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1 Summary

This report summarizesesultsand methodsof estimatingthe variability in the
reproductve parameteran particularthe maximumreproductve rate(sometimes
calledthecompensationesere),for anumberof fishspeciesrom ameta-analytic
perspecitie.

We summarizethat variability in the maximumreproductve rate asthe dis-
tribution of “steepnessdf the spavnerrecruitmentrelationship which provides
informationon the averagerateat which spavning fish canproducereplacement
spavnersatlow populationsizesif no anthropogenienortality occurred.To en-
surethatthestatisticalmethodsareasrobustaspossible we have pursuedparallel
modeldevelopmenusingdifferentbiologicalandstatisticalmodels andindepen-
dentcomputationabpproachesThe goalis to provide accurateestimatef the
maximumreproductve rate that are robustto reasonablevariationin biological
andstatisticalassumptions.

2 Intr oduction

ESSAs objectiongo the estimate®f compensatiomrewrong,andtotally incon-
sistentwith ESSAs own useof suchanalysesn similar situations. The ESSA
reportcompletelyignoresextensie efforts to ensurethat compensationwvas not
overestimatedlhe extensve analysisusedto supportthe estimatesof compen-
sationrepresentsan extensve researchthat hasrelieved on the most extensie
collection of obsenational data, experimentaldata, simulationresults,and de-
velopmentof statisticalmethodsthat hasever beenundertalen for this type of



problem. This researcthasbeenpublishedin the peerreviewed scientificlitera-
ture. Thesestepswerenecessarpecauseherearestatisticalprocessethatmay
causethe estimatedof compensationo be overestimatedaswe were very well
awareof (Walters1985;Walters1990;MyersandBarrovman1995).

Extraordinarystepsweretakento ensurethatthe estimateof steepnesased
in the Salemimpactassessmerarenot positively biased.Thesestepswere:

e A conserative modelwas usedin the analysiswhich always resultedin
reducedecruitmenin the power plantkilled any fish or eggs.

e Themodelchoserto estimatethe parametersf the modelproducednore
conserative estimatesi.e. lower steepnesghanthealternatves. This was
a key methodusedto ensurehatwe did not overestimateompensatiom
theanalysis.

e We carriedoutthe estimatedor the distribution of steepnesby 3 different
methodsandchoseheapproachhatgave themostconserative estimates.

¢ We eliminatedthelargestoutliersin the analysis gventhoughit wasareli-
ableestimate.This reducedhe estimateof steepnesfor the bay anchay
by approximately20%.

e The dataoftenincludesplant power plant mortality already(examplesof
stripedbass shad alewife, bluebackherring,andweakfish).

e Theresultswereverifiedwhenpossibleby comparingheestimateso those
obtainedfrom field experiments.

e Theresultswereverifiedwhenpossibleby anextensve analysisof research
sunwey data,in whichthepotentialproblemsof spavnerrecruitmendatado
not occur(Myers andCadigan1993a;Myers andCadigan1993b)(This is
coveredin Appendix| of the submission).

e Resultsfrom someof the stockswerefor the samespeciesaasthe RIS, and
werethesubjeciof experimentsin thesecasesioneof theobjectionsraised
by ESSAIs evenremotelyrelevant.

Our resultshave now all beenreviewed and published(or acceptedo be pub-
lished)in the peerreviewedscientificliterature.



3 ESSAsFour Concems

3.1 Errorsin Estimate of SpawnerAbundance

ESSA contendsthat errorsin the estimateof spavner biomasswill causeseri-
ousoverestimatiorof the compensatoryesere. However, (1) they provide no
guantiatve estimate®f this claim, (2) useanexampleshatareirrelevant,and(3)
ignorethis potentialproblemin their own work.

Herewe examinethesethreepoints,andprovide quantitatve estimate®f the
extentof this type of bias.

First, we provide backgroundon this issue. In fitting a regressionine using
ordinaryleastsquaresthe standardassumptiornis thatthe independentariable,
in this casespavneralundanceis measuredvithouterror. Theindependentari-
able,in this caserecruitment(or in factthelog(R/S)),

RemarkablyESSAdiscussesvhatthey view asa potentialproblemin terms
of the Cushingspavnerrecruit function, which is essentiallya power function.
This functionwasnot usedat ary pointin the Salempermitapplicationbecause
it assumeshereis infinte compensatoryesere. Sincethis modelwasnot used
in the permitapplicationary discussiorof possiblebiasin a modelthatwasnot
usedis, atbest,irrelevalent.

ESSA

3.2 Inherent difficulties in the interpretation of spawner re-
cruit data

ESSAclaimsthatspavnerrecruitmentdatacannotbe used(althoughthis concern
doesnot apparentlyapplyto their own work, e.g.the ColumbiaRiver modeling).
Theseconcernswere throughly addressedin the submission. We review them
here.

First, we did not rely only uponestimategrom spavnerrecruitmentdata. In
AppendixI, we throughlyreviewedmary typesof datathatverifiedgenerallyour
estimates.Theseinclude extensive analysisof researctsurwey data,field exper
iments,andothertypesof data. In fact, a variety of methodshave beenusedto
studyandverify compensatiomechanismshesearereviewedin APPENDIX 3
of thisreport.

OneobjectionthatESSAhasis thattheremaybechange# carryingcapacity;
however, this doesnot meanthatthe steepnessannotbe estimatedbecausehey
aretwo separat@arameters.



On pagel44 of the ESSAreport,it is claimedthattherearelarge distortions
in the estimatesf compensatiomsed. However, ESSAapparentlydid not read
appaerntlyreador understandhe figure that they useasa basisfor their claim.
The figure in questionshaved two things: (1) that estimatesof compensation
from the Ricker modelis alwayslessthanthoseobtainedby usingthe Beverton
Holt modeland(2) the estimatebtainedfrom the BevertonHolt modelcanbe
“ill behaved”. Thisis exactly why the Ricker modelwasusedin the estimates.
ESSAs apparentlycritisiesthe permitapplicationfor usinga techniguethatwas
notused.

3.3 Time seriesbias

Thebasisof ESSAs claimthatwe overestimatedteppeness thephenomenowof
“time-series’bias. Thisissuewasdealtwith throughlyin thesubmissionbecause
we had previously carriedout the most detailedstudy of the phenomenorever
carriedout MyersandBarravman(1995).

Unfortunately it is difficult to correctfor time-seriesbiasin practice. Al-
thoughthereare methodsto correctfor this biasfor a very limited numberof
casesj.e. for the Ricker model whereanimalsdie after reproduction(Walters
1990),simulationshave shavn thatthesedo not work well in practice(Korman,
Petermanand Walters 1995). This is why we usedthe approacheslescribed
above which producedhegatively biasedestimates.

In theappendixof this report,we provide quantitatve estimateof the source
of “time-seriesbias”. We found that 7 of the RIS speciesthe time-seriesbias
will generallybe positive, andon the orderof 10%. For the remainingspecies,
bay anchary, we found that time-seriesbias, alongwith positive ervironmental
variationin survival, would probablyleadto anunderestimatef compensation.

This relative small level of positive biaswill be morethancompensatety
otheraspect®f themodeldescribedabore.

3.4 Lack of similarity with the RIS species

ESSAclaimsthattheremaybe a lack of similarlity betweerRIS andthe species
usedin the meta-analysisESSAs critisismsare grosslymisleadingfor 4 of the
the RIS species(Alewife, Americanshad,strippedbassand bluebackherring)
becauseve useddatafor thesespeciestherewasno lack of similarity with those
speciesasclaimedby ESSA. For anotherspeciesweakfish,we now have good



estimate®f compensatoryesene from arecentestimate.In this case the meta-
analyticestimatesvereveryconserative (seebelow). It is truethatthereexistsno
datato estimatecompensatoryesenrefor bayanchay, Atlantic croaler, spot,and
white bassESSAs claim thatthe datausedto infer a prior for steepnestr these
speciesmay not be appropriate.However, all available dataon compensatiorn
theworld thatcouldbe obtainedvasusedfor theanalysisthus,it is unreasonable
to believe that the 4 RIS speciesfor which datadoesnot exist, lie completely
outsidetherangeof otherdata.

4 Recent Independent Analyses Demonstrate that
the Meta-analytic Estimatesof CompensationWere
Consewative

Sincethefilling of the submissionye have two new assessmentdf RIS species.
Theseassessmenghon thatthe valueswe estimatenvereconserative.

4.1 Striped Bass

For thestripedbassthealphaincreasedrom 19.4to 23.6with thenew data.This
shouldhave lesstime-seriediasbecaus¢heseriesarelongerThistranslatesrom
az of 0.829to 0.855.Also, this numberhasall the presenpower plantmortality
in it, sotheactualnumberis higher

4.2 Weakfish

Theestimateof & was29.6underthe Ricker modeland101for theBevertonHolt
model. The steepnestom the Ricker modelwas0.88. Thisis muchgreaterthan
themodalvalueof 0.83(checkthis) usedin theimpactassessment.

Theseesultsprovide strongevidencethattheestimatesisedn thesubmission
areconserative, andunderestimateompensation.



5 A Consewative Model was usedto AccessPower
Plant Impact

We usedthe Beverton-Holtmodelto accesgpower plantimpacts. In this model,
power plantmortality will always causeareductionin spavneralbundance.This
is nottrueof alternatve models e.g.theRicker modelthatESSAappearso favor
or the Shephergpavnerrecruitmentmodel. If sucha modelwereusedto access
power plantimpact,it would have generallysuggestedhat power plantimpacts
would be muchlessthanthe modelwe used.

The useof the Ricker or Shepherdnodel would often resultin a situation
wherepower plant mortality of young fish would increaseyield to the fishery
While this is perfectlyfeasiblebiologically, we believed thatit wasmuchmore
conserative to assumetherwiseunlesshereweregoodevidenceto thecontrary

Thereis anothergoodreasorto usethe Beverton-Holtmodelinsteadof some
of the alternatves. For example,in the ESSAreportthey refer to the Cushing
modelasan alternatve. We believe thatthis would be a dangerousandirrespon-
sible modelto usein this situationbecauset hasan infinite slopeat the origin,
i.e. it is impossibleto drive a populationto extinction. This doesnot happernwith
theBevertonHolt modelusingthe methodof estimatingwve used(describedn the
next section).

The useof the Beverton-Holtcasesfor all casesmakesour impactestimates
inherentlyconserative becauseén mary caseghe Ricker, modelfits better(AP-
PENDIX 2). In fact, thereis no statisticalreasonin generatito preferone model
over the other(APPENDIX 2), andthusby choosingthe more conserative one,
we will in generabe underestimatingower plantimpacts.

5.1 Our Estimatesof the Beverton-Holt CompensationParam-
eter are Consewative

Sincewe usedthe BevertonHolt modelfor the modeldynamics becauset gave
conserative modeldynamicsjt would bereasonabléo usethefit of theBeverton
Holt modelto estimatehe modelparametersHowever, we chooseto useamuch
moreconsenrative approach.Thatis we estimatedhe a (the slopeat the origin)
for theBevertonHolt modelfrom thefit of theRicker model. We did this, because
it producesnuchmoreconsenrative estimatesi.e. it producedower estimateof
the compensatiomesere. At the limit of low populationsize, the slopeat the
origin hasthe samemeaningfor both, but for the samedata,the point estimates



for thea for the Beverton-Holtmodelarealwaysgreaterthanthe Ricker (Fig. 1).
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Figurel: A comparisorof the slopeat the origin estimatedrom the Ricker modelwith that
estimatedrom the Beverton-Holt. In orderto spreadthe dataout, we have not standardizedhe
slopes:they arein the “raw” unitsin the databaseThe cloud of arrows in the upperpart of the
figure representgasesvherethe slopeat the origin estimatedrom the Beverton-Holtmodelis
effectively infinite. The dottedline is the one-to-ondine.
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Thisis dueto two differentprocesseds-irst, it is possibleto estimate‘infinite”
in the Beverton-Holtmodel,sothatmary estimate®f the slopeat the origin will
beinfinity. Thatis, if K — 0, thena — o is aperfectlyfeasiblesolution.A second
reasorfor the positive biashasto dowith theextrapolationto theorigin. A simple
way to think aboutthis is to corvertto Iog(g), andthink aboutthe problemasa
regressioron S. Onthis scale the Ricker modelis

log . = loga — BS 1)

sothatthelog of a is they-intercept,andthe Ricker modelis alinear extrapola-
tion.
TheBeverton-Holtmodelmay be written as

R S
Iogg =loga —log(1+ R). (2)
Note that —log(1+ %) is a corvex function of S, and the model will tendto
estimatea highery-intercept.

TheRicker modelhastheadwantagehatthe estimateslmostalwaysarecon-
sistentwith the biological constraintsvhenplottedonthez scale.

This produceda muchlower estimateof the compensatiomesene, typically
by about50%for gooddata(Myers,Bowen,andBarrovman1999).

6 We carried out the estimatesfor the distrib ution
of steepnesdy 3 differ ent methods,and chosethe
approachthat gavethe mostconsewnativeestimates

In orderto make our estimategvenmoreconserative, we usedthreeapproaches
to estimatethe distribution of steepnes§.e. “priors”), andchoosethe mostcon-
senative option. We developedthreealternatve quantitatve approache$or ob-
taining estimatesof prior distributions: (1) priors baseduponinformationfrom
taxonomicallysimilar populations(2) priors baseduponinformationfrom eco-
logically similar populationsand(3) priors inferredfrom a quantitatve analysis
of life-history andervironmentaldata.Overall, we foundthatoption (2) gave the
lowestestimatesoverall, and usedthesefor the impactassessmentThis again
resultedn lower estimate®f thecompensatioparameters.
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7 We eliminated the largestoutliers in the analysis,
eventhough it wasareliable estimate

As afurtherstepto ensureheestimatesvereconserative, we examinedthe data
for outliersandeliminatedthe mostimportantone. This datasethappenedo be
oneof themostreliabledatasetsin thewholedatabasehut we eliminatedoecause
it might not be representatie (this datawasfrom thethe Ayu from Lake Biwain
Japanyeducedhe estimateof steepneskr thebayanchay by 20%.

8 The dataoftenincludesplant power plant mortal-
ity already, becausehis wasnot correctedfor, the
estimatesusedare consewative

Many of the datasetsusedin the analysisalreadyincludesignificantpower plant
mortality, e.g.theassessmerf stripedbassshad alewvife andbluebackherring.
We did not attemptto correctfor this power plantloss,thusthis againwill make
our estimatesonsenrative.

9 The resultswere verified when possibleby com-
paring the estimatesto those obtained fr om field
experiments

In Appendix| of the submissionmary examplesof field experimentsaregiven
that verify the estimatesusedin the impactassessmentThis givesfurther evi-
dencethatthe estimatesverereasonabl@ndconserative.

10 Theresultswere verified whenpossibleby an ex-

tensive analysisof reseach survey data
ESSAclaimsthatthereareinherentproblemswith interpretationof spavnerre-
cruitmentdata.However, we verifiedmary of our estimategrom extensve analy-

sisof researclsurwey datain whichthe potentialproblemsof spavnerrecruitment
datado not occur(Myers and Cadigan1993a;Myers and Cadigan1993b)(This
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is coveredin Appendix! of thesubmission)Again, this givesmoreevidencethat
theestimatesverereasonable.

11 Many of the estimatessuffer from none of the
doubtsraised by ESSA

Resultdrom someof thestockswerefor thesamespeciesastheRIS,andwerethe
subjectof experiments.In thesecasesoneof the objectionsraisedby ESSAIs
evenremotelyrelevant. Thisis particularlytrue of the estimategor shad alewife,
and bluebackherring. In eachcase,we had situationswheretherewere very
large changesn alundance pften semi-experimentally with excellentestimates
of spavneralundancej.e. directcountsof spavnersgoing upstream.In these
casestheallegationsmadeby ESSAaboutthedataarenotevenremotelyrelevant.

12 Summary

To bewritten.
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13 APPENDIX 1: (sendasa separatefile)

14 APPENDIX 2: The Ricker Model and Beverton-
Holt Models generally fit the data equally well,
but the Ricker Model GivensMuch More Con-
sewvative Estimates

14.1 The Beverton-Holt andthe Ricker Modelsfit the data equally
well

This analysiswill considerthe five most commonly usedspavnerrecruitment
models. Let R be recruitment,E(R) be the expectationof R, and S be spavner
alundanceWe considerthe models:

Cushing E(R) =aS’

Ricker E(R) =aSePS

asS
Beverton-Holt E(R) = ———
( ) 1—|—(S/K)

aS

For the Ricker and Beverton-Holt models,the parameteia hasdimensions
of recruitmentper unit spavner alundanceand givesthe slopeof the function
at S= 0. This parameteis crucialto settingthe limits of overfishing(?). Note
that this parametemust be positve. The “ShepherdFunction”, first proposed
by Maynard Smith and Slatkin (1973), is a generalizatiorof the Beverton-Holt
modelandis discussedn Bellows (1981). The parameterly may be calledthe
“degreeof compensationdf the model,sinceit controlsthe degreeto which the
(density-independentjumeratoris compensatedbr by the (density-dependent)
denominato(Shepherd.982).

A critical factorfor the practicalselectionof a recruitmentmodelis its be-
haviour at low populationsizes,in particular the slopeat the origin. We would
like any modelto behae in areasonablenannerat low populationsizes. Using
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this criteriongivesa very strongpreferencdor the useof the Ricker or Beverton-
Holt model. The Ricker modelalmostalways givesa biologically plausiblees-
timate of the slopeat the origin. The Beverton-Holtoften does,althoughunrea-
sonableestimatesarenot uncommon(seenext section).The Cushingmodelwill
almostalways estimatean infinite slopeat the origin, with the rare exceptionof
a zeroslopeestimate.The Shepherdnodelhassimilar difficulties: if y= 1, the
Beverton-Holtmodelis recovered;if y < 1, survival is estimatedo beinfinity as
S— 0;if y> 1, thederwative of survival asS— O will alwaysbezero.Therefore,
for y < 1, the Shepherdnodelmay be unreliablefor the useof extrapolationof
low populationsizes.

Theseargumentgyiveusa priori reasonso prefertheRicker or Beverton-Holt
model.
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Figure2: Boxplotsof the differencein maximizediog lik elihoodsof the Ricker andBeverton-
Holt modelsfor eachspecies Positve differencesneanghatthe alternatve to the Ricker model
is superior The boxplotsshav the limits of the middle half of the data(the white line insidethe
box representshe median). The upperquartileandlower quartileprovide the outline of the box.
Whiskersaredrawn to the nearesvaluenot beyond 1.5*(inter-quartilerange)from the quartiles;
pointsbeyondaredrawn individually asoutliers. Thenumbersn the pararenthesemrethenumber
of stocksusedin theanalysis.
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It would be very usefulif onemodelconsistenfit andpredictedrecruitment
betterfor agiventaxonomicgroup(Fig. ??). Unfortunatelythisis rarelythecase;
for mostspecieseitherthe Ricker nor the Beverton-Holtmodelsconsistentlyfit
thedatabetter(Fig. 6) or aresuperiorat predictingrecruitment(Fig 7). However,
therearespeciesarebettersuitedby a particularmodel. For example the popula-
tionsof cohosalmonappeato favor theBeverton-Holtmodel, whereadreshwater
brooktrout arefit betterby the Ricker. Similar resultsarefoundwhenprediction
accuray is consideredFig. 7). Thefits andperditionaccurag in figures6 and
7 arefor the modelsfit underthe gammaassumptiorof recruitmentvariability.
Similar resultswereobtainedfor thefit underthelognormalassumption.
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Figure 3: Boxplotsof the differencein root meansquaredpredictionaccurag of the gamma
Ricker andgammaBeverton-Holtmodelsfor eachspecies Seethe legendof Fig. 2 for anexpla-

nationof theboxplots.
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15 APPENDIX 3: Evidencefor CompensatoryMech-
anismsin Fish Populations

In this appendixwe describesomeof the compensatorynechanismshat cause
survival, growth, or fecundityto increaseat low abundance(seealso(Goodyear
1980), examplesof which are presentedn Table 1. We alsodescribehow they
are studiedin practice. Increasedsurvival at low abundancehasbeenobsered
dueto a variety of mechanisms.Predatoranay reproducemore rapidly, or mi-
grateinto anarea,whenprey arealundant(numericalresponse)or maybecome
conditionedo seekthemorealbundantprey (functionalresponsejHassell1978).
In mary fish populations,cannibalismactsin a compensatorynannerbecause
thelarge numberof parentsdrom which large broodsarisemay constitutea large
pool of predatorfMacCall1981).In additionto predationparasitesgiseaseand
limited food availability typically have a greatersuppressie effectwhenthe pop-
ulationis large thanwhenthe populationis small. Parasitesanddiseaseausually
spreadmorerapidly whenpopulationdensityis high thanwhenit is low. At high
populationabundance stanation may increasebecausef competitionfor lim-
ited food resourcegNordeide,Fossa,Sahanes,and Smedstad 994). Many fish
speciesxhibit territorial behaior or have spatialrequirementghat canleadto
density-dependemhortality (Elliott 1994)or emigrationto areasof low survival
(Crisp1993).

Although suchterritorial behaior is associatedavith food utilization, it often
resultsin higherpredatiomrmortality andimmigrationaswell asdecreasedomatic
growth for individualswithoutterritories.At higherpopulationsizes,competition
for food normallytranslatesnto slower growth and,in turn, into adelayin sexual
maturity and a decreasen the numberof eggs or offspring produced(LeCren,
Kipling, andMcCormack1972; Schoenher977;Jonesl987). Becauseagrowth
is indeterminaten fish, andageat sexual maturity andfecundityarevery elastic
parameterdjsh cangeneraterery large compensatoryesponsethroughchanges
in growth and fecundity Fastergrowing individuals also tend to reachsexual
maturity at an earlierageandto producemore eggs per spavning than slower
growing fish. Both youngerageat maturationandincreasedggs per spavning
resultin higherlife time egg production(Nikolsky, Bogdane, andLapin 1973).
An increasegercentag®f sexually matureindividualsin the youngeragescan
causea significantincreasan reproductiorbecausehe youngeragegroupsusu-
ally consistof large numbersof fish.

Different compensatoryactorsoften interact. For example, slower growth
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causedoy food scarcitymay leave a particularlife stageof a fish vulnerableto
predationfor alongerperiodof time andhenceresultin highermortality. Immi-
grationand emigrationact as safetyvalvesto reducenumbersat times of peak
density andto increasehemwhenenvironmentalresourcesreabundantrelative
to populationnumbers.The stressof moreintensecompetitiondueto crowding
may causebehaioral or physiologicalkchangesn individual organismghatresult
in lower survival or lower reproductve capacity

Althoughcompensatioaffectssurvival, growth, reproductiorandmovement,
thegreatestactoris almostalwayssurvival duringearlyages We will discusghis
in moredetailin laterchapters.
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Table 1 Examplesof compensatorynechanismsffecting survival (S), growth (G), reproduction

(R), andmovement(M).

mechanisms

life-history habitat species study affects reference

stage
functional feedingresponseof predators

juv. pelagic,estuary bluefish field, exp. S Buckel and Stoner(2000)

adult benthic clam lab. S Egglestoretal. (1992)
limited refugefrom predation

juv. demersalpcean cod field S,G TupperandBoutilier (1995)

juv. demersalestuary  bluecrab exp. S Dittel etal. (1995)

juv. demersal cod lab S Lindholmetal. (1999)

juv. demersal plaice field S vanDer Veer(1986)

juv. pelagic,ocean pollock field, exp. Rangelg andKramer(1998)
cannibalism

juv. demersal tigershrimp lab S AbdussamaéndThampy (1994)

adult-egg  pelagic anchay field S MacCall(1981)

juv. demersal cod field S Nordeideetal. (1994)

adult-egg  demersalestuarine stickleback field S Whoriskey andFitzGerald(1985)

juv. pelagic,lale smallmouthbass sim.model S DongandDeAngelis(1998)

larvae,juv. demersallake sharptootttatfish lab S HechtandAppelbaum(1988)

juv cruciancarp field, exp. S Tonnetal. (1994)
parasitism

adult demersalpcean Dungenessrab  field,theory S HobbsandBotsford(1989)
foodlimitation (general)

larvae pelagic plaice field S Shelbourng1957)

larvae pelagic bloater field S,G Riceetal. (1987)

larvae pelagic,ocean general theory S,G Shepherc&aindCushing(1980)

postegg pelagic,lake vendace field G Auvinen (1995)

postegg pelagic,lake vendace field, exp. G Salojarvi(1991)

juv,adult  demersalpcean cod field G Millar andMyers (1990)

adult demersalponds commoncarp exp. G Lorenzen(1996)

fry streambed steelheadalmon field, exp. G CloseandAnderson(1992)

juv. pelagic,pond walleye field, exp. G Fox andFlowers(1990)

juv pelagic,lake gizzardshad field G Buynaketal. (1992)

larvae streambed sealamprey field, exp. G Morman(1987)

larvae,juv. pelagic bayanchay sim.model S,G Cowanetal. (1999)

juv. pelagic,lake smallmouthbass sim.model S,G DeAngelisetal. (1991)

juv. pelagic,lake gizzardshad field, exp. S,G DettmersandWahl (1999)

juv. pelagic,lake rainbaw trout lab S,G Holm etal. (1990)

larvae pelagic,lake gizzardshad field S,G Michaletz(1997)

adult benthic slimy sculpin field G,R OwensandNoguchi(1998)

juv. stream creekchub field S,G,M Schlosse(1998)
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mechanisms

life-history habitat species study affects reference

stage
food limitation (territorial behaviour)

juv. streambed cohosalmon field S Sandercock1991)

juv. demersalpcean cod field S,G TupperandBoutilier (1995)

larvae pelagic,lake bluegill field S,G PartridgeandDeVries(1999)
territorial behaviour

juv. streambed brown trout field S,G,M Elliott (1990)
dispersal

fry streambed brown trout field,exp. S,M Crisp(1993)
competition for refugia

juv,adult pelagic,lake cisco field S,G,M Aku andTonn(1997)
suffocation causedby crowding

eggs demersal herring field

larvae streambed pink salmon field S Heard(1978)
overtur ning of eggnests

adult-eggs  streams pink salmon field S Heard(1991)
spawninginhibition

adult pelagic tilapia lab R CowardandBromage(1995)

adult pelagic,lake brown trout field R Elliott andHurley (1998)
sexdetermination

larvae streambed leastbrooklamprey field R DockerandBeamish(1994)
maturity

adult pelagic,lake brown trout field R Elliott andHurley (1998)
fecundity

adult pelagic,ocean  orangeruffy field R Koslow etal. (1995)

adult pelagic,lake white crappie field R Mathuretal. (1979)

adult benthic slimy sculpin field G,R OwensandNoguchi(1998)

adult pelagic,ocean  Atlantic herring field R Wintersetal. (1993)
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Table2. Latin namesof speciedistedin Tablel.

Commonname Scientificname
Atlantic herring Clupea harengus harengus
Anchovy Engraulis sp.

Bay anchay Anchoa mitchilli
Bloater Coregonus hoyi

Blue crab Callinectes sapidus
Bluefish Pomatomus saltatrix
Bluegill Lepomis macrochirus
Brown trout Salmo trutta

Cisco Coregonus artedi

Clam Macoma balthica

Cod Gadus morhua
Cohosalmon Oncorhynchuskisutch
Commoncarp Cyprinus carpio
Creekchub Semotilus atromaculatus
Cruciancarp Carassius carassius
Dungenessrab Cancer magister
Gizzardshad Dorosoma cepedianum
Herring Clupea harengus
Leastbrooklamprey Lampetra aepyptera
Northernanchary Engraulis mordax
Orangeruffy Hoplostethus atlanticus
Pink salmon Oncorhynchus gorbuscha
Plaice Pleuronectes platessa
Pollock Pollachius virens
Sealamprey Petromyzon marinus
Sharptootltatfish Clarias gariepinus
Slimy sculpin Cottus cognatus
Smallmouthbass Micropterus dolomieui
Socleye salmon Oncorhynchus nerka
Steelheadalmon Oncorhynchus mykiss
Stickback Gasterosteus aculeatus
Tiger shrimp Pemaeus monodon
Tilapia Tilapia tholloni
Rainbaw trout Oncorhynchus mykiss
Vendace Corgonus albula
Walleye Stizostedion vitreum
White crappie Pomoxis annularis
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