranded in a tailwater and enable them to tolerate

dewatering for longer periods than during high air temperatures.

Brusven et al. (19711) reported that larvae of chironomids, lepidop-

terans, and trichopterans could survive dewatering for h8 hours in

c-,-,, weather, but that high air temperatures and longer exposure

prriods resulted in high mortalitie.
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15. In spitle of the ability of some insects to survive periodic

exposure, most insect species that inhabit tajiwaters arc foundl in

the permanently submerged habitats not subject to daily exposure

(Powell 1958; Brusven and Trihey 19'(8).

146. The lack of flow fluctuation in tailwaters below flood control

reservoirs can disrupt the benthic community. TI fact, stable releases

1for 3 to S weeks f'ollowed by moderate or extreme discharges may cause

racre stress andi mortal ity to atn insect community than the frequent.

p)ulsed releases found below hydropower damrs (Brusven and Trihey 1978).

The :-table periods encourage the colonization of the tailwater sub-

st rate, but" benthic org~inisns which are not able to adjust to subse-

quent severe flow increases are catas troohical lv sweilt (lownstream.

15 7. The, hi h seas onal di scisirges below flood control reservoirs

may also diestruy the pool-ritffle arets nearest the dam and replace

her- wit tan extendled "run" section. Pirther (downstrear. , however,

!n ols andi Aei- chaurrol m ay be peetwhich act, as buiffers to flue-

turi t rig water 1 eve-r o ,III ; te fug for i nvertebrates duringr periods of

minirnial rele:i soes (PoweilI)t

15. hjl-rsnomi do are the most resillient group of insects found in

iros-t able areas arid -ire the rN ot reol onliso denuded zones -of flue-

tutut !' n ( :-Incyhee 'inad Brusveri .1 9Y'() . They may be fouind in as sociation

wi 'h ol ipocha(-tes , ariphipods, andi isopodS in coldw:v-ter tailwaiters

suibject tc; ratpid water-level fluctuations (Blrown et. al. 1968). These

invrt brae s.sociAtitas airc !ible to adapt to temporary periods of

exurer by e itlier mig7rat. trig out. ofthe exposed area or surviving in

thie thin love(r ,f w- or which re-mains. after the stream recedes.

1 l) Insets nort Y e by fluctuations in flow are the groups

WI ioh oIrego orll rf'cgrdud ats quality fish food , including mayflies,

I s on'l es, r1J -ad sf 5o (Powell 1095B; Nacllhee and Brusven 1970).
'Iyph -r d 1ara of tliIs seclien ore most subjecot to des i ecntion,

- s I act tl'ic g: Canllso1 nairy iv 's x~ tod periods of exposure. The

inirber fac .saffectetd by in ccaIiitherefo re , deltenis on when a

flow reduc t ln ocstirs -)nd te 1if st -es)f the insects present.

7 "s icc at cii of t isIreoia w ,iiid afIfect. the population dra st ically



Jar inc zi 1: irva] hatch, but unhatched etgs may remain rel at ivel y un-

al fee:f c (ilne 1955).

P'0. Stblzdflows;. Reservoirs with s-table releases haive

relyc iveiv s-tiPble laiwater suibstrates (Ward 1976a). The associated

invert ebrat.e fauna stabilizes as Plows and substrates become more con-

o is tent ,'e~tIn in reduiced niche oven ar' and a sh 1 £t toward community

eouiliblr amw (BlnI , a et c l . 1970; Ward 1976c) . Streamfiow stability com-

bined with reduced tuirbidity may enhance algal andl macrophytic growth

and provi le atdd it] ona1 food niches and ml crohabi tat divers ifi cati on for

chironoinios , ol imchietes , and mollusks ( Armitag-e 1976; Ward 1976a).
The sth ov onme an edi c abie resources tend to el iml n-a somre

oreces reollt inc- ill a1 os iverse tfeumal assembi age with hge

o an iaor>p of the sipec i en, pre sent (Ward.( 19'TG'b)

i. t-ilwaiters s:alMected to(- stable seasonal disc-harges.: , s-edi -

* x n' become 1 ini int, to t i etiecomtminit '. 1.x t endE- ei

..... ri imal releas e:7 -oe''mraridb. moderaite detrif1 tandi, s ilLt
.................. I's n: Pto u eans -Ide vegetation e 'fo.IVl5retire the

a;:I ~eni'lt dlii at;.The inhof spates, ncesrvto f'1ush the

1 ' :' a:1c the suibstrate lmtersti.'es, may eventuailly result.

0 ci nilnt Iin o these pro'duc tivye i nxertehra te mi cro-

errele I I ye - v r . (Cold wateor tin rmooaurs'tt

'e!,1 wi. d it _lved U oxxgli , redtuaed a, rrolorrids ) o firm orcur in

* .1 ~ Ir el 'w'ler e dam.-.. sit i ~ deer-relenste reservoirIs

Lx ' '' !Iy t;r fcberitil t alwater com-,mun it i e wh i ch a1rc low in

ii tn :K1h1 whiich 1-1!.v ha ve) high stand in rigc ops-. 'Dlii -o iItuat ion is

I yrori .~'vs en iv i 'niemt (Wardi~ 1974 , 1 7r;Younc- t al . 1976;

............... 1ia.i9683

IX 11 Pleact i or, of tenormal temperature -regime ca:n aiff ci the

lv r':it v rid ul I viv 'i tif, the bent hii c 'Ci aia~ several hi I ometres dowin-

*;~r e v:Prema (roidwa t. a' r'el ease darn( Pe2:vs 5.'n 1 l. 1968; Lehnkulhl

197,( 1l7~ Waird I0Cr . he o)ve ral c h:3 gre i n t emipera tur e s, coup)Ied

wit.hI the Sdelay of s-easorrr fluietuat jells, o'ften result.s In the eliminilm-

t. ion ofl many iinvertebra ite species from the tailiwaters . Minimum winter
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atnd maximumi simmc emprtue that would normally provide the thermal

.itimu-lus eFssenitial for thte Initiation of various life history stages of

vsuny -,rea= invertebrates are never reac-hed. Reduced g7rowth efficien-

c"Ies :it the lowered temperatures may eliminate s-pecies which are unable

to aap metabolically to abnormally cold summer temperatures (H-annan

and ong1974). Alternattively, warm winter temperatures may accelerate

,growt-h raites anol result, in premaiture emercence and exposure to air

temTieraitures that may be lethal or that may complicate the mating pro-

c-,.;(Ward 1976c) . Thesf-e ond it ions, along- with dielays in spring

warm.7ig and rcvurn Clxg ma,, -.revent. the natural hatching and growth

2insects that halve s 1ont thermal requirements, (lehmkuhl 197?).

1 ',l The lack of)! Ia ly2 :u-Lctiiations in wat~er temperature may

i'everit the i nit. !itir 7- eCWo I Irvl ere om(eot (Ward 1976c) . Diel

temspreroturte luctuaiti-ns- in -hiu per-i I were sigreat as 1 00 C In

anrilte s emi oT n ,but rae!Ite5cdd ( a reg-,i

latd ection (Arsil t:qge 1)77).

l.5 tresses !I'll")i~ aotIs1n'e~bio bel ow Ieep-releas7e
revero~r ay aLlso be jote Jo low diss v rhe p-resence of

64gh c. mc(ntra ti ors- al C H ' -j rhr era'v . '~vrdc or the

,nsco f' these fato.(Cua- IO k 16;Yung- et al.

976i). ?iea(ratioo o, tlie wal-er as7 it!,he~ rouFh ai lam may increase

the co)nrentrt ion of to %so levextrei l tokl erable by the tail-

waiter bi ota , but. t.he by-Toroduc, s (eg.*n, mranganese , hydrogen

sl Ci do) of hynol hanitlc lecompocsit. ion maty be more persistent and have

ai detrimentail ef!fect -n t:ailwat er orguni sins (Coutant 1962). If re-

eaesron the reservoir aire increased, the harmful effects of the

h'ao inieti discharres can be extended downstream.

1 %. Dee-rel easo, reservoirs- do not necessairily release water of

:uai Ti (low or no dissolved oxyg-en, reduced compounds) but

as: rr'di r-duce ai new enviironme.nt which favors coidwater rather than

warrw, er or'irs(Hoffman and Kilambi 1970). Tm stratified reser-

>rswhere, ainoxi e condi tiens andl poo)r water quality do not develop

in tho h it-li mini n, increas-ed coiicentrati ons, of dissolved nutrients,

a pI wi(cd turbi (iti en mayi favribly aiffect the living conditions
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o f Lai Iwater iiveet ebraitos (Pena." Lt a] . 1968) . in these circumstances,

the btent h! comimin itly may have charac teristi Os sim]ilar to thos.,e of

comm iit.in W i Ptram ith ml d orlgani c enrichment ('fpence aind Hlynes

197 1:0)

I'- F(iiterable food materiaL (plankton, some benthi e organisins,

ar.IIi 'oei no ; :es ton) pro<ducedi in deep-release reservoirs may be

paao nto "he at iiwaters d1urinig peienods oif complete vertical mi xintg

i: o,t'r 0, thiL 1:1 I not;It re'liable f'ood sourct, si nce the plankton and
rea tedi I -h -,pr tra ta -af' most reserzo i ra durnrg

lf*--I i-l 1'01 lid t~wi'cwo00 lrlaV 1 labIe l o the discharge(,. As a

I e i 0r- 't ed1 n,' t nvr tebr, t (2-,: art el ,*Iten restriceted tco downstream

t-i [wito' (c n; woai cag ffects hatve been modi fied and

so c - inn~t ~fi eeli ema tern l havt- be(2n i ntrnoducei throutgh

LI, 1 i ti,. a r7infi lw ( WIari 1 9 6b) . Planiktoni an benthos ma y be

a node~'p-n] ese rsere] r dlr ~in strat if cat iol i f

ce-a orereser ~r re us~i 1 y.lmli tar to those produced by a

11: so-' a r ase1 a r (Wrdand 2't-:oi or 1 1979) . WaIter qulality

I. w a I)Ireerr a ni! t,-i!Iwa to temperatures my only be

I .h'100 1 cnpri trito deop-re] ease sites.

I, i: ws ~c-r es e n r can produce aburidant

atI it- esob0-tutor~ fauna. and plankton. Invortebrates in the, taiilwater

ma~5 .sequiiltIvreceive moo [1 of the ir1 food in the form of ses,,ton and

ec, rom t~hio reereii 1 shrf-e (Walburg (tAl 1971) . Because of

ht, rich sienirof:. Iin the reservoir release, fl lter-feedingr

111cctami icila i iici i tean ,may be, extremely abundant in the

ilw t, r . enr ltihe Irries in benthi e dens it~y is acconpa ni ed

I).' ia a'1oed livers ity !nt th~e eli mination of some spec iesn. In

-.1 lorroe.1 y c1), iv'e,(er :s toxeam:;, thio rc eas;e A' warm sraewater from the

rse'vir 101 Inr s-,ummer maIy re0501l in aI reduct ion or elin] nation of'

ceti 1 ap oafro)m thel ai w((' ( Fraley 1978; Waird and Mhcrt 107crr8



Benithic Invertebrate Drift

S tremns

160. Interspecific competition for food and microhabitats may

result, in an active downstream movement or "drift" by many benthic

org~anisms (Waters 1969; idebrand 19714). The benthic invertebrate

fauna and the dri ft jug faunai are not distinct. communities. Drift is

merely a temijerary event, in the life cycle of most benthic organisms

(Waters 197')-

161. Benthio orgaznis-ms enter the drift when they leave their pro-

tectivO retreaits arnd arec swept downstream by the current. This process

genea l~y ccu- I5 t. 1ight IuiIntg periods of feeding activity (Waters

1969). The fk cdintg activity of each species is governed by a diel

"!it Ltern b)ased onphOtoper-i d atnd is generall1y initiated at the same

t i71 e1:io'h ily (Elliott 1967; Waters 1972). The actual movement

dh wostiuenia probably occurs ajs a series of short hops with the turbulent

"lowtsiin fr-epuent, contact with the substrate. The distance of

JOPOe dAcad s primarily on velocity of' flow and the species of inver-

e i o] ol (ore977).

Lt (.. When !'low--, arc suddenly increaised, the tahysical disturbance

a earbed timulates- a caitastrophic-] ike response from the

(a a. tli a ntI t 1 cit ri-presence in the dri '] increases markedly (Ellijot t

71'i Pa-:.er; et al1. 1 976') . The actual numrber of org-ani sins in the

1! :*f pr, unit volizie r'emains i-elatively stable during, these periods,

1.11' ji ni(o::psin ertaiin point. in the str-eam over a period of

ca any ii acre: ire significantly (Wters 1909). Naturail spates in

( insan;'ispel-se or-ganismris over an increased living area or may

li,: ietheim into stroam environments such as, pools and runs, where

1h,. P ;i rid saritvlval] difficnilt. and where they are more likely to be con-

:;aa' Watr:19(,9) . Many benthic orga,,n isms die when they are swept

.1 )Wn:: t-eini inrto physi call y or chemi cal I y unacceptable zones

* ( Pi~naI-lIiter 1970).

Ther ift may iA.-so be u.se.d as; :i mens! of escape from

P::i catiindur I rig low flo(ws (Eliliott L9'(1) . TIncreases in the dri ft.



reul t. from a decli no in available 1living space associated with dr~rsti c

relut. usill streamtflow (Min-,linli and Winger 1968; Armitage 1977; GCore

197(7). Areas downstre.Lm relatively unatffee tel by roduced fi owni , may

actually exhibit i nereased invertebrate popul at ions as a result of the

accuimuLatli or rg~aiis from dew!Ltered -i ffIC aIreas (Mi ger 1 97'0)

-1 (,)1 Recoveryv of' the bettom fauna afteor :-treamibed exposure or

o ther aetaitrephi e everirt n ma xr be rapid (I -fiyrve ) a fter natural con-

d it. i on-, retulrnI (11cr ervi ~':iii Cai Iris 197), -76'). Dr'i fi igt, orgFan ioss from

upstream : ron s qunickRly I'kr. 1oni so the a f fectod f streambed. Recoloni za-

tl-Il of,~£ denltc iara may al so be aid ed by a certa in amount of upstreamn

it'crawling7" movement, ,wlI ili rny replace about C 1 ereent ( by number) of'

thle dowiltrez~ ir1o iue t,, dr ift ( Pi op aind lynoL7 1969) . The renewal

t drI i ft out, of, :i :!upted :Lrca anty be dlelayed until thle crommuinit y

inel recover-ed t. ") In where the bentlhi popul atioen exceedi; thre

on rry intrig cpa ci ly of thre h: bi tat ( Dittmend 1067) . The fa1i lure of, -I

!rormerly aibundanit, eoer I.,) rep~olui:0 to :,it area,, a fter a stream d istur-

baneck rl ay al lew )tlrer t ee o btc me 1rr Iied , ul t i mat ely re-;ul t-

agit! :i t:;h I ill COMt~ulit Vcope t iiT arjd nIbuilaneel ( Waters 1 9t.4

I Dr i f't i n I wa: i :; tort- n 'i i-v ve~ rsod~ri o f' orrn si; f'r

t-re reserve i r above, tar 41:irl I el ow :i:t(r~ ifte reser1voirt- ari1d

rt-eere ofrs wl th srr'e-rles ve n.> erete amn n erl a in

ineclrvae- (e.. , lrrioar:; ) pirlwo' i Tlt'rrrv commrri y

leminiate the ta~lwater dif" 107et n',bn t: O; Armitl age 1977,

198 -l

16. D~r1t ft of benthlie or'cat ht 1 1 ve in the tai Iwait or occurs

- ~~~riaril V:2 oul fx o ::1 iti~rons it: i-'servoi r discharge,

L> 1ven specioes not norm: 1 1y r'orrtr in t ho Iri ft (eg Chi ronomi dac) stay

L o~~n t, 'r the d r'if' be':: is e f ot e: ;'!Iwie nti en:; (BProoker and lemswnrth

1078i) . mior so"d d ri "'I may,. 'erat I t ii noe i deraible reductions i n the

abirridadtreet, of' t~r lit- 'a arr wit i~ net iizl .-.t reambed -'esiccation

* (Wi ir,:t). Hr;ii at on of tride 'e it-,I: obviously not possible

fr ~ ~ ~ ~ ~ ~ ~ lt r;:ircrrs ean eu' fh r'e.enco (-)' the rese(rvoir. Be-

.1 i 'a jor i:: tlr ret it t a n it er ev,'1-1 I factors * ire I d ilrig egg,



deposition by adult insects which fly upstream, random oviposition of

remaining individuals in the denuded zones, and upstream crawling or

swimmring by nonaerial invertebrates. Eggs deposited by insect species

which are tolerant to the particular tailwater environment will develop.

Other- s;pecien, which are not adapted to the specialized conditions, will

be eliminated.

167. MinimaLl daily fluctuations and seasonally stable flows may

result in inkcresed benthic populations, (Ward 197 6a). However, the

stable flows that enhance benthic invertebrate development may reduce

drift. Redlicod dri ft in this instance may be detrimental to fish pro-

duetion by limiting the availability of prey (Chapman 1966).
1 iotijal insect: may make a sig-nificant contribution to

avtilabl, :,ii food in the taitwater drift, especially in areas where

streamsid,' ve'-e1 at ion is abund:ot (Waters 1964). They may be attracted

to the coS, ~i ;', eas of ox'-sed streambels below reservoirs during

i, r~ods o" rdis d flow: , and whecn discharges are suddenly increased,

they are swept downstreus withi the drift (Pfi tzer 1962). 0ince

terrestri:il insects arace most :irtive during daylight, they are more

commonly found in the dri ft dUnii sg the day than at night (McClain 1976).

:*oorl ankton

169. River and streari environments are poorly suited for the pro-

duction and mainteniance ol soop1]:nkton, and they characteristically

harbor sinall :,opl'inktnn populations (Ilynes 1970). Their abundance in

flowing waters inversely related to the rate of the current flow.

Thus, the s.on-Lankton present must be supplied to the stream from

adjacent quiet-water areas or other suitable productive habitats in
the drainagfe (Ilynes 1970).

170. Mos-t z:oopiankton found in tailwnter.; are produced in the

Supstream r'sOrve r. 'ome zooplankton may be produced in backwaters and

other quiet-water senies aidjaicent. to the tailwater, but the input from

these areas is not signficant when compared with that of the reservoir.

Therefore, the species and abundance of :- oopla.nkton found in the
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tailwater are dependent on the species and abundance in the reservoir

population (Brook "tnd 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 eventually affect tailwater zoo-

plankton abundance.

17?. The amount of zooplankton passed into a tailwater 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 xooplankton away from the level of

discharge during certain periods of the day. Zooplankton abundance

will also be altered in tailwaters below selective withdrawal dams,

where changes in the level of wilthdrawal are made on a seasonal or

d-ily basis.

173. Zooplankton transported into a tailwater from the reservoir

provides a more readily :LvailabLo source of energy and protein than the

detritus nornmally found in unrerulated streams (Armitage 1978). Most

of the zoop1aikton dii charfed from hypolinnei 1t-release reservoirs is

already de.d !ind ,inily -ontributes to the stream's Load of organic

debhris. Moribund r )oplainkteris sett lo out and decompose, providing a

nutrient-rich detritus in the t, aiiwater area (Armitage and Capper 1976).

Peasoral incons i stc los i he reservoir discharge, however, preclude

zooplankton from beiino- a reliable source of either nutrient, inputs or

food for berthic ,omsumpti,-n in the tailwater (Ward 1975).

17)4. Largver hodied :'oor, tpnkters (e.g., copepods and daphnid

clndocerans) may be common in tal l iwaters immediately below surface-

release reservoiris, but they rapidly disappear as the water flows

downstream. The progresr:;ive redhuction in densities downstream is-4
characteristio and has been documented by several investigators

(Chandler 1937; :Itober 196; Ward 1975; Armitage and Capper 1976).

175. The ,ooplankt(,n lecrease which occurs between reservoir

outlets and art'as downsi roam is: lu- 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 4oo 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 tailwaters may occur when aquatic vegetation

is abundant and the tailwater levels are lowest. When water levels in

the tailwater 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 fragentation. 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 organisms 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 reservoir. Species normally present in a

stream may be enhanced or reduced in a tailwater, but the structure

of the tailwater community is , enerally much different fiom that of a

natural stram.
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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 taiiwaters, dipteraans appear to be the group best adapted

to the altered conditions of reservoir relearses (Ward 1976c). Dense

communities of Simuliidae and Chironomidae often occur in the immediate

tailwater below deep-release reservoirs because major invertebrate pre-

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

the only invertebrates present because o,' their ability to adapt to

conditions in most cold tailwaters. Farther downstream in the

tailwater elevated water temperatures, prodation, and microhabitat

competition may result in rteduced denci-ties: ()f both families and the

possible dis-appearance of iimuliid!ii.

180. Simulild larvae and pui'te pre'oer cold water and are appar-

ently tolerant of the poor water quality which occasionally occurs in

tailwaters below ioep-release dams (Hi] lerih-ff 1971; Goodno 1975).

They are not common below surfCace-release damns or in tailwaters where

water temperatLres 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

increased invertebrate competition and predation.

V12. The various species in the family Chironomidae are adapted

to a wide rang<e of environmental conditions, making them ideal

t ailw::ter inhabitants. Some prefer cold water, while others prefer

Vworm watter. Othr s;pecies have more generalized requirements and may

be found in a v.iety cf conditions. The seasonally altered tempera-

tures found in tailwaters below deep-release dams (winter warm, summer

i'I cool, and delayed maximum and minimum temperatures) may allow some

s 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;

Ward 197 6a). 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,

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).

184. 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). Large 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

swift water and ire not dependent on net-gathering mechanisms for

their food supply. Quiet-water areas are uncommon below most reser-

voirs and if present they are subject to destructive periodic flow

increases. As a result, most triehopterans found in tailwaters are

, ,adapted to living in swift water.
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Ephemeroptera

i86. Ephemerotera (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 or' habitat selectivity. Generally, the presence of more diverse

habitats is reflected by ain increase in the number of species (Macan

1957).

13.Ephemeropteraris do not usually occur in tailwaters because

the sLable thermal regime found here does not provide the temperature

stimulus,- required for life-stage development. They are additionally

affected by the reduced f~i tot d iversity and the absence of an ade-

quate food supply (detritus). Downstream, where the effects of reser-

vr relea;es subside, mayflies gradually become more prevalent as the

t:mI iwtter becomnes more "streum-like" (Lehmkuhl 1972).

188' . E1,phe.moropterams are rarely found in streams where velocities

are brlo,, P- oni/i-cc u.- above 91 cm/see (Delisle and Bliason 1961). Few

ae re :tbl2 '( -,urvive in arear, subject to extreme flow reductions

(Moheand ,rusven 1973; Ward 1976 a) . Mayfl1y species equipped with

hIit-ast organ.-- are able to ex: st in tailwnters with moderately high

olr emit veloe Ities,- (WardI 197 6 a).

189 M 2 ehermesrteansdo not readlily colonize areas in a

sestntstit~e fwoit.r-level fluctuation s-ince, they cannot tolerate

b ) h 1,ow :ind high f w extremes. One gecnus (Paraleptphlebia) , however,

ho s been found mibund-intlix i n totil woters exhibi t.ing these types of

flutua, ~is(Tror sky ain. iecr 7

P1cc ot e r

190. Plec ~ -trosre us ri 11 not found in tai Iwaters because

the -1-ss o~f hob-t t heterogeneity, changes, in low regime, and re-

1-ati vely ,;!tabl e ,mpr'il mr nik rn, o unacceptable for their

rrowlth "In P o ~n.iown;reaLm t heir obur,&ance g-enerally increases

rstim in no ,f P' c- re-we (r difscharge decl ine-, (Ward 1976 a).

feveal pe-j o mleco .~eroas e~g , hioroperlids) -ire not affected

by; ra-p ii ly fttI a m l w;,i may become abundIant in tailvaters

6 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

Stewa-t 19711). The absence of these predatory species contributes to

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 taliwaters is the lack of

an aerial adult stage in their life cycles. Because they do not have

an aerial adult stage, they are not subject to the problem of premature

emerg:ence 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

miphipods because streambed siltation and increased macrophytic growth

which occurs in these situations are highly beneficial to their develop-

ment (Hilsenhoff 1971).

19l . O]igohaetes 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 Lreas (McGary an:d H rp '197.; Armitage 1976).

195. 1sopods may be the dominant organism in the riffle areas of

co!d tailwaters (McGary mnd Harp 1973). They are also less affected by

minor water-level fluctu:ations than other invertebrmites because they

can mig:rate out of areas that re per[ dically exposed.

196. The distribution of mollusks in nmitural streams is deter-

mined primarily by substrate patterns and typos. The chemical and

physical alterations that occur in tai water environments have both

enhanced and disrupted mollusk populations.
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197(. inched growths of attached algae and increased organic

sediment were found to encourage the establ ishment of pulmonate snails

(Phyn.-a) during the absence of scouring releases or during extended

periods of' reduced flows (Williams and Winget 1979). However, Harman

io1072) found that chemical and biologi cal alterations of' the tajiwater

environment negatively a ffec ted the nmol lusk popul atijon and reduced

speciep divers-ity. The number of mussel specie:- was 1noreduced in

the 7ne oB iv er. A Lteratlorns to and 1 os nt- of river inc habi tat a fter

exten'sive reservoir Conlstruc tion reduced the numiber of species from 100

to pi-roximately 50 ( Isom 1971 ). Formerly abundant s'pecies were re-

dluced or el m r itedi and natura I repli :cement. was I mlt ci . The change in

I n n eelesthat, a I sooeeinrrcr an;! arc nIllt of reservoir construct i on

further redutced mo)llusk% populat ions t hroum-h the obs.-truct ion of fi sh-host

ann sci at ions thnt are !i nec en nary part th le mnoIllunkan 1life cycle

( 1 scm 1)7 1).

19("). i ubllar i nn a ppear to be a, cmi nor member )~f' the tai lwater

invertebratce comnmunity tni are not widely v stud i c. Based on the few

studi en t,hant hive been oconducted, turbellI:ir jane' aparently increased

in tni lwa tore; wi th otab Ic flow regimesn mud cool s-ummer temperatures

andi decli ned in tailIwatern- with fi tituntii uCflows (Ward and 'Itanford

199. Crayfish are common in some tailwaters; however, no mention

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

species.



P/tRT VII: FTSIMZ IN TAITLWATERS

00. In r hi i section, fi shes th-t commonly occur in tal iwaters

I'e ~i ScocI 'The pre.senon u on is by family, f'ollowed by individual

orc "rouP9s F1 :ih sptc ies whti ch oc cur ini t i iwaters but are >

<nly Vit Poi'tatne beezise fe, w are generally captur-ed or they ---re

10"A vrr 1ned 1!t 11w to',P -tr r iit dii.- d liTes7e

noic 1;lt t 1 ! on corn the t'() iowl rw, funi lies: P'etromy-zontidne (loin-

) ;Aolensvi oe( sturlcotic); Lepi nosteidae (c7ars ); Angil lidae,

C." 1 -It Id I - i i 11 1 ace)r oh Atoiiue (iv epIc si(Ies)

0!l bijot- deot-,:p 7-t )"l <t t'onrntal conl: tiotns necessarv

* * nono ,s:t rtlmKtlon Ott the vnr-iOULs ii:To hint1 ,-y phases of

o2:?, - I0'. 2;: flc t 'iii (o'r t, jit ' tc -Win ''>1 !CS:

J1 .. .,Ic- -dc ' hi - in- foll.owed by

'0):," dt> )n<1. 110 it how f h :. resiod to

'7>71'. ~ ~ ~ ~ ~ ~ ~ '11 '.t1t.' Of~t .1 1'1'Iwt(c. I Ii 1iiSCIitSlOll

I t'the i.:or ino iA Ife his-t, rvc. ie

A)tO lni i' on t 1 i c 10 - oa't~c0 fL :riOSf m71001 10007 i l thi s

to:~~ n'0.. A'. on1, 1- C. * ;c .. orth American t.ijIwno'-,s

1ce it lli' -I P i 1 11, 11)ltctI n ~t' !( 'oil loCws thit of, Pll ]cy et :Il

( n :) ~ . ill E~lO~lt t I wnfor elS re itit'ludcvi in Part. T1.

0 tot t'' 1) A'- the' mon-t -ommon f ish gru tdl sci.-sed in

I U 'n i j n tjol ip AttIenldix F

P- ft o t i l a o (i lue f'i shes)

r tcw rdloli iK 11 ile of, thi, 1 i'rest freshwater f1 is in

- .\mr't.''. t. r lii i ni the !ussi-s!n- irti , Missour , aol

'.hr Iigi' libl t';e:; T'i~bei's of padd~lefisIh have
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declined greatly since the advent of the twentieth century. Major

causes are believed to be darns, overfishing, and pollution. Fish con-

centrate below dans where they are especially vulnerable to fishing.

Dams built to create reservoirs or for other purposes 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-

tioti into the waterways. Paddlefish populations have increased in some

areas where pollution abatement has been effective (Eddy and Underhill

19714).

Paddlefish

204. Habitat. The paddlefish is primarily found in the open

water of sluggish pools and baLckwaters of large rivers where it swims

about continuously near the -.urface or in shallow water. For spawning,

it requires access to a large, free-flowing river with gravel bars

which are inundated during spring floods.

205. Originally the large free-flowing rivers of the Mississippi

Valley provided ideal habitat for paddlefish. Now some of the largest

populations are found in man-made impoundments where tributary rivers

meet the fish's exacting, spawning requirements. These conditions are

met. in some reservoirs in the staites of Alabama, Arkansas, Kentucky,

Missorii, Okla'homa, and Tennessee, and in several mainstream Missouri

River reservoirs in North and South Dakota and Montana.

206. Reproduction. The reproductive habits of paddlefish were

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

River in Missouri. fpawniing 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 0 C. Meyer and Stevenson (1962) reported that

female paddlefish in Arkansas do not mature until they are over 11.34

kg in weight aid that they may nct spawn every year. The adhesive

eggs stick fo the first object they touch, normally stones on the

stremN Itt. EggOM s hatch in 9 to 1, days when water temperatures are

about. (; (Purktt. 1963; Needham 1965). After hatching, the fry swim

upward vigorously, then settle toward the bottom. Frequent repetition
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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. Paddlef'ish feed primarily on zoopl.nkton and insect

larvae filtered from the water. They swim slowly with their mouths

open through arenas 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 riot known for certain,

but its elabortte system or sense organs may enable it to function

primrily as a device for locating concentrations of food organisms.

08 . Age antd growt h. Paddlefish grow rapidly. According to

Pflieger (1975), young nearly 150 hm long have been collected from

overflow poo]-; of the Missouri River in early July. T\wo specimens

kept in a t'ertiz ed pond reached a length of about 0.9 m and a weight

of , .7 kg when they were I' months eld. Paddlefish in Lake of the

Ozarks, Missouri, aittain a length of 250 to 350 mm in their first year

and about 530 mm in their second year. Seventeen-year-old fish average

nearly 1.5 m in length and 16.8 kg in weight. The larglest p:Iddlefish

are usually females. The species is also long -ljved; miny individuals

live more than :)0 years.

Paddlef'ish in taiiwaters,;

209. Large concentrations of paddlefish are found in some

tailwaters espoi:lly during winter and spring. Most studies on

pad tlefish in taiwaters are concerned with spawning and reproduction.

P:iddIefish reproduction, prevented primarily by the blockage of

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

reg~imes f(und in ti iwaters. Main-stem hydropower f)cilities on the

Mi :our iRiver havo not only reduced the amount of natural spawning

ar1'ea avi 1able but have also rendered most of the remaining river areas

unus:able. Larfge ,iel wter f-I uctuat ions mask or delay the normal

sp rin}; ri:g e in waiter flows and temperatures.

"1,0. Young-o -the-year flsh have been reported in only one

tiil1wa te, of' the Missouri River- reservoi r system (Fribergf 1971).
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,ruveniles found in Lewis and Clark Lake were produced in the 65-k-m

section of the Missouri River above the reservoir, while those in the

tailwater either passed through Gavins Point Dam or were produced in

tho 9'-km rection of natural river downistream from the dam (Walburg

I (1; TFriberg 197h). Recruitment from the reservoir above is believed

to bt the primary sour'c for paddlefish found below Lake of the Ozark's

hy(dropower Iam on the C sage River in Missouri (Hanson 2977).

211. The efft.cts o!' navigation or flood control dams on paddlefish

reproduction 'tre not an well defined. Success 'lT spa wniin on eroded

wing dikes below Lock and P)aim Number 12 on the Mississippi River in

,owa h'n eon regul rly observed (GenFerke 197R). Eroded wing dikes

eftc,.ye~y smuiate . rnta.rravel ba]rs. The , ntrol of spring

f1wi'"i telo)w a .entuck flood control ren-ervir appears to inhibit

'am :-awn r:-',, . (B'rnson 1077).

,. t .trat of the behavioral charaeteristics of paddlefish

e' v ,vio'in 'q i dei(ced b,. their concentration in the

-wa lf'*w w> ' tmredi',*ely below -rany damr; (FriberF 197?"; ?oehmer

,. -en,--,r e ,,) Coneentraton of these fih into a re-latively

aeea incre'lsos their vu nerabillty" to both comercia2 and]

fir hi <. Fr'ber (19714) rerorted high caitch rates of paddlefish

a; t rw f ' r tlhret to four yeairs followinr dam closure, followed

by declining catches due to reduced numbers. These concentrations dur-

ing the reproductive season may be explained by the blockage of upstream

, Du rin< .ther se:isnnr these ooncentrations are most likely
i, o f" e incre:i ned ,,ai]iy of food in the reservoir discharge.

* 1. in t ailwatrs, .onfankton is most abundant in the reservoir

, iari ; t sbundinre decreases rn pdly downstream. The large

,'irr; it ,,f f.,od c .al ble wnil,1 tend to attract feeding paddlefish from

slow-flowing :es in,) the faster flowing discharge, where they wouldj a>~n r. / a Iv t ho 'onrid]

2]l,. Except f'or 1h, immodiate diseharge, there is generally less

- rrtk,,on ,va ilibl, in h, taIlwater than in the reservoir. This

re: tive n,rclt v of fonod is reflected In the reduced growth rates of

t, ri lwad er addle fish. lrowth ntud i es by Friberg (197L) indictted that
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t) o I I' :;h apV ,rty V 1s -ai in t reservoi r suffered a marked reduction

in 2 roWt h 1,OWl r:isuge throu-h the hi m into the tailwaters.

21 uje H.~l, ( 10ev r i I4;)

., i or;r'ers which are mainly

S r. :' ' ' .I e i in fresh water arnd are

, ',eii :'rir j. ;.r w,'':. Ie'v ;re :ukiick he ein, gizzard

' i, th :..: ::h . i. ' ' . i. *I ' i imar fo.,, but the skip-

.o . '.:):':. [: sought by sp'iort u f,. I. u f-1 ght s se ct;2-

. . .y , . " ' :' ' .: r - ug of the year, are

. ' " r " .r i :. 'e ih: ." t,.:tant - orage
• .' .! :s-,:'b~,., I t "! Q* ' ~ N '1'ifl , gth 'ii. v ) . x :< .ed:: 12 0 ram. The

O.r;:. ." ::.-:'. b,,¢r's. ir lit le mentioned

S' ', w'. . . ..i.:: ' , zoo, (,:' , . 0 iir 02,, 1,; 'i ) : , ,lir rec in f'ish

rn n

il&. iabi Lat. The ,izzard shad in -enerally distributed over the

Lsterr h*' f )f the Uiited .tates where it is most abundant in reser-

v-irs and large rivers. It inhabits quiet-water habitats in A akes,

rents, reservoirs, ariA backwaters, ot' streams where fertility and pro-

iert ivity are high. Shad usually avoid high-gradient streams and those

wic. ack large, per"lanent pools. Shad congre, ate into :loose aggrega-

tois, an, Large numbers are often )bserved near tie water surface.

Dr ir& taL, winter, and sprin., larg]e numrbers nay be found in

tai iwaterr.

(I. :he threadfin shad, whose habitat is similar to that of the

[zzard shad, is generally confined to the southeastern states where it

hlas teen stocked extensively in reservoirs for forage. It has also been

st oeke in reservoirs of the Southwest. It is sensitive to low tempera-

tures, and extensive die-offs have been reported at temperatures below
7.°C (Pflieger 1975). Because of overwinter (lie-off, annual stockings

iutlts are necessary to maintaein populations in many reservoirs.

Large number,; of' this species may also occur in tailwaters during fall

aid winter.
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18. Reproduction. Gizzard shad are very prolific and generally

spawn during April, May, and June at temperatures between 17 an l 230 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

hatch in about 4 days and the young begin feeding when 5 days old.

Young attain typical adult form when about 3? mm long.

219. Threadfin shad begin spawning in the spring when the water

temperature reaches 21.1 0 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 yea"' com-

monly mature and spawn late in their first ;ummer of life.

220. Food. The gizzard shsd is ilmost 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, throutgh its closely set gill rakers.

221. 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 III (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

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 11)4 (males) and 135 (females) mm at the end of three growing

seasons (Bryant and llouser 1969).

Shad in tai Lwaters

22)i. Shad are important forage species in tailwaters. Both

gizzard shad and threadfin shaid are eaten by striped bass, trout,

walleyes, saugers, and other species (Parsons 1957; Pfitzer 1962;

Walburg et al. 1971; Deppert 1978; Combs 1079). Threadfin shad have
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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 1962; J. P. Carter 196 8a, 1968b, 1969; Walburg 1971).

Occurrence of shad in tailwaters 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 (lid 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 1141.6 ms/sec through each of two turbines has been

required to avoid further low-oxygen fish kills. Maintenance of

minimum flows has been credited with allowing the survival of American

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

Salmonidae (Trouts)

227. The trouts ,.re coldwater fish which were originally found

in the Arctic and North Temperate regio _. Over the years they have

been introduced i.nto suitable waters throughout the world. Many

coldwater tai lwuters in the United States have been stocked with

hatchery tonut 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
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stocked becaus!-e f~ilIor fish ol fton have poor survi val to the c-reel

8.The ra inbow t i.u t. is t. ie mo st common soimnoid s torkedj below

ear beousei t is 1~ , ors 51y to rcal, so nd easier to rat h . Ot. her

sallniiI s po i utod ill ta i wte are brown trout , brook trout , and cho

I ,, Rp1jnbow trolt %jre usu-illy s-tocked in the coidwater tai iwaters

N .!(w roeruiv i iii, n wa ro~wat or streams. Rainbow trout or- othor

t row or may be s tc'ked )r' nay )(curs itur A 1 1y in coidwater tailiwaters

bkol ow rel-iervoi s Nil 1t o)n col Idwo to streams. IDiscusi on here is limited

to the rainibow troii: becauise it is hle sv~tcommon trout in tai Iwaterfi

habit a. T orsi now rout is nat ivt- to the s treams o)f the

Psficcou"t, wlior man a . r subs'pecies have dev cloned . The

seaoig orm is hai wn -!s the s to: ch(aO trout and is bel i eyed t- be

1,ent! i al to t he 12 ly frcs,-hw ter ra i nbs-w trout. t eius fIhe

Ca soe wi th whic cl eggs o 0! r I al( lti nbow I ron4 r be Ira .n srnrted , iifferent

ral ns havje been dl i sr butod I hrourhou. he wo-r 1 '1

?~C.This oes lives in a vi'i eto of' habitnts,, including

ot eas 1akei; , in,! res-ervoirs . T.1k. ru I nbow -trout te r cssomewhat

hi h " epertursthan otlticr trouit s but do(-es be: t1 Ina waters tha1t

rom%:n r( or 1 or: r ont inuously Niow h.1 0 According- to McAfee

(1966 ), t il' u1per lepeatlire limit, for the species vari ( 5 from about

* 9to iep tC, oend inr, en the oxyg-en conten+t of the water, si:re of

ha.i ogrtet 0!' ic clima'A on. C 1 d wat or: 1 sh re from the lower

-. pi rsere irsprovidie uidtqu t~e taiiwut or hiabi tat for this

0Iepr WVi rci 'oat-rot n~d oxyge(n levels. remailn above 5 mg /l1

I2 .Haitib w 'root ilhrive in Small to moderately large streams

t. ll 1 w rivers, With mlraeflow arnd Frave, bottoms of the

~-r jf t0 f typto. The y goieili rofer riffles and fa. t-water areas-

I phcr1 tori ui ha vt raol brti di f nd for trout in general ; however,

,h- e tth ,)f' poo(l:; a ialrouzt o!' ;ovor appear to be very important in

tefrms ofih(uieci(168Cun that. strea~m Sections

a scki.ritr deep pok.- insa d i dequate ro)ver ctontal ned only fingerling trout,

whi le streamn sektions:- witih doop tols:eaa~dby ri ffle areas



;ontiined much larger trout. Trout require adequate stream depths for

normal intrastreai movemient. Ri ff~es are extensively used for feeding

are:Ls and for movement between pools (Giger 1973). Minimum depth

rcqurrements over riffle areas vary with the size of the streul and the

:;tinhabiting it; however, minimumi water depth over rflssol

z-If- lv. not. be less than 0.1 mP . tdiger (1973) listed the -,!timal pool

borth f'ol cutthrat. trout, 'is 0.), to 1.1 m, depending, on geand size.

ev(q3) sttithatt for trout in general, areas with velocities

bt:' ween '.. and -, ,m/ sec ;oo referred for resting,.

Beoodi'K on . Rainbow trout spawn between early winter arnd

i-tol .urldg 01 endin on the g7enetic stra3in and stream conditions.

"'he ers 'pc osi'Ated in :j shallow depression dug by the female on a

"-o.~~rav.el - i lf le. Fem,les, ier(csil.t brween 2'00 and 9000 egg~s in the

iost( red ) , iepeniigF on fi.-sO si to,. A ter all. eggs are 'ii 0d and

fortI II sd ,ow are covered with grravel . The incubnticon peried varies

wi ri temrourature( , averaginr- abuit, PO day.- at 14. C t
i

0 ~and 1 9 days- :!t

00.,(. Yourqg remain ne'ii' the hatchingf, site for a while, tend iing to

-ci t fIr st n-i then becme solitary andI moro wifdl';:, d1--trIbuted.

:33 A.' io~ o ope (97)), the opti mum spawiiing teprture

tsrrlo1 g-saws~grainb w trout Ls 11 .1 Og, but ranges- rem, '7.:2 to

'rcfecrreig rvoeL sie ; 0.(I to 327" cm inl di-ieoe' and I're-

er v .eolee Ities - :'or s wilnire belwecn 412.6Card~ cm/:seo_

2 71. Fo d Pa shw Ii-iit eat, ai widIe vjariety o~f foods butl de~pend

r;' deIri fl iii- in-ert Ls . A c-ompilation of the f'indings of' many

s'ndi i I so'I' nt iMmatui'e arrd adult ciquati c insectsi (principally

ci iia'1
i , i. i , nd drtian) .;oonlanlfton, terrestrial

A ns(Ild'n Ii "Ire 11si'. Ky the ins t. s;ignificant foods,, though their

civ-iis ''r ~m e rr-at 1y betweeni waters , seasons , arid si ze

s j ' O T g i'Il imc i ide more fish in their diet. . Oligochae' es,

no [ u.'s ,fi h errgs- , ehi i, ; s3 ,andi algtae are foos iten less ex-

f,-nsvely , but they miy be Iimportait lecrilIy . For example, in upper

TaeT-tnsy;' ,mo , be I w '1'!i1 e Pock Res-ervoi1r in Mi ssour i , amphi pod

'r.'~ nr'ssmaLke impaa 90 percent of thef trout di o ( Pfl ieger



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

life expectancy for most is 3 or b years. Longevity is influenced by

many interrelated factors. Poor food conditions may result in poor

survival after first 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

enviroiunents. In 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

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

con.ctant 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

125 mm the first year, 230 mm the second, and 521 mm the fifth year

(Eddy and UInderhill 19714)

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

380 mm because of differences in feeding conditions and stage of

maturity. Fish are heaviest where food is abundant, particularly in

7W



lakes. According to McAfee (1966), weight of fish in average condition

by 127-mn fork length groups is as follows:

Length, mm Mean weight, kg

127 0.028

254 0.227

381 0.568

508 1.589

635 3.178

762 4.767

.. cst, f'ish spawn by age III; males one year earlier than females. Size

at maturity is extremely variable but usually ranges between 254 and

381 mm. In California, mature rainbow trout typically weigh less than

0.145 ki- (McAfee 1966).

Ra i nbow trout in tailwaters

25 0. Habitat. Trout are found in most tailwaters throughout the

United Stats where summer water temperatures normally do not exceed

.1.l0 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 flow, 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 tonstructed.

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

.4 that determine habitat suitability include reservoir stratification,

reservoir storage capacity, reservoir storage and release patterns,

aand 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,

73



turbidity, and tributary inflow. These factors act in combination with

stocking to determine trout abundance and distribution.

42. Numierous fish species are found in ass;ociation with rainbow

trout in many tailwater!-. Most compete with the trout for food atnd

habi1 tt. Game f ish inhabiting these waters include largemouth and

smailmouth bac,;;, bluegils, longear sunfish, and catfish. Brown and

brook trout may al so; cur the same locationr. Cyprinid-,, suckers,

cciii in iiri ,rL ti ck 1 ebacks are major noongane competitors.

-;.Low f low, -,omet infies aggravated by elevated water temperature,

ic ac mit a ootp Ii nit 1 rig trout dis.tribution anid abundance in mavny

t a i I W:Lt ,'. IoC) ws can decrease cover , i ncrease overwintering

!mortaIliy I 1lI ow sed imetit aiccum,.Iatition, and caus.e st.randing. Rediuction

(,i flow ill :,eite e taliiwater liited hai!tot to a lonFg sh1al low pool

wi li; bedrock subtr;1tean litt(e cover (P'ar ,on;;, 19t ) Kra ft (1l97,')
foun !, t :'1 pe:-kcent dio pea se In brown trout habitait. when fl ow wa-,s

reduced 90 percent in ainothier i Weber' (19 tO) found that when ainnual

Clow belJow al tOse;'VO il rl wasrdiC ed t) 31 prcenCt'lf Of t hie I ngt-t em

avora!,e , t ou t habi tat was.- teduce,,i 9?PercentI. FloIkws thait reduce water

lept h over r'i ff1e- "'k to.6* cm or -i- less ic ke t liecot are~as unusable tolrg

trout, (Corn inr, 1970) . Dec 'e:sel flows- arid thus d-creased water veloci tv

!laver smalLt 1.aind roug-h fis oliver large itout . Low flows- a iso

noc o red 1 s .P 1brtin of' treut, t- et suitable hatbi tat , increasing

covir(e iti(n with other fish. Cor'ri I o (1970) a31 so found thiat reduced

Ilw cocrt'l ish ill the rminghait~a t and iritensi fy predation.

"Ii f the we:,ternl 11ni tel t;iLo i rrigt- ion-storage reser'voi rs

-ol.1 ct pfaepr7 duirt'i- wi nter and rr' i to be used during

mier1 rr ig i--* 1 a. 1?1irgruneoff dec peaces s treaui flows dun rg the

a!"t or a rid op'irgwihi ch can inc-rease trout mortality. Adequate reser-

': pii ;'ar't'isll, i caLl during - winiter tf, sitain ai tailwater trout

II i . Fire our' viva 1 of I -year and I oldr trout was directlIy re-

Pit( dthe mri irudte of flow from ai reservoi r diuring7 the wi riter

* '''' op d(Nels on 1977) . Vincent ( 1969) stat ed that dewa tering,

1),'(w iIan~r in Montana. resulted in excess ive mortality of young (age T)

t. otiI . rdi iri Wyomring- showed I hat sesnlminimum flows were



3
essential for trout survival. Winter flows of 1L.2 m /see were recoin-

mended to maintain adequate cover for overwintering trout. Spring and

summeqtr fI.'ws -)f 2.V[ m /sece were recommended to select against rough

f'ish and for large (,rott;, and flows of 45.3 m 3 /sec were recommended

er olcalyto f'ltsh silt from the talwater. A 30-day survival flow

of .5 ri nse o was recommiended for tines of extreme water shortage

(Barks et al . 197X)

:'14L*. Low 'lows in tailwaters allow sediment accumulation in holes

iris over gravel substrate, thus limiting7 the quantity of trout habitat.

2,ediimernt input into taiiwaters is usually fron tributary inflow or the

erosion ut' alltivial banks within the tailwater. Reduced spring flows

belo-w a dami in Montana increased sediment accumulation by tributary

inflow. Timed spring- discharges from the dam are used to wash sediment

dlowistream (Mar and Hluston 1979) . Seasonal flood flows over the spill.-

war" remov'd-, seimr'ent, from a taiiwater in Alaska (Schmidt and Robards

107 6). feiie acumui-ations behind a diam in California were reduced

Iv : flush! no7 into the tai iwater, which caused destruction of

tr ~t lcittfor T. to 3.2 km downstream (Anderson -1972).

I-ig lows and flow fluctu:t ions in tailwaters can be

1 iri r~. f rs fr c'ctui 55c, 0 lasse:s of trout . Banks et al . (19714)

ouriLAl ta, w'!,e icr '.1. vo r -irharpi y with increased dam di s-

cnar~: Yrii.'0 a Ito logerwere favored over smaller trout and

rus. ~j U b'ise I ~~ ofr~',ingcover and high water velocities.

Hi h wor i r rd sas e rslk in low standing crop

2! til ?* kg/hai) atn Iiciv (7.7 and 96kg/ha) of trout. The

ati~. 'a iare uisuallIy I arre -ant weigih between 0.7 and 5.5 kgy

(:-11' 'U C*i ci. . 1976).

F, L. 7. San d flay'v fluctuationi bel ow both hydropower and diversion

cci;hscaoiird stranding of both 1 rout arid sailmon (Anderson 1972;

K1.1- 1)7~'lO3; Fowler 1972)). Kroger (1973 ) :-ug gested that decreasing

fi ,ws- t 71 1rixim -um rate of 2.8 m /suc/day would reduce stranding of

I below a dam in Wymn.However, the iri st serious effect of flow

* f] ic tiiat ions 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 42 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 (5.0-8.30C) and brown and rainbow trout moving into

the warmer areas downstream. After completion of two Colorado dams,

summer water temperatures in the tailwater were reduced by 3.2 to

5.0°C. The temperature reduction is believed responsible for trout

appearing 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 (Mny 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 release

Yr6



reservoirs on formerly warmwater streams, and below hydrulow(,r !:ms

that discharge only during periods of high electrical demani >,d

and Stroud (1949), Parsons (1958), Baker (1959), Kent (6.), .;m,

(1974), Axon (1975), Aggus et al. (1979), and others-, have statei th:a

high water temperatures may limit trout populations in tailw:itt:r:-.

Many reservoirs have incorporated minimum water releases in their

operating schedule to maintain suitable flows and water temperatures

in tailwaters. The U. S. Bureau of Sport Fisheries and Wildlife (1969)

recommended a minimum flow of 7.1 to 11.3 in 3/sec to maintain the trout

fisher-y in a Wyoming tailwater. Suitable trout water temperatures are

maintained for 9.7 kn below Canyon Dam, Texas, by cold hypolimnetic

discharge (Butler 1973).

.52. 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 0 C in

1968 to 50 C in 1971. This temperature change was associated with a

decrease in trout harvest from 78,656 fish in 1968 to i0,642 in 1971

(Mullan et al. 1976). In a similar situation, an average trout harvest

of 109.5 kg/ha was recorded when ainnual water temperatures ranged from

3.1 to 12.0 0 C; however, when the average annual temperature range

decreased to between .7 and 9.L2°C, the trout harvest decreased to

(rely (.2 kg/ha (Mull:in et :i . 1976).

253. Low dissolved oxygen concentrations and gas supersaturation

resulting in nitrogen embolism can cause mortality of trout in other-

wise suit:able tajiLwater habitat. Low dissolved oxygen is a problem

t,+en encoluntered i ri the ,ou lheastern United !ates in tailwaters of

-I op-re ease dams built. on warmwater streams. This oxygen deficiency

oociirs- when a reservoir thermally st ratifielo find iecomposition of

organic matter within the hypolimnion consumes available oxygen.

Nitrogen embolism may occur when fish inhabit tailwaters that are super-i' " ,i with atnmosorheric gases and the body fluids of the fish also

boo, i'5, ipersaturated.

254. Trout lenerally prefer water with 5 mg/l or more dissolved

oxyiten. The species ma,. not survive when hypolimnetic release water

(7
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conitainis little or i Ji sool, ved oxygen. The penstock, desig-n at som(I

d-Lm,; Ioo.,- nleO illnw for aeration of hypoirnnetic water before release

into help tnai waters. 1ow li ssolved oxygen was found to Ilimit the fauna

in somle tIl waIt ors (ill 11 1978) . A dissolved oxygyen co)ncentration of

K
1

. ~ mgI eom~ibI v u sed the death )I' about 1 00 ra i obow trout in an

Skiii maia !we: or (Deppert. 1978) . Iloweve r ,j ai .1;sol red o-xyfgen concen-

t, raLt n so f mg/i i ri NUovemb ,i' 1951 1 n a r Tenuei, isee ie t wa te r c: ius ed no

.tr rarenl- ins S d i stesi 1r P4u t Ei~i 9? Bakeri ( 105())fun

ow ii s: dv e .1I eric stre,; sod Si h jo l i bel1 ow a dIam in

Arkansas in the fall. The oxygen concentration returned to normal and

fish recovered downstreami over thre first riffle. Turbulent flows in-

crease the aeration process and thus improve the tailwater habitat by

increasing dissolved oxyg7en concentrations.

lie 1 1.6ai k' o! 'v..L

* ''" '... or tme '5 *"km I nsrrtbecaus,-e flows- in fle

a I w "!, e o, + 'bu lent, eno-ugh to li.iaothe nil rof-en. 0 >

i-titib w .........- . '.n e below this tam I iie:l, prosumibi' of

nitrogen embolism (U. S.Bureau of Reclamation 1973).
_____________________ S u has been observc.1]

lw!I w';::i tlla~I ei*'s a' lY on otrkri or-I rec rui tment.

Sr ". r'ss above to maintain their populations (Stone 1972).

'. ,W -i -SI i1 wi !w' er t 'ut imi I lt ii s hat surport a 'I sherv

i i.0 11, ue ip'W11ill nomay cc in- t ribu-

' . -. :1 -,'>i i 0715ISO Sartal but the- mnarni tude of

a 0w,;.!.,- Is .- no' been adit*u ;rte to ma i ntivlI 11 fi shilbie trout

* 11:''"!I Iis: si- (1' en lrLrin tr. 1. i ions (f'low fI uctuatliont;, de-

*0 it 0.1in .11 wt' iSilres reproductIive Suicces.

1 1 > n 1 11! hir li Slows7 w'I;;Ir'i out trouti re IJs . Parsons



cg;"oirithe -- ! watr"-l fvol 'I1utuation in 2i Tennessee tai iwater

~ *te ilbl-"1' ueh-J ')o(-ib detr 1ment a] to trout renroduct i onL . Rodds

wer-e o, nsi :-torilI soi -iot -i' hi f-h flIows in] sItrgn ( dnon (Iry s~hoa-.ls

;Iti t low f1,W-, owe F"i nl ,w F sanri. rim in December and Janruary was

I: o ff02 t: n Akonoelt.ctilwater, but. water-level

' iuc t'u t. ' 1 - I.-ed 101 1 1ng '- i indl destllruot ion of re] Pfawri i n r

n ~ I eswas u 0 i b it, the e~ntri but ion of n-tulrall I prn-

fihto the t pout fIi shiery in tailwnters was i nsirnifle'nrt (P-irsons.

0'7; 'ake. 19O50; Pfte ~)) L,,w trout porulalrti ens in the-

1< ~e~le1 'iWvi t2 0 wfr e by( hi t t'ei.'roductiye suocessF dlu-

1 ini Itnt' 'ewtI+lIn (',-,w flo'-ws) of the river

1~-m -mJa o ~i l,'t'ivne sivivn! by 3e-

L, ~t :,id w- t r 'w city o f tli- Firear:

-1 (1 < "'n-i ~ia1'lw fl' Wp eoo.e tit redis

L ' t 'Il. -~(' I !-~ efrr "r'e v 'ro hrC)-

1nyIT'..'1 'i ttloc.n Iit11- ±he mintr-Ii ce ' fthe

- -d'jw' 'n ' r 1 12 t 1wer to ol -- in thie mibtihtt r f nC'rease

t woic-.S c) 'oi I ori iWvort 0 ~' n',-t f .1 water bu t 11

-I o v," t- Ii-t :. :rv i vl -i I ry. ,i lw.nter ci ies on ain

112011r -11 f : 2ti nbow t o i 0'105prhectare to mtain0-

ii~ ' +r ee (ii In et. 't. 1 0'1'). lrffel't (1());-) recommendled

2 ~1:(1 ~ rol~n- or.,ib' w t' ott (IN" to 17 9 mm long,) per

.Vr' . f'-r ] ,w reproduction cauised by writer-level- fiuctua-

i ... ,~ f ;!i ,()',tructl on is the blookire of

* I '. .or. ' 'or1 cownor rouds Constructi on of a daml

i4

1140 .Y~ Attom,.tsn to mitigTate loss of spawning areas by

W~~~~pr i .. l . olvserrly

.Io . .. . . . 't' i Iit 'he-r fo r I l t i 0

I i w -i P .i'P revlo ice

.. ' ' ' f". th



hatchetry becaiise hie belIl ceed the ig h nuimber of predators i n the

tailwater woiild devafct,atto the yearling -,almon. ',Itripei bass and saugers

are -?- i t-,i 1fi cantrit p red:te ots on ri I L trout s tocked i n some ta i iwat ers

dllritog certLai n sesn;( Pal es 1 960; Ari curia (Game andI Ft ch Department

107.9; Derertiy)

.)()0. Feed. F000 *, .1111 c-. have beeni oompleted on trout From a

ci rr::ber- of' tal 1Wat'.(erF. ani it is, :ipparent thiat their diet 1i very diverse

(,t b le I ) cliadlophora bed.- are ant i mportant food( source for tcilt in

rulwutic(Moffett 1942; Mullan et al. 1976). Trout graze on these

mat.c ad lI ceo st t he aigne anid th le ifrolled:-., simu Ii is , and mayfli es

hc irbot-d thI oln. lIn come tiIIaei;,foodI oreanriisis have been intro-

iticed to orovi do fed(C for triu . Srirwet-e introduced below Glen

Ci i)i Druii , At i 1c r-o!i , and ameb PI iI Od; aWere- Ii tre d iced into Tan eycemoro Lake,

M i sci (T'Pub Ie Reek: ta iwt W: (tMu 1 1a eti 2t i 1. 190; Ral ph Buirrec,- s,

.I, . Troii!r e riot. tot-tlY lvd lentt on foodl Toduct ion within

the" t i I~ Wtoy e. Ili Da c le 11,w icIw o'1ene o 1 percent of the

u'5ai i ii c rai oh w 1t-rent SIr'ii we!a' cli rocerac!; which were pro)-

illcd i ii thle teoro %1above (1, ', t,I 1()67) . lii tli s crme tai lwater,

T-ilnbow troit. wLo -lil cL!c IT,~ ~ .k t rrcls10 to 15? 1511

ccwh ic cl'i rI eenl snedwhenl thle, rira lo'irhIF hol dais (Parsons

10). Ru che iiw 1 rusii. bel ow Sector 'I I11 Drin, Tenesefd heavily en

I- -t f(,-mrrrT Pri if lin li whi Ih ii nIp scl Iroci - the turbi ne,-

t'rfons I95C)'( . ic Wyr1-1 ii ct,1, c ro rainlbow 1out over 1106 mm

long wer more c cc flicorri; han cccii o r iii!. fIrmi1 or Ir'ortt rite

('1j reoin; ic1-e (itenr)wlio li were' 1iirodi, col in the i'es-.i',vel r anid

odr !tl ito the taI iwi ,tr 07iorkviy)

- . Ro~~~F(od oran rr eitori by rc inibow I.c aA1iohbe? ow a

r'r~o I' i f fer-d '-on thalt C' t'ih ,-l km dowiis-tream (Welsh1 1961).

Ali- gie woco,( the nicirry fci 1beT ow theo car~, -Iiii vr',fl 5 d Small

j rtiief I s fathe' iiwus~recr;.The cr n'i' ofr i iwct'ei flow and

f.(mpot'ittire 'iri food var'ijI tydcacr 'riteinc+c btry

itlf'lw, ctoi'loi i iei; :oi, cii lu iflirencsf mdoirite tihe

if 't0c t~'i c;''c' ci lr10rt ihlt wi~re eo 0r imimed iately

8 o
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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

a--,utumn than during midsummer and winter.

264. Ago and grow-th. Trout growth in tailwaters is variable,

generally being comperable to that in reservoirs and often exceeding

that in natural strenms (Welch 1961; Trotzky 1971). The average

length of ra-inbow trout captured below Blue Mesa Dam, Colorado, in-

cresed from 2)4 mm before impoundment to 285 mm after impoundment

(Wiltzius 1978).

265. Rapid growth of rainbow trout stocked in tailwaters hns been

roortod in a number -)' studies. Mullan et al. (1976) reported that

stocled fingerlings iveraging 191 nun long grew 76 to 102 mm per year in

Glen C:iyon tailwater, Arizona; 76-mm Cingerlings grew to 25)4 mm in

length in one year in 7:minnF Gorge tailwater, IUtah; and 76 -to 127-mm

fi neriingo tew to 255 to 381 mm, in length in Fontenelle tailwater,

T.zoinr. Rainbow trout fingerlings relea3sed at an average length of

.mm grew !7 mm from July to December in Navajo tailwater, New

Merxico (fllron 1965). Stevenson (1975) reported that the average length

of rainbow and brown trout below Yellowtail Dam, Montana, increased

15' ram between May and December.

266. The abundance of food organisms coming from a reservoir and

of invertebrates produced in the tailwater is associated with rapid

grnwth of trout. Parsons (1957) stated that rainbow trout in Center

Fill tai.water, Tennessee, fed on threadfin shad coming through the dam

anI igrew 25 mm per month. The availability of the higher quality food

(fis versus inserts) in Center 1ill tailwater apparently produced the

rapid growth. Rninbw trout growth decreased in Dale Hollow tailwater,

Tenies see, il 1953 aLn) 191 when the number of fingerlings stocked was



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.P to 13.3'C with a maximum monthly variation of

1.70 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

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

I 130 127

II 262 2144

lII 351 333

IV 467 445

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

tailwnters. Rainbow and brown trout weighing 6.8 kg have been captured

in the White River tailwaters, Arkansas (Baker 1959), and trout up to

5.5 kg are common in Fontenelle tailwater, Wyoming (Banks et al. 197h).

268. Reduced water temperature extremes in winter and sumnmer and

a more homogeneous temperature regime throughout the year appear to

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

Thin conclusion in supported by the inconsistent age readings and lack

of annulus formation ()n n;cales of trout from some tailwaters (Moffett
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1942; Parsons 1957; Pfitzer 1962; Olson 1968). In 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

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.

Pikes

270. Habitat. All pikes have similar requirements in that they

prefer clean, quiet-water areas of lakes and streams where there is an

abundance of "iquatic vegetation. In streams, they prefer cover along

the margins in patches of vegetation, beside submerged roots or

branches, or in patches of shade. Northern pike are commonly found in

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

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

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

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

tion is abundant. No nest is built, and eggs are broadcast and aban-
doned. The adhesive eggs sink and aidhere to the bottom or to vegeta-

4ion. They hatch in 10 to 14 days, and the larvae remain inactive but

ittached to vegetatirn for 6 to 1.0 days or until the yolk sac is
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absorbed. Both eggs and young may be stranded if watey levels drop in

the shallow breeding areas. Studies suggest that spring water levels

must remain high for at least a month after pikes spa, -n 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

eut. -,quatic insects an(d small fish.

;?73. 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

(K-irvelis 1900,). The maximum lennth of m ples probably does not exceed

760 mm (Threinen et al. 1906). Maxiirmi length of females may exceed

1016 mm, but few survive beyond 12 years. Musk ,llunfe average 267 mm

long at the end of their first yeur and 769 n nt, the end of 5 years

(Karvl is .91 90). Maximum age is about 20 years, and maximum reported

length is n excess of 1270 mm. For ial srocies of pike, feuales grow

rose rapidly and live longer than mles. Most fish ore mature when 2

or % years old.
Pik,:,s n ltr nterc'

,7K. None of the pikes are common tailwaters. They may be found

there fiot several yoars after construction of a reservoir on rivers

where the sveci',s occurs naturally or aft,,r stocking within the reser-

voir. They may move upstream into tailwaters from downstream locations

o ort a n cImes of the year to feed or spawn.

:7. Most northern pike and muskollunge found in tailwaters have

cussed over or ,tn!. rlih a dam from the reservoir above (Diuzhikov 1961;

iisonu 1977; Wilt,-ilus 1978). During or immediatly after the filling

or a new reservoir, pike may become common in the tailwater for a short

period. Diu;shik-w (1901) reported large yeair classes of pike being

p du oed in Kifbyshev Reservoir, Volga River, as it was being filled.

Many of these fish passed over the dam and congregated in the

tn Iwators, feed i ng on the large numbers of small fish that passed over

the dam -r were blocked during, upstream migrations. During the two
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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 Caspian 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 foraging 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 aiinu l food supply (Orlova and Popova 1976).

Cyprinidae (Minnows)

281. The minnow family is the largest of all fish families. Most

members are 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. In streams, they are often more numerous than

all other fishes combined. Minnows are efficient in transforming

minute aquatic food into 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. Spawning 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.

?84. Many different species of minnows often occur in the same

waters. In 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 bottoms.

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.

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 found

in the United States.

carp

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.

287. Carp do not school., but they do form loose aggregations.

The species is not considered migratory, but some individuals move for

long 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

1March and late June. 2pawning starts at water temperatures of 14.5 to

*Members of' the family Cyprinidac whose common name includes the

word "minnow" (Bailey et tl. 1970).
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second most numerous species lost over the spillway at Little Grassy

Lake, Illinois, amounting to 14 percent of the total fish transported

into the tailwater (Louder 1958).

296. Food habits of carp in tailwaters were examined only below

Lewis and Clark Lake. Zooplankton, algae, and bryozoans were all

utiIized. Zooplankton was the main food available during the period

when carp were most abundant, from early spring through July (Walburg

et al. 1971).

?97. 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 ,veraged 8 percent larger than those from the reservoir

(Walburg et al. 1971).

Chubs

290. Habt'at. Most species of chubs inhabit clear streams having

permanent flow and a predominance of' clean gravel or rubble bottoms.

Adults are usual ly found near riffles or in pools but not in the

swifter current. The young< are usually found in quiet-water areas and

most often in assoc-iation 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. Soawiinj, takes place in the spring of the year, probably when

water temperatures reach about 24 0 C. Nests of stones and pebbles are

built by the males on a fine-gravel or pebble bottom, often below a

riffle, and in relatively shallow water that covers the top of a com-

rited eo ,! to a 1epth of 151.2-457 cm. Nest building is usually

begun t', May 15. As construction progresses, females may approach

the n,.-:t ili be enticed to it r driven over it by the male. Spawning

takl. plact, in a few seconds and the female moves quickly downstream.

Tle released eggs settle among the stonos and the male continues to

'ld more st,,nes to the nest, thus ensuring additional protection for

the e 'g. The nest-bul flog male carries stones in his mouth or rolls
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and pushes them with lips 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 many as 10 females may spawn in one nest.

The nest mound increases in size as more stones are added by the male

after successive spawnings. The siz,.-s of nests are irregular and vary

from 30.5 cm to 91..4 cm wide, from 61.0 cm to 91.4 cm 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 cladoce-ans, copepods, and

chironomids. Adults cot mainly immature and adult aquatic insects,

terrestrial insects, crustaceans, and plant material. Crayfish, worms,

and mollusks are also consumed by some species.

301. Age and growth. The ultImate 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 fromn

90 mm for some genera to -60 mm for others. Males grow more rapidly

than females and reach a larger maximum size.

Chubs in tailwaters

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

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

Mylocheilus, Nocomis, and Semotilus.

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

(Pfit/er 1962; Hill 1978). This chub has disappeared from the Grand

River below Shand Dam, Ontario, but it remains common in the river

Sa',ve the reservoir. Delay of the spawning season because of a 7'C

dee] ir, in maximum temperature, from 28°C above the reservoir to 210 C

in the tailwater, is cited as the reason for the river chub's dis-

app-arance (Spence and Hynes 1971b). The river chub has also dis-

appeared from the warmwater tailwaters below four hydropower
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impoundnirinto )rl the All "alll RI ver, Michigain (Richards 1976), but the

reasmi for t.hsdi,.sappe:: ratiio a 1 unknown.

The roundtu il k-hub ( Hil, i -i obusta) if, found below Blue MIesa

DParr, Calorido, and hzas. tp prreitly sufferedl nio iii effects from the

reduced temperature- ind turbid ity in this tal iwater (Maimsn et al. 1976;

Wiitzius 1978). However-, this o pecies of chub :rppears to be disappear-

inig frots a tailiwater in New Mey..co (Mullan et al. 1976). In ai tailwater

n lUtah and Wyoninrg thet roundtail 1 hub (lid rnot ruvrk luce in two of

thiree yeir: i.wn impourndriei., presumably because of the reduction

of seio-r witer temiperature from 8. ,to- ,.0c that resulted from in-

,-2%nor d mmrhs irreicd c~re in 106). and I96d). The gr-owth

toe of :.lri -; nc e has aTsoicrline'd ci ncea impoundument (Van icek and
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h:! w'o i'ui rther' I ci al rosi k~oly b)e'caus-e of a:bi tat.

'toos ccili r 'rm dam construction eind op-eration (;Jolden andi~

'I lii'..h I I ciib ('I cr bitguttat uo) has a large popula-

1ai- ..Is the a I.'Iiwt or be] o)w lloover Dui, Ohio, where temperatures

cic I'rcmm 1 t 'I I "c'. Ovcereifwdi rig- in the tailwater may be aiding

:~'i.'ir o tli rseis in ',Ihe dingwhere it was rarely found

a: 'on dies li' t reserv< ir ( Cavender and Crunki11tori 1974).

V~ari c 0ero aue Ibc r. o flit ',"C pre r reduc K ion below Shand Dam,

On:'i ojar'- 'rIaedtihryh oii ub f'rom this tailwater. This

or c )Ils e f lie nor( c y 'iopi ri tO: above the reserve i ( Spence

07. - h -irikchb (fr Iri:. ,rome i i aulasu) has thrived in cold

ta]I etore. t.ii s r in lriHo uer tail water, Ohio ( Caverider and

(rni l ton 1 97hi)), ari~ ri, al,,t iit1w:.et below Granby Paiun, Colorado, in

spie , eredet ~e il flwsto only 11 percent of the hi storical
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slow-moving streams with dtense vegetation. Few species are found in

reservoi, tajlwater. They are tolerant of turbidity as long as there

is enough curr'ent to keep) ri ffle areas free of silt. Many occur in

sohools near the river bottom, but they avoid strong current.

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

Some randomnly spawn in shallow areas above gravelly or sandy riffles

andI others; over silt bottomis; still otherei prepare nests in sand or

-ravel areas which are guarded by the male. The fo lowing- description

fo- the bluntnose minnow (Pitnephli notatucs) taken free Pfiieger

(1975) is fairly typic.al for nest-buiilding, miriauwi-.

3111~. The bluntnose mitnow has ai long- -ianinif season , extending

in M issouri from earl~y May, when wit or temperttrec, are at least, 200 C,

to about mid-August. The peak of spawniit ig ci n late May and June.

The eggs are deposited on zilmoct any ob~loot (1'1i at OtAlnes , boards , logs)

that has a flat umdersurf:iee andI lie, cc o tho, bo!ttom :t. dleths of 15 to

90 cm. Ulsiua ly sand or graivel , ra the, r'hit ai anu b- 1.t em, is sel ected

for a nest cite. Nlest. -ncr7ructi onrla c' f xvtin small

cavity beneath t he object. sel ected arid ci a Iriot r erurfares where

the egswill be iooct n 171i erait - 11 .'1;,il , fillesd

aridl pebbios ,Lioe cwet pr. way by" vi Len! a I.IA rl.c r,* tI 1 Ifin, a-IdI(

Itarrer oh~e~ -c!!- iishIt -i wifth tIii uboi aut.. The roof o;

the ra,'vi ty jh' ir y theo !'iio wi l hic tiii id the fcrongy pad on

his back . Only !t :ring Ic, ilf. .' .oupl- !i cc a , It ul sveral, males often

ncs> in rcoxTmity beam ,,th !i igl c-, objt ret. . fevera il femiales may spawn

in a sil '] ri ic,,Whi h mayt lt inatol y ontain more t han 5000O eggs.

Eggs hthill 6 to 1)1 dinyt, ilerendljag on waler temperature, and newly

(ha-tericit young- are 3braiit 5) mm tong-. The male remains on the nest

througllorif the incubation period , driving away all other fish except

'* females readiy to spawn.

21 5 . Fnod. The foot of the minnows is g-eneralized and includes

both pl ants anrd ainimalsa; aqua> ice t a,mcn 11 era s.-tareans , aIad algae

* predom inate.

216. Ago and growth. Lonlit ha 121' itltm inarows glenerally range

between 50 and 75 mm, ind rlax mum righ between 7) and1( 100 mm. Ma' ,t



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 (Pi ephales 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

Lailwater, Colorado, 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 170 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 197). This species was also introduced into Dale Hollow

tailwater, Tennessee, probably through its use as a bait fish (Bauer

1976).

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

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

tqlwater, Kentucky (J. P. Carter 1968 a) and is common in the drainage

of 1it Walnut Creek, Ohio, including Hoover Dam tailwater (Cavender

a,l Crunkilton 197)4). The bluntnnse minnow has disappeared from the

Grand River below 'hand Dam, Ontario, presumably because of lack of

spawning car seil by temperature reductions, since the species is com-

mrly found in the drair;ge above the reservoir (Spence and Hynes

i977b)7



I Tile bill Ilead vi 1l unew (I'imphUIal] 'i ,,x wan., 1joosent ii the

col I wael elow (2ari;'OlI 
1 1r To, a , it! 1 9'rt *ic wao> Wn ot. call act 0

lit ri1 l VP ) L ye thk e'vv . 1 explatrlatin was IT-)T 1

10- ZliiO0O a Jo l Oeit2.1 il th 10p i I ho coct3krii %bova- tiji Ia;P:.

11: bkll 11u. 1 pt.-i rlo LI ill o hit' (-Edward.'-, T)

ii~l nI1 1 llI~W (1 h b us mrhil i1 il) w(I ihul.

T ~ ~ C ~ 1 'W Iwo i OR 1kl 11lITsn 11, lit-br3 r

l" IL AU Alii I 1' Wa4A.('1_ jII1 Ii YcC. )f ' the( 1

! b"Il by Ii P W 31 i-1, il I -'h -,l 4 'a' w atter. !bY !l1j(,_,iLy, y>)ul~j

I ' 3, WI I , 0 minnows wero re er t;' "r ill

I I I.lic' T 11 1 he ~ .o

1,) 1 I ih V!1 *Lp A: .11 innn- 'P lblPsie-

ol 1 w !I;- ho '' 1)t ve:'- .I;!IV 1 1 re100W ' d1U~ OP)CS A

Wp) 111 1 1, \'II I 10 eC-Ic e iI the ove rall

171l; tIk'W 1, i......... ha Ehar 1 r IIi e mlt " c Ile

L 1 i W I e , c w i W't, L 'oe I ai rla. I u r s we re resiponi_ i b e.

* O hW. W" r II t C .,I I.. 1. W PI wi. i i :tiI Iw:i er belIow FIle ho: : t Biu1t to

D-,71 ii, O-W Mxi ), Whore.(: the',' up' Yl ( p011of lris*'beldi

!r"t in selfl 5(1 00 I by o 1eictro,_Ioe-kin 11 ( 111101-i ItIP P Nav:,rrye IQ97)

I . '111, i>!,: ShinerOs ( Hotropi.-) zire thie mos-t :Ibundinlt spec i s

ij wit11113 tihe Cyprirlii ao . They :ilPO a diivorse, gi',o 115 lIll(,a vnII OU.3

:11 I(Cl 01 have ai wide varetyCVOfhIb ~ of rlerencop._ 14:,ry nr PCoun1)1

oill3 lakalI ,, pflnd 3, or bac~kwater,.- w1Ii it.1 lt ho -ur~renlt, and others

1 a PI CI y ill small headwater s troami . Rel: ively fow ohine~r spc ie re

fourld I n tp *I waters-..fito: in tiwaesproefor modmerlt to are

.1101 tpxoiii Wi th oleIflVo P ll1'W lvite I'loij4I041t ietfo; Csf year,



1 ~ ~ ~ ~ (:f UtN 11( ,11i ,a 0 a ni , po- Jve I , rubble( and or

'-)u L'-t 6 pcr. iM. Lc:- ' o 1rave fuin1 the jeep1, s;wift

ie o:-, a e i in oitrrvnt" i- P me , ne i at tely bol rw sucwh

01 K1 "th,2'.) le' t'' ' low t'dt'.ci'ttt:'tirs andi

it .:1% o w ftt' a, I : i > 'a'OW fctd n schnols

in mi iwatet'o 10 at' ;he su111aceo, ;td t.~-% he; aw teinltfot:

*, Otl) .fi . ;nlnetno : ito; vai t l , t I! T.< iIOI tb e nti

1 *M 11 C ' !I: t0. '1 h ne s

It.,' w.1 e" i a .t x,-ovae !balw ;es r. gr~ivel in

.......................... :,Iow. they o)f; eai I:wo at, the he ld of

flI tI , -1t 1 1 r, .... rt It I. W.21 , . .1S0>00' II 11 . r I, :'

:,(-W probnbl4 not. ta ,,a (a -w

310h''.12 't'a ih'<'iveccj d; rop 1.> tile b tt'tm it.1 bocM Pt 1 L:dpre

hewei''t''ee.. rul -; uiat,oh i n about, '-1 ', ;MmY ait :Ii '0C

11.1 *tvi e'It ;b otr P'

CF. . .a;': iv, 0'o m''II'dfI v'bit; . They f'eed on

,in, .2-e .a~e

-:77. ~ t~r wl i. A veo ot:. ' ;A ul 1shtiiners; is vairiable

:1 6; s 'c by AlA It;'i .' e, tiptrifo between )and mm5 u long andj crc6 a mx I ntua IengI.It 'n m i It It -Cther' s pece eni'iflm between

'7' trt Lit, tnt' ',011j- l L r n; a n-t rt;I ' 'ngtX1TIITh of 17 mm. Males iroe

* 4 hit Ia;rtcer i rt .'me 1 i ('it , anid feiTT 1 >': nt 1't here . Moet sin ere it une

in t"heit. it1i1lot Ihid otlnmt'n; f'ow 1 1!ye beyenl age( TTT.

99



Shiners in taiwaters

329. The shiners are a varied taxonomic group with many species.

The majority discussed in this section are members of the genus

Plotropis; however, two shiners from the grenera Notemigonus and

Richardsonius are also included.

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

cold tailwaters. It is abundant in Bull Shoals tailwatcr, Arkansas

(Brown et itl. 1968; Hofftnan and3 Kilihi 1970), and is favored in the

;Uilwater environment below Hoover Reservoir, Ohio, by both the reduced

temperature andi the abundance of well-develpt.d riffles (Cavender andI

'runkilton 197b) . This species, together with the blackohiri shiner

(!otrori s hieteroicon) arnd redf'in shiner (ilotropis umbratilis) , has dis-

nppea-e, li 1h, wtirm ttilwaiters below four hydropower facilities on

the Au .21&l Ri B er, 14ihig~an (Richards., 1976).

The iici shiner (Notropis ve-lucellus) has become a commron

:I c, !s () w the santqe four hydlropower impound-ments on the Au Sable

l~v' (Ticirs10Y). This- shiner has disappeared from the cold

no n D::m tn ilwater in Texas-, although it is common inl the river above

ros ry is(Ediwards 1978).

:he redside .;hiner (ihdoiusbalteatus) dloes well in

1hwa!r- aIni I old tailwaters. It t hrives- in wa-,ter temperatures up to

(. yC' whik-h occur in1 tai lWaters below dams oni the? Row River, Long Tom

!ind Coas t. Fork Wil11 mette River i n Oregon ( Hutchi sorn et al.

1',6)it is- aibundaini in the cold t-ilwtlers below Owyhee Reservoir

-11: I A1t,,ol Relservo)ir, Oregon (Fortune and Thomips-on 1969). It also

f.no.r)t be mali ni niring its abundance in the cold Fontenelle

-( o l'j osWyoyning1 (Mullan et a.1970).

1H - . Thle red shi ner (Notropi sIure: s is fouind in both warm

fnd -cA-1 taiilwnt ers. It, is the most. abrdn species in Lake Carl

Pl rkwe Ii t.,iilwnjtor, Oklahoma (Cross 19';0) . Below Canyon Dam, Texas,

i, is the t.hir vi moot, abundant spec ies . Edwards ( 197N) beli eves that

* st, b i-1 a ~ fwat" r flows below this dam has inc sensed red shiner
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334. The golden shiner (Notemigonus crysoleucas) and the spottail

shiner (Notropis hussonius) are numerous in warm Holyoke Dam tailwater,

Massachusetts (Jefferies 19714). In 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 1974; Bauer 1976; Edwards 1978).

335. Large numbers of young emerald shiners (Notropis

atherinoides)--up to 800,000 in 24 hours--were lost in the discharge

from Lewis and Clark Lake, South Dakota (Walburg 1971). In the

tailwater, this species is widely used as forage by game fish (Walburg

et al. 1971). This species composed 16 percent of the fish taken in

Buckhorn tailwater Lnd was also taken from Barren Reservoir tailwater,

Kentucky, in an electrofishing survey (Henley 1967; J. F. Carter 19 6 8 a).

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

cold taiLwaters is varied. It occurs comnonly in both Hoover tailwater,

Ohio, and Barren Reservoir tailwater, Kentucky (J. P. Carter 19 6 8 a;

Cavender and Crunkilton 1971,). This shiner has disappeared below Shand

Dam in Ontario due to a delay in spawning caused by cold water temper-

atures (Snence ,tnd Hynes J971b).

3 7. A largFe number of other shiner species occur in cold

tai iIwter.'. The duiskystripe shiner (Notropis pilsbryi) is the most

abuntint cyvrinid in Norfork tailwater, Arkansas. This species, along

with 'hto Nirye -hiner (Not rois boops) and the whitetail shiner

((t- lcturus) is abundant in Bull Shoals tailwater, Arkansas

(Brown et al. 196S; Hoffman and Kilambi 1970). In Hoover tailwater,

- Ohio, the striped shiner (Notropis chrysocephalus) is abundant, while

a species not found upstream, the sand shiner (Notropis stramineus),
'1 is common. Two other species, the rosefin shiner (Notropis ardens)

and the silver shiner (Notropi.j photogenis), are rare in Hoover

tailwater, although they are common in the headwater streams above

the reservoir (Cavender and Crunkilton 1974). The silver shiner was

also fo)und in electcoshocking 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 tai lwaters

'1i'. The stoneroller is reported in a number of cold tajiwaters.

It, was the most abundant species collected in Beaver taiwater,

Arkansas. It is also commonly found in the tolwaters of Bull Shoals

Reservoir and Norfork Reservoir in Arkansas (Brown et al. 1968; Bacon

et al. 1969; Hoffman and Kilainbi. 1970). The stoneroller is abundant in

Apalnohia tailwater, Tennessee (Bill 1978), and is also found in other

tailwaters -f the Tennes;see Valley system, where it is used as forage

1), g-ame fish (Pfitze-r 1902). S;tonerollers were -'otaken in electro-

fisihing- samples from Nolin tailwater, Kentucky (J. P. Carter 1968a).

The tshallow gravel-bedrock substrate and 1~4.4~ to 21. 7 0 C temperatures

have favored the stoneroller in Hocover tailwater, Ohio. Large numbers

of stonerollers spawn an the shallow riffles- below thle dlam and both

adults ind young, are found in this tailwater throughout the year

(Cavendler and Cruiikilton 197))

Daces in tailwat ers

34 3. Members of seven grenera of cyprinids are referred to by the

-,Dmmon name kdace." Only two genera, Phoxinus and Rhinichthys, Com-

prising, four ptecies, have been reported in tailwaters.-

3414. The speckled face (Rhinichthys nscul-us) appears to do well

in onic western coildwater ta i wa ters. It ii; abundant below Owyhee Dan

and Antelone Reservoir , Oregon (Fortune and Thompson 1 969) . This

speci es irs urvived below Bliw Mea-n Da-)m, Colorado, and has increased

in Foatenel l taLil water, wyomilig (Kinnear 1967; Mul lan et al . 1976).

3> 5. T'i nnoel (Rhini chthys cataractae) has survived in

some old f.,,illiwaers. It, j.. commonly l'ound bel ow Owyhee Pam and has

survived be-low Gr-inbyi D.i, Coiloraido (Weber 1 9'9; Fortune and Thompson

11 9()9) . If, hans dl sappen red from the warm tailwaters below four small

hydropo~wer (inns on Michigan ',; Au >able River (Richards 1976).

')i6. T1wo nthtr species of' dare have been reported from cold

tri ili wters. The aoii themn redbel ly dace (Phoxinus erythrogaster) occurs

iti pr)] ds be low Nrfnrrk PArk- ,rsas (Brown et al. 1968) , and the
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blalckneose d&ice (Rhiniehithys atraitulus) in the headwater streams of Big

Watlnut. Creek, Ohio), and ceam ionally downstream in the lioover Ruin

tai iwat er (Cavencier and Crunkilton 10i).

Squwi>sho a,i ehi selmrouths it> tailTwaters

3(.Squawfishes and chiselmouths are found only in wes-tern North

Ar>' .' The1 nort hlern squawfi oh therives in the worm (upr to 26.)70 C)

tailIwat err below Cottage Grove Reservoir, Dorena- Res;ervoir, andl Forn

RidgeResevoir, Oregon (H-utchi' -)n et ii. 1966 ) . hiE s seisas

apnears; to do we: 1-in nest o-i l1ailwaters. in., t ogeli)er with the

ehi elnoth,; s abundanit be:low both Owyrhee Draaa Antelope Rea ervoi r

in Oreg, !-(otuecii Themes,- 10 ,. h4 the- nor' ho-rn .. je n twfn sh

anthe cisimt hart? ,ormtonl . .I.wi c!l on
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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 24 and 50 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 Sei. Spring spawning

bream and carp have declined in abundance. However, the stabilization

of flows throughout the year below this dam have improved the repro-

ductive success of the summer spawninr white bream (Orlova and Popova

1976).

351. A reduction in mean water temperature of ), to 50C 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 73 percent before impoundment to only 4O 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 al]tered temperature regime has also shifted

the spawning activity of the shemia from early summer to autumn. [his

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 Narova 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 Cy-prinidae. Each group of suckers has specific habitat 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.

35-,i Most sutckers 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. Smnll suckers are an important source of forage for game fishes.

355. Those catostomids that commonly occur in tailwaters will be

discussed under thi-ee groups--buffaloes, suckers, and redhorse.

Buffal oes

356. Habitat. The three buffalo 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. Buffaloes 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

buiffalo occurs most often in strong currents.
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357. Reproduction. 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 arid adhere 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

watter temperature of aboupt ]6.7 0 C.

358. Food. Studies by McComish (1967) and otiners revealed that

all ages of bigmouth buffalo feed principally on zooplankton. The

large, terminal mouth and numerous slender gill ralers are efficient

devices for straining zoopliankton from the water.

350. Zooplankton and attached alrae were the principal foods

found in smallmouth buffalo stomachs (McComish 1967). This species is

primarily a bottom feeder, as indicate! by the high frequency of insect

larvae, attached algae, and associated detritus and sand in the stom-

achs. The diet of the black buffalo is assumed to be similar to that

of the snallmouth buffalo.

360. Age and growth. The bigmouth is the l'rgest buffalo species.

Adults are commonly 380 to 690 mm long and weigh 0.9 to 6.3 kg.

Weights of 13.6 kg are riot uncommon. Smallmouth and black buffaloes

are somewhat smaller than the bigmouth.

( . Buffaloes are long-lived, many living more than 10 years.

Females grow larger than males. According to Schoffman (19143) the

average leng-ths and wei hts reached by the bigmouth buffalo in Reelfoot

L:ake, Ternesce, th-rough the first eight summers of life were as

flows:
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Age in summers Length, mm Weight, kg

335 0.7(

3 386 1.0

5 455 114

6 528 2.14

7 597 3.)4

8 668 .

362. Growth in weight increases progressively during the first

eight summers, indicating that fish in their eighth summer are still in

aL fast -rowing period of life.

Buffaloes in taliwaters

)63. Buffaloes inhabit prnarly lakes or large rivers and gen-

erally are nt, inportant i~n tajiwaters. In most instances where

buffaloes are fCound in taiiwaters, they have migrated into the area

from the downstream r-eervoir o-)I river.

3C0h. S mallmntuth and bit-mouth buffaloes are conmmon sumnier inhabi-

tants; of' Lewis aind Clark La ke tai iwators in South Dakota and Nebraska.

Fisih collected in June had ulready spaiwned, and it was assumed that

+.heir prcnoin the tailwriter was related1 to feodinr activity

(Walbur-g, Of al.. 1 971 ). The increaise of sinallmouth buffaloes in Dale

hiollow tal tlwo ter, Tennessee, was alt tibuted to their, migration upstream

from (forIdel 1 Bull Res-ervoir (Banotr 1976). Buffaloes are important in

the smailler Rough River tai iwater inr Kent ucky where they made up 9.3

peceent of the fis;h ca tch by weif ghti (it enley 1967). This tailwater

di feir from most because it, i.; essentially a long pool created by a

mill Jam 9.7 km do-wnstr-eamu. These pondlike conditions closely dupli-

36-I~eth Threfey shlow, hasibiwate in mt bufaloaesopedwt

rate ) t he referred 1 ntii habitat of mth bufaloaes opedwt

lack of recrulit.viont , severelfy ciurtai Is or eliminates buffalo popula-

tions in t.ai Iwafer:. hI'ack buffaloes were important in an

OL homai ta:il watei' shortly aterimpoundment but were unable to sustain
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themselves. This was reflected by the rapid decline from 15 to 6 per-

cent of total catch within 2 years (Hail 1949; Hall and Latta 1951).

366. The food of buffaloes in tailwaters has not been studied

extensively. Walburg et al. (1971) t'ound 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

tai lwater.

Suckers

e(7. A number of sucker species occur in tailwuters. Most com-

riony mentioned in the literature are the northern hog sucker, spotted

sucker, river carpsucker, quillbak carpsucker, white sucker, longnose

sucker, flannelmouth sucker, bluehe:ad sucker, and largescale sucker.

The first four 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 the

West :Lnd "outh. Description of life history will be limited to the

northern hot sucker, spotted sucker, river and quillback carpsuckers,

white sucker, lonlnose sucker, mad lurgesoale sucker. Description of

tailwater distributi on includes ll nine of the suckers mentioned

above plus sever'l other less common species.

368. halbitat. The northern hog sucker is an inhabitant of

moderate-si-.es streams that have clean gravel or rock bottoms and

perranent flow. It is usually found on the stream bottom in riffles

or in pools with noticeaible current. The heavy bony head, slender

tapering body, enlarged 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

of it.s strongly mottled j : barred coloration.

J69. The spotted sucker lives in lakes, overflow ponds, sloughs,

o xb(,ws, and clean sluggish streams with sandy, gravelly, or hard clay

bottoms without silt. It seems intolerant to turbidity, pollutants,

a:d clay-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 carp'umcker prefers turbid waters with soft bottoms, while the

closely related quillback is found in clearer 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

arid 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

lakes and streams. Its occurrence in streams is usually related to

spawning activity.

373. Largescale suckers live in lakes and in large rivers. They

wLre often nmnerous in the weedy shoreward areas of lakes, in backwaters,

lni in stream muths. This species and the longnose sucker are often

t ' i yI !,xethier it the same general habitat.

7%. Neproduction. The northern hog sucker spawns during spring

heit, he:tlds of g ravelly riffles in water 8 to 13 cm deep, when water

nrc' , re,'es 1 5. °0. Each female is attended by one or more

Sink' . 'Ph'" ,,'er; l , nonadhesive egg, are deposited in a depression

OL te i;,'m httin "d aibnndoned.

-7,. The spotted sucker spawns on riffles above large pools during

the i-spring whon writ 's tomperature ranges between 15 and 18'C. The eggs

hat'h in 7 to t' iPry s, depending on temperature.

.7(i. Cavr!,kckrn' are shallow-water, random spawners. They spawn

.n the spring when writer temperatures reach about 21 0 C. Eggs are

dispersed int, the wrter colunn where they eventually settle to the

stt-o.an bittom rtnd adhere to the substrate.
7 7. White suckers spanw in the early spring. Adults usually

mirrate from 1lake, intn grrivelly streams when stream temperatures reach

in°5C, but they ire a lso known to spawn on lake margins, or quiet areas

, i ,i'' moot h' ):' blocked stream., and in tailwaters. Spawning sites are

1ually in shfil l,,w water with a gravel bottom, but they may also spawn

it. ralids. No ne'st is built; eggs 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 50C. 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 O 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 substrate. Hatching and emergence of fry is similar to that

reported for the white sucker.

379. Ir;ce, cale suckers spawn in spring, usually in deeper sandy

,r, s fstr , ms where current is strong, but sometimes on gravelly or

sandy sh. ~1s~ i , I'tk("s-. They enter spawniing streams when water temper-

,V . 9°C ,n i .ua: wn a week or more later than the white

sucker, in th- .;,ne streanis. . !pawning activity and hatching and emer-

gence , fry is isii far 1 t 1.!h't reported for wlite suckers.

380. Fool. The iicrtherri he, sucker is an active feeder, over-

turning rocks arid stirrinf up the bottom as it forages for immature

aquatic insects and oiher bo)ttom life with its fleshy, sucking lips.

381. The fod of tne spotted sucker is said to consist mostly of

mollusks and insect ]',rvae.

S8?. Carpsuckers brow-,e extensively on attached filamentous algae.

* Other diet items include aquatic insects, worms, and mollusks.

iRP3. Whiro suckers hive rather generalized food habits but subsist

mos t ly nn imni ture aqui tic i nsects.

- .. The diet of lengnese suckers consists almost entirely of

I ]ae , ,hirf-nrmid larvae, amphipods, and other bottom organisms. Food

* or y,1uif fish incluldes- immatiure iquatic insects, copepods, cladocerans,

and il-ie.
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385. The diet of' the largescale sucker consists almost entirely

of bottom orfan i'nms such as aquatic insects, crustaceans, snails, and

al a

386. Age and g, rowth. According, tc, Pflieger (1975), northern hog

suckers ill Missouri streams reach a length of about 85 mm by the end of

their first year of life and avorage 165, 246, 300, and '-3O mm in their

second through fifth years. Females grow more rapidly than males after

the fifth year and attain a larger maximum size. Males mature at age

I1 and females at age Ill.

387. In Oklahoma, the spntted sucker attains a length of about

155 lmm in its first year ind aver:ges 287, 338, 409, and 439 mm at the

end of succeeding ye:ars. Maturity is reache,i at 3 years of age, and

the mauximum life span is about 5 years- (Jackson 1957).

3,58. According to Pflieg er (1975), river carrTsuckers in Missouri

average 81 mm in length by the end of their firsl year of life and 165,

229, 312, and 348 =m in succer_'ding years. Maximum life span is at

Least 10 years. Average annual growth of the quiilback carpsucker is

slightly greater than that of the river c'irpsucker.

389. In Missouri, the white sucker averages 07 m in length by

the end ,f its first year of liFe and 173,-i 9, and 20 mm in succeeding

y,,ars. 'axiir'aim length is about 50b cMi. Fi rh m'it,1ae when 3 or 4 years

o01 mls mCitrue 2 year earlier than fem:i1es.

390. Accordlig t,( Brown (1971), lonsose ,,',ers in Montana

ave rage 7( mim by tie end of' f. filst ve:ir of !iFe and 110, 216, 267,

, , i 43.' ram ill .tlceedin: years. ,h largest inadivicdual reported

:'r" . ; i as I mc lWei f-, we ili . k . Ti sh mature at 4 or 5

'c',til's of age.

9!. Growth of Iircss' isuckers is generally slow. According

to Brown (197), gr"w h in t:i averages 51 mm by the end of the

first ,ea ' . f ,f and 19, - tO, 190, and 514 mm in suceed i rig years.

Vie imer ,.'s ci a: S year's hIsy" been r,, -ted. hliis .ucker matures

wli.en i r yeairs old.
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Sucketrn. inl tai iwaters

,9,'. The ef feel s of tailwaters an stickers have been vari ed, de-

pending, en the type, of tailwater an(] the spe-_cies of suceker. Taken as

a grouip, nuckers,- compiose a significant segment of the fish populaiticon

in many tai lwaters.

393 . Th,. northern hog- suicker- is aLbundaint in many eastern

coldwater tai Iwaters. Pierce (1969) found no change in the numbers of

hogr .,uickers below 'umert7-.ill e Dunl in Wesi. Vi rini-i following closure.

H:og, LCuCekers have remal nedi extremely abunda.nt in Chilhowee tai iwater,

Norrin.- tallwater, and Apalnehia tajiwater in the Tennessee Valley,

Where young l:' ) lhe ven r are nedan'oiA -,Source by game fish (Pfit zer

19(; Hll 97) .The lower watter temocatures(li.i21lCsgty

red ncot d tnb i di y, niixed gravel-bedrock n-.ubstrate, and higher dissolvedi

oxygn lvel(always >0.0 mg/l) provide optimal conditions for pro-

nrc n lare nunbers of hog n;uckersF below Hoover Dam, Ohio (Cavender

ndCrimP iltori 1" O~). Hog. suc',kers ippir-ently haive been eliminated from

coIIL IIie A'~sn hywre niumerous here in i9)0 when the

Wet win cmide ted but ha isay pea red by 1959 (Baker 1959; Brown

I 7 eansonc; :or the di sanpren rance were not, spec i iedi

M211. Th eLt ukris jl so common in some eaotern tailite-s.

ai-, one i't he Jonlinut n oie ;e in Dale Holl ow to ilwat er , Tennessee

(Biauer I 07( ) . It, i o udn i-moderate abundonce in the col)d

Lii ~ -! w! n - vor P~evirOhio, ind uast Lynn Luke, West Virginia

(Citvtndle ri 71C'111nk! i],).n 11 ' ); (i'-adno 1 975) . OccourreOnce inl these

La i waer in nI. tkiy Pciv e to truns.Iort, of fish over the dam from

Hereser-ve ii ibor -. Cu esfr erro luc tinnr of s-pottedl suickers oc curs

:r rn v iii oavorHe ee Young - ( : Lire your escape over the dam

isOare fo)Irl ttt rorreh)il r it e 1 enjgt~l of 1lower igWalnut Creek ( Cavender

andran i t's197).Adiilt; spottedore !ire thle fifth most numerous

Sr'ecie e over thle !71i I lwuty o f Ii! tt Ie g'rasisy Lake i n IllIinois, com-

The r-lvei' 0apncer'cur 1(i; e i mdl~ Warm taI IWn ters.

Tt,-,inn on f' tire, ro.> inti nine- nativye pe enfouind bel ow Canyon

oe:;rv r Tei n( Whi te !960) . ItLI i - i nr :birdiant i n lewi a and Clark



taiiwaters on the South Dakota-Nebraska border (Walburg 1971). The

damming ol' Big Walnut Creek has altered quillback distribution by

blocking upstream migration and increasing spring concentrations in the

tailwater (Cavender and Crunkilton 1974).

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

tiLwater consisted primarily 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 sucker is adaptable to conditions in cold tailwaters which can

closely resemble headwater stream habitats. It is abundant below Hoover

Dam 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

increa-sed threofold in the 3 years following impoundment (Wirth et al.

1970). Even with a reduction of flows to only 11 percent of the

historic average, white suckers have remained numerous in cold Granby

t.,i w:er in CoLorado (Weber 19,59). They are also abundant in the

tai iwater below 11olyoke Dam, Massachusetts (Jefferies 19714).

:]QO. On rome rivers, the construction of reservoirs has allowed

the white sucker to increase in numbers or become dominant in drainages

wh're it. was prvi usly of only minor importance. Increased abundance

fthe white sucker in Dale Honllow tauilwaters, Tennessee, is attributed

to the deeper, more lentic habitat. f'ound in the lower tailwater, caused

by the down:stream impoundment of Cordell 1 ull Reservoir on the

Cumborlind River (Bauer 1970).

4io. Tin the T:Lylor and Gunnison rivers in Colorado, the reduction

!n temperat,ire and turbidity below some reservoirs has ill owed the

wli e sucker to out oompete most other native sucker species, e.g.,

fi anne] mouth and bluehead .uckers (Mullan et al. 1976; Wi trius 1978).
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The white sucker is apparently able to reproduce in both of these reser-

voirs and~ ta~liters, which accounts for its dominance over the native

:kesin the Guntnison River drainage (Wiltzius 1978). Tailwater con-

dition,.- apparentlIy nid growth, since the condition factor (weight in

relati on to length) of' whI te suckers increased in Blue Mesa tailwater

tol lowing- iimlounimnew (Ki nnear 1967).

40i1 The longrrionze suicker hais become abundant in the tailwaters of

two Colortado 1 cnn., and it ha.- a? noc di splaced the native sucker species

(Mullan et al. 197(6; Wiltaluis 1978)). The reduced temperature and

'.urbidity in these tailwaters, together with the longnose sucker's

ability to reproduce succoessfully, may give this species a competitive

cidvanltage.

40". Lorinoso suckers also) adapt well to reductions in flow below

am.They have survived in flows amounting to only 11 percent of the

atnnual aiverage,( (Weber 19',Q) . Additionally, they remain irn two Wyoming,

a Iiwtetinl spite of s1 -easonal reduction of discharge froml 24.5 to

0. 0). a /nec arnd 2.,' t 7) 0. 01 m '/sec, respectively (Wesche 19710).

N OR. "he effecs's of' reservoir construction and operation in

we!n; e ri ver,.; n the historically dIominant flannelmouth and bluehead

sitcons have been mixed. The flannelnouth sucker remains the most

rirreroi01Sn at ive -opecien below Glen Canyon Dam, Arizona, and the blue-

he ~ ~ l- -ite i till prnn.in GIranby tailwaters (Weber 10259; Muilan

K.aI.10 06) . ;li f en flanricoifout sucker have dec 1 med in I

iiiit t IIwier bcaneof reduced water temperatures (Mullan et al.

I 0u) Abantte f both thle flainteim uth sucker and the bluehead

nitc~r n ereaet it a New Mexico tai iwnter because of reduced

* mni tccn pi t., Il from Stou,,t (Mull an et zil . 1976) . However,

:'0 kmi downnl, ream, where the river returnts to its warmer, more turbid

a c mii , he f'Innneimnitth sucker stil I predomi nates (Graves and

ltIen1962 , !q09).

)4)1 The montO seriecs7 reduct-ion of bluehead and fiannelmouth

* suckersita octtt'cedI belIow two Coloraido taiiatern- where cellI water

temptatrenand reduiced ttirb id ity have Iae other speci es to out.-

.,ompefl e thtu". The resultha beeni the di sappearince of both species
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fromI One Of the tciAwt aand their genreral decline in the other

(Mat aia et al . i)71"; Iitia197Th).

40'). The viet m 'wter tempera t res in U Montana tai iwater

hat-, delIayedi 1*0t)ro)dUnci) 0 t11 woks 11i both the largescale and long-

iioe cokes. Del i y itaan i ha- decreaised 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.

I geoale a.: 1 aare extremely :&tbuno1tnt. tel, w floveni Dain, Fern Ridge

a:;,cv. i .. olkout Poinit Diuc , and Po xI 7 or au in rgoapparently

11in ti'll ''. to ?Y0C .lemn.iervtu res ,uimitonly aitta 1ned in these

wrmwai'tr t.; i iwaters, (Iliutnhi con et :tl. )6.

), 0. Th. elffeot s o!'woro r 'oi acon ot her I ea.s widely

.d 1a i i'I t edl ctwker ari orhve al s,, bi. ii xei . Lowered water tominer-

rcit II. l von)i no1 t:1 i Lw; I "t. Irivo' -I ha: 1 ti od he hliv.ipbooksuce

Whi W> 11. i .- h m"11 mi ; 11 .'kr 0 I Labi i0 even !icrease i.ts

'0' Ilo blvif'.ho t ailt, !A o' iv '' a b nin the

117 i 1h1!a in the wa;rm- !"'Wit" 011 an. ak t1water. on the

'1<1 011 9111 !Otlen r 9 ti I i 'er]

1w '1 Va]. ~al'a 'ii: 'li ro n'. Ii lcT n silver,

[II n ~: 111 *1 . ,' 1:2 1 1 1iI 1 . 01 1 c nalna haing per-

"I .''. ]i'-t! r.:1' 'I' w'ak' 1-c I -)t Nil.. Tle i ac rodhorse,

2.11'1.. .. . , : 'a. 'o L. C rih.aei a more aIbundant

II' 011. '... 1 0 .~ i':111 o.'1 "or I'roeama. Whlere the



two occur iojef ther , I t ho bkick LF:d- fehr o fc it preclomrniate i n short.

rooky p)ool a- wit h curtrent . whe .'t
2 i, f. heo i e redoillie is most tbundlnt

iii larg-er oo i iiIb'rK.ltc2 wihout riot j ceab] e c-urrent.

)'-10. 'I'le cc v( les i.:c erc 1os tol erant ()f t' urbi di ty, , iit!!-

,tin, '1111lii t aI iiI W tliarn the othler rediliorace sijokey';_ i~

s -olde LIt ed11horice 1 tieh1' tolI clint of both turt i ilty ':11lt m I.et

o~w ,wil Iet. Ik Dci 1 It'r lkI,) spriil' i trears lravinr 1 .i'-1

<2t~lc'lt 'I' 111':'itf l' iv o xcetivoly ii~lt turb. it'.Ti i rr

re~l~'' 'thle i~htP~ tl'in its habiit t recUli ilemotc

11 ~'i'ol~t!,I' i P ui ''t zi'' flml' i in Al 1 1 ')r yv whoa i 
t 

ti'e

t'tii't-atut c, reach a boult - OC . ''jpL-~ 1l ag occu'S i rj <W n aw,!e

Ito 61 i i leep aind lirP 1 s't 1 ubbl ril 'xeII wI ii ltct

a o ns Of nal rv 1t :1t hil t 
1 tu i 1 t art' f2% ('I-(.

-v-'~' Ih tis vol nn~l ibi it:t1'2 2 . ':ny ;tivef

I.; Ih r 1 11 "'y i. 11 w t ik, 'h r in" ''

1) t I.< 0 1i 1 :' ;ct.r illcr'.

Iit I iO 1, 1 f l'' Ol ) i' Mi t In i I: 'Be, i t >9 r iI.- I.

'a.I 7 rm. ill vf211 1iilt t'icli ' 1. 012 '200 V~

- 'XceI U :ot)I t
'lt' ' - ald !I';w il t.-in:)iv lien ro lve baend 0 or

LjI). . ,i-"I -in i 'iniwt i, V I le 'rlI:in 1-1- O fil. 'm Xoept thft

hi' ck ' I'll !-, 1 .: . I-wV 1 'ili i' thle i o. The river rolherse

It ife bittI t, ' 't'aI I I v t yr' 'P: v:a!- ii ii'0a, :ne:' t ien: it, a so h:ais
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W't W I 11 44.

vo! 11 til (lxi:l ':I
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:,wl. s I:ut-ge st:- that they were attempting, to spawn (Cavender and
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ieuI iin (' 11 Iw (will) "Po rivor reilior,-e ha-, inre.anel ili the Itwer

t~~tjd lwie D- tiI e l1t1 low 11en ervel r Tti ee, iro 1100 , i iinu~.it. in by

CrdelI ln H1111 rul (Rlier I 9(6. The .;'l;'i ehine-. I:- aiuridinl

in Lew! -, -m C i rk !, Ike La vit I t, "wut lh Dikt,% nnl !em:k . i, re f

l '1i Y 1' oa I Is 1.1, 1 1 I'l :tti nkt i fro mmt ren ir i Y ntw' I e

T, (-!, i li t. ~ it Yl0  
t, ri oI 1.' trot i I In teit l ( -I 1 .r o-

ri ille

d' lltO. Td(, t lt r~ nit, fn! 1 r' lit ' *1 (, I Me cc it h, I re i I fv t Ie-,

Int t' " 11 i I t, r i; , i I :-, ar It m r i. il n* i- I I rt tel t t2 I lit f%..tlr

-, it I, 1 x7'ai CI!; 11t i e . Xe r k2 rio ? po1 'w rn 0 i t ott ho -? )f ( o ) I I;t111 3 t r

CL~'( I ec pi tt I v i,, Ie 2 i o V i "t dt I ' ct il- i " O T het e t wir r-dl~ y ziirbe -

ct 1.1 It' r ( - Iip I n t I , ist 1, ,t. I O v2 (,i~ii l :1)11 - hI- i li tI

'I t itol tt~'i~ul, T,,f bui% bt;;.rown m,i yellw I hillie ne may i occt

ijii thui wiJ trL but it hoy nit ir I -iIe I I 11i t Iv. A te f i* 1i it fon i

tiNO tifu lind-. t Inu n w ith O t urbie w ater,11 p n ti bItt o an;)dw l

ireel elne (W :-.ii I t ittfnii Thfey rek rimd my neen b-

etlne ut ihi r oat 11 n ''.enul neel Belivek Irbeid- n sTiv il nnihabit. thf

tOWt' t I;'Iit te ( Otmed r iim tre .,m-- o 1( 1 eadf 1 en ,

I . 1m 1 tnl Ti;' i vork , it ~ , i - 1 i w .tb 1 ed mayea ofu

art.tii' I~rm~rtn ttie1; Tmai 1o inc tI riijb ten, Le res imni miiy obrown



It id ye, I l ow hilI hair iivi I ly ooerir but seem to repolace them if the

habta. eter ~ ii~2 .Yell ow bullheads; seem to prefer clecarer water.

iP? To: lst on.The reproduct ive habits of' the biill1heaids- are

510 m 1i r . They -i :0411 ill late 2mr inf- ol" (2: ly summier , when W!Ltecr tenmer-

aLtures reakirh boa. 1 C ini sauce r-shaped nests fanned out by one or

both pa-rer t Pish . Nest:- an e us-uatl y bener t.h some type of cover such

"? or*rh eI:ohval el l thel( teeriti, bo)ttom. One of the parents

re cj i on!. isi1 vwi th thle eg-''s, antli 1 they hatch1. Minfleiws and

Hal ni fri' .bre't'rved ltwl hilt nest., illh u to (?at errgs wueln-

cee the ta t t' e; so .f ~ FlI-t: haltlh inl t dahiV5 it MO.(t

* . . At. hii twtg : ol ing are abolit tri nng the y remin f ii

tort; uiti 1 :4) )lit!,her seonth lay. ITo Y 'ring bill I hasmove aibouit in :t

)orr~aC aehooi f't~er 1 eailig I lie neslt, and ' ( bt uct e accoras l?"ed

1-" Ui r i 1 a' 11 !1 . TPhe- U1, !!bar ind, ti IY ivtie, ult when

bet~~~~~~~ m, r i've Onlar I t aoi a, 1 . Am Iuts eat

<sir~~~~ t! -eonr 1 a. 1 Ii I it.0 e. r' i ai I Wr t:tii Vi

llll, 1qph I )os and triay I~clsv lea.

Ki.Age, roid grwt. aO clk imt wi4, or.::, tho 1)I nek buillhead

a ta o rim in i enr'- I by tit,, end ' oftCha.y,i of li fe- and is

liii1(1 '0 'Ii 0 'i'l '1 irim [Wie atl ihe end of s~ucceeding

'ar. ( . ra a il a tim11" 11)("" ). Ii r(wI i i n t i ots hrtbi its is hitghtly

-< iiiabl*' hei *er U tgsloest it o)vvpioi i ted teonds- :itid Mtreu

l sea.Ia e tp11nt a. Bt tlI heal: tray grow to 90 mm durling

t lit fi' r 1- tii t" ill ne(W roe t'voi r:. , bnut tri nol. i'ch this length
untj 1 Ih 1fl or a; 1 xt'h yer' in1 'n ''verpopnilal.el :;tream. M1ax itmum I ife0

sri is 'iboult I0ye'nr: , billt few iiid iv iln. Is vlye more than, 5. YellIow

rind by-wn bu I I heni Is :it, t ali n:-,I iglit 1y Isig r' ai- se thani the black bullhead.



It 25. Bull headls may occur in tai iwaters, but this habitat is

generally unsiM1table becausec of re duced turbidity and sftror7, currents.

Bul iheads, found i n tail waiteo aire Ctteri Produced in backwaters, or in

the unstream re,ervo )r an ar m d through tho darn i nto the tailiwater.

It 10.li 15-om warmi 1,i i Wito1 ,1111he'ti; comni ng from the reservoir

a1bove arc :m I oportaint part, of1 the fii rhet-y. A 10')9 prc impoundment

nt- ollone snlr xey of RBIren R iver , Xen tuickv , el2ti.mated buill heads to be

0. ') ;,Or-( -!I. of the r iven I fi -h corrilnun; 1 -y ; few weo taken byv amr Igcrs

(Cr iter !Q6(0) .n I aI 1968 oieel. isurvey at- ltho IA: reri tail wAter, 1t. was

e2i mat tl1 i a .() peti of- theingI tnf o's catch was bullheads. Fi shing,

2 T!o :o t a ! w'i f *- itni In nr ,' wan correla,,ted wi th dam d 1 schairre;

* i w r~,o whn i .rh~ew:,- li rh ald poor wheon it, was low

1 "c ntMclrire1()7 ).(1(--d fi sli i success fo~r bullheads during;

to ~hC w -Ind 1(low hiotni cal buill heat pnuta u in the

Ii: , bulih-~td:- were. pr, dail y pioduced i n t1he reser-

>'isrrtel t tirourh- the Ii n tto the tal iwaten -I. The croel

I In t,., IW Iw ",In r,* o troih 1971 s-,howed a stead~y

LI) Ilt t 11 oif "< 1"" o< " IA incnt o1 theo total

K. ~~~~ a, 12 ant trenr )y n li: yi tin not only m eten

h-! h;-rdarit w2!: amble t, :or-iia' i ni tho tilwater

no ~ ~ ~ ~ ~ -::l1.aIo ol ik of!' te: i'orui tment into the

a: wicfri he s~voor b-o.

. 1>1ow Cinylo irt, Ill iooi 2, toilI lheadi- made mrn 6,.? percent

P i(-'1j 1it by Uo~ er1r. The bull heit lianvosf was 0.39 fish/hour

it r~: cc a etwilhi 0.01 Cltrh/hour ina the tail water (Fritz

( . tie~' ~icane le i c te meaen bundance of) bullheads in the

ic2 nv I Apo- i rotitly bill he,:Is fa vor the rese,(rvoit- habhitat over the

£ j iwii r i I ililhoad o' from Fern Ridge( Reserveoir , Oregon , have

i~lI tt!1i iltrY in thel( w.!nrs tai liwato(r (ftutchi son et al. . 1966).

:I'l i iid lott (1f)tri hat, '3 perc-ent. of the fish in the stilli1ng

ha i n bre ,w I2tn aOkIN11diTIii, were black buii hends . They believed

t lit the i:h found in he1 warm ta11wat~er , nel ud ing- the bullheads,

C1elthe o;j c ios romp :;i- t ion of the rese,(rvoir above and not the



vi ver downstreamr. 'The hli ck bii1 head ia tbundant in the St illwater

Creek drilnage in OkI thoma , lO o)cc(urs- in frequently in the Lake Carl

illikwel 1 taO% lw-tev. -hi a; a o I dki u- to the strong currents

in tail waters,, whiolh do not. pr <vi Ve 7i table hll Ih(ad habitat ( Cross!-

1:.? P I' 1WL eis aret-t fun IOd n 1 Lt 1iW.'1 er t-With W! ie temperature

ran,,-esi nd P0vd s nt a, El ertro fifshing showedI

that ULack ho! lhea I wer- the mo, a 0un dant fi oh -in rajnked third in

biomacs ,, in Fii P Lynrn ta ilIwnfor, Re.Vi rrIinia, where, w.-ter temperatures

ranged. ,rom ') to ?P tn !i averagol( I ( ,. (' ( Goodn, 1197 ). Pierre (19(9)

stated that hol'tt(- b!cTR T" Uc .ne a r abundant after' con o-true ,IAon of'

Cnnmeav 1 eDLm, * . V -l ven Inhouf-h tal lwater temperatures- did

not excee-d la",u mrnmoera- (30')1) ca ptnired bull heada- by tr-iP net, below

Teak!!ler Dam, O)k]ah Os.!! i a wi tor aC 1. ?to 17.72~C, -,wift. current a,

anrd I !le-colved )XY 7(n croeetritiona- ofne' thani 0.' t C/I . Poss, ,i blIe

lncreasedo~ poeluc ti)n o C bu I Ihea ~i airn t hero- roe rv as and thei r export

into the tail wi tera5 maY :o( count !'or t ho 1 rr urnbkor of' bul lheadsa

Observed.

4 9 OnlIy two p: Pe (IIS repo,(rt t, Ifood hib t- -I'f bull heA (s a n

tailwaters. Ols-on (1965) stated tha),t bu 1 heads in Nfivaje tailwriter,

New Mexico, ate a diet simiilar to(- that, sC raiinbow trout., onsistingC of

d ipte cans, piiecooterans , ephemeroptertns , aLlf710, aind fi cli; only

goastrcmpods (eaten by trout) were exci ud~ fromn the bullhead diet.

Brown buill heads below flilyoko Diam, -iscusts t- (by vol)ume) 3.

pea etitu ~ 3vercent. alg~ae, 11.9 2 ercent, ieeyol,

pecnt iioh, .2percent bryos-oans , andi 2.5percent, other i tens

Catf i oh

0).Ilbi tat,. Pour cat Ci oh L-pecies have been-r colmeted from

taiilvwters: channel rat fish, fli athen .1 catfish, blule catfish, and

wh ite c.it fish. Tho, Inst two .-,ecices resemrrble, the channel catfish and

are, coca iril in distribution. The white catfisih is foulnd in Atlantic

coas-tal~ -ftroauns from New Jerse,(,y south to Floridai, and the bluie catfish

occi ira only i a, t, he Misuiand Mioics pirivers- and their Principal



* c bt r t~"his '' on2 ricerns only the -hirtne1 catfish. The

athe~i ca :2 l- m' ooi'ur' in tailwaters , but isi little meriticoried in

I w-!t'-r it (-r!,ture.

1-i L. The channecl ettfj sh is foundl in a varioty of habitats but is

otcolmmon in 1 argo(_ !; re.-mS having low or moderajte grrad ierits . Tho~ugh

channmel cat.U sl) pr- fer currents , e xcec civ currenit or i ns ffi ci,-if wate(r

IIot 1 m it s thtei 1 i tr 7but1 i)n. MA i t~i aLrr u Ii ly f ouid i n loot -w-it-r

;)(io!. or neanr cittegl1i nnIohhe cover. The younf- aire c-)mmorl:.

f r)o~ I. i ffIles n- the ( cha ILower canrts of ' , Is. Adu-it.- are r. F1

achie tniht, -hn thyn eit ~lw witer to fe-d.

5 2.ieprodlict I. 'n . The 2A ine] ca tiish sraiwi-in in laespring -r

cticwheti waiteri 1 omperi ciro7 i!e between 9-'4 . C) nd '9.f.Cat fi1sh

12 lo5t ~1 0t~ t l .0 10st s-Ites gi natural, cav!Itt cc

und or imc . clbs ati ma! bttvrows , or- undercuft c~an

Ii C, ego F-, i 2 l il r. il, a w,-kF andI the frj re ~al ri in ho nec I.

c.cc r~ .'I no ~arlunc the nec t until the fry .1 ea-vo,

:020 * ~ , ~ 1 U ct. 1 diduring, their f1r.rc ummner

OrmrIYby t, s. ic 1 1 f- i 1: i !I-rc c whl c~ntliteC

Iowai, found +hut, : i. 1o 11,, (]i mm 1 jf ootl Feian c n* rt el n

Nb.Age and g7rowthl. 1i he i! I lye in i cu ,the channel

ctshaveragf-es. 65 mmn tentlh 'It. the enrd f' lfs firtst. yeair of life

ani li- about 3% C( '',<1 - i t 0 mm. lirg ait the end of

c-n-cl oyc arc- ( Purket 1, 1i 2 ). iniccby Bairn iokol a ind 'tarrett

10251) [r! hew 4citriiliii eotlo': of' the ... lccrssippi River showeA

It hstt. -!i- h nsAure wheni ). i r '- years oLd at a leng th of 0M5 to

211 mm. Ad it I 2wero c immonLy ?05 to p1 5 mm i lirtg and wei ghcit 0. ti to

IK'Eo iif ta 5 parnl dependlent ,i rowth rate, ")lo w-growi ng

: it tnt mayV I v , lnrger thani 20 years ; whereas , fast-g-rowing fish

from the W t ht-rr Paie ttate7. nay not live long:er than 6 or T years.

ir 'iIl



(':0,f I' sh 1in taiI iwziters

S Channel ca~ish are inportart game fish in some tajiwaters,

;cartlculiar y i n the a>th ;tenUnited fta c.Chages in stream

htab itaLt caus7ed by &-im onrstruct ion have hald van 3(- effects on channel

-:A 1Ci [1h. Th~v 'Lrc c t'11 abundant ini he warm tai Iwaters of turbid

ma in-sitem nr tributanry rivers but are urtrcrninon or absePnt in clear, cold

)i ?( . Channel cat fi c-h dli appeared tirn Iling e caitch in a

jcr r'ervaaii' heoiuse of col dwater'. ( o g ()!.I1- 1,).6() franm an

arct te or ry r(fn on1969) . Below an Arnia Ia, ('hannel

'a hwore, -,oooitl in imporit ance to rainbow trout anti] the watet

c1 l Fr-m IS. t I0 C in 19617 to, TO. ltC in 1971 antd 197?. The cool-) i raF

r'oc oncci'ten. l ctfish, t 0o lealve the tnii lwter (Multn et a].

I. c La :i ct aundncebe-low i Ken~tiucky no -,ervoi r anpar-

'un 1 e.'on ~ a *c'cir ci r a t on(Cartler 19(19). Water' 1., rc-

loc,1 far ho A'; )r to- 1ma.intaiin ai tntiiwnt~or trout fishery.

Ut nt' 'aCi li <'i'cc 251.peri' nt ,f' the arnfi crc -' caitch in the

ta wn r n lC'n' m;~~ Iatin r I 99, bill river more thain 2 per-

aftc n;vttl~i (ac c' 19; Chade! cc !, nc ohenore 1973). The

Inn -~ I; Iirtc -1' i. one!; in 1068] inl 1()W) to ecpilinnetio

il 1'7( Ili 1071 l1id nof not Lonibiy a U tthe, channel catfis~h

I ' !o.inc ;ecl elin wailoc- ncrtne bclow thcen

tJv"'i n'rrtill for'c~ Ci the Ba Irren Rilve'.(Fco 90

Wi 'i Fi'c a olt ni .n11', anofrn]l condit i )1t:

( nil mc' l~to) 'tn c' 1t't' '1r~t< ~t tinlm Wer''e n'virt

"~bow '.I''w Mcir a'wh-" 1,itrbility and11 waIter tten, erature

a''~ ~ ~ ~ ~ ~~~~l Ifl . -i.1,. into'it'tr'r i h a lwat-r , trout predomiiirnt c.

X' uz-b i ' m ri-c a" I. 1r t,!wat. ''s 't nd tribui anry warmwater

I.' t't.u;;ft en ''onrec t nf totnticind creato it Fishery. Cron(1 0)

- be Ii eveI tha +'tinno ca 4Ff si be,](w in ke Carl R likwel 1 , (1klIahomn,

ha-Id coaro "ra ' i the '.cc'v it' nd rem na. d in the t.:i i wn tet because

I~ ~ ~ ~ ~ ~~~~~~~~1 wanl( a it nc.c l1:wr a ild.IT tte ad July, an



upstr(,mr migration of channel rat fish in Stillwater Creek resulted in

a larg-e concentration in the Blackwell tarilwater. Channel oatfish were

also most abundant in Lewis andI Clark tajiwater, South Dakota, during-

the suwmner (Walburg 1971). Channel catfish concentraLte and provide a

fishery below Lock and Damn Number 12 on the Mississippi River in Iowa

(Genrgerke 1978).- This species is second in biomass and fifth in abun-

dance inc Fast Lynn Lake tzailwater, West Virginia (Coodno 1975). A

comparison of the fio.h population in the stilfling basin area before

:id( after closure of the warmwater Wister Dam, Oklahoma, showed a

~-ediction in the cha'nnel catfish population from ?1ci percent of the

totl.O niunbers of fish to 11 percent, (hl1 and Latta 1951). The- reduc-

t ion re!fI Ortc'd the' chngef- of a -o'cnmn ity -i.-.o ciated wi th a river to

,):W More Commorily as c:-OO Lated wi th i res~ervoir .

110O. Little infoirmation is availciblb on the food and grow'th of

0 nni r i cfouind i n tTriwaes. i Lowi and Clark tai lwater,

they nte fisoh, cray fi.oh, !irid a nlr.Ai c insects. In April andI May, when

liea on awar abuinda it. i n the tati lwatcr , it- was c. maj or food item, but

o ablllco In ie of, ilcxcjco i a dci nod in the siunmer , na io te more fish

(Wa I bunr- J 07] ) f io ill Pal icl:>Ilnw ti i wator , Te-nness,-ee, ate pri-

no' p p ocr(Li tic 1967). fhcrnnel catfi oh grew faster in Lewi s

mIk Cl ir-k fc'tArci in thle taiwaiter (Walburt7 1971).

1 !ah i tat f. Mc t1,orrs i hi I. cl ear t o orately tiirbid streams

ha1vil' nIo it'alal t fl w ari 1 c'w ot -iodierato c-rad i n to . Porno snecies are

mlinu theoc :1111,)l (w'frc anol their ouitlets . They generally

cco I'ff1o,- -,or -i ecrc'r oye -)v r r(oky Nctt orn. '(ome s-pecies may

(~J- ",, ind ovrr :cuciny btor in aeswith fao+. current, atnd

:thecuc , oL!-,c thil br I rid od ria il-ri, in pools below riffles associated

31j~j w it ' rn ciobri-.; suchi; rotc * ays, twigs-, and lof~5 . Spec ies

vIr ivn tll (ic ci lcio' I ur' cent and trirb di ty. Madt )nmo r e most

w1at yve 0 1ni rht, , oft., n iii liar by day b~enoa th Iarr( rocks or e ther

cPc ('n odlid. i rcI. Mad ton, cc nc wn from 1 ato sicrln i n nto the sum-

nrc1. Pik pawvning i.r wheni waitor temrcor'ctcirfs reach 5.6c to 27 *S C.



t-gsre dI', c'l asa tc ompact.t ii ster- i n a s hall Iow d epr es s i o n exc a-

va:ited berili -L h a fi 4. reek - or cether- forms of pr-otection such as tin

canc , boa!ir ~, or-e ookerv. Nests are guar-ded by one of' the parent

f L ih . o twl v Iratchei young :ire ,tbout, 1 d rru lng.

I) lu I . Mla] tolls ire actlt -Ie t ri fI t ,frgn over- ri ffl es

-ild s-ha illow vo)s hey feedi pr' mianly on i niect lai-vae aInd small
crul 02thc at Ii ye ion the hoi t sr. )ccas;Ionail smatll fi sh are al so

eaten.

lii goii gow . Ii tt, 1 1 rast-atinn i s aval i a-ble on ronwth

of mad: ornso. Cai smon (10(ii ) , who stud ied the stoliecat in the VerMil11ion

lilvei- in Soutli I)Lakol a , !Amui tat they averagedj 7n mat th1e end of the

f il-ta 'Vear. of" I1 fe "an.d 00 , 1 1) ,i *and 13 7 rim by the end of s-ucceed il nr-

yea es I ' . The e'itncisnw: is 10) mm 1 enf and in -Its seventh year.

l~lr5 menspe eso" m~ttes areix al - tha in the stoneca t. and

their. toltl I elrgth :I' thre end of' their- y1rt eat ranges fr-om 36 to

rim.A rNiit s- of' mo',Ir isar to In, 0; Inn 1wa and! max imum length

is 'ib. ,it 1:7 mm.l Many m riruie ina their, second crime ad few live long-er-

Or. Ia' refw 1ret )n sc maid onss. Lin tailI wters, . Cartel-

(1Q6')) ,'t f h,, tIl findl Il ( a-. i m 1 1io h trrn t~i lwa tee-, Ken, ucky,

in 10" anl I -i'sc o f ma os-h sedr ri-ndl ed,

frieckle], -d i in~e clcie e-wr collected in the Barren

1" I yen' iiii' I i emin sosiinrvoy in 19')). Tin the Owyhee River,

01regon , :a6 1 ar t a were cenionnI y nouri ina both the tail water,
he Oyhe a l ah retii- :ir ove ( F-irtune and Thompson

(1 960) . 4 rnocr ,( ' 1 we , e lt (-d be low foul, impoundments - on the Au

Sanbl e Rlver, "i c hi iiin the 19"0 1s , but none were ol Iected in a

197? slurvey Niihr; 1976).

Peicchthy idae (T11emperate Bass---es)

0 .Thsebass-es- includrile cove sal fCreshwater andi marine genera.

TIhe whit.-his 'ind the I- lessf comnin yetl w bass, both nocur naturally



in th i osot'I Pver ir i nag-e. The striped bass was inrtroduced

II t-o llivt rt, servo ir!- dur ng the past '.1 years f'rom anadromous stocks

it ~to (,, o-. ttl r ivers- aLnd e-ftuari en in Virginia, N :rth Carol ina , and

11 1i C: 11. I I n ese 01:ntinrs have been suce es sful in some_ 2tates,

!1i trpci bass ar now relIat ivel y common in snme river-reservoir

2xUeM2 ii:p -, (, f t: e., w ithl s ues e- e fi i st r i pd (I: ]-s fisheries in

1 1. wo rye Lro::s taji1ws secs are Ohlahoma anA Tomnes see. Reproduction

i rit,-. hucedl o I. ii ped bass iis been I imi tedl, andl the nai ntenanoe o.f'

C oh Lb 1 i s-t ko1soften dependent onl :nnua 1 p]unt i ng fhatchery-

:!e,,iiioc: C oh The lifCe hi sto ry dicss hof tempera te basses- is

t,,t, th' whitte baiss; the t-ni 1w:: c iicooi!o iinc 1ides botAh

white %l: id otItlb~iss

111 b.: i!i tI I:; I I 1 the loeoperii- 1:1( s o'-trecams

ci h' en ut'2: e obs t;: rn0 o.l~u Irethe 2tt1 r Sicwn-

I tO t: -t. :t~o *I:.;: noilwr> -rtiV ttil i''ir%- ei ctn: urci the ba.sis

0 'ii: -In mior c. w-n 1'' oY . The w~ii to honteti t to :ivoi 1

00 ii: 02' -cc: iiI.,"2 'Jwrc' hi arid iI ncmo fteii l'ouidi )ver a firm

sal. 1, Di''?,r''u: a i hos o been in trod iwetd iito mcojy lakes

cuid 1,''OIr tyIrTlhollt the Psi ted S:tates.

tQ. Hp-oir !()i. The white bass; ,Tawji:; in eary Pring -Ind

srac~ 5 c uuci rocdo by the mi rat iont o'' tal ure sdif t inito

* but,.-y 1-. ccrIstco e Sesr0twu Ugs el re com 505 cl (,I' onlyv one

X Ms c4:1 1 c Ivo 1:,V nt, th11f tnwr iggounds atbouit a mo nth bef, re the

otlie 11 esl .i Tecp i 11ng, t>'r: I. throuiuiI it 'the r rvane7 isfo AprilI

th~t'er pihi Junoe, wher. wa1ter temperature, i :t ibeul .6(Y'. Spwingoccurs

( c oL: mdwa '2' r nertarth e ou'ose ver si gravel11y or rocky bo)tto)m,

0 tni n r. utet. inid without. preraratt i1:2 c nest. SpTawii i is

:oerc lv rmj !(. 'd at tv rivenr 1 ra t ver cti toriod -0 to 10l

lay ; lheie is- no, 1 a a cl c'ice, Ct eg: r younr The gg sett I e to

thie otowhore-( they illh in:btti.2 days Ne 'oy ated 1 'irvac

I '~'~c'itu t':' whit- C i cc c rlrtait 'lIt t VI illT- )tl wlwn tiw Silp ly iS



exhatusted .Most feed near the wa,: er surface in ea:rly morning and late

even inhg, where they pursue f'orag-e fish, small crustaceans, and the

emnerg-ing t ie of aquatic i nsec t s. Zoopiariktori arid aquatic insects

:WC the most important diet items for young white bass. The diet of

adults, is largely composeei ol' fish; however, zoopiankton and insects

a so a 150 important.

%'I. Age and~ g rowth. Growth ()I the white bass is rapid; the life

stan0 7i so IdmM moVre tha.ru years ili southern waters, but may be 7 or8

''si5- inl lorthieiri waters . in Lake Wappapello , Missouri , this fish

rea,'Ched a lerigth of' abouit lY' mtmr its firs,,t year and averaged 30P, 33j8,
oi1mm by the end of, sulcceeding years (P1atriarche 1953) . Few

whit. batssa ntt aiiri a letigth aind weAit. of more than 41145 mm and 1.2 kg.

* e~r tobas-ses in ta iiwat.0r-

SP he whit ie ba ss i s anr import ant sport fish in many tailwaters,

Alrl1 I1( UtI o li pring". Inl the wa rm tai Iwaters of Clearwater

niit, made tip p ercent of the anglers' catch in 1961

ii, t ren iiii)G (Pry 190(,,; 11!iansan 1965) . It composed 8 per-

ces' sgi es ' rt oh bel ow Pomnie do Ters.e Reservoir, Missouri,

~.It, the Tenness,,ee Vall ey, white bass support important spring

I sher te cold taxil waters , which are primarily the result of spring

3gam.nsups.tream- from res-ervoirs (P1fitzer 196.)). "'he fish is a

pi:t 1IeIJ!1lary impor'tant game species below the main-tem reservoirs;

f-'exvt'I ,, inl Watts FBt* tail water it composed 18.8 percent of the

tries' ichin 1953 Mile and Chance 195)4) . Large numbers of

wtit te Lass7.- have al so beeni observedl mirating- upstream out of Watts Bar

'~:55VinS to Norris Dari tal lwaLter (Eschmeyev and Manges 1945).

Tn D~te Hllo w tailwator, Tenness-ee, whi te bass became

iLh7nihtrit, in thet lower, tailwater after the filling of Cordell Hilll

RlIoso,"- in ( Baiaer 1976). White bass~ art- ealso important in the fishery

bEc1 w UTcpkl it ot Dam, Oklahoma , where they composed 8 percent of the

- 'it hi ce I *~lbeo1w the Iam andl )t3 percent at a point 12.8H km



W~.Lake Th'neycomo taiwater, Missouri, Is influenced by the

arseocof Table Rock Resorvoi r uipstream and liii 1 Shoals Res-ervoir

downstream. Increaised 1iower pi'odic t ion at the deeil-rel ease Table Rock

Dan ris, coavorted Lake Taneycomo tailwater from a watrmwater to, a

wte'tailwater, making- 'call tions unfavorable ftar warmwater game

ti i. rThe, maoni tude of spiln a, mig-rationr of' whit,-t b:. %s in c, Laike

ney'. no tIwter fro NA,1Soal Reser%-ir, Lawo ac , i lmost heavi ly

it.fiaeae byh the level ofbull Shoals,_s- v s wh i(- i nun ites Lake

-y it:. Iw': Thor . Ma irnTum s-pring mip 7rai !(on 'whiite bass, into the

1.!t alv 1w - rcar1whoa, 5ifl 1 Shoal s R( seraoirp wax. betweenl 0. .x and -,.O0m

be 1 w i w.'':' -1 . N eri below 'hese levels the, ml erai' ion rateo

joeno i' i .' ~'rtely(Pry 1965; Hansonl 29(9).

'Yb. -!i' i-d enrcducti ye habits -Cf whi to -r i!. tail waters

a!re no(' wlI ix anwi. ' -0_7slomachs7 of i1r..taewhi te b-is :' enl ccteil

1'r m'1- rn ' 2:ivi ' ennesse~e, in- the winiter of .2U3 1);0 were

emit ~ ~ ~ ~ ~ ~ 7 ( yr',.;. isr eW!7 S and Cl ar-k ta i liters,

V ~ ~ ~ ~ ~~~~, '!, e ~ :'rlo 4 mI he iprn ar and fl : indi Po-

~lorr~x~1 1 i. ii :surir' Allre f-,1 1971). Li tt. recrcductive

V:ucc 7 ai ed in ri in h r to. j 1vtailwterr (Psoelsryr and Manes

-L041; -I]bng f.:. 19 )

r)7. f'r ii' d br :i- s iran' bet: stocke-d in -ai number of' reservoirs

aId ti aeriin nLt of Ito cont~rol I argo ie r shadi aepulat ions

id~ i'r enhb-ne tl, he lot xL ht however , they have been found to

conmpete withi trouil ti a Vai wrters-. Below Davi a) Dan, Ariizona, 24 trout

200 to( 93 liim I Otii2 were founird in 20 stiriped bass stomachs examined

Ar Ia a Gae ad FI bis jrt t 1972). Additionally, food studies

an aw je havsin a lrikil1 1or fr-i iiwater',tlri, showed thant raiinbow

trout .cor)sd C oent by number of the f'ood items eaiten by striped

b. ha:.' dtir int the rsi week afte_,r the trout. were stocked. Gizzard shad

li j 12 y Y7rr ce bas I'kol inti tai twa I r, atccounting for

*1 ', top:'erj'''f'he ta1 aithe ot' too]- i es ingj the first. week

a 'i' 01 :m>i'kiag'tad , ~(oi , at oher times (Dojio),rt 1978).

* rr I:.' 1''It_. wet'rt( e in 1KPvtoe m triil]witoers, Oklahoma, wheire

:7'I;: : imIpa oll (xif tb-' f-nd~ eatenl (Combs 1979).



"t, Ihe I I,' his T~ fiY~ liv o icound inl near]y:l types of waters,

t!Z"! "n t soe hiI ' v sruht; s fil rhormen . -he I t- hub it, c :tn ti I i re
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re')txmtlv foutnd ill jowl and lakes , roeivo 's, 1nw-fl owl ng streams , and

baickwaters, iV Tarue rivers. It is intolerant of excess-ive turbidity,

*t:n .11ram withi cent inuouni strong, flow it it- s 'opTneed by one of' the

tht'r bar ""ss 'lte Iargemlouthl di splays more sesraImovement than

oi i'the smallimoritli or sp'otted bass.

ill Pt'' l'iri li The siai uth bas beg~ins etn i in the

whetn :±o t' wi I'erper-tture uxcoed 1 it.(0(. 'os t inr activi ty

usu~ 1 v oa S n Iate: t' isbut si tinit ns cenfti blues well into early

:u~le Re~o'' tgcto u's 1 : early nL.-Os tire uris-ueterssful becnuijre of

at it a or l 1ow ''npr'n r i and ay rin' even if the firs7tnet

'n' 5:v'o; 2'ii dost2 ttin qju;it wte,r near11 shlore or downstrea.!m from

1) \1i 10 r. l. t' nil;- t t'uet.- ion tha t bre: ir: Is te fmrce o f the current.

itto'r rt:':I vaT l xo' I a over ' he( nest- . ml ot bass egg:;, are

1 [it it - - anid aboit 27' mm in ci uo r They nrii - nuieo

'rm l.s r h sott p:;nlirevol1hs v the~ir largersie

h-a' a' ohin .'a' las ni 't''iir;C: t 1,i;rav for nbout, 6 clays

L~t a oa'mont bas it Ito -''tme street-. tot av imilar to those of

'lie ~ ~ -11 smae I:n0 it;Csm i oooat'. ; j;'i ry is- similar at

ho (' :!tM 'mri''ltt''' -. '": of tire sueft o bass l di mrse t'ton the! nest

a'. ''' 25w" itt- the, Wi t(r toarer t w i' 1.rove :10@(7
ii 1ari o'ttIhi boW, 1. spawn ii l f the spring- when water

nt 'r'lit' '''ih0 <t IP, Cr !nd crnt iue ito latte spring. INe0st S

.1' ei.0 o '-,net i0 t ' -i I m' '!it tvmil ofSi>o l-ie bo-ttom1. Water

et i ''" tis wstiy va':roiC r osto r.m or more, being

'ntstill tire ' I st. w' tot's- )I, iii go 1 imnsoulldtient s Nosts sare sever

e 't:frucmetd where lt':''r- !: ottir"nt. o-r wave niction. in s~treams, nests

£ j'u' 1.iatilit the iC(l,- pot' i cp oiioi or r're't s of poo orit in adljacent

j 1:1 orghs. Frs wer( ;iborat thi', si o r nt toil bryns egg-s and -ire mulch

sr' 1-'. tha-t, o> ' the !-malli. mont th. 'liev linitch in 3 otr 4 (lays and

fir1. 0 "(-e( thle tie -. s''isihool1 when )bout 10 days (l1. School s break

lit,'. 'In v- saf t(. it' hto mhiic , when the youtig, bass are sli ightiy over

,m 1-ig Thi rnilt 1!''ni wi h i moi'o at test ie pa rent than ,n'y of



the at her I It i :hsm i :J, it witI i : h -c I,,, I7 log if y i for severalI

weeks1,- : i!L r heY eo':o I, I0 :3

Food I((0 .1 ie larv> a "nd :3)>};-111k)1" ore t hie fi 1at foals~f1 "-I

3-m:!! lm1 In i tol 1311PM Ac- rid 0<i f I< (19 07 1'rv a the.n ?r 5 mm

lam;" gLl. small- 1 1211 Cr.. f is iam: i n ati Iinn attn tarit of their diet
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11 e t f i: it h : 1 11! . or' oke! In a! Ia I ' ut ore af I1 x', minor

c)r 11 tlb C 15r c til '! 1 i t 11. a

ee' 11 b .- . hn 113 913 nd w: 1i 1i"'i 11 1 ol inlpe

'''ni t 1' 1>.210! Ili Il>' i yea
t  i. thir 1,1L irvao a-,

loic, A1~h increase in size (iEflieger 1975). Adults feed princi-

:he 'h:.! .w i- ,, *.1',., jal: th -

n lit- 1A ! 'w2 .1 I------'t l'i'a'rs, ti tsm 1 n 'at n I' re

->,> x~ ~ 1a vl. 11, 12'!t~31130 eorts.' at 'Oit b 'm

la c isc -'!- 31. oa .' t 1 r lW '-1 a K !'at't11 :lla:mer a.......1111i
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195 8 :-).- Growth appears to be morTe rapid in re:'ervoirs than in streams.
Most, fish are mature when 1 4 eas'ld 2Vw spotted bass live

longrer thz.an C years or attain a weig~ht, much grceater than 1.14 kg.

471. Growth of the largemoutli bass is extremely variable, depend-

ing on local conditions. In Lake Wo; ap~pello , issouri , a length of

about 135, mm is attainedi the fi-'st year and leng7ths of 277, 3-)P, )409,

460, and 498 rms reached ina suceel1ing years (Patri.-rche 19r53).

Growth raites arte similar, or- faster in Lnew, well -mainafge). ponds, but much

1lower inii hig hl1y tuirb i 1 ori ov e p; il Oo 1 - a-, -, ,i: , wh irl:I may c on ta in ba ssf

1years o Id o r o Ld er ti11'n t are (jt 1 1 1 1 * 1 , i z 2)14 mm I sagl ". Fis-h mature

between the ages of TT and TV , ( ;)ni r '~s rt Under averag- e

conditions a 309-mm bass wt gsboii-. aa ai '()0-rm bLa s -ibout

2.7 kg,. Indivi diul wei ghirig r e th-is kg- 1! nut, uncommron. Few

largemouth bass live beyond I2 years.

Ktlack basses in tailwators.

1472. Black bassare impor: ant game fish in rivers and reservoirs

in many areas- oC the United States. They occur in tailwaters ifl water

ttemoeratures are suitzible and cover is adequate. Black bass vpu-ter

have been reducedi below miany h,'rnolimneti c release dams c-onstructedi or)

warmwater streams becaiu o)f low water temperatures, strong currents,

aind lack .-f instreajam cover.

I1,7T3. The smalllmouth bass,: f'ishery below Hoover Dam, Ohio, was lost

duof to hyponlimnetic water (discharge from the dlam (favender anid

Cruriki lton 19714. Pierce (1969) showed a, re-duction in zmil mou th1

popul]ati ons from 7.,.14 to l)1.72: kg-/haL in the Mummersvi 11e tailwater,

West Vlirginia, baised on pro impounirdment atnd post impoundment electr-

* fiohioga: iiien.The maxi mum temperature in S;ummersvi lje lui il water is-

. 'cwhich is bel.ow lihe optimal rang7e fir' smallmouith bass . Dendy

and rJ (19149) bel ieved that low water tempiera Lure a ind low I ii5

solved o~xyg-en followingr construct ion f Fontfrrt Pam, North Carnl inn,

* >s'rsely aI f Potedi sma I Imouth ba:;- for ma ny ml 1r (-:- Jwrst;un ea a the

Li i. R oTnseePi ver . The cosidwater iisoh a're from -Dbl e Rock

19 ro voir , isso oi ,causd thie losof sm, il li .lh andsn d bass

L wr steamin LaLke Tarieycomo) ( Fry and Hanson I 968)



Li.Cold f t aii Waterin belIow two a13rm; -I i~o tickj' arrt fewer

b Lack basinec r tha a 'relared in t he rviotura! r iv e efore i MT10undient.

131irkbooionwtere en t ,!Iated to be )C'( .9 %id 10. 1 peren t of the ungi or

czit-ch in a, I059 creel so evey fil m th tewn ' (J. '. Ca irter91h

Iii I o -7y i , ari n cnno I ru '., , b!. ark Oa'. no rn-rdoI v 0. 1 ton

p1 neient i'te :i,~ It,!, ,!t ch ((he- fn t c' re1e I973) Appatrent. ly

,t , i 1'4l0 er 11:1) 1t' 1. (3; ffore fr .I"In thet , no' warrmiwte r t L' h l-

t,7t. and iii !it prov ido the iO1 lc iI Lo2n r t r:~f~lr i3ie b,',m;

1I3 Il mouth hi n were 'ltl~ 1 arlrler (01 n'n I he

t:Il wai or beilow Cherokee Dam, Teane see , fir t i 'i ent yearn i *,e

mohret The t'i sho rt' (hanioed t heren fter , air nler s had, I 'l :7

to 1-0 kin dowut't. reaLm to catch Tr au ha;(fi r19() ow

wat .r ri 'i::llrrt t nje bris rp dct, or. a!nd nurnbern i n

.10 let uiueCb'm the" t .o I Iwa

i17 ( i~~nee r o.(lX liowo i ha-.,trhe oit r faictor

erresne 1 Wti2 '1"- 1(e O(V' tho wer( i ci(Xl'or] erici 2OTP11'I

natori a r' I tV li .l;i harsi hibi tal, in ilhi!- (,celd i w:t

*,: eWiJ 2101 l 1.0 1 a r watern_ Ml.;ti 1'. tIArk 'an oa atIS TP1fionC1s

w11o', We o 'oserIors~ld c"170ee are' tieqiaate. r. on- -t-er

21;I Wtea' 1;pt hos e a ;rtel1) by" noit be I. w aj 1 w-he drn e11 thle

I wat7 W'; a, hel ro lio ea th~ oxvcr,: I evol s, bloclkage

K ~ ~ ~ .. .~arla~lre hth i at di iie (Pa.aaiv 1979).

T.....r a I. ( m 1 oIni 1 'W lo modeorn I( e mal lmoulth hans- abundance

- h~' i ,ow 1),t., r i Br'n rj-e no Dm nire-toli. Thieset Ilned control

J:o-:- u:;emi :!i. i li,' r-! n waiter et1' ilr'e inl the tali i waters aind

110'' m.1 I,, hol'n Irre 0u1 It ai~ *' oip -oial I 151 ii th bandl less :)ii tnble for

t2 -,it i '. 'I !. 21 moll. Andrw 1- ti - I 97Oil. com'p'd ( the, (atcoh of

11 1). or' i'Iil' 11 the ri ver aibove anrd belo'w %1) Oki 'I)homal r(eervo; r-

:' -r i- I I y', are.ii 11 han-' wort, ;ibnrilii ill t f l iecie poel; of I he

* w. '''r' ''' 4.wht-'' :'iown; wee,, are'cia ii A:'T or irmiouh linl.

1 t'e rier h~vo til



reservoir, and they provided 35 percent of the estimated catch of all

f'ish species. Coolwater discharge and fluctuating flows below this

main-stem hydropower damn apparently reduced habitat suitability for

largemouth bass in the tailwater.

);78. Food of largemouth and smallmouth bass from Hlolyoke Daxn

tailwntor, Massachusetts, was studied in 197? (Jefferies 19714). The

frequency of occurrence of fish, insects, and crayfish in largemouth

bass stomachs was 88.9, 16.7, and 7.8 percent. Fish (spottail shiners)

made up 93.14 percent andI crayfish 5.3 percent of total food volume.

The largemnouth bass selected spottail shiners over Alosa spp.

dImnl~niouth bass stmcscnained fsinsects, crustaceans, and

pele(sypod-s. Fish made up )15 percent of the stomach contents, crusta-

cen 5 percent, and pelecypods 20O percent. Tn largemouth bass

collected below Norris Dam, Tennessee, )42 of 53 stomachs examined were

omlpty. Apparently the cold taIilwater did not. irovide good bas-,- habitat

,iiice t he fiioh oxhilb ited no Fgrowth (Esclmoyer 1114,Eschmoyer and

)CyQ. Rerodiictien of black basses in tailwaters is not Well1 docu-

nwrted. Therte is ii documentedi rf-produr-lti on of smailmouth bass in

2 oh Pl.o,;on taliwater, Tennessee. No juvonile ban;- wore captured in

tli .; Illw:,iter adl TMn adult, femnale., from a November 1914 , collection

htd reo; rbed their egs(Pfitzer ict';?) . Young-of-the-year largemouth

bass - were the mos't. abundant. centrarchid in eol lections taken in 1965

bel.)w fIkaVer Dam, Ar-kansas. However, it is not known whether these

i hWere producod ila the tai lwater or haid moved out of the reservoir

Toe. I 19L, no 1-argemouth bass adults or ~Juveniles were raptured

'T h11f tail wat or (Brown 1967)

4rd0. G"enerallly, cold tailw~iters do not. provide good bass habitat.

.,Inedbs fisheries have developed below some dams, but fish harvest

islialIly remainas 1,)w. 2sriccoss Pul bass fis.heries are usually found in

* - warm tal Iwatoirs with backwaters or other sheltered areas.

V414 I Thip oc~t. coru'lor or 1he "true sun fishes" (a torm aipplied here

tI) the lopom ITi', oSI). of the, fam ily feritrnrchi drie) occurring in tail waters



are the bluegill1, green sunfish, and longear sunfish. Also included

in this section is; the rock bass. Other true sunfishes may be locally

abundant in tailwtaters, but their life histories are generally similar

to those, des(cribed.

4821. Habitat. The bluegill is common in the deeper pools and

backwaters of streams, andi in lakes, ponds, and reservoirs. It is

intolerant of' continuous igth turbidity and siltation and thrives best

in warm, quiet-waLter areas with some aquatic vegetation.

483. ':'le '-u'een sunfish tolerates a wide range of conditions,, but

does best where, fe.w other sunfishe.- occur. It is adaptable for survival

in fluctuating environment,,, since it tolerates extrernes of' turbidity,

iii.-sot ved oxygeni, tempnerature , and flow.

Ii )i . The 1 ongcar sunfish is characteristic of' Clear streams- with

s-andy or rocky bottoms and permanent flow. It is more COMMon in

...Lreams than in large rivers._ Like other- r-unfislies, it avoidfs strong,

:irenrid is usually found in pols:nd backwaters adjacent to the

ch'rine . Inri ~ env ironmer ts, when loneer sunfish are common,

L'Irh-re few.

!'ht r,%ck bass; co mmnly occurs .ina streams. Permanent flow,

1 il!, -ilund-tiit c wer , andI silIt-free bottoms are its basic

*.............. s IISL ly f.ouni iit i r bouldiers , submerged logs ,F, anid

vh i hr v-if-f git to moderate current. A deep rocky

1 Vj. ,tt ely 'ho-W -I Mi f is fI avored spot.

YHt . Re" 1 h- true, -rinflshes appear to have simi lar

wt.', i I t. I cile~ nnos t inr ina I lie sprinfg when water tempera-

'u-c i--l it 10 C 2iatii ~ ietcher- % peak in June but often con-

- t nu in At . IIes~I n ~curron al iner(t any type of bottom, but

er-velis ered.~leL;are usually in water 0. to 0.6 m deep and

£ j cocL *--t. of rud ich de-pressions- with a diamieter about twice the length

of te malet(. a1,I-t. Many nests are commonly close together and in a

Iiimitel rt.. The greeni sunfish is less colonial than some of the

U ohe .urfislerin it:, riertigf hunbits. The Male guards the nest until

thfe eicvs% hatch but, doe.,rinot gruard 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.

487. 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 season seldom lasts more than

one month (Pfiieger 1975). Nesting begins when stream temperatures

range between 12.8 and 15.6 0C. The male rock bass fans out a saucer-

shaped depression :00 to 250 mm in diameter over a bottom of coarse

sand or gravel . Nests rc in water from 0. 1 to 1.5 m deep, usually

neir a boulder or other larige objert, and often where there is a slight

crrent,. The rock bass is a solitary nester, in ,oritrast to the true

sunfishes , which tend to nest in col oni es.

4488. Food. The diets of true sunfishes and reck bass are gener-

ally similar. Young< of the year feed on : oopi ankton aol, immature

aquatic 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 evoning.

' 19. Age and growth. Cr wth oC the bluerill varies considerably

from one body of water to another. Growth is usually slower in streams

than in ponds, lakes, or re :erv, irs. In most Missouri waters, the

blue-il reaches -L l(ntth of l50 mm and a weight of about 70 g by the

end of its third or fourth simmer of' life. A 215-mm bluegill weighs

about 2'5 g. Bluegills commonly reach a length of 240 mm and a weight

off )u0 (Pflieter 197%)

)10. }T)I green sunfish attains lengths of about 83, 81, 119, 150,

'and 10i mm 'it :n 1ge -f I through 5 years, in the Salt River, Missouri

(Purkett ]iYta). A 150-mmi green sunfish weighs about 85 g; few indi-

'1 viiua]s ex-eod i 1,,th of 230 mm or a weight of 340 g.

i oi. In Missouri streams, the longear sunfish attains a length of

about 13 mm its first year and 611, 91, 109, 122, and 127 mm in succeed-

inf- yeafr:; (Purkott. 1958b). The maximum length and weight are about

_ l mm a nd I;-'P, g.
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492. Rock bass from Ozark streams in Missouri average 41 mm in

length by the end of their first. year of life and attain lengths of 86,

1W, 178, 203, and '16 mm in succeeding years (Purkett 195 8 a). Few

live more than 5 or 6 years, but they commonly attain a length and

wei ht of up to 280 mm and )454 g.

!193. In summary, growth of the true sunfishes varies considerably

w'iri one water body to the next, and stunting occurs in crowded popula-

tions or where water i- continuously turbid. Generally the bluegill,

rock bars, and green sunfish attain the largest size.

*r te siturffl ihes in tailwaters

40,4. The abundance of sunfishes in tailwaters is variable and

ht-enis on r os-uitment and the ovallable habitat. The occurrence of

s~fir::h v in ta: lwater: below '.nneisee Valley Authority soorage reser-

voiro woo fo)uni to depend on fish present in the river before impound-

rneit, fis-h enterinr the tailwator from the reservoir above, and mirra-

Ll 1 into the tlilwoter from tributary streams or reservoirs downstream

(Pito 19er 192). Cavender tnd Crunkilton (19714) reported bluegills and

white crapj ie beln,, catrried ver the spillway of Hoover Dam, Ohio,

•~d es to~bl i sit n sma ll popi!.o ions in the tailwater. Bluegills were

at petiodically transported over spillways into the tailwaters of

" []ieville Lake and Wye Lake, Maryland, atnd Loramie Lake, Ohio (Clark

191)4; Elser 1960).

195. Sunfishes generally prefer areas with instream cover, low

currents, and maximum water temperatures above 2PIC. Sunfish popula-

trins ice usa'illy depressed in tailwaters that are cold, or have high

turbidity or little instream cover. Bluegills, longear sunfish, and

< green iifish were collected in Norfork tailwater, Arkansas, in 1950

(reservoir impounded in 19141), but were lacking in collections made in

1959 (l{offmnn and Kila mbi 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 temperature eliminates sunfishes from these cold

t:,ilwaters. Table Rock tailwater (Lake Taneycomo), Missouri, was con-

verted from a warm to a 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 harvesL. The sunfish catch from 1968 to 1971

declined from 79.14 to 10.7 percent of the total number of fish caught

and from 44.6 to 3.h percent of the total fish weight (Charles and

McLomore 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

(Bnuer 1976).

496. Studies on several warm tailwaters suggested that sunfishes

can be important 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

Pornme 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 Blackwcll, 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. Mooser and Hicks (1970) found that sunfishes made up

only 1.5 percent o1' 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 catch in Carlyle tailwater, Illinois.

497. Sunfishes are important to the fisheries in some cool

tailwaters. 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

captured in the river above the reservoir than in the tailwater. Weekly

temperature means averaged 3.8 0 C lower in the tailwater than in the

river upstream. Apparently the cool water and fluctuating flows in-

fluenced the harvest, of mnfishes in this tailwater (Andrews et al.

1974). Cavender and Crunkilton (197);) reported that a small concentra-

t.on of rock b:es cxists in Hoover tailwnter, Ohio; the authors be-

1tved l '.t the rck bass stay in the tailwater because of the abun-

raunceof o' ol ai-nd o'rnyfi sh.

98. ?ho to , hibits of bluegills arid longTear sunfish from Wilson

Din tallwater, 'i'nneoiec, wore sudied in the spring of 1977 (Warden

:od Hubert 1977'). Fish eggs: made up 67.2 percent of the total number

(,I fool items :m 59.2 percent of' the total volume in bluegills, and

56.1 percent by numiber, and 3.7 percent by volume in longear sunfish.

Insects were abund:int in the stomachs of both species. Insects ac-

er unted for 27(.l percent by number and 32.1 percent by volume of food

: items in bluegills, an d2 3).0 percent by number and 22.2 percent by

-,volume in longear sunfish. Insects eaten were of' the orders Diptera,

j;' Coleoptera, and Trichoptera ard, of these, chironomid larvae and mayfly

nymphs composed 90 percent of the total number and volume. Other items

found in the stomachc were decapods, larval fish, io'pods, mollusks,

- arachnids, and annelids.

499. Growth of bluegills in Hartwell tailwater, South Carolina,

did nol. viry 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 Golden 197h), although Fry and

Hanson (1968) stated that growth of warmwater fish (including bluegills)

was rediuced in % cold Missouri tailwater (discharge temperature 4.4-

t5. 60C).

Crappies

500. The white crappie and black crappie may both occur in

tailwaters, and they have similar life histories.

501. Habitat. White crappies 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 more. Young crappies are often found over open water of

considerable depth. En streams, the white crappie is most abundant in

the deeper pools or in backwaiter areas away from the main current. It

avoids 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 crppi o except that it is less tolerant of turbidity and silta-

tion. In reservoirs, the black crappie is noticeably more abundant in

embiyments , fed by the clearer streams. In streams, black crappies

require clear wter, 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 0 C. In reservoirs,

spawning o-cirs 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

t( 6.0 m dee!. ,ites with nearby logs or other large objects are

favored locations for nests. The location of the nest is indicated

only by the pr,'sence of the male. Eggs hatch in about 3 days and the

fry remain in the nest several more days. Fry do not school after

leaving the nest.



50)4. 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-

vo[l" sc.

)05. Agje and growth. According to Carlander (1977), the average

calculated total lengths of white crappies at ages I to VT from all

areas of the United States are 78, 158, 213, 257, 290, and 304 mm.

Average weight of :3 4 -year-old white crappie is about 300 g.

506. Gro-th 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 Lve more than S or )4 years, but occasional individuals live

as1g as 2 or 9 years. Maturity is reached during the second or

third summer of life.

Cr:ppies in tailwaters

507. White crappies and black crappies 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 tailw'tter appears to be affected by water temperature,

season, and type of lam discharge.

509. Crappies are often abundant in warmwater tailwaters and can

contribute substnntially to the fishery. White crappies were estimated

to make up 56 percent of the angler catch at Lake of the Ozarks

St'iIlwater, Missouri, in 1965-74. A high correlation was found between

estimated number of fish caught and the number of days the flood gates

w re ,en at the dam (}1anson 1977). Crappies were estimated to be 41

an! 514 percent of the numuber and 35 and 49 percent of the weight of the

floh taken by sport fishermen during warmwater releases at Barren and

l. in tailwaters, Kentucky, in 1970 and 1971 (J. P. Carter 196 8 a;

C-rtr.r 1960). J. P. Carter (1968i1) reported that before reservoir

eocsriict on in 1005, crappie populations in Barren and No]in 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.? percent) of which 95 (84 percent) were taken

within 1.6 km of the release 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 42

tags from 288 white crappies taFted in the reservoir. Of these, 12

(22 percent) were from fish captured in the tailwater (Walburg et al.

1971). White crappie! were ibundant in the tailwater below Lake Carl

Blackwell, Oklahoma, from October 19)47 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

the tailwaterr7. Most tag recoveries were reported during the winter,

and were made in the tailwaters. High water releases from the reser-

volr during March ]giF ,pparently caused the crappies to leave the

tailwater, since only twu tagged fish were captured during the subse-

quent spring and nrm. (Cross 1950). An increase in crappie abun-

dance during fill 19(', at Barren tailwater, Kentucky, was associated

with the fa-ll reservoir drawdown and the high water discharge into the

t_,ilwater (J. P. Carter 1968b). There is a large population of white

crappie-; itid black crappies in Hoover Reservoir, Ohio, and many young
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515. In a report on crappie gonadal development in tailwaters,

15 of 714 white crappies collected below a Tennessee dam, between July 29

and September 1, 1941, were immature; the rest were ripe, but none had

';puwned. Apparently the cold water (<100C) had disrupted their repro-

ductive cycle (Eschmeyer and Smith 1943).

PercLdae (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

fi're native only to North America.

5H7. The closely related walleye and sauger both occur in rivers

ini are imporint li, some tailwaters. The yellow perch is most often

found in lakes but it is also abundant in backwaters of large rivers.

It, is seldom found in small streams and usually does not occur in

ti ilw,-aters and, therefore, is not discussed further here. Darters are

adapted for life in swift-flowing sections of clear, rocky streams and

r 0cmmon inh'bitants of many tailwaters. The percids are discussed

under' two &trouzs--(a) walleyes and saugers, and (b) darters.

W-C] Ieves aLnd saugers

5123. Habitat. Walleyes and saugers inhabit the open water of

lo e, shmllow lakes on slow-flowing rivers. The habitat requirements

of the two species are similar, except that the sauger is more tolerant

of high turbidity and is often found in areas with strong current. The

sauger i, more common in habitats with silted bottoms, whereas walleyes

prefer habitats with gravel, bedrock, and other types of firm bottom.

Tubb et a]. (1965), who studi ed fish distribution in the Sheyenne River

in North Dakota, found walleyes in pools 0.9 to 5.5 m deep, but most

* commonly in pools deeper than ?.1i m. The sauger was taken in only one

pool, which w ] . 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

in clear. Both generally occur in loose aggregations of a few to many

individuals. They range over a wide area, rather than restricting

:ictivitien- to a definite home range.

520. }ithpraduction. Spawning occurs at night over a 2-week period

in the spring when w'ater 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 spa,'ning grounds before the

fema Les. There is some evidence that these species tend to return to

a "home" spawning area in successive years. Spawning occurs on riffles

or rocky oreas below iams in streams and along rocky waveswept

shrelinein in la kes and reservoirs. Females are accompanied by several

nlies during. sp:wiing, %nd eggs are scattered at random. The adhesive

aggs at, k to the substrate, and hato hing occurs in 12 to 18 days,

ripe-dintg, cn watre ',nmperature. Newly hatched larv.e are senibuoyant

:m t hcse prluced in slrems are therefore subject, to downstream

Iransport,

5. ,.L . Food. f::l c runstaceans and ins<ctn are the food of walleye

and s 're fr.. Tn ,cts are a significant food item throughout life,

but fisrh :re the pri.lp'[i 'c food of' alults. They apparently eat any

.'~eo en ,of" fish 'eaiAv Lval ab e to them.

522. Age an" growth. The sauger grown more slowly than the

wal leye and dots iit attain asi large a size. Fish from the northern

",,rti in of the range ;,row a 1] wer aiid live ionger than those from more

-arolanern water'. Females at iin g reater lengths and live longer than

males. Newly hatched larvne of be)th species are only about 7 to 8 mm

SI in length, but under ideal conditiens may attnin lengths up to 254 ram

by the end of lho l'1rn's year. Pfleger (19675) reported that the

itverag-" length of wa leye- I'rm 'lie Current River in Missouri is 200 mm

'it the end o the 'irst. year ani 6i 0 Tmmi at the end of the seventh year.

The a.; uc I foe spa ia; 7 or ' yra cc , but much older individuals are

noi ncommnn
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523. Vasey (1967) reported that the saugers in the Mississippi

River in Towa reach a length of 1145 mm in the first year and 515 mm

after the seventh year. The usual life span of saugers in the South

is 5 or 6 years, but some live to 12 or more years in Canadian waters.

Walleyes and saugers in tailwaters

5214. Walleyes and saugers commonly occur in tailwaterL; 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 saurers

to tailwaters.

525. Walleye numbers have increased belonw a number of dams in the

years following construction. They are the second most numerous

species in East Lynn Lake tailwater, Wes7t Virginia (Pierce 1969). They

hove increas-ed in abundance in Sulmmersvillc tailwater, West Virginia

(Goodno 1975); below foul- hydropower impoundmients on the Ail l Ible Fiver,

Michigan (Richards 1976); and in the taulwoter below Stockton

hydropower dam, Missouri, where they composed 2(2, percent of the catch

by anglers in 1974- as comparedi with only 9 Percent in 1972' (lian:,on

19714).

26. Saug7ers are highly migratory, moving- upstream as- much as

380 kin in lt lays, through the navigation ] cks in the Tennessee River

main-stem dam.,; (Cobb 1960). liang f upsEtream migration LosIE pro-

vided signi ticanit winter and sprinrg fisheries in most. warm main-st em

datm taiiwatters and in r; ome cc. Ii tributary doam tai iwaterfs on the

tnessee River system f 'e 196?'). An estimatedo P,0?sugr

were c-aught be: wes 'ovember- 1959 and March 19600 in Pi ckwi ck Dain

ai lw!N.ter (Trenary 196?'). Cobb (1960) reported there wo s noage

C shery in the 'LeiescRiver' unt1il the main-st1em dams w,,r,, k, n-

sftr-ucted.

'27. Thi' -,auTer fi sheri Os I in cold tributary to i 1wit en.- of the

Tennessee River !yie re fgenecnolly smaller than those( bel w the

minr-stem damsi. For i-i i~l 1 V ome so, ugers rigrate uiartrear- from Watts

1Bar IRercisvo ir and s rfregoteo ill the soli DoIrr is tail wter, ( Ess hneyer

194144 E.,r hnreyer rind Mags1 14)). Large, roaibi r s: grs were also



:agt ta re aper93km of the cold Chilhowee Dam tajiwater on the

bittIc Ucaresee Iver. Ti 196)1 arnd 1965, most were taken from

Pecenrber t March Land composed 10 percent of the creel. Tn the

iiowaisti'e:uii portlin of the tilwater, Phi to )40 km below the dam, saugers

were less :bunda,-nt than inl the immediate tailwrater, but conistituted 80

percent Of the anglers' catch (Boles 1969).

),'8 . Psgeof fish over dam!- from reservoirs upstream is also

important in establishing walleye and sauger fisheries in tallwaters;.

An e7t-imated 10,102' walleyes passed inrto an Ohio taOl water ever a 5-

yeair se i( Alrbruste- 19(2) . A large per-centage ( ti) percent) died

f'rom, brokei, hackRs and pressu-re diamag~e while passing, through or over the

d&u'r, bat Y'S percent suI-rvi passage into the tai iwator. Of tag re-

coveries, from walloes taggfed in the reservoir, ?O percent came from

the talliter. 'Stuies on the Missouri River have~ shw that large

naiibers. of yoiurg -of-thtryer walleyes and saugers--up t~o 700,000 in

9'hur s-movd et of hewit s and Cl ark Lake, Sfeath Dakota and Nebraska,

atnd into the tail water- (Wailbaig 1971 ). MaI--rk-aind-recapture studies

ad icite i ta . in ad ilil age al so move from the res,-erve ir into

the tIi wt~er (Wi] ur et at . 1071) . Aiti anal ly , the, ts i iter

wall cYc - sle ill Hoover at iwatcer , Ohii o, and Canto)n Reservoir

taiIw~it er , 0k] iomi, ire the r-osfl t of the expo(rt of fish from the

reerv., 04 (oser and H cbs- 1 970; Caven idor mid frainkli 1 9741 ) . A

ci:t.'r pec i os, the Vol , ga i ke-perch , hias io-sod ini the Kui byshev

i. iI wter' 1! B. ,aftr sucesfulrepr-orlai(tion ila tlie rese(rve ir

r 0 her factiOr S, i n(c] ad liT Vgwrt or dIeath and teraieratmre , affect

taiwater walleye and sauger fisheries. The increase in water depth with

a probable increase in water temperature in the lower sections of Dale

F ol trw 'ilwat em, . ilk-essee, duec t- iinaridati 5 by Coideol Hall Reser-

V 'i r, wasi) 11 olwe d by thle appearsrice of bothi wal leyes aind saugers

* ( ar a1 976) . OportII i )i irccess- for wall eyes- in talke Taneycemo

i W Ii',Mi:,iii'i ,- is errnitent. ('1 the, writer 'e(vol of Ball O"hoal

B's '* ii wht i Inirridi ttes th e tat lwa ter. Nest. che occurred when

tailI Oh''Lls H ,r-voir was 0.6 to 3.0 m below power pool level . Catches

t, 8
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pttircssi vely decl1inled whoel water 1 eve] C were elthor above or below

t'li Is rarlt.e ( hanson L969).

M. wter tomlporit~n~I in some ci) d tal iwaters have had a nega-

ye I ft e!I (t. on w: lI e'vc popul atIins- lowe red water temperature in a

I ' i 1 na ti!I wait or tIi miited the wa I I eye fishery ( Dendly an d

I ren(,d 0)O . I o w wi toy tempt rin lure in 'P~]eRook tail water, Mi ssouri,

ha - ni s 'iffocted the wtl leye catchi. A rapl i tenperit ire increase of

j t . thelk t! W:Lt,, kr duo Lk) flo od f lows- s-pl I Ii ng e)ver liii - an re-

sIA I t kod il ill 8 11 1 I l8 I t rtt IICIt08 8*,( Ii t ketin li t . i V ty and consiequenit

incr1u 1 w i I ( Lye -otof lv 1 9('",
E" r 1 1C .ee t i e ol k) l-:ier his 1 een 11 aS.~t Ivers5olI vL affCe t 0,h 1 itisorie

C, " .8 1 1 r.- .r S1:1in ers iii :i1 enose I ~ ]wt,('r lli!ve shtii ns

reso rh I rigq, oires.- Tii s w:is.- alt1ribte ',o lo Lw 8 er ttti~rl i'5,which1

Io goio I t1; 1 Is t~i 10.0 0 C ( FICshmvr I H i," 1 0,

lo og tlin cii i ri'lurii'e w:!! li.. rprhiot in hundreds

91 S I. ~ts till Eel1100 wi nitk !i'fI, W.- !"-m 1t'!e t 1 Hini onl

1 e* O thereby del :rY11 i L niN ic s'i s : si l i eis I t

Dpy ( P:I -A fhtb 1:is1 1llt ol et t.: Iu 10(1 )Jt CC'1 .11 A l;i m 1 8r

1.! i ol Wi et rd Who t I w; vd r, re8. 12 c* D! 1 .1 m

Et ;Ik. d . lt 1 1, it sei t a i(,t or i (,1-: t, on oe li ll ll:li 1 11ie

!'i:I r f i o wlli ret'in! iti flie Vo cI Ri or , DI t,!i off tik ('isti i lt """n

(or- I. v:t 111d I 1povu I y

t'- I evc I 11c ti I f t ii) 1 i 1 a i I wit erls icivk' :i nta'I V Ii-

t'l. ~ ~ ~ hw iet i iiel'i inc n. iii I s s fongh ir Fort planda]l I

21.1 t181 1 vt I c f:D:kot , win l, P it rton'1 1 in vo:irls when water

I Ivole I I uiiot'i t k-,d eli 1 0. k vl/kiiy t 1,u i it 11 ir whenl flu1o.tn t tons)IF wore

I %/1. I!(11:- 11) . Appiiit lv, !etitodu w:iter-ievel fluctuation

2 1 h in ~ i r :;irv vtI t ot2s :i it Ia:ie8O. Tio increasei tliel

ilti~t lt~ , i ltre ( ') I,,rriiihlei t imt witor roloienr! from Fort

" itiI PDir: I" r:fuI 11; l:i11 '4t m /c Iri f it' thioe spaw rigf- andi eg

Wi] ev: inve bocen :-,tockeil ill :"(,me I I w:iter5 wher'e natural

itIc1 ot rti.A ti6-km s-t ret ch ,I river below I lit



Boysen Unit Dam, Wyoming, has provided a good walleye fishery as a

result of stooking (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

2ooplankton 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. Fool habits and growth of walleyes and saugers in tailwaters

ire not well documented. An examination of six walleyes collected from

liolyoke Dami tailwater, Massachusetts, showed that fish made up 96 per-

cent of the total volume of food in stomachs (Jefferies 1971). Saugers

in Chilhow,,e tailwater, Tennessee, preyed heavily on stocked rainbow

trout during, the spring spawning run (Bole.-s 1969). Food of walleyes

and saugers from Lewis and Clark tailwaters, South Dakota and Nebraska,

consi sted primarily of giazard shad, emerald shinors, yellow perch,

white bass, and white crappies (Walburg et al . 1971 ). The growth of

walleyeo anif saugers in Lewis and Clark Lake tailwater w'as superior

to th:at in the reservoir; for fish of similar lengths, the weights of

w:1l leyes and sautgers; were respectively 7 and 1) percent greater in

the ta lwater.

DLrters

5%6. According to Bailey et al. (1970), 109 species of darters

are found in the Uni ted -;tate.; and Canada. Comparatively few are

mentioned in the tailwater literature. A general description of

darter life history is presented because of the large number of

soec e,-.

537. Habitat. Most darters are found in clear, small- to medium-

,;is'ed streams with permanent flow and clean, gravelly, or rocky bottoms.

They are most often found in the deeper sections of riffles, but also

)ccur in rooky pools having no peroeptible current. Some species are

more, tolerant to turbidity than others. The young of most species can

bo f',und in ,uiet-w-t or areas associated with leaves, sticks, and

150



538. Darters are adapted for life in swift-flowing streams.

They sink immed iately t.o the bottom when they stop swimming, and the

press of the current against their enlarged pectoral fins tends to hold

them in niace. Darters are 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 usually spawn in late spring

over a sand or gravel bottom in water about 0.3 m deep having moderate

current. Eggs are laid and fertilized in a depression on the stream

bottom, where they hatch in about 21 days at, ?10 C. Eggs and larvae

receive no parental protection.

540. Some darter species attach egs to strands of filamentous

algae or aquatic messes and males establish territories. Breeding

males of still other species seek out and occupy cavities beneath

rocks. Ripe female; enter the cavity and deposit their eggs, where

they :iadhere to the underside of the rock. The male stays with the

cg<s until they hatch.

iY. Food. Dartera; are carnivorous, feeding principally on

insects and other small aquatic invertebrates.

514?. Age and growth. Lengths of adult darters other than

log!nerch usually rang:e from 6h to 8I9 nmm, with a maximum of about 100

mm. Males g-row more rapidly and attain a largier size than females.

Ma);t are mature in the first spring after hatching and few live longer

than yearcs. Th, lo perch, the largest darter, usually ranges in

length from 10) to 1') mmT, but sometimes attains 17P mm.

D:trters in ta i]wat es

5) . Darters have not. been studied extensively in tailwaters.

T'hey flouri sh in a vaLriety of environments, and some have become
,,st'abli hed in cold tailwaters. Many darter species, particulairly

th" orrIr cethro:11 darter, r:, inb-w darter, and logperch, are abundant

in Ba,)ver talIwate, ArkansaLs (Brown et al. 1968; iiacon et al. 1069;

Hot' rmru ind KI 1ambi 1970). Their abundance may be due to the unstable

comp u; i In I" the fi:;h popu,:t.ion in this relatively new tailwater.
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Darter ntumbers are reduced in older tailwaters in the same drainage

(Brown et al. 1968; Hoffman and Kilambi 1970).

544. The relatively low water temperatures (1h.4-21.70 C), low

turbidities, mixed gravel-bedrock substrates, and high dissolved oxygen

levels in Hoover tailwater, Ohio, provide excellent habitat for some

darLer species. The logperch, greenside darter, rainbow darter, and

banded darter are all abundant, and the blackside darter, Johnny darter,

:Ln fantail darter also occur there (Cavender and Crunkilton 1974).

5145. The logperch, gilt darter, and banded darter were all abun-

dant, in the cold Chilhowee tailwater in Tennessee. The logperch was

also n, mcrous in the cold Norris tailwater (Hill 1978). The tessellated

darter was dominant in the cold Rocky Gorge Dan tailwater, Maryland

(T'i 197,). The orangethroat darter was the second most abundant

species in the cold tailwater below Canyon Dam, Texas. The reduced

temperatures in this tailwater appear to have extended the winter and

sr rig breeding, seison of this species, and reproduction now occurs

throughout the year (Edwards 1978).

5h(h. Only one report on the age and growth of darter:, ii

tailw:dtters was found. Tsai (1972), who studied the tessellated darter

in Pocky (Iorg:e D~im tailwater in 1907, found that the menn .;ta ndard

lengths of females at ages I, IT, and III were 35, a17, and 1 rn

males were 7 mn long at age I and 50 mn :it age II.

Sciaenidae (Drumns)

5147. The irum family cont'nilrs many important marine fisies; only

I,(. is t freshwater species, the freshwater drum.

ie :hlwater drum

85I. Habitat. This fjish is found in large, shallow lakes and

lir'ge, slow-moving rivers. It is usually found in the larger pools of

,tsrts ,rid in lakes and reservoirs :it depths of 9.0 in or more. The

, r:hwater drum avoids strong current, is usually found neil • the bottom,

-rid is tolerant of high turbidity. It is parti (ulzirly common in the

Mi s s( uri and Mississippi rivers and the downstream sections of their
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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 1800.

Spawning occurs over a period of about 6 weeks (Swedberg and Walburg

1970). Eggs are fertilized in the open water and float until hatching.

They hatch in about 36 hours at 21°C; newly hatched larvae are 3.2 mm

long. The larvae 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,

craLyfish, and iuatlure aquatic insects; mollusks are eaten if available.

Young of the year eat mostly zooplankton and chironomids; as fish in-

crease in size, larger aquatic insects become important.

551. Age and growth. In Missouri streams, freshwater drum

average 1.1? mm in length by the end of the first year of life and 206,

269, 315, 353 , and 378 mm in succeeding years (Purkett 1958b). On the

average, a 330-mm fish weighs about 450 g and a 400-mm fish about 900

g. Most drum caught by fishermen weigh 900 g or less, but individuals

weighing up to 15.9 kg are occasionally taken. The maximum life span

is at least 1i years.

Freshwater drum in tailwaters

55P. The role )f 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

Keyst(ne Dam tailwater, Oklahoma, where they are eaten by striped

bass (Combs 1979). They are abundant in Lewis and Clark Lake, a

main-stem Missouri River reservoir on the South Dakota-Nebraska
border, and Ilarge nunbers of young of the year less than 25 mm long

pass into the tailwater with the discharge during the summer (Walburg

1971). In 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 young carried downstream in the river

flow Later return to the tailwater. Freshwater drum made up 30 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).

Cottidae (Sculpins)

553. The ,sculins are bottom-living, primarily marine fishes, of

arctic and tempertte seas; sever:il genera are found in fresh waters of

the northern hemisphere. Tlins discussion will be limited to the

mottled and bantded sculpins, which occur in some streams.

Sculpins

554. Habitat. The two sculpin species often occur together

because their rtquirements are siriiI~r. The mottled sculpim is usually

found in streams with clear, cold water, in both riffles and pools with

bottom types rangiinF from ;ilt to gravel and rock. Generally, it is

moi-t abundant in cover such as coarse rock or thick growths of water-

cress. The banded sciulpin tolerates higher temperatures than the

mott led ,culpin and is the more abundint of the two in larger and

warmer streams. "wulpins ]lyw, 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

water temperatore reirhes about 10 0 C. The adhesive eggs are deposited

in clusiters of, i bout 200 on the, undersides of stones. The incubation

- ( pero(ol to ). w(.eki; and the mnle remains near the nest until the

fry H,31perso.dito

556. Food. L-Lrval aquatic insects are the main diet of sculpins.

Cottils are predaceous, but they do not feed extensively on eggs and

young of trout, as is sometimes claimed (Pflieger 1975).

*k 557. Age and growth. The mottled sculpin is 2'8 to 36 mm long

when one yea r old. It, probably does not mnture until its third or

f')urth slummer of li fe. Aiiluts are commonly 60 to 90 mm long and the
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maximum is about 115 mu. 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 ShooIs 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

facilities and one flood-control dan (Ilutchison et al. 1966).

)59. Cottids are not found in all tailwaters. The mottled

:-culpin has disappeared below four hydropower dans on the Au Sable

River, .Michigan (Richards 1976), and were rarely collected during 1966

studio in the cold Beaver tailwater, Arkansas (Brown 1967).

560. Sculpins are highly susceptible to stranding during large

water fluctuations because of their sedentary behavior. A total of 55

scu pins were found stranded in three O. A?-m' sections of the tailwater

below a Wyoming darn. It was recommended that flow decreases not exceed

,. I.n3 !sec/day, to ollow for fish migration out of the area (Kroger

1973).

LI. Overll, reductions in Plow do not appear to affect sculpin

survival . The piite sculpin (formerly eagle sculpin) is one of the

surviving nativ, species in the Granby Dam tailwnter, Colorado, in

spite tf large flow reductions.

56:. ?colpins appcar to reproduce successfully in a number of

tailwaters. The banded sculpin was the only fish species able to

-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 a downstream reservoir beginning in about

1.55
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1970 sel'iouIy reduced the abundance of the banded sculpin, and the

specieu; is now infrequently collected (Bauer 1976,.

6 )-. The food habits of sculpins in tailwaters are not well

knowi. The colmmon bullhead, a cottid which occurs in Cow Green

tailwate" 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 Dale Hollow tailwater, prior to inundation by the

downstream Cordell }Hull Reservoir, consisted of Diptera, Coleoptera,

Isopoda, crayfish, and small trout. The sculpins did not eat Cladocera,

which were abundant in the reservoir discharge (Little 1967).

.1

156

i



PART VIII: CONCLUSIONS

564. The construction of an impoundment alters the biological,

chemical, and physical characteristics 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 depth from which water is withdrawn from the reservoir. The effects

of these releases are further modified within the tailwater by inflows

from downstream tributaries and groundwater, riparian vegetation,

atmospheric conditions, and physical characteristics of the streambed.

The tailwator biota reflects interactions between the native or intro-

duced organisms and the physical and chemical conditions in the

tai iwater.

Effects of Hypolimnetic Release on Downstream Biota

500. The iepth of the discharge is of primary importance in deter-

mininc !he tai iwater environment below stratified reservoirs. The

release derYh affects water temperatures, dissolved gas concentrations,

nutrients, turbidity, and the presence of toxic concentrations of some

Klisa. Ived substances in the tailwater. These factors have a profound

effect on the tailwater biota.

567. Maximum and average water temperatures are generally colder

in thr t'ajwater below ai hypolimnetic release reservoir than in the

* unimpounded stream. The effects of these coldwater releases are similar

on brfh warmwater and coldwater streams but are more severe for the

warmwater streams. The reduced water temperatures may fail below the

to1(-ratlce levels of certain native species 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

(Ilulsey 1959).

570. Hypolimnetic releases into coldwater szreams 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 maintain 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

tailw-.ter biota, since col.wnter organisms cannot survive in the warm

waters. of late summer and warmwater organisms cannot reproduce or grow

in the cold waters which occurred earlier in the year.

7?. The loss of diurnal fluctuations in water temperature may

remove the t e mperature stimulus necessary for normal progression of

irnve' ebrr , ife processes. Some invertebrates may disappear but

)"her - .. eluvsed species usually replace them. Invertebrate popu-

lat i theln stre.sed environments often display low diversities

,,w dissolved oxygen concentrations ir tailwaters below

ster' ~e dee-release reservoirs may cause physiological stress in

the 'iu:ittic comnunity and limit fish and invertebrate diversity. Bio-

<,ic i a e( )miosition in the hyplimnion of some reservoirs during the

:Knm 1,imnates most of the dissolxed oxygen and results in the re-

lease of deoxygvenated water. If" inufficient reaeration occurs in the

ou tl, works, invertebrates may enter the drift and fish may actively

mirrate downstream. In extreme cases, lack of adequate dissolved

oxyI-en ha:; been responsible for the die-off of fish in ailwaters. In

most tailwatrs, however, turbul ont flow over rif4 les rapidly increases

hte dissolved oxygen concentration as the water proceeds downstream.

574. Tiutrients which onter a reservoir may be used by the reser-

voir phytoplanktoti or may settle into the hypolimnion. The dissolved

j!  nutrients whi oh accmrulate in the hypolimnion, either as a result of

'hi deconmposition of or-,anic mtter or directly from the watershed, are

Iushed [ii'o the tailwter during release of hypolimnetic water and may

onhaLne primary productivity in the tailwaters. The additional nutri-

r'. may incrcase ner)iphytic algal production in the tailwater and,
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c'onsequently, increase the numbers of invertebrates feeding on or

living in the algae.

575. Toxic levels of' reduced substances, including iron, manga-

nese, hydrogen sulfide, and ammonia, may be formed in the hypolimnion

of' a reservoir during low oxygen conditions. It is possible for these

substatnces to be released into the tailwater at levels which may stress

both the invertebrate and fish populations.

57 Turbidity is usually reduced in tailwater.3 below deep-release

dams and organisms- which are adapted to turbid waters may be at a

competitive fisadivantage. For example, reduced turbidity favors trout.

and other clear-wate- sp1ecies over rough fish. Ini Some instances,

no,-wever, turbid inflows mnove through the reservoir as density current

-ta ,re re leas-ed into the tailwater.

E>f!'Otc - of' FIiil metiC ReleaZse on1 Downstreart Ti e51ta

''3''''\-7.c with cc!iini mi releases, a-e 7eneral 1y less;

ii!;ruptlye to.- ti ii w:e r bliolt: than are thos-e with hypolinnet ic rel eases.

.%a rmiwa ter sl re~iuas a)te su. to onily mi nor t emreratur, ,hant-es a

r cul t at he s'onsIi ct ron of a in api 1 irs at ic rcA ease rs'oir The

weit cir temperature -' t he ich g isun wi thi n t h toilerance

limits Ot the <t - WIrls~ter it!l5!i c nd does not. affect '_heir

suri ol.Al lit tout i y so-me spdorffsh nns invrtebrntes may be

cmsortl -rt of thle resci v(l 5T3 iI let thc tail weiter bciota . Fish

coririt 'a in t'Ale res;ervoir oft en ire. orai lt3e ini the t ailwater. Fpi limneti c

tirhare rcom a dam built on a coldwater stream usually has a higher

- N umr"'r and itutumn tempera t~ur(2 t lvi tie ori,,-na 1 stream. The warmer

i:cergueo mari~ caus;e chang~es i n the bi eta (-f the tailIwat er . Coldwater

seis( plec( ptez--ns anti trout.) may be elimi nated by temeratures

exceodiif ig hi r t 3)1 aaice leve~ls. Ilevatett temperatu~res -ilso may allow

roug-h fi 5 i ( i3rp 1331 siicketrs) teo ouftcompete marry of the native or intro-

'7O* I w IIss yeIxgec'netra1ar rarely 1 iit the bi ota

bel curte -~ ese esere i's.111oh levels of photosynthesis in
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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-

w Lter below a dam on a warmwater stream in the central United States,

'-t the problem is most common at high dams on the larger rivers of

T eific Northwest. Nitrogen supersaturation and nitrogen em-

._m <enerally do not occur at lowhead dams.

AO. Epilimnetic discharges are generally low in dissolved

i-itrients, since particles (algae, suspended material) containing

r s>rbing 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

the turbines or over the spillway. Tailwater populations of shad,

sunfishes, suckers, pikes, and some percids may be maintained through

export from the reservoir. In 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 Itiota

f$) The I irin(- and~ vollumie of water released from a darn may

Scereiv iny enl.likore the tajiwater biota. Changes in the flow

I) It , Tr; t ft ri:': jstrution include seasonally stabilized flows,

su~a~ no1 ii 'h~w (with reduc peQak flows) durintg high water

no:Ia inaMr "1owns durini- dry periods, and diel fluctuating flows,

belo(w hbydrentower :"ti I i 1 ie-. Thel( effect of these flcow changes on the

hiw ira a vl , ,we2ve" be i-rasked tby -' her faa t.or a suc.h as t emperature,

72 ' e':,wr indra ox ic level a. of rediuced substane-es.

T't IlLwa tor;: I~ 1 w moa-t nonhydrole-wer reservoirvs have a

mor abo ; a' 1f w e1 :e .hiamr that I i uni mpound ed streamts. The

Staibi i.-e f!,,W: 7 t re: t:from be. i riur I. cion it- the intensity bf

Cloods ataid the ma i a terra tiC f'le)w: rnr I(o-wa :er plerinds provide a

Ic;::'war iable abitat. lie w '"ated with stabi -

I i.- t2,l fl 'Wa, mri L r111111 !ii- li 0 i' intvertebratec

leat~ t-.., T-tu- .. orb: rH 'i I~,~nviitait

and feeli aupplvf trv e L e1' m' "tr,,Mt new inver-

1eba t zetax tha:i bernime a r;>, web, but species

:'eedirr orn all.oehot-i~::7 mso tI be n ii I' fst hi fhe s

mayrpodc eecuca;nl i Wtter. f't able

fi. ws may, however, 1, ole! aimoii ai t-* moderate flow

variation to :n.:at rnwor n - 'orc ivr

ti Tite effenla f i 1 (1 (X i:i'lil -treaTm: - have

been Aesoaribe. I bY a'eaatba(:'w* era and Gard

I,?'(,; Rycl, 107(). ILrir lwai tllao' are" gen'1erl ly less intense
5 h n a ra ,re treama- but, aro:mujw vera ur time. The

ef''.ota -I f I o ,fw!a or. !aiaer':b:ire ratlyIependenit, err the

'A-t iwater' 1hy: 1,110~r .If h t-'L I waIter i deerl n el s, suffi ci ent

''ver ,a b';'w'It'(r oe:for fi ,hael tel, high1 flows: are less detri-

1'11rultioen: tlattn if' the tai w~ter ha-, I1 tiie physical

*variab(ility. Ilii lws duringt, the reproductive periodl of fish can

thre iitre~m bettos and destroy the eggIs and larvae and reduce



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

unknow-n. The increased flows may initially 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

dow-nst ream.

Oq6. The subject of minimum flows is one of the most widely

stu died 'spects of reculated streams. During the dry season of late

summer and fall, minimum flows are often maintained below dams to

provide aquatic habitat for the survival of invertebrates and fish.

The habitat that remains, however, is usually of decreased quality and

u:.intity. Reduced habitat increases interspecific competition fs)r

space and food among fish and among invertebrates. Both groups experi-

ence physiological stress and reduced production during low flows.

Low flows in tailwaters reduce wutor velocities and associated detrital

£1 material, and thus food and oxygen for benthic organisms are also

reduced. Low flows allow silt and detritus to accumulate in the*1 tqilw'Lter from streamside runoff. This material may be beneficial to

the prrductivity in the tailwater if not present in excessive quanti-

t, i . In moldwter streuns, minimum flows from deep-release reservoirs
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often maintain water temperatures within tolerance levels for coldwater

species (e.g., trout).

587. 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.

538. Below hydropower dams, large diurnal flow fluctuations most

often have a destructive influence on the tailwater biota and create an

unstable, highly variable downstream habitat. The extreme variarion 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

discouraged. The widely fluctuating flows discourage the establishment

of streanside vegetation and other aquatic plants. The benthic food

basc is radically reduced arid some species may be eliminated. A "zone

of ffluctuation" is permanently established where no production takes

plnce 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

eggs, 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.

-* 590. The release of large 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 ,ir temperatures. The thermal tolerance of some

fish and invertebrates may be exceeded during these periods, and the

organisms either movt, out otf the tailwater or die. The increased water

temperatures may be beneficial to some species, such as carp and

smallmouth bLss, thLt 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 suitaibility for trout, which includes cold water,

adequate flow, plentiful cover and food.

Past Tailwater Research and Suggestions for Future Study

591. Review of the available literature revealed that the present

understanding of biological problems in tailwaters is far from complete.

Current research being funded or conducted by various groups, including

the U. 2. Army Corps of Engineers, Tennessee Valley Authority, U. S.

Watter ard Power Resources V'ervire (formerly Bureau of Reclamation), and

the U. ;. Fish and [Widliife 'ervice, may provide the necessary infor-

mation to overcome the inadequacy of the literature.

592. Most tajiwater re earch has been narrow in scope. Usually,

the s-.tudy of the biota in a tailwater has been limited to the compila-

tion o" lists ,f invertobri.te species and fish species or creel census.

It has sninetimes been a!;sLumed that a major change in one physical

:rtor (e.g., temperature, flow, otc.) has caused a change in the

tal lwater 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

g[as supersaturation or reduced dissolved oxygen). The more subtle

changes resulting in the disappearance of a species or change of spe-

cies composition 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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-ittributed to the reduction in temperature. What is usually not known

is which stages of the fish's life cycle were affected by the lowered

teme.,rature. Reduced temperatures may have had any of several effects

or combinaitions 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 tolerance

limits of the affected species. If the "weak link" in the life cycle

of the species was known, it might be possible to release water of a

more favorable temperature during the critical period (e.g., releasing

water of a warmer temperature until egg hatching i.3 completed).

5914. It is improbable that changes in species comrositi nI were

due solely t one factor, such as a reduction in temperajture,. Changes

in the tailwater biota are more likely due to the alteratisr, ef a

number of factors such as temperature, flow, habitat av ib] ty, f-od

abundance, and the levels of turbidity, dissolved g:ises, %ni tcertain

chemicals. Additionally, the degree to which these alter°t -ns affect

the biota in each tailwater may be highly variable. The bi-ta in two

apparently similar tailwaters may react differently to simiv-r changes

in chemical and physical factors because of differences in proect

location, construction, and operation. Indeed, it is possible that in

some tailwaters the assumed cause of the faunal 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 should investigate all parts of

the tailwater ecosystem and must include continuous (i.e., daily)

monitoring of major chemical and physical variables and periodic

3sanpling 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

thi:s information to observed changes in the biotic community with

appropriate statistical analyses.
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,(.In adit inn to de termi fling which cliemi cvi andl physical

faotors :vct to alte- the hiotit, community, further more i ntensive,

1 united studies will be needJed to discover how these factors act on

the miost. seriously a fotdmembers ol' the bioeta. Onl y by dot erm ining-

how the( affecteQd trt ii water rgn in are influenced will it be possibl~e

to sugg.es-t improvetient. s' in the current tail wat(2r management. pla;fo

example, hocw I slsth warmwatet' fish species is influenced bel ow

hiv tl imiel c ae hea t 1 ower da m. It may be determ i ne. that the

di eeratceOf hiOpecies is most clo.sely cerla dwith diurnal

:' ~w al 'emt t ~itre "lI ttaLt i ens and del :vyedi seasonal wsrrmiring More

:1:1owlv de inc.1sudicc may determi ne that fish snawnii nt his been

Sc rlbeoa:ive ,)! a laick of adequate thermal timulus and that, i~

................too rind i nvrtebrate food product ion have deeli ned be ieof

',he pedeicl dcvi nig of Srawiin n beds,.- atil riffle areas,- M1timatI y, it

w i i be up t, :the 1-~gn aec o determine i! n ny ofC thesugton

,r, t be imp oli wont !ed 1,7 t Ihi n i he onit,(ext of !ini ,%c raiIl esco r insoLage-

1%.n t p1~ an

"'.Il e vre f, i 1t ( nt i ye, 111 Jd 11trot. d Icu ,-ed i s oni I use 1ul for

unesdit- , lie probi ems, of ati: nd vi dual t-ailwater bel , 1 tive stigated

It wo uld be hel ptt i in th ftie 10o h:avea!- general i Zd COnICeltual Model

01 t-:it 'rt vi I wat Lc f y 01 s s0 i s.t, i n thle r e coni t i on t tai iwater

Sob l ems w i. hou t r es 'I si :rg-o Ie i rit ens' 1ye s tud ie s Such a

o is cec)t.11al m,.odel rmust. prov ide : c I tc udrs h of how the maj or

'I. eini cl , rhysiL cl ,and biciogioal .,virl Iabies sel ate to ind interact
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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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APPENDIX 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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*1...... .. .. . , , .



Part IL: Fishes from North American Tailwaters

Polyodontidae

Paddlefish Polyodon spathula (Walbaum)

Clupeidae

'Skipjack herring Alosa chrysochioris (Rafinesque)
American shad Alosa sapidissima (Wilson)
Gizzard Shad Dorosoma cepedianumn (Ler ur)
Threadfin shad Dorosoma petenense (GUnthezr)

Salmoni dae

Coho salmon Oncorhynchus kisutch (Walbaum)
Cuitthroat trout Salno clarki Richardson
Rainbow tro-ut Salmo gairdneri Richardson
Brown trout Salmo trutta Linnaeus
B rook trout, Salvelinus fontinalis (Mitchill)

Bsooridae

Gaspickerel Esqox ariericanus vermiculatus Lesucur
Ilothenioke Esox lucius Linnacus

Muskellunge Esox masquinongyv Mitchill
Chain pickerel Esox niger Lesucur

Cr i due

Chis-lolioth Acrooheilus alutaceus Agassiz and
PIcker Ing

7orinro 11e1 Campostoma anomalum (Rafinesque)
C'1rp C),rp5ius carplo Linnaeus
Hiurtobac clu,,b Giua cyp~ha IMiller
PoInytal QuGia ef_-nns Bqird and Girard
Rou)Initaii chIub Gili robusta Baird and Qirard
pa cli chiub Hyboosis aestivalis (Qirard)

"mmey( chub ilybopsis nL os (Rafinesque)
o huib Hybopsis dissimilis (Kirtland)

Tmeamrnuth Mylocheilus caurinus (Richardson)

1''rr jedchub tIcomis biguttatus (Kirtland)

.rchnub Nocomis micropoon (Cope)
T)Men shiner Motemigonus crysoleucas (Mitchili)

Trx-] shi1ner Notropis amabilis (Girard)
R cc:' i s hin11er Notropis :trdens (Cope)
'net aid shinier 7lotropis atherinoides Rafinesque

(Conti1nued)



Cyprinidae (continued)

Bigeye shiner Notropis boops Gilbert
Striped shiner Notropis chrysocephalus (Rafinesque)
Common shiner Notropis cornutus (Mitchill)
lWhitetail shiner Notropis galacturus (Cope)
Blackehin shiner Notropis heterodon (Cope)
Spottail shiner Notropis hudsonius (Clinton)
Red shiner Notropis lutrensis (Baird and Girard)
Silver shiner Notropis photogenis (Cope)
Duskystripe shiner Notropis pilsbryi Fowler
Tosyv ace shiner Notropis rubellus (Agassiz)

pofnshiner Notropis spilopterus (Cope)
.)and shiner Notropis stramnineus (Cope)
Telescope shiner Notropis telescopus (Cope)
Redfin shiner Notropis umbratilis (Girard)
Blacktail shiner Ilotropis venustus Girard)
l,-imi shiner Notropii; volucellus (Cope)
,uckerrinuth minnow Phenacobius mirabilis (Girard)

S'outhern redbelly duce Phoxinus erythrogaster (Rafinesque)
.1luntnose minno-w Pimephales notatus (Rafinesque)
Ea-theadi minnow Pimephales pronelas Rafinesque
Blullhead, minnow Pinenhales. vigilax (Baird and Girard)
Colorado squawfi sh Ptychocheilus lucius Girard
Nlorthern squawfi sh Ptychochei lus oregonensi s (Richardson)
B"17icskoose dace Phi ni chthys atratulus (Hermann)
Tonrnose (lace Rhinichthys cataractae -(Valenciennes)

pueck1,( (l ace Rhi nichthys osculus (Girard)
7>isdc sinerRichardsonius balteatus (Richardson)

Crook chub Semotilus atromaculatus (Mitchill)

Ca os tornia

River carjpo-ucker Carriodes carpio (Rafinesque)
Qil lbrtck Carpiodes cyrprinus (Lesueur)
Lnnos-e -aicker Catostomus catostomus (Forster)
W<hi tt suicker Catostornus commersoni (Lac~pZde)

Bluhe~i ucerCatostomus discobolus Cope
FI'iinenmdh scker Catostomus latirinnis Baird and Girard

4 st~ecocsucker Catostomus macrocheilus Girard
Moitansucker Catostomus platyrhynchus (Cope)

B~u sukerCycleptus elongatus (Lesueur)
.1Irtlior hoC, suc- ker Hypentelium nigricans (Lesueur)
-mnrilIlmoiith buiffalo Ictiobus bubalus (Rafinesque)

Pig~ouhbuffalo) Ictiobus cyprinellus (Val enci ennes)
*Blocik buffoilo Ictiobus niger (Rafinesque)

(Continued)
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Catostomidae (continued)

Spotted sucker Miznytrerna melanops (Rafinesque)
Silver redhorse Moxostoma anisurum (Hafinesque)
Rive-r redhorse Moxostoma carinatun (Cope)
Gray redhorse Moxostonri congestun (Baird and Girard)
Black redhorse Moxostoma duguesnei (Lesueur)
Golden redhorse Moxostoma erythrurun (Pafinesque)
Shorthead redhorse Moxostorna macrolepidotun (Lesueur)
Humpback sucker Xyrauchen texanus (Abbott)

Ictaluri dae

White catfish Ictalurus catus (Linnaeus)
Blue catfish Ictalurus furcatus (Lesueur)
Black bullhead Ictalurus inelas (Rafinesque)
Yellow bullhead Ictalurus natalis (Lesueur)
Browni bullhead Ictalurus nebulosus (Lesueur)
Channel catfishA Ictalurus punctatus (Rafinesque)
fIender madtom Noturus exilis Nelson

Otonecat Noturus flavus Bafinesque
Tadpole madton Noturus gyrinu s (Mitchill)
Brindled madtom Noturus miurus Jordan
Freekled rnadtom Noturus nocturnus Jordan and Gilbert
Flathead catfish Pylodictis olivaris (Bafinesque)

Perci chthyitlae

White bass Morone chrysops (Bafinesque)
Yellow bass Morone mississippiensis Jordan anid

Fi genrmann
Striped bass Morone saxat ili s (Wailbaum)

Centrarchi dae

Rock bass- Aribloplites rupestris (Rafinesque)
Green sunfish Lepomi s cyanel lus Rafi nesque
Oranrespntterl sunfis;h Lepomi s humil1is (Girard)
Bluieg ilIl Lepomis macrochirus Rafinesque
Lorifear sunCI sh Lepomi s megaloti s (Rafinesque)

- edeo, sunfri;;h Leopmis microlophus (Gunther)
"rnallmouth b~sMicropterus dolomieui Lac~p~de
",~potted basMicropterus punctulatus (Bafinesque)

Largemouth basMicropterus _________ a~p de

White crappie Pomoxis annularis Bafinesque
Black crappie Pumoxis nigromacul fiis (Lesueur)

(Continued)
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Percidae

Greenside darter Etheostoma blennioides Pafinesque
Rainbow darter, Etheostoma caeruleun Storer
Fantail darter Etheostoma flabellare Rafinesque
Johnny darter Etheostoma nigrum Bafinesque
Te.ssellated darter Etheostoma olmstedi Storer
Oranigethroat darter Etheostoma spectabile (Agassiz)
Banded darter Etheostoma zonale (Cope)
Yellow perch Perca flaveseens (Mitchill)
Logperch Percina caprodes (Pafinesque)
(lilt darter Percina evides (Jordan and Copeland)
' Iaokside darter Percina maculata (Girard)

2a~erStizostedion canadense (Smith)
Wal1leye Stizostedion vitreum vitreun (Mitchill)

,ciaenidae

Freshwater drum Aplodinotus grunniens Rafinesque

Mottled s3culpin Cottus bairdi Girard
Piute sculpin Cottus beldingi Eigeninann and

Eigenmann

Banled .;culpin Cottus carolinae (Gill)
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Part II: Fishes from European Taiwaters

Salmoni dae

Baltic salmon Salmo salar Linnaeus

Cyprinidae

Zope Abramis ballerus (Linnaeus)
Bream. Abranis brama (Linnaeus)
Golden shiner (European) Abramis sp.
Bystryanka Alburnoides bipunctatus (Bloch)
Bleak Alburrius alburnus (Linnaeus)
Barbel Barbus barbu-s (Linnaeus)
White breanm Blicea bjoerkna (Linnaeus)
Shemaia Chalcalburnius chalcoides (Crldenstidt)
Nase (Pciust) Chondrostona nasus (Linnaeus)
Carp Cyprinus carpin Linnaeus
Gudgeor Cobin m7bin- (Linnaeus)
Ide Leuciscus, Ldus (Linnaeus)
Roach or Vobia 13utilus rutilus (Linnaeus)
Khramulya Varicorhi nis capoeta (('Alldenst~idt)
Vimba Vimba vinba (Linnaeus)

Percidae

Volga pike-perch Lucioperca vnIgensis (Gmelin)

Cottiac

Common bullheadl (sculpin) Cottus gobio Linnaeu7n
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APPENDIX D: LIFE HISTORY INFORMATION FOR THE

MOST COMMON FISH GROUPS MENTIONED IN THE TEXT
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APPENDIX E: GLOSSARY



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.
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Copepods: freshwater crustaceans; includes such zooplankton genera as
Diaptomus and Cyclops.

Crustaceans: includes certain zoupiankters (copepods and cladocerans),
amphipodsg, decapods, isopods, and ostracods.

Daphnids: any member of the cladoceran genus Daphnia.

Decapods: freshwater shrimp and crayfish.

Detritivores: organisms that ingest detritus.

Detritus: fine particulate debris of organic or inorganic origin.

Diatoms: class jf algae h,,3ving 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 o2 a resistant cyst by certain microorganisms,
especially under unfavorable environmental conditions.

Enhemeropterans: order of insects that includes the mayflies.

Epilimnion: upper stratum of' more or less uniformly warm circulating
water that forms in lakes and -reservoirs during periods of stratifi-
cation and extends from the surface to the metalimnion or thermocline.

Excystment: portion of the life cycle of 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: life stage of fish between hatching of the egg and assumption of
adu-jt charaoteristics (usually at a length of about 25 rm).

Gastropods: snails.

Habitat: place where a particular plant or animal lives.

Herbivore: )rganism that feeds on plant simterial.

Hleterotrophy: 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 discharged downstream.
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iypolimnion: lower stratum of cold and relatively undisturbed water
thait forms in lakes and reservoirs during periods of stratification

ad extends from the bottom up to the metalimnion or thermocline.

Instar: any one of the successive stages in the life history of an
insect.

Tqocuds: freshwater crustaceans (Asellus), which are similar to
terrestrial sow bugs.

LtLrlill' flow: smooth, low-velocity flow, with parallel layers of water
shearing over one another, and with little or no mixing of layers.

Lentic: stana icr waters such as lakes and ponds.

sc-s Zipterans: order of insects that includes the moths and butter-
flies.

,y: -te oy y of the rhysical , rhemi cal, and biolcq-ical eonditions
n Ires : wters.

K + "': r', ci :wnter: , such as -,*reat.s and rivers.

Syc rorthy2 : ma.rs,.scopic or large forms of vegetlation.

. , , m between the epilimnI:,. at.!.......... in
:'Ie, 1 i' c ,,: reservi r; exhibit:: mark W'1 crs-l iscon-

, me changes ',t. least lC nor :t: ! t1.,Kuhiut

7.. ,71 k':1 : b to! a:imals slially ca orel in a sheIl :rrni havIng
':0. M:: py 2.. ' c n ll]sle stis :] * - I n i ti .

.. - of immature stages in, certain rnsects.

Oligochaetes: earthworms and their aquatic representatives.

*. V Iv ' 0: " 1:." a i:! -ha: eats a! variety of living and dead olants
any -nirnt . .

dst''r, a. orus :O-efn5 enclosed in bivalve shells; resemble

T'eriphyten: auseciation ofi quatic err-rniss attached or clinging to
tems ad eaves of rcA tel plaunts i r other surfaces proJecting

,b ,:, the st re-m bettonm.

the ttera Iye logrtrithm of the effective hydrogen-ion concentration.
Used t,) express both acidity and basicity on a sca.le of 0 to 1L; 7
rere,.ent:' neutrality, numbers less than 7 increasing acidity, and

number; 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,
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: living or nonliving bodies of plrnts 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.

Tailwater: channel or stream below a dam.

Thermocline: see metnlimnion.

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
mixing of components.

Water quality: a term used tco describe the chemical , physical, and
hlological characteristics of" water in respect to its suitability
for i particular use.

Zooplankton: animaL microorranisms that live unattached in the water.
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