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Abstract


Examinationof  th eavailable literatureonth eef f ectsof  squawf ish  (Ptych och eilus spp.)predation


andcompetitiononsalmonidpopulations indicates th at:(1)  squawf ish maypreyextensively on


youngsalmon in lakes,butth ereislittleevidence th atth ispredationh asmuchimpacton th e


numberof  returningadults;(2)  squawf ish  do notappeartobesignif icant predatorsof  salmon


andtroutin streamsexceptunderh igh lylocalized, seasonal or unusualcircumstances; and(3) 


th ereis little evidence to indicateth at squawf ish  competestronglywith  salmonids. Areasof 


researchare suggested th at wouldclarif yth e role of  squawf ish  in regulatingsalmonidpopula-

tionsand elucidateth eir positionin th e aquaticecosystems of  westernNorth  America.


Squawf ish(Ptych och eilus spp.)  h ave gained 

reputations in th ewesternUnitedStatesasboth  

predatorsandcompetitors of  salmonandtrout. 

Concernover th e impactof  squawf ish on sal- 

monidpopulationsh asbeenconsiderable and 

h asledto developmentof  a varietyof  control 

meth ods includingelectricalbarriersandtraps 

(Maxf ieldet al. 1969,  1970) , a combinedpro- 

gramof  dynamiting, spottreatmentwith rote- 

none,anddrawdown (Jeppson1957) ,anda se- 

lectivepiscicide, Squoxin(MacPh eeandRuelie 

1969) .Wh ile th esetech niquesmaysucceed in 

reducing squawf ishnumbers, control opera- 

tions are of ten undertaken on th e basis of  

anecdotal evidence or inconclusive studies. 

Usually th e presenceof  large numbers of  

squawf ish  in a h abitatcontainingsalmonids 

seems tobeenoughevidence tojustif yacontrol 

program.Presumably,  th emainreason f or th is 

attitude is th at th e limited amount of  literature 

availableon squawf ish biologyappearsto sup- 

port th e belief  th at squawf ishare signif icant 

predatorsor competitorsof  salmonandtrout. 

Th is papercriticallyexamines th estudiesof ten 

citedto establish  th enegative impactof  squaw- 

f ishon salmonidpopulations to determineun- 

der wh atconditions,  if  any, squawf ish control 

is warranted. 

Systematicsand Distribution


Squawf ishare predatory membersof  th e 

f amilyCyprinidaeandth e largestmembersof  

th atf amilynativeto North America.Th ere are 

f our species,each  ch aracteristicof  a major 

drainagebasin.Th e Coloradosquawf ish  (P. lu- 

cius)of  th eColoradoRiversystem isth elargest


of  th e f our. Fish weigh ingup to 36 kg h ave


beenreported.Th e rangeof  th is speciesh as


beendrasticallyreducedbecauseof  th e many


dams and diversions on th e Colorado River, 


and it is now on both  f ederal and state endan-

geredspecies lists(Deaconetal. 1979) .Because


of  itsstatus, noth ingmorewill be saidaboutit


exceptto note, somewh at ironically,th atit was


once th e objectof  eradicationmeasures,but


nowa population isbeingmaintainedin a f ed-

eralf ishh atch eryin Arizonawh ereth eyaref ed


largelyonh atch ery-reared trout(Toney1974) .


Th e Sacramentosquawf ish  (P. grandis)  isf ound


in th e Sacramento-San Joaquin,RussianRiver, 


and Pajaro-SalinasRiver drainagesof  central


Calif ornia (Moyle 1976) . Th is squawf ishh as


only recently receivedmuch  attention as a


predator and/or competitor with  salmonids.


Th e Umpquasquawf ish  (P. umpquae)  is f ound


onlyin th e Umpquaand Siuslawriversin Or-

egon(Bond1980) .Th e north ernsquawf ish  (P.


oregonensis)  is distributedth rough outth e Co-

lumbiaRiver system,  th e Harney-Malh eurBa-

sinof  Oregon,andvariouscoastaldrainagesof 


Wash ingtonandBritishColumbianorth to th e


Nass River. It is also f ound east of  th e Conti-

nental Divide in th e Peace River of  Canada


(Wallace1980) . Th e north ern squawf ish , be-

causeof  itswideassociation with commercially

importantsalmonidspecies,  isth e moststudied


of  th e f our species. However,becauseUmpqua


and Sacramentosquawf ishappear to be very


similarto north ernsquawf ish  ecologically,  it is


probablysaf eto assume th atobservationsmade


104




SQUAWFISH VSSALMONIDS 105


on one specieswill be applicable to th e oth er 

two. 

FeedingHabitsand Predation 

Squawf ish h avebeench aracterized asoppor- 

tunisticpredatorson wh atever invertebrateor 

vertebratepreyaremostabundant(Th ompson 

1959;Casey1962;Falter 1969;Moyle1976; 

Eggersetal. 1978) .However,  th esizeandtypes 

of  preytakenvarywithth eageandsizeof  th e 

f ish .Falter(1969) f oundth at f ish andcrayf ish  

becamean importantcomponentof  th e diet 

(>50%)  f or north ernsquawf ish 18cmFL (f ork 

length )longor larger.Smallerf ishconsumed 

insects,oth er small invertebrates,and plant 

material. Th ompson (1959)  noted a similar 

transition in th e Columbia River,  with  f ish  and 

crayf ishbecomingimportant in th e diet of  

squawf ishbetween23-25 cm (FL) . Taf t and 

Murph y (1950) examined36 stomach sof  Sac- 

ramentosquawf ish 3-18 cm (FL)  and f ound 

onlyaquatic insects. DatacollectedbyMoyleet 

al. (1979) suggested a transition f rom a dietof  

insects to crayf ishand f ish at a sizeof  20-30 

cm. 

Squawf ish apparently f eed most h eavily 

around dusk and dawn but f ull stomach s are 

of ten f ound th rough outth e day and nigh t 

(Steigenberger andLarkin1974) .Recentstud- 

ieson north ernsquawf ish  h avesh ownth atth ey 

h aveveryrapiddigestion rates.Steigenberger 

and Larkin (1974) determinedth at f ishh eldin 

cages in th eir naturalh abitatdigested f ishat a 

rateof  14%perh ourattemperaturesof  10-12 

C. Two-th irdsof  th eir experimental f ishwere 

ableto evacuate th edigestive tractin 24 h ours 

or less.Th eir experimentsalsorevealedth at 

digestive ratesincreasedsubstantiallywith tem- 

perature,increasing f rom about5% per h our 

at 4-6 C to 40-50% per h our at 24 C. Falter 

(1969) alsonotedth isincrease in digestive rate 

with  temperature.Digestive ratesmaybe even 

f astersinceth e f ish  were f orce f ed,  possibly 

slowingdigestion.Th ese data indicateth at 

squawf ish mayf eedmoreh eavilyandf requent- 

lyth anth eh ighpercentage of  emptystomach s,  

ch aracteristic of  mostdietarystudiesof  squaw- 

f ish , suggests. Th e f requencyof  emptystom- 

ach smay resultin part f rom th e tendencyof  

large squawf ish  to regurgitatewh encaptured 

by mostmeth ods.On th e oth er h and,  little is 

knownaboutth ef requencyof  f eedingbylarge 

squawf ish .Th eir growth ,  h owever,  is slow 

(Moyle1976) ,suggesting eith erh ighmetabolic


demands,a largediversionof  energyinto re-

production, or,  mostlikely,inf requentf eeding.


Concernover th e predatorynatureof  th e


squawf ish  ismostapparentwh ensalmonids are


th e preyspecies. Squawf ish  are considered to


be a particularproblemin streamsduring th e


out-migrationof  smolts.Th ompson's(1959) 


studyof  th ef oodh abitsof  th enorth ernsquaw-

f ish  in th e lower Columbia River is of ten cited


asproof of  squawf ish  predationon salmonids.


Th ompsonf oundth at, outof  1, 272countable


f ish esf ound in th e squawf ish stomach sh e ex-

amined,  1, 102 (87%) were salmon.However,  a


pointof tenoverlookedwh enth isstudyiscited


isth ecorrelationof  salmonconsumption to pe-

riods of  smolt release f rom h atch eries. In all


but one instance,  th e occurrence of  salmon in


squawf ish  stomach swasprecededby a nearby


h atch eryrelease.Recentworkonth eColumbia


Riverrevealedth atlargepopulationsof  squaw-

f ishare of tenpresentbelowdams(Simset al.


1977,  1978) .Th e percentageof  th esesquaw-

f ish  consumingsalmonidsduring migration


varied f rom 20% in 1976' to 88% in 1977. A


similarpatternh asbeenobservedin th e Sac-

ramento River wh ere Sacramentosquawf ish 


maypreyh eavilyon newlyreleasedsalmon,es-

pecially immediatelyaf terth esalmonpassover


a largeirrigationdiversiondam at RedBluf f , 


Calif ornia (A. Pickard, personalcommunica-

tion) . Belowdams,th e f lowpatternsand con-

stantavailabilityof  conf usedor injured small


f ish esseemto concentratesquawf ish .


Oth er studies in streams indicated th at,  un-

der naturalconditions, salmonidsare not major


preyitemsof  squawf ish . Buch ananet al.(1980, 


1981)studiednorth ernsquawf ish  in th e lower


f ree-f lowingsectionsof  th e WillametteRiver, 


Oregon, during periodsof  salmonout-migra-

tion in 1976 and 1977. During th is period, 


1, 127squawf ish stomach swereexaminedand


only 2% containedsalmonidremains.An un-

sch eduledh atch eryreleaseof  steelh ead (Salmo


gairdneri)  in th e studyareamayh aveinf lated


th e percentageof  stomach s containingsalmo-

nids.If  th esedata are ignoredth e percentage


decreases to 1.4%.Of  th e squawf ish  th atwere


consumingsalmonids, 75% were over 30 cm


(FL) , indicating th atonlya portionof  th epop-

ulationmay posea th reatto salmonids.Th e


majorpreyin 14.4%of  th estomach swerescul-

pins(Cottus) . Sculpinswerealsoth emajorf ood
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itemin449squawf ish  stomach s f romth eSt.Joe 

River,  Idah o (Falter 1969) . No salmonid re- 

mainswere f ound alth oughsalmonidswere 

present in th eriver.Th e importanceof  sculpins 

aspreyof  squawf ish  isof  interestbecause scul- 

pinsare of ten considered to be predatorsand 

competitors of  salmonids aswell(Moyle1979) . 

Moyleet al. (1979)examined100adultSacra- 

mento squawf ishcollectedf rom six locations 

andf oundsalmonids inth estomach s f romonly 

twoof  th e locations.Salmonidsmadeup 33% 

and 24% of  th e stomachcontents.However,  th e 

f irstsamplewassmall(N = 5)  wh ileth esecond 

sample (N = 31) consisted of f ishtakenbelowth e 

Red Bluf f  Diversion Dam,  a location wh ere un- 

usualh ydrologicalconditionsf avoredsquaw- 

f ishpredationon salmon.All oth erf ish escon- 

sumedwere non-salmonids,  includingoth er 

squawf ish . 

A possible reasonf or th e lackof  signif icant 

predationonsmoltsbysquawf ish ,  evenduring 

th evulnerablemigrationperiod,isth atyoung 

salmonexh ibitbeh avioral adaptations th atmay 

reduceth e impactof  predation.Natural pop- 

ulationsof  smoltsmaycutth eirlosses eith erby 

migrating in large concentrationsat nigh t 

(Foerster1968;Simset al. 1977,  1978) or dur- 

ingtimesof  h igh f lowandincreased turbidity. 

Asaresultof  suchstrategies th epredatorpop- 

ulationis saturatedwith  prey at timeswh en 

preyaredif f icultto capture.GinetzandLarkin 

(1976)demonstrated th atth eef f iciencyof  pre- 

dationby rainbowtrout (Salmogairdneri) on 

migrant f ry of  sockeyesalmon(Oncorh ynch us 

nerka)  was reduced under conditions of  low 

ligh t,  h igh  f lows, and h igh  turbidity. Patten 

(1971) sh owed th atpredationon coh osalmon 

(Oncorh ynch us ki·utch )f ry by torrent sculpin 

(Cottus rh oth eus)  in streamtankswasgreateron 

moonlit nigh tsth an on dark nigh ts.Various 

studies h ave demonstrated th at naive salmon 

beginto exh ibitpredatoravoidance responses 

with in severaldaysof  exposureto predators 

(Kanid'yev1970;GinetzandLarkin1976;Pat- 

ten 1977) . Furth ermore,  Patten (1977)  h as 

f oundth atwh eninexperienced coh osalmon in 

th ecompanyof  experienced f ry areexposed to 

a predator,  all individualsbeh avelike experi- 

encedf ry. Th is suggests th at predator-avoid- 

anceresponsesare quicklylearned. Presum- 

ably,  experiencewith  predatorsreinf orces 

innate beh avioralresponses. Wh ile th e above 

studiesdid not utilizesquawf ish asth e preda- 

tor,  th eresultsaregeneralenoughsoth atth ey


sh ouldbe applicable to squawf ish predationin


streams.


Alth oughsquawf ish do not seemto be sig-

nif icantpredatorsof  salmonids in streams(at


least under natural conditions) , th e situationin


some lakesmaybedif f erent.In f act,north ern


squawf ish  predationon youngsockeye salmon


in lakes is perh apsth e best-documentedex-

ampleof  th eimpactof  squawf ish predationon


salmonids. Th e situations in Cultus Lake,  Brit-

ish ColumbiaandLakeWash ington, Wash ing-

ton,  are particularlywell known(Ricker 1933, 


1941; Foerster and Ricker 1941; Foerster 1968; 


Hartman and Burgner 1972; Eggerset al.


1978) .In CultusLake,squawf ish  existaspart


of  a predatorspecies complexwh ichincludes


arctic ch arr (Salvelinusmalma) ,cutth roat trout


(Salmoclarki) ,and coh osalmon.Foerster(1968) 


comparedth e ef f ectivenessof  each predator


and f ound th at arctic ch arr,  cutth roat trout, 


andcoh osalmonconsumedmoresockeye salm-

on per individualth an squawf ishover a 12-

monthperiodbyf actorsof  3,  5,  and4,  respec-

tively.He concluded th atth esesalmonidswere


moreef f ectiveaspredators th anth esquawf ish , 


alth oughth e squawf ish populationwasmuch 


larger.Also,CultusLakelackedh igh concen-

trationsof  buf f er f oragespecies suchasstick-

lebacks(Gasterosteus aculeatus) ,  pond smelt(Hy-

pomesus olidus) , andpygmywh itef ish  (Prosopium


coulteri) wh ichof tendominateth edietof  pred-

atorsin oth er systems (Hartman and Burgner


1972) ,and mayh avecausedoveremph asis of 


squawf ishas sockeyepredatorscomparedto


oth erareas.In contrast, LakeWash ingtonh as


a morecomplexf ishcommunity.Eggerset al.


(1978)analyzed th ef ishproductionof  th atlake


and determinedth at north ern squawf ishh ad


aconsiderable impactonjuvenilesockeye salm-

on populations.It wasestimatedth at 3 million


sockeyesalmonwere consumedby squawf ish 


f rom June 1972 to May 1973. Neverth eless, 


sockeyesalmononly madeup 10-30% of  th e


diet of  squawf ish , with  pricklysculpin(Cottus


asper) beingth emajoritem(70%) .


One sourceof  evidence th at migh tdemon-

strateth e importanceof  squawf ishpredation


areremovalstudies. If  squawf ish  aresignif icant


predators, th en salmonpopulationssh ouldin-

creasef ollowingsignif icantcontrolprograms.


Sucha programwasattemptedat CultusLake


f rom 1936th rough1938(Foerster1968) .Pred-
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ator populations (includingoth er speciesbe- 

sidessquawf ish ) were reducedto one-tenthof  

th eir 1935 levels. Th is reduction was correlated 

witha3-f oldincrease in smoltproduction.Both  

Th ompson(1959)andTaf t andMurph y(1950)  

cited th is programas an exampleof  th e re- 

wardsof  squawf ish  control, alth ough  th eef f ects 

of  squawf ishcontrolcould not be separated 

eith erf rom th econtrolof  th e oth erpredators 

or oth er f actorsaf f ectingth e survivaland ul- 

timatecontributionof  smoltsto an adultpop- 

ulation(HartmanandBurgner1972;Foerster 

1968) .


An increase in smoltproductionmaynotal- 

waysleadto anincreasedproductionof  adults. 

Ricker (1937a)  noted an inverserelationsh ip 

betweenth e sizeof  th e populationof  young 

sockeye salmonandAugustzooplankton abun- 

dance,suggesting th epresenceof  intraspecif ic 

competition f or f ood at h igh  sockeyesalmon 

concentrations. Ricker(1937b) alsopresented 

evidenceth at,  as th ejuvenile sockeyesalmon 

populationincreases relativeto th e f ood sup- 

ply, th eavailable f oodperindividualdecreases,  

resulting in asmallersizeatseawardmigration. 

Ricker (1962)  alsoh as sh ownth at ocean mor- 

tality increaseswith  a decreasingsizeof  mi- 

gratingsmolts.Smallsmoltsmaytakean extra 

yearto mature,increasing th e timeexposedto 

mortalityf actorsin th e sea(Foerster1968) .It 

ispossible th atdecreasedpredationin th enurs-

ery lakesmaybe more th an compensated f or


byincreasedmortalityat sea.Finally,th ereare


indicationsth e predator-controlprogram at


CultusLakeledtoanincrease in th epopulation


of  th reespinestickleback (Gasterosteus aculeatus) , 


a probable competitor of  sockeyesalmon


(Foerster1968) .It isapparentth ata lacustrine


squawf ish  controlprogramin a lakecanh ave


a varietyof  impacts, but wh eth eror not such  

aprogramcanincrease th eproductionof  adult 

salmonh asyettobeconclusively demonstrated. 

It isworth noting,too, th atsockeyesalmon in 

lakes also h ave evolvedef f ective predator- 

avoidancemech anisms (Eggers1978) ,withpre- 

dationbecomingh eavyonly at h igh  levelsof  

sockeyeabundance(Foerster1968; Eggerset 

al. 1978) .In somelakesf ishmaybeunimpor- 

tantin th e squawf ish  diet.Casey(1962)f ound 

th at only3% of  th e squawf ish  stomach s f rom 

an Idah o reservoir contained f ish ,  none of  th em 

salmonids. 

Th e main conclusion th at can be drawn f rom 

f eedingh abitsof  squawf ish  isth atth eydoprey


on salmonids in somesituationsandarecapable


of consuming th eminlargenumbers. Probably


th eyare mostef f ectiveaspredatorson salmon


in lakes.In streams,  th eyconsume largenum-

bersof juvenilesalmonidsmostlyaf terdaytime


h atch ery releases orwh eredamsanddiversions


h avecreatedunusually f avorableenvironments


f or predation.However,th e currentevidence


doesnot proveth at squawf ish predationh asa


majorimpactonsalmonor troutproduction in


eith er environment.


Competition


Alth oughth ere is no doubtth at squawf ish 


prey on salmonidsunder certainconditions, 


'th eir role as salmonidcompetitorsis poorly


documented. Th e evidence th at does exist con-

sistsprimarilyof  f oodstudies th at sh owsimi-

laritiesin diet to trout.A majorproblemwith 


suchstudies isth atf ooditemsarerarelyiden-

tif iedbeyondth eorderlevel,obscuringdif f er-

encesin diet. More importantly,dietary-over-

lap studiescannotbeusedto sh owcompetition


unless it can be demonstrated th at th e f ood or-

ganismsare in limited supply.Neverth eless, 


earlyresearch ers tendedtoconclude th atcom-

petitionbetweensquawf ish  and salmonidswas


occurring.Forexample, Burns(1966,pp. 525-

526)  stated:


"Alth oughsquawf ish mayremainin th e f or-

ageclass f or ayearor moreth eircompetitive


andpredatoryh abits f aroutweigh  th eirvalue


asf orage.Th ey compete f or f oodwith trout


and prey on th eir young.A more subtle


realm of  competition is f or space, since


squawf ish occupya nich esimilarto trout in


relativelywarmwaters."


Th e f actth atsquawf ish  of tenutilizef oodre-

sourcessimilarto th oseknownto be usedby


trout is f airly well documented (Jeppsonand


Platts1959;Th ompson1959;Casey1962;Fal-

ter 1969) . However, no f ood-overlapstudies


comparingtroutandsquawf ish  f rom th e same


environment h ave been done. Furth ermore, 


diet similaritydoesnot necessarilymeantrout


andsquawf ish  are f eedingby th e samemeans


or in th esameplace.Moststudieson squawf ish 


and salmonid distributions indicate a distinct


partitioningof  th eph ysical environment. Falter


(1969) observed th atnorth ernsquawf ish occu-

piedth elargepoolsof  th eSt.JoeRiverin Ida-
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no and trout were f ound in areas of  f aster cur- 

rent. Dettman (1976)  f ound ph ysicalf actors 

suchasstreamvelocityandwatertemperatures 

to beth emostimportantf actorsexplainingth e 

abundanceof  Sacramentosquawf ish andrain- 

bowtrout in a zoneof  distributionaloverlapin 

Deer Creek,  Calif ornia. Similarly,  Smith  (in 

press)f ound th atjuvenile squawf ishand rain- 

bow trout largelyoccurredin dif f erent micro- 

h abitats in two small Calif ornia streams. Com- 

petition f or f ood and spaceseemedpossible 

onlyin a f ew rif f le areasin wh ich both species 

were present.Th ese watersreach edtempera- 

turesstressf ul to th etrout, indicatingth eywere 

onlyof  marginalqualityastrout h abitat.Oth er 

studiesof  Sacramentosquawf ish and trout as- 

sociations alsoindicatedth egreaterimportance 

of  ph ysical f actors over biological f actors 

(Moyleand Daniels, in press;MoyleandNich - 

ols 1973) . Th e indicationsare th at lenticpop- 

ulationsof  juvenile squawf ishand salmonids 

alsoarespatiallysegregated, duringth esummer 

atleast,with f ewsalmonidsbeingtakenin areas 

wh ere squawf ishare abundant (Casey 1962; 

Foerster1968;Hartman and Burgner 1972) . 

In Lake Wash ington,young squawf ishwere 

f oundin littoralareasbut youngsockeyewere 

limnetic(Eggerset al. 1978) . 

Despitestrongindicationsof  both micro-and 

macro-h abitatsegregationbysquawf ish andsal- 

monids,th ey occurtogeth erof ten enough so 

th atcompetition isth eoreticallypossible, espe- 

ciallyunder f luctuatingenvironmentalcondi- 

tions. Unf ortunately,  f ood limitation is very 

h ard to demonstrate and h as never been ad- 

dressed in anysquawf ish -related research .Be- 

h avioraldataindicateth attrout populationsare 

morelikelyto be space limitedth an f oodlim- 

ited. Intraspecif iccompetition f or f eedingter- 

ritories,wh osesizemaydependon f ood avail- 

ability,isof  greatimportance (Ch apman1966; 

Slaney and North cote 1974; Boh lin 1977) . 

Th ere is no evidenceth at squawf ishare terri- 

torial or even particularlyaggressive.Prelimi- 

nary experimentswith  Sacramentosquawf ish  

and rainbow trout in laboratorystreamsindi- 

cateth attroutaremoreaggressive th ansquaw- 

f ish  and dominateth em (Li 1975) . Th is inf or- 

mationsuggests th at squawf ish  cannotexclude 

trout f rom f eedingterritoriesalth oughth e re- 

versemay be true. 

If  squawf ish  competition limitstroutproduc- 

tion,th enremovalof  squawf ish  sh ouldincrease 

growth  and productionof  trout. Unf ortu-

nately,th ere h avebeenf ew documentedcases


of  th e ef f ectsof  squawf ishremovalon pre-

sumedcompetitors. Jeppsonand Platts(1959) 


reportedon th e resultsof  a squawf ish control


programutilizinggill nets,dynamite,and ro-

tenone undertaken at Hayden Lake,  Idah o.


Th e catch  index f or trout doubled; h owever, 


th eincreasednumberof  markedh atch eryrain-

bows in th e catch  made it dif f icult to determine


th e contributionof  th e controlprogramto in-

creasedtrout production.


Inverse correlations between th e abundance


of  squaw f ish  and trout can of ten resultf rom


noncompetitive f actorssuchas overf ish ingof 


trout stocks or alterations to th e environment


by man th at resultin ph ysicalconditionsun-

f avorableto trout. For example,f ish ingis a


f orm of  selectivepredationth at canh avea se-

vereef f ecton gamef ish populations. Li (1975) 


demonstratedth iswith  a simplemath ematical


model utilizing modif iedLotka-Volteracom-

petitionequations.Th e initial conditions f or


th e trout and suckerpopulationsusedwere:


(1)  an insignif icant levelof  interspecif ic com-

petition (a = 0.00015) ,  (2)  a stream-carrying


capacityof  1, 000suckersand 1, 000trout,  (3) 


an initial population size of  1, 000 of  each 


species, and (4)  a 10%h arvestappliedto th e


trout population.In 24 years, an asymptotic


value of  600 trout was reach ed but th e sucker


population remained at 1, 000 f ish --th e re-

ducedtroutpopulationbeingth eresultof  f ish -

ing.Th us, an increase in th eratioof  squawf ish 


to trout doesnot necessarilydemonstrateth at


competition isoccurring.


Ch angesin th e environmentalsocan f avor


eith er squawf ish  or salmonids. North ern


squawf ish h avean upperincipientleth altem-

peratureof  about29 C (Black1953) ,appearto


pref erwaterof  16-22C butareof tenf oundin


warmerwaters,andcantoleratedissolvedoxy-

genlevelsaslow as0.8 mg/liter(Dimickand


Merryf ield 1945) . Rainbowtrout h avea pre-

f erredtemperaturerangeof  13-21 C andavoid


temperatures above22 C (Coutant1977) .Also, 


trout requireh igh  oxygenconcentrations f or


normalgrowth(Moyle1976) .Trout-streamal-

terations(e.g.,  ch annelization,  removalof  ri-

parianvegetation,  impoundment)  tendto raise


watertemperaturesandlowerdissolved oxygen


levels, creatingconditionsmorelikelyto f avor


squawf ish  th an trout.
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Impoundments may h ave oth er ef f ects. 

Wh en f lows in streams below dams are sudden- 

lyreduced, troutmaybef orcedtoabandon ter- 

ritoriesor establish ed f eedingstations.Such  

beh avior is known to increase th eir vulnerabil- 

ity to predation(Symons1974) andmigh talso


result in lower f ood intake. Reduced f low rates 

may allowsquawf ish  to f oragein areasprevi- 

ouslyunavailable toth em.Squawf ish ,  especially 

at lower temperatures, are unableto maintain 

th eir position(and presumablyf eed)  in f ast 

currents of ten utilized by trout (Dettmann 

1976;D. M. BaltzandP. Moyle,unpublish ed


data) . Upstreamch angesalsomayoccurasa


result of  impoundment(Erman 1973) ;  reser-

voirs may act as overwinteringgrounds f or 

squawf ishpopulations, and allowpopulations 

toincrease (AdamsandMoyle1975) ,butth ere 

isnof irm documentation f or th isph enomenon. 

Conclusions 

Four main conclusions can be drawn f rom 

th is review: 

1)  In streams, squawf ish do not appearto be 

signif icantpredatorsof  salmonand trout 

exceptunder h igh lylocalized,seasonal, or 

unusual circumstances th at are of ten related 

eith erto th edesignof  damsanddiversions 

or to poorlyplannedreleasesof  h atch ery 

smolts. 

2)  In lakeswith  largesquawf ish populations,  

squawf ish  (alongwith  oth er predators)can 

reducejuvenile salmonpopulations,but it 

isnotclearif  th ispredationh asanyimpact 

onth enumberof  adultsalmonreturningto 

th esystem. 

3)  Th e availableevidenceis insuf f icient to de- 

termineif  interspecif ic competition isoccur- 

ring betweensquawf ish  andtrout.Th e evi- 

denceth atexists indicates th atit israrelya


seriousproblem. 

4)  Th e interactionsbetweensquawf ish  andsal- 

monidseith erarepoorlyunderstoodor mis- 

understood. Th isseems tobelargelyth ere- 

sult of  studies th at were not of  suf f icient 

scopeto adequatelyaddress th e natureof  

th e interactions. Most of  th e studies eith er 

startwith  th epremiseth atsquaw f isheator 

competewith  salmonidsor analyzeunusual 

situationswh eresquawf ish h avebeenper- 

ceivedtobea problem(andth eresultsth en 

generalized) . 

It sh ould be obvious f rom th is review th at


th ereis needf or moreresearchon squawf ish 


to determine under wh at situations,if  any, 


squawf ishcontrolor management is needed.


Somepossibleareasof  studyare:


1)  It wouldbe usef ulto h aveenergybudgets


constructed f or squawf ish at dif f erenttem-

peratures tolearnh owmuchth eyeat,h ow


of tenth eyeat, h owef f icientth eirdigestion


is,  and h ow th esef actorsrelate to growth 


rates.With  sucha budget,it migh tbe pos-

sibleto predictth e impactof  a squawf ish 


populationon localsalmonids th rough a


studyof  stomach  contents andgrowthrates.


2)  Th e role of  squawf ish  in th e f ish commu-

nitiesof  wh ichth eyarepartneeds tobeclar-

if ied. Are th ey a 'keystone'predator th at


determinescommunity structure or does


th eir predationh ave little impact on th e


populationsof  oth erf ishspecies? If  squaw-

f ish  are a keystonespecies,removal of 


squawf ish  f rom a communitymaycausean


increasein oth er potentialcompetitorsor


predatorsof  salmonandtrout.


3)  Comparativestudiesof  th e f eedingh abits


and microh abitatpref erencesof  dif f erent


sizeclasses of  troutand squawf ish ,  in situa-

tionswh ereth eyare sympatric,are needed


toseeunderwh atcircumstances,  if  any,th ey


competef or f oodand space.


4)  More needsto be known about h ow dams


anddiversions increase th eimpactof  squaw-

f ish  predationon salmonand trout popu-

lationsto f ind waysto reduceth at impact.


5)  Th e circumstances under wh ich squawf ish 


prey on out-migratingsalmonneedsto be


determinedsoth ath atch eryreleasescanbe


plannedto reduceth e impactof  suchpre-

dation.


Onlywh enanswers tosuchquestions asth ese


aref oundwillth esignif icance of  squawf ish  pre-

dationand competitionwith  salmonidpopula-

tions become known. However,  it seemsto us


th at,  in situations wh ere it can be demonstrated


th atsquawf ish  predationor competition ish av-

inga negative impactonsalmonidpopulations, 


squawf ish controlwill be at besta temporary


solutionandperh apsevendetrimentaloverth e


longterm (seeBuch ananet al. 1981) .In such 


situations,th e "unbalanced"populationsare


likelytobesymptoms of  th emoref undamental
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problemscausedby man-madeperturbations 

to th e environment. 
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