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Abstract

•
The InstreamFlow IncrementalMethodology(IFIM)allowsthe quantificationof a weighted
measure of physical habitat available to aquatic species for the range of discharges
experiencedin a river. This information,whencombinedwith hydrologicaldata describing
the flow regimemay be used as a tool in the settingof flow regimesoptimalfor ecological
management.

Work under R&D CommissionB2.1 EcologicallyAcceptableFlowscommencedin October
1990. For this commissionthe IFIM is being assessedthrough applicationon ten different
rivers in Englandand Wales, chosento lie in ten different ecologicalgroups identifiedby
analysisof data from the RIVPACSdatabase.

Acknowledgements

II
The authors would like to acknowledgethe Aquatic Systems Branch of the US Fish &
WildlifeServicewho developedthe InstreamFlow IncrementalMethodology,in particular
Dr Robert Milhous for his contribution to UK application of the methodology. We
acknowledgethe assistanceof NRAstaffandthe cooperationof landownersat the studysites.
We acknowledgethe assistanceof Bente Clausenfrom the Universityof Aarhus, Denmark
for her assistancein runningmodelsimulations.

0
0
il
40
110
0
0
0
0
0
11,



•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•



Executivesummary

•
A nationalassessmentby the NRA(1990)of low river flows identified20 sites demanding
urgent consideration.The current high profileof low flow conditionsexistingin UK rivers
after two yearsof severedroughtconditions,coupledwiththe requirementunder 1989Water
Act for the NRAto set MinimumAcceptableFlowswhenrequestedby the Secretaryof State
has promptedthe need to develop operationaltools for managingaquaticcommunitiesin
BritishRiverson a nationalscale.

The Instream Flow IncrementalMethodology(IFIM) developedby the Aquatic Systems
Branchof the U.S. Fish & WildlifeServicehas been used widelyfor this purpose. IFIM is
the subjectof previousstudiesandongoingresearchin severalcountriesworldwide including
Canada (Shirvell, C.S., Morantz, D.L., 1983), New Zealand (Scott, D., Shirvell, C.S.,
1987),Norway(Heggenes,J., 1990)andFrance(Souchon,Y., Trocherie,F., Fragnoud,E.,
Lacombe, C., 1989). Initial assessmentof application of the IFIM to UK rivers was
conductedby a collaborativeteam includingstaff from the Instituteof Hydrology,Institute
of FreshwaterEcology, Instituteof TerrestrialEcologyand the Departmentof Geography,
LoughboroughUniversityof Technology.The methodwas appliedat five sites on the rivers
Gwashand Blithe.Detailsaregivenin (Bullock,A., Gustard,A. andGrainger,E. S., 1991).
Under a commissionto MAFF (Johnsonet a1,1993)the IFIM was assessedfor application
to the assessmentof environmentalimpactof a typical river flood defencescheme( Poyle
Channelregrading).The IFIM has recentlybeen appliedat two sites on the River Allento
assessthe impactof the historicalgroundwaterabstractionregimeon habitatavailableto trout
and salmon (Johnson,Elliott,Gustard& Clausen, 1993). The Instituteof Hydrologyhave
recentlybeencommissionedto conductIFIMstudiesto investigatelowflowproblemson the
rivers Bray and Barle in NRASouthWestregion.

For this commissionthe methodis beingassessedby applicationon selectedstudy reaches
on ten differentrivers in Englandand Wales. Study rivers were selectedfrom ten different
ecologicalgroups identifiedby analysisof data from the RIVPACSdatabase.At eachof the
study sites hydraulicdata have been collectedat a numberof calibrationflows. Hydraulic
modelshave been calibratedto simulatea wide range of dischargesfor nine of the eleven
study sites. To assist in the choice of target species and in habitat suitability curve
constructionthe study sites have been electrofishedon one occasionand invertebrateshave
been collectedfrom selectedmicrohabitats.

In order to illustrate the applicationof the IFIM to the assessmentof an ecologically

acceptableflow we have used data from the River Allen study mentionedabove. Basedon

model predictions we have focussed on the most sensitive target species life-stage and
conductedan analysisof the sensitivityto differentlevelsof abstraction.Resultsare presented
separatelyfor summer and winterperiods illustratinghow seasonalitymay be incorporated
intoan IFIM analysis.

•

•
Habitatsuitabilitycurveshavebeenconstructedfor three fishspecies(trout,roachanddace).
two macrophytespecies (Ranunculusand Nasturtium)and ten invertebratespecies. Curves
are basedon expertopinion,existingdata and informationfrom the literature.Thesecurves
havebeencombinedwithhabitatsuitabilitydata to give habitatvs dischargerelationshipsfor
selected target species. An exampleof the constructionof habitat time series and habitat
durationcurves is givenusingdata from the East Stoke MillStream.
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Althoughwe have not changed the source code of PHABSIMhydraulic models we have
significantlyimprovedmodelinput/output,mostnoticeablywith the introductionand testing
of the RPMprogrammenu.A numberof newutilityprogramshavebeendevelopedandfrom
theoriginalsuiteof over250programsin PHABSIMwehaveselectedaround30 weconsider
worth retainingfor UK application.The PHABSIMsoftwarewill now be availableon two
diskettes.

Modeloutputsfor invertebratespeciessuggestthat they may not prove particularlyusefulas
target speciesfor IFIMstudiesowingto their limitedsensitivityto changesindischarge.This
problemhas been compoundedby the lack of well-focussedhabitatsuitabilitydata. Outputs
for fish and macrophytespecies show a much greater sensitivityto change in discharge.
Comparison of model outputs with observed data suggest some anomalies in model
predictions- thesemaybe attributedto deficienciesin the descriptionand modellingof cover
characteristics.It is difficultto judge the accuracyof modelpredictionswith the limiteddata
available; a furtherstudyfocussedon oneparticularecologicalclassof riverswill be needed
for a morecompleteinvestigationof the relationshipbetweenhabitatandspeciespopulations.

Withinthis commissionit has not been possibleto directly incorporatethe effectsof weed
growth in the hydraulicmodellingprocess. This area is seen as a high priority for future
research. A detailedstudyof the hydrauliceffectsof weedgrowthforms part a detailedstudy
'ModellingFaunaland Floral Response', an NERCScienceVote Commissioninvolvingthe
Institute of Hydrologyand Institute of Freshwater Ecology. PHASBIMhydraulic model
outputswill be comparedwith continuousstage-dischargerelationships.Resultsof repeated
biologicalsamplingwill be comparedwith PHABSIMhabitatmodeloutputs.

In this study we have demonstratedthat PHABSIMhydraulicmodels can be successfully
calibratedto simulatehydraulicconditionsin a wide range of river types. AT the two sites
wheremodelcalibrationwasnot possible(GreatOuseand LeesBrook)velocitiesand depths
are artificiallyregulatedon a time scale that is incompatiblewith the hydraulicmodelling
approachused in PHABSIM.Aside from the need to improve modellingof the hydraulic
effectsof weed growthPHABSIMhydraulicmodelsseem to perform satisfactorilyfor UK
applications.Key areas demandingfuture researcheffort are in the improvementof habitat
suitabilitydata to producecurvesspecificto speciesand  particular ecologicalcategoriesof
river. The best resultswill be obtainedby direct samplingtechniquesinvolvinglarge levels
of resource input.The first fish habitatsuitabilitycurves basedon direct observationshave
beendevelopedby Dr.GrahamLigtfootand staff from the fisheriessectionof NRAWessex
Region. Curves for salmon and trout have been constructedfrom observationsmade by
snorkellingand countingof redds in a numberof southern chalk streams. Similarsampling
programsfor differentriver types andspecieswill be necessaryif the IFIMusingPHABSIM
is to be developedfor wider applicationin the UK.
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1. Introduction
•

1.1 HISTORICAL BACKGROUND

Onerecentdevelopmentof waterresourcesmanagementin theUnitedKingdomis theuseof
the computermodel PHABSIM(PhysicalHabitatSimulationSystem)which is used to
implementthe InstreamFlow IncrementalMethodology(IFIM).The IFIM relates the
requirementsof freshwaterecologyto riverflow regimes.TheIFIMis a conceptdeveloped
by the UnitedStatesFish andWildlifeServiceto fill a particularneedfordecisionmakers
in the waterresourcesarena.The methodologyprovidesa quantitativemethodto assess
specieshabitattrade-offsagainstotherusesof water,particularlysurfacewaterabstractions
for irrigation,domesticandindustrialwateruse whichcanthreatenthe integrityof running
waterecosystems.Thegoalof themethodis to relateecologicalvaluesto streamdischarge
in a mannergenerallyconsistentwithmethodsforquantifyingotherbeneficialusesof water.

•
An initialassessmentof the applicationof the IFIMusing PHABSIMto UK riverswas

I
conductedbya multidisciplinaryteamheadedbytheInstituteof Hydrology(Bullock,Gustard

& (rainger 1990), involvingthe Instituteof FreshwaterEcology, Instituteof Terrestrial
EcologyandLoughboroughUniversity(Petts,1990).Thisstudy,fundedbytheDepartment
of TheEnvironment,useddatacollectedfromtheRiversGwashandBlithe.Subsequentlythe
methodwas applied,undera commissionfromMAFFto the assessmentof environmental
impactof a typicalriverflood defencescheme,using datafromthe Poyle Channeland
Colnebrook(Middlesex),preandpostregradingworksundertakenin 1991(Johnsonet al,
1993), (ArmitageandBlackburn,1992).An NERCScienceVotefundedresearchproject'
ModellingFloralandFaunalResponse',involvingcollaborationbetweenWIandWEhasbeen
ongoingsince 1991.Thisprojectinvolvesdetailedstudieson theexperimentalreachof the
MillStreamattheWERiverlab,whichareaimedatassessingandimprovingthecapabilities
of thePHABSIMmodel.Repeatedfaunasampling,andmeasurementof hydraulicparameters
will yielddatato testthe accuracyof PHABSIMmodeloutputs.Enhancementof hydraulic
modelsto incorporatethehydrauliceffectsof weedgrowth(ArmitageandHearne,1993)is
an importantfeatureof thiswork.The firstapplicationof the IFIMusingPHABSIMto a
currentoperationalwaterresourcesproblemhasrecentlybeencompletedby theInstituteof
Hydrology(Johnson,ElliottandGustard,1993)for NRAWessexRegion.The modelwas
usedto assessthe impactof thehistoricalgroundwaterpumpingregimeon theRiverAllen
(Dorset)on thehabitatavailableto TroutandSalmon.

Watermanagementin the UnitedKingdomhas historicallyadheredto discharge-based
methodsin thesettingof prescribedflows. TypicallyDryWeatherFlowshavebeenindexed
by a low flow dischargestatistic,typicallyeitherthe95 percentileflow durationstatistic,or
themeanannualminimumsevendayflowfrequencystatistic.It is onlya recentphenomenon
in theUnitedKingdomthatcognisanceis givenby resourceplannersto theecologicalvalue
of low riverflows;forexample,theYorkshireNationalRiversAuthorityregionnowemploy
anenvironmentalweightingscheme,whichsetsprescribedflowsas a proportionof theDry
WeatherFlow(DWF)weightedaccordingto a rangeof environmentalcharacteristics(Drake
andSheriff, 1987). An EnviromnentalPrescribedFlow is set at 1.0 x DWF for the most
sensitiveriversandat 0.5 x DWFfor the leastsensitive,determiningthe amountof water
availableforoffstreamuses, pollutiondilutionandenvironmentalprotection.

Recommendationsfroma reviewof compensationflowsbelowimpoundingreservoirsinthe••
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UnitedKingdom(Gustardet al, 1987)suggestthat a reevaluationof awardsis warrantedbut
that any negotiationof new awardsshouldmoveawayfrom simplysettingprescribedflows
as a fixedpercentageof the meanflow. The reviewestablishesthat manyreservoirsprovide
compensationflows which were determinedby industrialand politicalconstraintswhichno
longer apply. Furthermore, the majorityof compensationflows were awardedwhen there
were little or no hydrometricdata to describedifferencesin catchmenthydrologyand little
knowledge of the impact of impoundmentson downstream aquatic ecology. It is the
inheritanceof this historical legacy that prompts a reassessmentof current compensation
flows.Equally,therecognitionthataquaticecosystemshavespecificflowrequirementswhich
perhapsbear little relationto existingcompensationawards is a strongargumenttowardsthe
reassessmentof prescribedflows, movingawayfrom discharge-basedmethodsalonetowards
habitat methods.

While quantitativemodels and design techniques are available for estimatingdischarge
statisticsin rivers, for exampleLow Flow Studies(Instituteof Hydrology1993),there is a
paucityof operationaltools for managingaquaticcommunitiesin Britishrivers at a national
scale. A notableexceptionis thedevelopmentof the RIVPACS(RiverInvertebratePrediction
And Classification System) technique, appropriate for modelling invertebrates. Fish
managementmodels tend to be more scheme-specificin nature, for examplethe fisheries
study downstreamof RoadfordReservoirwhich commencedin 1984 aimed at developing
operatingrules to minimisedetrimentalimpactsupon salmonidsin the Tamar and Torridge
rivers. The recentdevelopmentof the HABSCOREtechniqueby the EnvironmentalAppraisal
Unit of the NationalRivers Authority,WelshRegionestablishesan operationaltool for the
managementof salmonid populationsin Welsh rivers. Essentially, both RIVPACS and
HABSCOREadoptthe samerationale- that the carryingcapacitiesof streamsare to a large
extentdependenton channelstructureandthe environmentalregime(hydrological,chemical,
temperature) experiencedwithin the stream. These characteristicscan be measured by a
combinationof site features (width, depth, substrate, cover etc.) and catchmentfeatures
(altitude,gradient,conductivityetc.). By measuringthesefeaturesand speciespopulationsat
a numberof pristinesites whichhavevariablehabitat,multivariatemodelscan be calibrated
which predict species presence and abundancefrom the environmentalvariables. The
predicted populationsets an objective for the river reach based on the habitat which it
provides.This type of modelmaybe usedto detectanomaliesin observedecologicaldata in
relationto theobjectivepopulation,anomalieswhichmaybe attributableto impactingfactors.
However, this type of model does not enable the impact of different flow (regimesor
prescribedflows) regimesto be explicitlysimulated.

Watermanagementin Britainlagsa considerableway behindthe UnitedStatesas regardsthe
developmentof modelsfor recommendingflowregimeswhichconsiderecologicaldemands.
In the UnitedStatesproceduresfor evaluatingimpactsof streamflowchangeshaveadvanced
considerablyin the period 1974-1989.Central to these advanceshas been the conceptof
instream flow requirementswhich recognisesthat aquatic species have preferred habitat
preferences,withhabitatdefinedby physicalproperties(flowvelocity,waterdepth, substrate
and vegetal/channelcover). Becausesome of these physical properties which determine
habitat vary with discharge, so specieshave differentpreferencesfor differentdischarges.
Developmentof the InstreamFlowIncrementalMethodology(IFIM)by the AquaticSystems
Branch of the U.S. Fish and Wildlife Service has allowed the quantificationof species
preferences for the full range of dischargesthat may be experiencedwithin a river. This
quantification of habitat preferences and the relationship with river flow permits the
negotiationand settingof flows optimalfor ecologicalmanagement.Settinginstreamflows
in this mannercomplementspurelywater-quantityor cost-managementobjectivesby paying
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cognisanceto the physicalhabitatrequirements.

In the periodsince 1960in the UnitedStatesthe importanceof instrearnflows havebecome
regardedmore widelyas essentialto maintainand restore valuesand uses of water for fish,
wildlife, ecologicalprocesses, and other environmental,recreationaland aestheticpurposes
(Jahn 1990).Bythe mid-1980's,at least20 statesprovidedlegislativerecognitionof Stream
flows for fish aquaticresources.Data from Lamb and Doersken(1987)showthat the IFIM
is nowthe mostwidelyappliedmethodfor determininginstreamflowrequirementsfor major
resourceschemesin the UnitedStates,beingused in 38 states. The US equivalentof the Dry
WeatherFlow, the 7-Day, 10 Year (7Q10)Low Flow is used in just 5 states. Along with
other simplermethods,such as the TennantMethod,7Q10wouldtendto be appliedto minor
schemesand basin-wideplanningpurposes.

The essence of the Instream Flow Incremental Methodology is stated concisely by
Bartholomewand Waddle(1986):

"The Instream Flow IncrementalMethodologyis a reasonedapproachto solving complex
streamflowallocationproblemsthatare oftencharacterisedby uncertainty.Applicationof the
IFIMrequiresanopenandexplicitstatementof managementgoals,studyobjectives,technical
assumptions,and alternativecourses of action. IFIM providesa frameworkfor presenting
decisionmakerswith a series of managementoptions, and their expectedconsequences,in
order that decisionscan be made, or negotiationsbegun, from an informedposition. IFIM
exposesfor the decisionmakersthose areaswheretheirjudgementis necessaryand presents
the potentialsignificanceof the alternativesthey might choose."

Byrelatingecologicaldemandsto discharge,the meritof IFIMlies in providinga quantitative
basiswhichallowsriverecologiststo negotiateprescribedflowsor flowregimesin equivalent
terminologyto other water resourcedemands.

1.2 JUSTIFICATION FOR SELECTION OF INSTREAM FLOW INCREMENTAL
METHODOLOGY

The demand for a scientifically defensible method for both resource allocation and
environmentalimpact assessmentin the United Kingdom(Petts 1989) may be satisfiedby
IFIM when it is considered that the scientific rationale of IFIM has been successfully
defendedagainstlegal challengesin the U.S.. There is thereforescope for the applicationof
IFIM in the UnitedKingdomto yield long-termbenefitsto instreamflow management.By
relatingecologicalrequirementsto dischargeIFIM allowsprescribedflowsto be determined
and set using values which complementquantity-basedstatistics.The methodhas received
wide internationalrecognition and has been extensivelyapplied to real water resource
problems in the U.S. The validity of IFIM and PHABSIM for assessing ecologically
acceptableflowsmay be summarisedas follows:

No othermodelcanpredictthe impactof changingflowsuponfish, invertebratesand
macrophytes.Existinghabitatmodelssuchas HabscoreandRivpacsare notdesigned
for the recommendationof the hydrologicalregimeor prescribedflow.

The primary impactof changingflow is upon changingwater depth and velocities,
bothof whichare consideredas primaryvariablesby IFIM.

3
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c.	 IFIM predicts physicalhabitat losses/gainsand quantifiesthis in respect of their

ecologicalvalue.

d. Relativevaluesof physicalhabitatare more importantthan absolutevalues.

e.	 Experienceof model elsewhere: US, France, Norway, New Zealand, Australia.

Successfuldefenceof the underlyingmethodologyagainstlegalchallengesin US.

f. IFIM, by relatinghabitat to discharge,provides a quantitativebasis allowingriver

ecologiststo negotiateprescribed flows in equivalentterminologyto other water
resourcedemands.

To question the validityof the IFIM rational is to questionwhetherphysicalhabitat is an
important variable to model in the predictionof instream flow requirementsfor aquatic
species. For this reason the onus must lie with critics of the methodologyto show that
physicalhabitat is not importantin this context.

•
1.3 IFIM RATIONALE ANDCONCEIT

The IFIM procedureprovidesan estimateof habitatloss/gainwithchangesin discharge.The
IFIM itself is a concept or at least a set of ideas and PHABSIMis software (Gore and
Nestler,1988).The underlyingconceptsof the InstreamFlow IncrementalMethodologyare
that:

•

IFIM is habitatbased, with potentialusable habitat beingsimulatedfor unobserved
flow or channelconditions.

Evaluationspecies exhibit a describablepreference/avoidancebehaviourto one or
more of the physicalmicrohabitatvariables;velocity, depth, coveror substrate.

Individualsselect the most preferred conditionswithin a stream, but will use less

favourableareas with decreasingfrequency/preference.

•

Species populationsrespondto changes in environmentalconditionsthat constitute
habitatfor the species.

Preferred conditions can be represented by a suitability index which has been
developedin an unbiasedmanner.

Thepurposeof the PHABSIMsystemis thesimulationof the relationshipbetweenstreamflow
and availablephysicalhabitatwherephysicalhabitatis definedby the microhabitatvariables.
The two basic componentsof PHABSIMare the hydraulicand habitatsimulationswithin a
stream reach using definedhydraulicparametersand habitatsuitabilitycriteria, as displayed
in Figure 1.1 below.

•


•

4

•



I
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•



%SEC 2

)(SEC I

1.0


0.8
V. 0, C

=

 

0.4
z

e t
0.2

0.0
0 1 2 3 4 0 1 2 3 4 0.0 0.2 0.4 0.6 0.8 1.0

VELOCITY DEPTH SUBSTRATE

100

DISCHARGE 100

Figure 1.1 Structure of PHABSIM model data

Hydraulic simulation is used to describe the area of a stream having various combinations of
depth, velocity and channel index (cover or substrate) as a function of flow. Habitat suitability
is based on the preference of species for certain combinations of physical parameters above
others.

Hydraulic and habitat data are combined to calculate the weighted usable area (WUA) of a
stream segment at different discharges based on the preference of selected target species for
the simulated combinations of hydraulic parameters.

Physical habitat suitability information for target species, and distinct life stages of those
species, can be derived from existing empirical data (including the US Fish and Wildlife
Service Curve Library), scientific literature, or direct field sampling.

It is important to realise that the IFIM is a concept, or at least a set of ideas whereas
PHABSIM is a computer model comprising a suite of programs. For some IF1M studies
PHABSIM may be one of a number of different models used to provide information to assist
in the decision making process. In some situations output from water quality models or
temperature models may augment that from PHABSIM. In scoping an IFIM study it is
important to identify at the outset those factors which are likely to have significant impact on
aquatic ecology and which may be limiting to aquatic populations. If, for example, a change

5
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of watertemperaturewasidentifiedastheprincipleresultof someproposeddevelopment(eg.
afforestationordeforestation)thena watertemperaturemodelwouldbethemostappropriate
modelto employin theIFIMstudyandPHABSIMwouldbe inappropriate.If, conversely,
thethief impactof a resourcesdevelopmentwasto altertheflow regime(andconsequently
localvelocities,depth,substratetypeandavailablecover)withoutsignificantlyalteringother
factorssuch as temperatureand waterquality,then PHABSIMcould be the sole model
employedin theIFIMstudy.

It is clearthatinconductinganIFIMstudyanidealgoalwouldbeto relatechangesinaquatic
populationsto change in the flow regime. Althoughsome studies have successfully
demonstratedthatPHABSIMmaybecapableof achievingthisgoalitmustbeappreciatedthat
PHABSIMis not in generalcapableof this task since it predictschangein a weighted
measureof physicalhabitatarea(WUA)availableto aquaticspeciesanddoes not predict
changein biomass.In someinstancesa linearrelationshipbetweenbiomassandWUAhas
been demonstrated(Milhous,R.T., 1988)butit is clearthatthis is not generallythe case
sincefactorsotherthanchangein WUAmaybe limitingto populations.It is essentialthat,
in theabsenceof equivalentpopulationmodels,one acceptsthelimitationof usingWUAas
the key variableandattemptsto take intoaccountas best as is possiblefactorswhichare
likelyto influencetherelationshipbetweenWUAandpopulations.GoreandNestler(1988)
makethefollowingstatementwithregardto thisissue:

"PHABSIMis a vehiclefor presentingbiologicalinformationin a formatsuitablefor entry
into the waterresourcesplanningprocess. It is not, nor was it ever intendedto be, a
replacementforpopulationstudies,a replacementforbasicresearchintothesubtletiesof fish
or benthicecology,nora replacementforbiologicalinnovationor commonsense.As such,
PHABSIMhasbeenfoundto be a defensibletechniquefor adjudicatingflow reservations".

•
2. PHABSIMmodel

•
2.1 INTRODUCTION

In this sectionwe will brieflydescribethe structureand flow of informationthroughthe
PHABSIMmodel(see Fig 1). Fordetailsof thebasicconceptsandassumptionsunderlying
the modelpleasereferto Section1.3, andfor rigorousmathematicaldetailsto the Project
InceptionReport,to Bullock,Gustard& Grainger(1991)or to Bovee(1982).

A representationof thebasicstructureof thePHABSIMmodelis shownin Fig 2.1 below:

•

•

•
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HABITAT
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DISCHARGE

Figure 2.1 Flowof InformationThroughPHABSIMmodel

There are two distinct stages in the simulation process, hydraulic simulation, followed by

habitat simulation. In the hydraulic simulation phase one (or a combination) of the hydraulic

models is calibrated using observed values of depth, and velocity for at least one calibration

discharge. Once calibration is complete the calibrated model is used to predict depths and

velocities at all simulation discharges of interest.

Observations of substrate and cover values do not enter into calculations performed in the

hydraulic simulation phase. Values may be entered into the data file but they are not required

or used until the habitat simulation phase. Values are assumed to remain constant as discharge

varies.

Once predicted values of depth and velocity are available for all simulation discharges and

values of cover/substrate have been added to the habitat model input file the habitat modelling

stage begins. The basic habitat model contained in PHABSIM is HABTAT. There are other

models but these all perform the same basic methodology. For each of the simulation

discharges of interest then modelling process is as follows:

Through the assignment of weights (see Johnson,Elliott et al,1991) and reach lengths (see 4.4)

a cell area is defined for each data point used in the hydraulic simulation phase. A plan view

of the reach is made up of a grid of these cells. For edge cells this area is clearly dependent

upon discharge-predicted depths from the simulation phase are used in the area calculation

.Associated with a point X; on any given transect we thus have values of depth (d), velocity

(V), a substrate/cover value (SC), and an associated cell area A. For this point the basic

habitat calculation is:

WLIA1= Ai x CSI (d, , Vi, SC)

giving the weighted measure of available physical habitat associated with the given data point


for this particular simulation discharge. The function CSI is known as the Composite


Suitability Index. This function combines information from suitability indices (preference

7
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•
curves) which describe the relative suitability to the target species of the predicted cell
variablesdi, Vi and SC+Typicallythe CSI is a simplemultiplicativeindex.

41 For the givensimulationdischargethis processis repeatedat eachdata point and the results
of thesecalculationsare summedto givea totalWeightedUsableArea. Repeatingthisprocess
for a numberof differentsimulationproducesthe requiredWUA vs Q relationshipfor use
in the IFIM decisionmakingprocess.

2.2 HYDROLOGICALMODELLING

Thebasic output from PHABSIMsimulationsis the WeightedUsable Area vs discharge
relationship.This relationshipallowsthe user to identifyan "optimar dischargeby locating
the peak of the weightedusablearea curve, and givesa measureof the relativereductionin
weighted usable area for non-optimaldischarges. In an IFIM study, we are generally
interested in how the availabilityof physical habitat varies over the whole flow regime
experienced,or perhapsover the rangeof flowsexperiencedwithina particularseason.This
is certainlythe case when we are consideringthe settingof EcologicallyAcceptableFlows.
In order to conductanalysesof this type it is clear that we must also have availableas input
to the modellingprocessa descriptionof the flow regime. Hence, in the choicefor a study
site for applicationof IFIM an importantconsiderationis the availabilityof historicalflow
data.

•
In the current R&D studywehaveselectedstudysites so that they are withinapproximately
10kmof a gaugingstation.It is preferablethat the gaugingstationshouldhave a continuous
record of flow data for fiveyears or more. Detailsof gaugedflowdata availableat each of
the study sites is given in Chapter3.

The availabilityof gaugedflowdata is alsovery useful in the modellingprocessas it maybe
used in the verificationof dischargeestimatesmade in the fieldby current metering.

It is importantto recognisethe necessityto approximateany inflowsbetweenthe study site
and the nearestgaugingstation.

•
The hydraulicmodelscontainedwithinPHABSIMare calibratedwithobservedfielddataand
used to simulatedepthsandvelocitiesat differentdischargesselectedby the user. The study
reach is representedby a grid of cellswhoseboundariesare definedby a numberof transects
placed along the reach, perpendicularto the direction of flow, and a number of points
positionedlaterally across each transect (see Fig 2.2). The simulateddepths and velocities
predictedat a particularpoint acrossa transectare assignedto a cell area whoseboundaries
are definedby the mid-pointsof the distancesto adjacentpointson the transect(see Fig 2.3)
and the mid points of the distancesto the next up and downstreamtransects (see Fig 2.2).

•


•
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Figure 2.2 Plan view of cells used by hydraulic models

HORIZONTAL


COORDINATES

CELL

Figure 2.3 Cell areas defined by survey points placed across a transect

9



I
P
I
P
4
P
I
P
4
P
4
P
4
P
4
P
4
0
4
P
I
P
4
,
4
,
4
P
I
P
I
P
4
P
I
P
4
P
4
P
4
P
4
P
4
1



•
•

• MANSQusesthesolutionof Manning'sequationto predictwatersurfaceelevationsbutdoes
notpredictvelocities.MANSQmaybeusedwhenIFG4failsto predictsensiblewatersurface
elevations.

WSP is a standardstep backwatermodelwhichpredictswatersurfaceelevations.WSP
requiresthestage/dischargerelationshipatthemostdownstreamsectiontobeknown-thismay
be suppliedusingIF04. WSPusesanenergybalancemodelto projectwaterlevelsfromthe
mostdownstreamtransectto alltransectsupstream.WSPcanbeusedto simulatevelocities,
but calibrationis very time consumingand the use of WSP for this purposeis not
recommended.

An importantdifferenceinthestructureof thethreemodelsis thatin IF04 andMANSQeach
transectis modelledindependentlyof itsneighbourswhereasWSPtreatssimulationvariables
ateachtransectasbeingdependentuponcorrespondingvaluesatthenextupanddownstream
transects.IF04 performswell in highgradientstreamswherethereis no variablebackwater
effect.For lowergradientstreamswherebackwatereffectsarepresentit is necessaryto use
a combinationof theIF64 andWSPmodels.

As thehydraulicmodelsremainto be thoroughlytestedfor a rangeof differenttypesof UK
riversourrecommendationatthisstageis to collectsufficientfieldcalibrationdatato satisfy
the datarequirementsof all threemodelsin orderthatthe user maintainsthe maximum
availablechoiceof hydraulicmodels.

2.4 HABITATMODELLING

IFIM is based on the assumptionthat aquaticspecies exhibitdiscreteand quantifiable
preferencesfor a rangeof the microhabitatvariablesdepth,velocity, availablecoverand
substratetype. The principlehabitatmodelavailablewithinPHABSIMis the HABTAT
model.ForeachselectedtargetspeciesHABTATrequiresa numericalrepresentationof the
suitabilityto the speciesof valuesof thesemicrohabitatvariablesover the wholerangeof
valuespredictedby thehydraulicmodellingprograms.Thebasicformof thisrepresentation
is in theformof a habitatsuitabilitycurve,alsoreferredto as a preferencecurve.Foreach
of themicrohabitatvariablesdepth,velocity,substrateandcovera preferencecurvemustbe
suppliedfor eachlife stageof theselectedtargetspecies.Thedevelopmentandvalidationof
preferencecurvesis discussedin furtherdetailin Section5 of thisreport.

Thecurrentversionof PHABSIMrequireshabitatsuitabilityinformationfordepth,velocity
and"channelindex".Here,thechannelindexcanbe a codedmeasureof availablecover,a
codedobservationof substratetypeoranyotherhabitatsuitabilityindexdesignedbytheuser.
Oneof themainlimitationsto theuseris thattheHABTATprogramusesonlyone channel
index, thus cover or substratemay be used independently,but a simulationcannot
simultaneouslyincorporatepreference informationfor cover and substrate.Further
developmentof PHABSIMis nescssaryto simultaneouslyincorporatemeasuresof coverand
substrate.

10

PHABSIMcontainsthreebasichydraulicsimulationprograms;IFG4,MANSQ,andWSP.
For the simulationdischargesIF04 predictsthe watersurfaceelevationusing a simple
stage/dischargerelationship.As is thecasewithall threemodelsthewatersurfaceprofileis
assumedto remainconstantacrosseachtransect.IFG4predictsvelocitieson a cell-by-cell
basisusingManning'sequationanda simplemassbalanceadjustment.

•
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In the courseof this assessmentwe have developeda new substrate/covercodingsystem in
conjunctionwith Dr.Bob Milhousof the US Fish & WildlifeService(Johnson,Elliotta al,
1991). Data recorded using this system could be exploited in the developmentof more
complexchannel indices.As yet habitatsuitabilityinformationrestrictsthe channelindexto
be a simpledescriptionof eithercoveror substrate.

Another requirementof the habitat simulationprocedure is the assignmentof weighting
factors to each transact. Basically these weights are defined to describe the relative
distributionof areas of differinghabitattypesbetweenadjacenttransects.Valuesof weights
are assignedafter fieldobservationof the distributionof areasof differenthabitattypw. This
topic is discussedin Johnson, Elliotta al, 1991.

The recognitionof the distributionof areasof differenthabitattypes is also importantin the
processof mappingresults from simulationsusing data from the representativestudy reach
to a larger portionof the streambeingstudied.

2.5 ECOLOGICAL MODELING

2.5.1 Invertebrates

Gore 1989 has reviewed models available for predicting habitat suitability for
macroinvertebratesunder regulatedflow. A major obstacleto this objectiveis that benthic
speciesare plasticin theirnicherequirements.Whilelackingthemobilityto makelarge scale
responsesto rapid changesin flow they can adapt quicklyto changingresourceavailability
and habitat requirementsand their responseswill vary from systemto syste. Evaluationof
macroinvertebratehabitatrequirementsshouldideallybe madeon a site-specificbasis.

In this investigationhabitatpreferencedata were obtainedfrom a large numberof sites but
withoutthe degreenecessaryto definesharplyspecies' requirements,whichmaydiffer with
age, river type or biologicalinteractionswithother species.Ecologicalmodelingof benthic
populationsis at an early stageand finelyfocuseddata for a rangeof speciesis not available.
Until then broader descriptionsof habitatpreferencehave to be used.

Ecological modelling of macrophytesposes similar problems due to niche plasticity,
seasonalityand river specificfactorssuch as geology,topographyand dischargeregime. In
additionthe conceptof cover can be misleadingand the estimatesof % cover and biomass
maybe adriftby a factorof four due to highcover/lowbiomaasand low cover/highbiomass
stands. The structure of stands in relation to depth and flow factors are also important
considerationsand needto be taken intoaccountwhenassessinghabitatpreferences.

2.5.2 Fish

Fish presenta range of problemsin relationto the constructionof habitatmodels.The major
differenceto other groups of organismsis that fish are extremelymobile.The samplingof
short reachescannot coveravailablehabitatsfor all life stagesbecausemigrations(oftenover
great distances)betweenspawningand feedingareas are the norm.

In terms of seasonalvariationthe exploitationof specifichabitatfeatures is often for very

short periods of time. Thus the youngstages of many coarse fish (cyprinids)changetheir

11



•••••••••••••••••••••••



•


•

habitatweekby weekas they grow rapidlyfrom yolk-sacfry to miniaturesof the adults.

It can be quite difficultto assessmanyof the relevanthabitatfeaturesfor fish. Cover for a
small specimenmay be merely substratefor a larger one. In additionthere is no account
taken of biotic interactions.For examplethe presenceor absenceof predatoror competitor
species could shift the apparent level of habitat suitability. Interactionswith plants and
invertebratesare also likelyto occur and mostof the commentson site specificityand niche
plasticityare also applicableto these animals.

•

2.6 PHABSIM DATA REQUIREMENTS
0

In this sectionwe definethe minimumdatarequirementsfor the hydraulicandhabitatmodels
containedwithinPHABSIM.Detaileddescriptionof the data collectionprocedureis givenin
Johnson, Elliottet al

a) HydraulicData Requirements

HydraulicSimulationPrograms:MinimumData Requirements

IFG4

(i)	 Survey of x, y coordinatesof the bed elevationfor each transect (maximum100

points per transect).The x, y coordinatesrepresent the horizontaldistanceand the
vertical elevationdifferencefrom the headpinrepresentingthe start of the transect.
Within PHABSIMthese are convertedto a cross-sectionalprofile of channelbed
elevations.It is a conventionwithinPHABSIMthat the mostdownstreamtransectbe
labelled transect number 1 and that x distances across the transect be measured
moving from left to right looking upstream. Coded observationsof cover and
substratemustbe recordedfor eachsurveyedpoint.The transectwhichrepresentsthe
most downstreamend of the study reach should be located at a hydrauliccontrol,
upstreamof whichthere is a uniquestage-dischargerelationship.

(ii)	 Measurementof inter-transectdistancesand assignedupstreamweightingfactor (see

sections4.4, 4.9 for details).

(iii)	 Measurementof water surface elevation and discharge at a minimum of three

calibrationflows. The measurementof velocity at each surveyedpoint across the
transectduring at least one of the calibrationflows, preferablyat the highestof the
three calibrationdischarges.

II MANSQ

•

 As (i) above.

•


 As (ii) above.




Measurementof discharge and water surface elevation at a minimum of one

•




calibrationflow.
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WSP

(i) As (i) above.

(ii) As (ii) above.

(iii)	 Measurementof dischargeat all transects for one calibrationflow and at the most

downstreamsectiononly for a minimumof three calibrationflows.

b) HabitatData Requirements

Habitat simulationprogram:minimumdata requirements

HABTAT

For each target specieslife stageHABTATrequiresthe followingdata:

Set of suitabilityindicesfor one or more of the following:

depth
velocity
substrate
cover

(ii) Set of hydraulicinformationdescribingthe depthandvelocitycharacteristicsfor each
cell as a functionof discharge. This information is supplied as output from the
hydraulicsimulationprograms.

(iii) Coded observationof cover and substrateat every survey point. These values are

suppliedby field observationand are assumedto be independentof discharge. In
order to accountfor seasonalvariabilityseparateseasonalobservationsof substrate
and cover may be madeand correspondingsimulationsrun.

c) HydrologicalData Requirements

Hydrologicaldata is required if one is to interpret the weightedusable area vs discharge
relationship in the contextof the historical flow regime. we recommendthe followingas
sufficientdata for such an exercise:

Recordof dailyflowsof at least five years duration.
Recordof daily stageof at least five years duration.

The stage record is not necessaryfor the interpretationof outputbut is useful for verifying
stage-dischargerelationshipspredictedby the hydraulicsimulationprograms.

Although it is clearly beneficialthat data be availablefrom a gaugingstation close to the
study site this will clearly not be possiblein all cases. In the absenceof gaugedflow data
an appropriatetechniquefor estimatingflowsat an ungaugedsite may be employed.
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3. River/Reachselection

•
3.1 SELECTION CRITERIA

A selectionof study reaches on rivers throughout England and Wales was identifiedfor
assessmentof the IFIM (see Figure 3.1 overleaf). This sampleof rivers was chosento be
representativeof the range of river types present in Englandand Wales

For each of the ten RIVPACSgroups a list of rivers and sites was producedto ensure that
the full range of and habitattypes will be examined.These habitat types and the initialsite
list are summarisedin appendixA. It is also importantto be able to obtainup to date flow
data for the sites in question,so that the data obtainedduringfield visitscan be checkedfor
accuracyand also as an aid to hydrologicalmodelling.Thus any rivers that do not have an
operatinggaugingstationwere eliminated.It must also be possibleto relatethe hydrological
data to the site involved,thereforesites that do not have a gaugingstationwithina distance
of ten kilometresof the samplearea have been removedfrom the lists, (unlessthere are no
alternativerivers). Sites may also have been excluded if, for example, the quality of the
gaugingstationdata was low of if there were problemsof high artificial influenceson the
flows.

The problemof the increasein the amountof fieldworkrequiredwhenstudyinglarge rivers
wasalsotakeninto account,thus, wherepossible,rivers that havea catchmentarea in excess
of 150km2wereexcludedin favourof siteswithsmallercatchments.However,this wasonly
done where smaller alternativesites existed and without reducingthe range of river types
sampled.Consequentlysomeof the rivershave muchlarger catchmentsthan the criticalsize
outlinedabove.

Aside from the need to cover the full range of hydrologicaland ecologicalriver typesthere
was also a need to examinesites were problemsoccur that are relevantto other sites in the
U.K.. For instance,a river wherethe flowis regulatedby sluicegates, such as the Gt. Ouse;
a river that is influencedby a reservoir such as the Blithe ; a chalk stream with or without
nearbywaterabstractions,andso on. Conversely,it was also importantto ensurethatnatural
rivers were sampledso that the samplewas representativeand so that data are obtainedon
sites that may undergofuture resourcedevelopment.Finally, some sites were selectedthat
did not fulfil all of the above criteria fully. This was becauseof the availabilityof existing
data from other work whichwouldproducebenefitsoutweighinganypotentialproblemsthat
may occur.

•


•
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•

Riverandsiteselectionwas initiallyguidedby ecologicalcriteria,usingten ecologicalgroups
definedusingdatafrom the RIVPACSdatabase(Wright,I. F., et at 1988.).RIVPACSdata
on macroinvertebratefauna were collectedat a large numberof sites throughoutthe U.K.
each sitebeingsampledin the spring, summerand autumn, the specieslists for eachseason
beingcombinedto producea complete,yearly, list. These data were then analysedusingthe
TWINSPANclassificationto dividethe sites intogroups accordingto the faunafound.This
processproducedthe ten ecologicalgroupssused for river selection.
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Figure3.1 Location of study sites
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3.2 SELECTED STUDYSITES

The study sites selectedfor this assessmentare given in Table 3.1 below, with RIVPACS

group numberand grid reference.Further detailsand locationmaps for each site are given

in AppendixA.

Table3.1 SelectedStudySites




RIVPACS Site Grid Site Name

Group No. Reference




Group I SS 792406 R. Exe at Warren Farm

Group 2 SN 847823 R. Wye at Pant Mawr

Group 3 SD 655487 R. Hodder at Hodder Bank

Group 4 SIC 109189 R. Blithe at Hamstall Ridware

Group 5 SU 467213 R. Itchen U/S of Highbridge

Group 6 SU 302033 R. Lymington U/S of Balmerlawn

Group 7 SY 873866 R. Rome at I.F.E. East Stoke

Group 8 SU 435701 R. Lambourn at Hunt's Green

Group 9 TF 041105 R. Gwash at Belmesthorpe

Group 10 TL 220697 and Gt. Ouse S.E of Bramptonand




'IL 233702 Lee's Brook W of Godmanchester

4. Data collectionprocedurefor applicationof
phabsim

4.1 INTRODUCTION

In this sectionwe will describebrieflythe variouselementsin the data collectionprocedure

required thr applicationof the IFIM using PHABSIM. For a more detailedguide to the

techniquesinvolvedand equipmentrequiredpleaserefer to Johnson, Elliottet al (1991).

4.2 INITIAL SURVEY

The first step in the applicationof PHABSIMis the choiceof a suitablereachof river for the

study.. In some applicationsthis choicemay be directlyassociatedwith a certainproblem-

for examplein a studyof the effectsof an abstractionwe may choosereaches immediately

up anddownstreamof the abstractionpoint. In a more generalstudywe may choosea reach

on the basisthat it adequatelyrepresentsthe habitattypespresentin a longerstretchof river.

In this assessmentwe have chosenstudyreachesafter visuallysurveyingsome20-30 km of

the river. If we wish to extrapolateresults from the study reach to other sites up and

downstreamit is importantthat the studyreachcontainsa representativesampleof the habitat

types present for somedistanceup and downstream.
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•
Transect Placement
Havingselecteda reachof river for the studythe next step is the placementof a numberof
transects within the reach. Sufficienttransects should be placed to sample the range of
different habitat types (eg. pool, riffle, run etc) present in the reach. Hydraulic models
require transectsto be placedat hydrauliccontrols(locatedby lookingfor breaks in the water
surface elevation)occurringin the reach. At least some of the transectsshouldbe placed in
positionsconsideredto be favourablefor accuratemeasurementof discharge(free of weed-
growth/obstructionswitha fairlyuniformdepth).The mostdownstreamtransectmustalways
be placed at a hydrauliccontrolso that the water surface withinthe reach is not influenced
by a control downstreamof the reach. (In practiceit is worth placingextra transectsup and
downstreamof the first choicefor the positionof the downstreamtransectas it is sometimes
difficultto spot the exactpositionof a control).

Once positionsof transectshave been selectedtheir positionsmust be markedwith survey
markers - we have found Permamark permanent survey markers to be very resistant to
movementand recommendtheir use. It is importantto make a good record of the positions
of the markersto allowthemto be relocatedeasily. In somelocationsit is preferableto bury
the markers to minimisethe risk of disturbance. They may be relocated using a metal
detector. Even if markersare not buriedwe stronglyrecommendthe use of a metaldetector
as natural vegetationgrowth is often sufficientto obscurethe markers.

Headpin Elevation Survey
Once the headpinsmarkingthe positionof each transect have been placed their elevations
mustbe surveyed.If at all possibleat least one headpinshouldbe surveyedrelativeto some
fixed datum level, eg. a point on a bridge. The headpin elevationsurvey can be conducted
on eitherbank - for easeof surveyingit is sensibleto choosethe bank whichis mostfree of
visual obstructions (trees etc.). Distances between the headpins (reach lengths) must be
measuredon bothbanks if possible.Reachlengthsare used as inputdata to the hydraulicand
habitat modelsbut also servea usefulpurpose in helpingto relocatethe headpins.

Cross-SectionalSurvey
Across each transect we must select a numberof points which will be the data points for

measurementof depths, velocitiesand cover/substratecharacteristics.Around20-30 points
should be adequate to describe the shape of the cross-sectionand to give a sufficiently
accuratemeasurementof dischargeat highand lowflows. Pointsshouldbe spacedevenlyand
additionalpoints insertedwhere there are distinctbreaks in the slopeof the bed (typicallyat
the sides of the bank). The elevationof each data point is then surveyed relative to the
headpinson eitherbank.

Observation of Cover and Substrate
Whilst it is not at presentpossibleto incorporateboth cover and substratesimultaneouslyin
the modellingprocedurewe recommendobservationof both. To economiseon effort it is
possible to observewhicheveris thoughtto be the most significantin terms of its effecton
habitatavailabilityto the target specieschosenfor the study. In the courseof this assessment
we have designeda newsubstrateand cover codingsystemwith Dr Bob Milhousof the US
Fish & WildlifeService(seeJohnson,Elliottetal., 1991).Atpresenthabitatsuitabilityindex
information cannot incorporateall of the observationsmade using this system - we still
recommendits use as it is possiblethat future developmentof habitatsuitabilityindiceswill
allow further use of these data. The current version of PHABSIMrequires substrateto be
describedfor eachdata-pointusing the particle-sizeclassificationgiven in Table 4.1 below.
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Table 4.1 Substrateclassificationscheme

	

1 Plant

	

2 Mud

	

3 Silt (<0.062mm)

	

4 Sand(0.062- 2mm)

	

5 Gravel(2 - 64mm)

	

6 Rubble(64mm- 250mm

	

7 Boulder(250mm- 4000mm)

	

8 Bedrock(solidrock)

SOURCE:Trihey E.W and WegnerD.L. 1981

Likewisecover isdescribedusingthe conditionalcoverclassificationcodegiven in Table4.2
below.

	

Table 4.2 Conditionalcoverclassificationscheme

Cover Description

0 No physical cover

1 0 - 25% of the cell affected by object cover

2 25 - 50% of the cell affected by object cover

3 50 - 75% of the cell affected by object cover

4 75 - 100% of the cell affected by object cover

5 0 - 25% of the cell has overhanging vegetation

6 25 - 50% of the cell has overhanging vegetation

7 50 - 75% of the cell has overhanging vegetation

8 75 - 100% of the cell has overhanging vegetation

9 0 - 25% of the cell has undercut bank

10 25 - 50% of the cell has undercut bank

11 50 - 75% of the cell has undercut bank

12 75 - 100% of the cell has undercut bank

13 0 - 25% of the cell affected by object cover combined with overhanging vegetation

14 25 - 50% of the cell affected by object cover combined with overhanging vegetation

15 50 - 75% of the cell affected by object cover combined with overhanging vegetation

16 75 - 100% of the cell affected by object cover combined with overhanging vegetation

17 0 - 25% of the cell affected by object cover combined with undercut bank

18 25 - 50% of the cell affected by object cover combined with undercut bank

19 50 - 75% of the cell affected by object cover combined with undercut bank

20 75 - 100% of the cell affected by object cover combined with undercut bank

21 0 - 25% of the cell has a combination of undercut bank and overhanging vegetation

22 25 - 50% of the cell has a combination of undercut bank and overhanging vegetation

23 50 - 75% of the cell has a combination of undercut bank and overhanging vegetation

24 75 - 100% of the cell has a combination of undercut bank and overhanging vegetation

25 0 - 25% of the cell has a combination of object cover, undercut bank and overhanging vegetation

26 25 - 50% of the cell has a combination of object cover, undercut bank and overhanging vegetation

27 50 - 75% of the cell has a combination of object cover, undercut bank and overhanging vegetation

28 75 - 100% of the cell has a combination of object cover, undercut bank and overhanging vegetation

SOURCE: Trihey E.W. and Wegner D.L. 1981
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Values recorded using the new substrate/covercode mentionedabove can be transformed
automaticallyto equivalentvalues of the codesgiven in Tables 4.1, 4.2 using a computer
program written by Dr Milhous. The program allows the user a number of alternative
descriptionsof cover and substrate.When substrateand cover are observedat a givendata
pointwe mustspecifyan area over whichto baseour observations.In practiceconsideration
of resourceshave led us to restrict observationsto an area of about 1 metrearoundthe data
point. 'Average' conditionswithin this area are estimatedvisually.

Point Velocityand Stage-DischargeMeasurement
For calibrationof pointvelocitiesin the hydraulicmodelswe require meancolumnvelocity
to be measuredat data points acrossa of the transectsfor at least one calibrationflow. It
is recommendedthatthesemeasurementsare madeat the highestcalibrationflow, sincethere
are more wetted points. Experienceof applyingthe hydraulicmodels suggestthat the best
results are obtainedby calibratingvelocitiesusing data from the highest calibrationflow.
Measuring velocities for all points at the remaining calibration flows may improve the
accuracyof simulationsbut can be avoidedto reduceresourceinput.

For eachcalibrationflowthe stage-dischargerelationshipmustbe measuredfor all transects
in the reach. This requiresthe water surface levelto be surveyedrelativeto the headpinsfor
all of the transectsin the reach. If possiblethe watersurfacelevelshouldbe measuredat the
left, centreand rightof the stream.Care shouldbe taken in ensuringthat thesemeasurements
are made as accuratelyas possible as errors in the water surface profile are the greatest
source of problenu encountered in model calibration. When the water surface level is
surveyed at a given transect the relative heights to both headpins should be noted - this
affordsa double-checkof the water surface elevationif an error is suspected.

An estimateof the dischargecanbe basedon an averageof measurementsmadeat onlysome
of the transectsin the reach ; those most suitedto dischargemeasurementshouldbe chosen.
It is advisableto measurethe dischargeat the mostdownstreamcross-sectionfor all of the
calibrationflows. If data is availablefrom a nearbygaugingstation,dischargemeasurement
can be avoidedcompletely.

4.3 REPEATCALIBRATIONMEASUREMENTS

In order that hydraulic models can be calibrated to simulate a wide range of discharge
conditionsa numberof repeatstage-dischargemeasurementsare required.It is preferablethat
these cover as wide a range of discharge as possible. We reconunend (as a minimum)
measurementof stage -dischargeat a low, mediumandhigh flow. Watersurfacelevelsmust
be measuredat each transect in the reach, but as mentionedabove dischargeneedonly be
measuredat some(includingthe mostdownstream)of the transects,or a gaugedestimatemay
be used.

In practice it is likely that the initial survey may be conductedat a fairly low flow, since
practicalproblemsare reduced.If this is the case it is recommendedthat the measurementof
point velocities for all transects in the reach be left until the high calibration flow is
measured.

Substrateand coverare consideredby the modelto be independentof discharge,hencethere

is little value in repeatingthese observationsafter the initial survey. In reacheswhere the
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•
hydraulic effects of weed growth are very significant it is useful to map and attempt to
quantifythe extent of weed growth.This informationcan be of value in interpretingmodel
calibration data. The cover coding system developed in the course of this assessment
(Johnson,Elliott et al., 1991)can be used for this purpose. Whereseasonalaspectssuch as
weed growth are significant model accuracy can be increased by carrying out separate
seasonalsets of calibrationmeasurements.

III 4.4 ESIIMATE OF COST OF DATA COLLECTION FOR IFIM STUDIES

Belowis an estimateof the cost of data collectionexpressedin manhours. As a guideto the
effectof river sizeon necessaryexpenditurethe costhas beenestimatedfor botha smallriver
and a large river. It must be stressedthat this is only an approximateguide based on the
authorsexperience.Unlessotherwisestatedeachtimeis calculatedfor a sitewith 10transects
in it, each transecthaving 15points.




Small River Large River No. of staff

Initial site visit and reach selection 7 hn 7 hrs 2

Transect placement and installation of marten 4 hrs 4 hrs 2

Headpin elevation survey inc. reach length survey 3 hrs 4 hn 2

Bed elevation survey (per transect) 1/2hr I hr 2

Measurement of velocities and water surface
elevations (per transect)

I hr 2 hrs 3

Observation of cover and substrate (per transect) 1/4 hr 1 hr 2

Site record note taking, photos etc. 3 hrs 3 hrs 2

Note that some of the measurementsmay be combinedthus savingsometime. For example
the bed elevationsurvey could be done simultaneouslywith the observationof cover and
substrate requiring 3 people for approximately1 or 2 hours for small and large rivers
respectively.

5. Construction of habitat suitability indices

5.1 INVERTEBRATES

5.1.1 Methods

The most accurate estimatesof habitat preferences are derived from detailed analysesof
distributionpatterns of species with respect to specific variables measuredat the point at
whicha faunalsampleis taken(Gore& Judy 1988).Suchtechniquesare time-consumingand
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costly but are ultimatelynecessaryfor developingthe model. In the absenceof such data
cruder estimateshave to be used.

Large data bases whichrecord both the occurrenceof faunaand the physicalfeaturesof the
sitesprovidethe rawmaterialforpreliminaryassessmentsof habitatpreferences.The Institute
of Ecology has over the last 12 years identifiedabout 600 species from more than 400
substantiallyunpollutedsitesthroughoutGreatBritain(Wrightet aL, 1988).The physicaland
chemicalcharacteristicsof these siteshavealsobeen recorded.Togetherthesetwo blocksof
data (distributionalinformationand physico-chemicalfeatures)have been used to assess the
habitatpreferencesof selectedspecies.

At a site, benthic fauna is taken from all availablehabitats usually in proportionto their

occurrence,and a sampleconsistsof all the materialcollectedin a three minuteperiod. This
methodthereforedoesnot take accountof distributionpatternswithinthe site and the results
expressoccurrencewithrespectto meanvaluesof variablessuchas substratum,velocity,and
depth. This reducedprecisionis offsetto a certainextentby the large numberof recordsfor
the selectedspecies.

In additionto the presenceabsencedata for individualspecies, informationon the relative
abundance of families is also available. In some cases a family may only contain one
dominant species and here it is possible to use these abundancedata to show preferred
conditionsfor maximumabundance.

•
In a previousstudyfor the Departmentof the Environment,habitatpreferencesof fivespecies
of invertebratewere calculatedfrom the I.F.E. data base (Armitage& Ladle 1989).The
selectionsexcludedcatholicspecies and includedanimals with narrower ecologicallimits
becausethese are more likelyto respondto changesin habitat.The speciesexaminedin this
study were:- the stoneflies Leuctra fusca and Isoperla grammatical, two caddis-flies
Polycentropus flavomaculatusand Rhyacophiladorsalis and the pea-mussel Sphaerium
corneum.

The present studyhas addedto this list by includinga further ten species. These have been

chosenaccordingto the followingcriteria:-occurrencein at least 15%of the sites in the data
base, representativeof a range of habitats, and at least some selections should provide
abundancedata. The speciesare listed below togetherwith availabledata (occurrence=0,
abundance=A).

Crustacea Gamrnaruspuler (0)
Crangonyxpseudogracilis (0)
Ganunaridae (0),(A)

Stonefles Leuctrainennis (0)
Leuctridae (A)
Chloroperlidae



(0),(A)

Mayflies Heptageniasulphurea
Heptagenialateralis

(0)
(0)

Rhithrogenasemicolorata (0)
Ephemeridae (0),(A)
Habrophlebiafusca



(0)

Caddis-fly Sericostomatidae (0),(A)
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[1 includestwospecies;2 includesallotherLeuctraspeciesfoundwithL.inermis;3 includes
ChloroperlatorrentiumandC. tripunctata;4 includesfour specieswithEphemeradanica

110 dominant;5 includes2 specieswithSericostomapersonatumdominant.]

5.1.2 Discussionof Results

Resultsof habitatpreferencecurvecalculationsfor the taxaunderinvestigationappearin

AppendixB, as tablesandcurves.Theoccurrence,andabundancedata(whenavailable)are

prfsentedfor threehabitatvariables,substratum(as PHABSIMcodes), velocity(cm per
second),anddepth(cm).Thedistributionof categoriesof thesevariablesin the dataset is
illustratedin Figure5.1. Observationson the resultsfor thevarioustaxaareas follows:

Crustacea
Gammaruspulexis commonandwidespreadin GreatBritain.Crangonyxpseudogracilisis
an introducedspecieswhichinhabitsrivers,canals,pondslakesandreservoirsandtolerates
saline and polluted water. Both species have similar habitat requirementsbut C.
pseudogracilishas a slightlygreaterpreferencethanG. pulexfor slowvelocity,deepwater
andfinesubstratum.Gammaridaeabundanceshowsslightlymorefocusedpreferencecurves
thandoesoccurrence.

Stoneflies
Leuctrainermisis a commonandwidespreadspecieswithapreferenceforfastflows,shallow

depthsandcoarsesubstrates.Thevelocitycurveis notfocusedandsuggestsa widerangeof
tolerance.Incontrast,optimumdepthandmostparticularlysubstratelie withinfairlynarrow
bands.In an effortto determineif abundancevaluestendedto narrowtheoptimumranges
of thephysicalparameters;abundancedataforthefamilyLeuctridaewereplotted.Thefamily
containsfive speciesin all andalthoughtwoof theseL. nigraandL. geniculatafavourless
torrentialhabitatsLeuctridaeoccurrencesaredominatednumericallyby L. inermiswhichis
why the familycurvereflectsthe speciescurveso closely. No increasesin focusingof the
curveswerenotedwithabundancedata.

Chloroperlidaeis anotherfamily of stoneflywith a preferencefor fast shallow coarse
bottomedstreams.Howeverithasa broadrangeof occurrenceandthecurvesarenotfinely
focused.Eventheuse of abundancedatafails to reducethis lackof focusing.

Mayflies
Five species of mayflywere examined.Two, Rhithrogenasemicolorataand Heptagenia
lateralisshowpreferencefortorrentialtypestreams.Bothspecieshaveratherfocusedcurves
for depth and substratepreferencesbut velocity curves are not appreciablyfocused.
Heptagenialateralisshowsthemostrigoroushabitatrequirementsof thetwospecies.A third
speciesalsointhefamilyHeptageniidae- H. sulphurea- is generallyfoundin largerstreams
butthe speciesshowsa widerangeof occurrence.

Habrophlebiafusca is a species of small streams.The habitatpreferencecurves show
moderatelyfocusedcurvesfor velocityanddepthbuttoleranceto a widerangeof substrate
conditions.

Ephemeridaeareburrowingmayflies.Thefamilycontainsfourspeciesin ourdataset with

Ephemeradanicathe mostwidespreadandabundantspecies. Velocityanddeptharevery

unfocusedand it would be difficultto identifya single peak. Depthshows a bimodal
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distribution in preference which reflects the species widespread occurrence in deep water
sites. The thief control over distribution appears to be substrate which is shown in the
focused habitat preference curve. The use of abundance data reduced the bimodality of the
depth curve and focuses the substrate curve even more.

Caddisflies
Sericostomatidaecontainstwo speciesSericostomapersonatumandOdontocerumalbicorne

withS.personatumas the mostwidelyoccurringandabundantform.Velocityandsubstrate
curves are non focusedbut theredoes appearto be a closer relationof occurrenceand
abundancewithdepth.
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Figure 5.1 The distribution of the 446 sites in categories of velocity, depth, and substrate
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110 5.13 Overview

Thetaxatestedoccurredovera relativelywiderangeof conditionsandthismayreflectthe
compositenatureof the sampleswhichwerenotmicrohabitatspecific.Thissuggestsagain
thatoccurrencedatacollectedfrom such samplesis not the best way to obtaindetaileda" informationon habitatpreference.Howeverthe resultsconformto the generallyaccepted
(fromthe literature)view of thehabitatrequirementsof thetestedspeciesandarethe most
costeffectivewayof obtainingdataon physicalhabitatrequirementsof speciesandfamilies.

Thelackof finelyfocusedcurvesforvelocity,depthandsubstrateforthemajorityof species
testedmayalsoreflecttheveryheterogeneousnatureof mostriverbedswhichallowsspecies
to occupysmallnicheswhichalthoughdifferinggreatlyin velocity,shearstressandparticle
size maybe in very close proximityto one another.Examplesarethe surfaceof a boulder
andthedownstreamside of thatboulder.Two nichescloseto oneanotherbutexperiencing
quitedifferentvelocityandshearstress.Inadditionthebiofilmwhichdevelopsontheboulder
surfacewill varywithlocuswithrespectto currentflow.

Mother factorwhichmaycontributeto thelackof focusedcurvesis thenatureof theriver.
Thisrelatesdirectlywiththenicheaspectaboveinthatsomestreamswill havea widerrange
of nichesthanothers.Thispointwasraisedin a previousreportto theInstituteof Hydrology
fortheDepartmentof theEnvironment(Armitage& Ladle1989)whereitwassuggestedthat
the faunaof some riverswill reactless to environmentalchangethanwill thatof more
'susceptible'rivers.A susceptiblerivermaybeonethathaslessniches/habitatvariabilityand
less fluctuationsin naturaldischargewhichcouldact as re-settingmechanismsto recreate
habitatdiversity.

•
Anotherpointraisedin the 1989reportcitedabovemustbe madeagain.The invertebrate
communityat a site is a dynamiccomplexof interactionsandtheattemptto describehabitat
preferenceonlywithreferenceto threeor fourvariablesis unlikelyto be whollysuccessful.
The conceptof coveralthougha usefulone for fish is notparticularlyso for invertebrates.
Herethe substratedescriptorsare in effect measuresof cover.Withrespectto substratea
featureof majorimportanceto the benthiccommunityis the settlementof fine particulate
material.This materialwhichis partlybiologicalin origincan determinethe natureand
abundanceof invertebratesin rivers.It is importantthatattemptsaremadeto establishthe
relationshipbetweenflowcharacteristicsandchannelmorphometryandthedynamicsof fines.
The situationis complicatedby thefactthatmanagedflow changesmaynotbe sufficiently
greatto alterthebasicsubstratetypebutwouldallowthedepositionof a thinlayerof fines.
Thiswouldresultin faunalchange.

The combinationof nichespecificdistribution,quickresponseto changingconditions,and
recolonizationfrom upstreamsources or via tributaries,means that the responseof
invertebratecommunitiesto forexample,reducedflows maynotbeclearin all butthemost
extremecases.Habitatloss in relationto reduceddischargemay not be accompaniedby
changesin theinvertebratecommunityas measuredby occurrenceof species.Insteadit will
be necessaryto relateconununitieswithspecificmicrohabitatsanddeterminethe effectsof
dischargechangeson thesemicrohabitatsin orderto assesspossiblechangesin thebenthos.
Emphasison the useof habitatclassificationshasrecentlybeenmadeby Kershner& Snider
(1991) and Harperet al. (1991) andthe uniformityof microhabitatcommunitiesin eight
riversthroughoutthecountryis investigatedin anothersectionof thisreport.

•
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5.1.4 SupplementaryInvertebrateStudies

MicrohabitatSampling
Habitatpreferencecurvesforthisstudyarebasedlargelyon informationheldontheIFEdata
basewhichhasbeenusedto developthepredictivemodelRIVPACS.Howeverthesedatado
not includeinformationfromspecificmicrohabitats.In orderto investigatethedistribution
of invertebrateswithintheseareasa seriesof samplesweretakenin microhabitatswithinthe
reachesselectedforthefishingprogrammewhichincludesa widerangeof rivertypesfrom
chalkstreamsto uplandspateyrivers.

Theobjectivesweretodeterminea)whether'microhabitats'selectedfromthebanksidewould
containdifferentcommunitiesof invertebrates;b) whetherthese communitieswere stable
acrossarangeof rivertypesandc) to use anyappropriatedatato supplementthe habitat
preferenceinformationobtainedfromtheRIVPACSdatabase.Methodsandresultsaregiven
in Appendix

Distributionof InvertebratesAlongRiverReaches- The RiversGwashand Blithe
In apreviousstudywhichexaminedthefeasibilityof using thePHABSIMmodelin theUK,
invertebratesampleswerecollectedfromthreereacheson the RiverBlitheandfromone
reachontheGwash(Armitage& Ladle1989).Thesesampleswerecollectedatthesametime
as physicalandhydraulicvariablesweremeasuredalongtransectsfor inputintothe model.
Therewereinsufficientfundsavailableforprocessingthesamplesatthattimeandtheentire
collectionwasstoredby theInstituteof FreshwaterEcologyuntilsuchtimeandfundsbecame
availablefor furtherexamination.Thiscurrentprojectallowsforthesedatato be processed
in orderto examinein moredetailthedistributionof invertebrategroupsacrossandalonga
broadareaof river.

Mostinvertebratesurveysareconfmedto a singlesamplewithina givenreach.Thissample
mayincludeall microhabitatswithinthesitearea(usuallyratherlooselydefined)whichmay
consistof a section5-10malongthestream.Inthistypeof samplethecatchesfromdifferent
microhabitatswithin the area are usuallybulkedtogetherand no microhabitat-specific
distributionaldatacanbeextracted.Othertechniquesinvolvesamplingasinglehabitatusually

410	 a riffleandagainno pictureof distributionpatternsfor the reachcanbe obtainedfromthe

results.

It is importantto knowwhetherinvertebrateshavea patchydistributionandthishasbeenthe
subjectof muchinvestigationby theoreticalecologists(see Pringlea a/. 1988,JNABS7,
503-524). Howeverto datetherehas beenlittleattemptto obtainsuchdatafor studiesof
appliedproblems.Detaileddistributionaldatahaspracticalapplicationparticularlyinthefield
of flow changes.Suchchangesareaccompaniedby shifts in the proportionsandabsolute
amountsof habitattypeswhichin turncanhavemajoreffectson thebenthiccommunity.It
is theobjectof this investigationto determinethedistributionof benthicinvertebratesalong
riverreachesandrelatetheminitiallyto substratefeatureswiththeultimateaimof defining
zones/reacheswhichwouldbe particularlysensitiveto flow changesandtheirassociated
hydrauliccharacteristics.Methodsusedandresultsof thisstudyaregivenin AppendixE.
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5.2 FISH

5.2.1 Selectionof Target Species : Rationale

Selection of target fish species for preference curve constructionpresents a number of
problems. In Britainthereare three cyclostomes(lampreys)and more thanthirty bonyfishes
which occur in fresh waters, of the latter only about twenty occur in running waters for
substantialparts of their lives. Onlythe trout (whichmay be anadromousfeeding in the sea
and spawningin rivers), the eel (catadromousfeeding in rivers and spawningin the sea),
grayling,barbel, chub, dace, stoneloachandbullheadare truly runningwater species.Pike,
gudgeon,silverbream,bleak,bronzebream,minnow,roach, rudd, perch, ruffe, zander,and
three wined sticklebackoccur in both still and runningwaters.

Stoneloach, bullhead,gudgeon,bleak, minnow,ruffe and three spinedsticklebackare small
and of little angling interest. Barbel, silver bream and zander are of fairly restricted
distribution and, together with rudd are unlikely to occur in many of the PHABSIMtest
rivers. The remainingspeciesare all worthyof considerationas target species.

Brown trout - Trout is probablythe best documentedriver fish speciesand must really be
includedbecauseof its territorialbehaviour,widedistribution,high level of anglinginterest
and strong data base. Having said this it is unfortunate that trout are widely and
indiscriminatelystockedso thatdistributionscouldin some instancesbe very misleading.***

Eel - Eel is possiblythe mostwidespreadand abundantspeciesin the list. Becauseeels are
catadromousin naturebreedingand the first three yearsof larval life take place in salt water
so that only the immatureand early adult stages would provide informationapplicableto
PHABSIM,probablynot a satisfactorysituation.*

Grayling- Graylingis a shoalingfish with much in its favour from the pointof view of the
presentstudy. However,the distributionof the fish is patchyand it maybe absentfrom many
of the studysites. In additiongrayling,liketrout, is subjectto management(usuallyintensive
removal)and may thus be unsatisfactory.**

Chub - Chub is a river fish with a tendencyto form shoals and has a wide distribution.
Documentationof immatureandadultstagesis quitegood but there maybe little information
about spawningand fry stages.**

Dace - Dace has muchin commonwithchub, to whichit is quitecloselyrelated.Daceis also
a shoaling species and being smaller tends to be rather more numerous and possibly to
penetrateinto rather smallerwatercourses.Documentationof the spawningrequirementsfor
dace is good. Probablya goodchoiceof target species.*"

Pike - Pike is a predator with a wide distributionand a good basis of knowledgeregarding
habits and habitat.The fish are relativelylarge and easy to catchby electro-fishing.Pike are
heavilymanagedin manywatersby intensivecullingand removal, inothersthey are popular
with coarseanglersand becauseof this it may not be the best choicefor the presentstudy.**

Bronzebream - Bronzebream is a fish stronglyfavouredby slow flows and is widespread
in still waters. There is informationregardingthe various life stagesof the fish becausein
Europe bream is farmedas food. Breamwill certainlybe present in someof the studyrivers

III but may not be sufficientlywidespreadto be a useful target species.*
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Roach- Roach is the mostsoughtafter anglingspeciesand is present in the majorityof still
and runningwaters. It is a shoalingspeciesand is likely to providea good contrastto trout
anddace (whichit resemblesin somerespects)withregard to its habitatpreferencesin some
life stages. The variouslife stagesof roachhavebeen studiedto differingdegreesbut there
is likelyto be adequateinformationfor this study.***

Perch - Perch is a specieswhichhas beenstudiedin great detailand in facthas providedthe

basis for major models of fish populationdynamics, it is a popular angling fish and is
widespreadbut,althoughperchlive in manyriverstheyaremostabundantinstillwatersand
maybe scarce in manyrunningwatersituations.Probablynot a suitabletarget species.**

On the basis of the above criteria togetherwith the known and anticipatedprobabilitiesof
occurrenceof the speciesin the sitesselectedfor the presentstudytrout, daceandroachhave
beenchosenas thetargetfish.

Spawning
It is probablethat the spawningstrategiesof some fish speciesare flexiblein terms of the
relationship between egg numbers and egg size. This should be borne in mind when
attemptingto generaliseaboutfactors influencingsurvivalof the early stages.

The eggs of the trout are relativelylarge, few in numberand are deposited,in early winter,
withinshallowredds formedin gravelhavingan interstitialthroughflowof water. The eggs
develop slowly over a period of one to three months, this makes their development
particularly susceptibleto cloggingof gravel intersticesby fine sedimentin the event of
catchmenterosionor reducedwinterflows.

The dace also spawnson gravels in shallowwater but the smalleggs adhereto the surface
of stones and are laid in springtime.The eggs develop quickly but may suffer heavy
mortalities,duringtheir development,in the eventof redistributionof finesediment(ontothe
spawninggravels)by spates.Presumablymortalitywouldalso occurif flashfloodsdisturbed
the spawningareas.

Roachspawnin late springto early summerand the eggs are normallylaid on macrophytes,
includingmosses and macrophyticalgae. This species appears to be capableof successful
spawningin either still water conditionsor in very fast flowingwater, the latter normally
beingselected in stream and river situations.The eggs adhereto plantsand, as in the dace,
developover a few days (the period is, of course, strongly temperaturedependent).It has
been noted that sudden reductionsin water level, such as may occur after weed cuttingor
flow diversion, can result in heavymortality.

•
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In additionto the factors outlined considerationhas been given to the contrasting
characteristicsof the species in relationto theirspatialand temporalrequirements.For
example,thebrowntroutdiffersfromtheothersin beinga salmonidwhichis territorialand
frequentlynon-shoalingin its behaviourwhereasboth dace and roach are normallyfound in
shoalsof various sizes. The life stageswill be consideredin turn, with particularreference
to features of the physicalhabitat which are known to influencebehaviouror 'ecological
fitness"of life stages.

•
5.2.2 Construction of HabitatSuitabilityIndicesfor SpeciesLife-Stages

•
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Fry
Troutfry live (at first)withinthe riverbed in shallow,well aerated,flowingwater.The

behaviourpatternsandcolourationarecrypticandtheyoungfishdependon suppliesof yolk
for two to threeweeks. Subsequentlythe fish (2.5 - 3.0 cm in length)establishsmall
territoriesin shallow,flowingwater.Ingeneralfastergrowingfry showbettersurvival.At
thisstagein thelife cycle,in theabsenceof catastrophicevents,survivalis probablymainly
densitydependent.

Hatcheddace fry probablymigratepassively,with the flow, from the shallowspawning
regionsto slowerflowingmarginalareas.Largenumbersof dace fry havebeenfoundto
occur,in May,in deepmarginalslackswithmassesof floatingweedpresent.InJunefrystill
occurin marginalareasbutinslightlyfasterflowingareasdevoidof weed. Inearlysummer
thefry maybe vulnerableto rapidchangesin dischargeconditionsandin cool watergrowth
will be relativelyslow andsusceptibilityto physicaldamageand/orpredationconsequently
prolonged.

Beinglaterto hatchthandace,roachfry, whichtendto occurinsimilarmarginalconditions,
aregenerallysmallerthanthedace.Althoughthefrywillbesusceptibletosimilarfactorsthe
timingof events may be critical in selectivelyinfluencingthe differentspecies.

In general it may be that inter- and intra-specificcompetitionfor resourcesis of importance
to success of a species in a given situation. Similarly predation by fish may result in
interactionswhichexcludeone speciesin the presenceof another.In any analysisof physical
habitat conditionssuchpossibilitiesshouldneverbe ignored.

Juveniles/Mature Fish
It can be quite difficultto define the cut off pointsbetweenjuvenile fish and fry or mature

fish. In generalit is easiestto regard0+ specimensas fry, althoughit is probablethat critical
changesin form and behaviourtakeplace before the "first birthday". At the other extreme,
althoughthe transitionfrom juvenile to mature fish is relativelyclearly defined in terms of
physiology,the criterionof maturitybeing reachedat a certainsize, which is often applied,
does not take accountof differencesbetweenthe sexes.

Browntrout grow rapidlyandmaturequitequickly.In practicethe maturefishare extremely
tolerant and variousphenotypesuse a range of habitatsfrom marinecoastalwaters through
lakes, reservoirs and small still waters to rivers and small stonystreams. The behaviourof
the fish differs in these situationsfrom small active shoals in the sea to strictly territorial
individualsin runningwaterswherethe feedingstationsmaybe definedby flow patternsand
topographicdetailsof the stream bed (lies) and there is a requirementfor overheadcover
(which may be utilisedby more than one fish) in times of disturbance.It may be that the
presence of shear zones is more importantthan velocitysensu-strictofor the establishment
of feedingterritories.Summerdroughtshave beendemonstratedto havesevereeffectson I+
parr but other factorsexertedno significantinfluence.

Daceform feedingshoalsin shallow,relativelyfast flowingwateroverstonyor gravellyriver
beds. They are strictlyriver fish at all stages of their livesalthoughthe juvenilesand adults
may survive for long periods in still water. The larger maturefish probablymakeuse of a
wider rangeof depths,velocitiesandsubstratathanthe immaturesandexpertopinionsuggests
that overheadcovermaybe relevantto theirdistribution.The fishmigrateactivelyto suitable
spawninglocalitiesin the early part of the year.

•
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As mentionedpreviouslyroachare ableto sustainlarge populationsin bothstill and running
waters. In the latter they tend to favourdeep, slow flowing,weedysituationsexceptduring
the spawning period. There appears to be little published information regarding the
importanceof overheadcoverbut personalobservationssuggestthatobjectcover in the form
of submergedbranches, roots or aquaticvegetationmay be significant.

•
5.23 Discussionof Results and Recommendations

1111 If the NRA are to use the PHABSIMmodeland wish to collect compatibleIFIM data the
procedures applied by IH and WE in the present study will be required. For territorial
species,suchas the browntrout, spotmeasurementsof velocities,depths,substrataand cover
characteristicsof individualliesmayprovideuseful supplementaryinformation.However,it
should be borne in mind that, as it stands, PHABSIMsimply provides a measure of the
weightedusable area of suitablehabitatfor a givenspecies in a surveyedreach and is NOT
a methodfor assessingthe stockof a speciespresent.For stockgeneration/supportpotential,
modelssuchas HABSCORE,whichcorrelatestockwithhabitatfeaturesover a limitedrange
of streamtypes, will be required.

In view of the above it would seem to be important that a longitudinalsurvey of any
catchmentunder considerationshouldbe carried out, with assessmentof the occurrenceof
essentialfeatures for all life stages AT THE APPROPRIATESEASONS.Also, since no
account is taken of biotic characteristics(presenceof competitorsor predators)or of water
quality information,these shouldbe incorporatedin any study togetherwith the knownor
supposedtolerancesof target species. It shouldalso be appreciatedthat habitatpreference
curvesare invariablyconstructedon inadequatedata, notablyin relationto the dietvariations
in specieshabitatrequirements.Lastlytherewill alwaysbe a riskof an unforseenfactor (e.g.
an impassableobstructionpreventingupstreamaccess)whichisnot incorporatedin the model
influencingthe suitabilityof the system.

The present study is designedto test the feasibilityof applying PHABSIMtechnologyto
British rivers. In order to do this the habitatpreferencesof selectedtarget fish specieswill
be describedin the form of habitatsuitabilitycurves, the informationrequired to construct
these curves is derived mostly from publishedstudies and reports (referencesappended).
Understandably,the availabilityof datafor curveconstructionis very limited.In manycases
the details were collectedas informationwhich was incidentalto the study in questionand
were publishedas background.Becauseof this it is quite rare to find adequatedescriptions
of velocity, depth or substrate.Correlationsof the above factors with life stagesare scarce
and worthwhileinformationon the diverse, complexand controversialaspectof "cover" is
virtuallynon existent.

It is clear that there are a numberof problemswhichare generalto all fish habitatstudiesin
rivers. In general the total absenceof suitablehabitat with referenceto any feature (depth,
flow, sediment, cover) for any life stage should, in theory, eliminatethat species but the
followingaspectsmust be taken intoaccount.

Firstly, the distributionof speciesandof the differentlife stagesof thosespeciesin rivers is
rather poorly known and differs between river types and probably also in relation to
interactions with other species. For example, fishes in chalk streams do not show the
"classical"zonationof dominantspecies,(Minnows-trout-grayling-barbel-bream)(Mann,R.,
Pers. Com.). This lackof longitudinalpartitioningis presumablyrelatedto blurringof habitat

30
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boundaries,intercalationof habitatfeaturesatanygivensite andbioticinteractions.

Ultimatelyit will be necessaryto groupdatainto a numberof rivertypes. Withinthese
groupsdifferentsub-modelsof PHABSIMor a derivativemaybe necessaryto takeaccount
of varyinglevelsof habitatfactorpredominance.

Secondly,fishareverymobileanimalsandmaymigratelargedistances,oftenon a seasonal
basis, inorderto fulfilparticularlife historyrequirements.Maturebrowntrout,forexample,
shiftupstreamin lateAutumnto locatesuitablespawningareas.Becauseof sucha shift it
may well be thata sectionof riverwhich,ostensibly,has no troutspawninggravelswhen
surveyedsupportsa largepopulationof juvenileand maturetroutderivedfrombreeding
elsewherein thecatchment;possiblyin someunsurveyedreaches.

A walk-oversurvey of the entire river system should thereforebe a prerequisite.In
consideringthe mobilityof fish the presenceof impassablebarriersmustbe takeninto
account.

Thirdly,rivers,beingdynamicsystems,showstrongseasonalvariationsin depth,velocity,
substrateandcovercharacteristics.Again,takingthe browntroutas anexample,it is quite
possiblethata particularreachmayonlyhaveextensiveareasof spawningdepth/velocity/
substratum/coverin winter,whenincreasesindischargehaveflushedoutthedetritus,siltand
plantgrowthsaccumulatedoverthesummer.

Adequateseasonalcoverageof studyreachesis essential.It will usuallybe necessaryto
considerseasonalrequirementsin termsof thefishspecieswhichareknownto bepresentor
whicharedesired.

Fourthly,it is probablethatstronginteractionstakeplacebetween(particularly)the young
stagesof largerfishandsmallspeciesof fish (oreven largeinvertebrates)suchas minnow,
bullhead,stoneloach,sticklebacksandruffeetc. (Winfield1991).

Manyof theselatterspeciescannotbe sampledadequatelybyexistingtechniquesbutshould
be assessedby observationif possible.Fouror five levelsof abundanceshouldbe adequate
for thispurpose.

Fifthly,habitatcharacteristicsinteractstronglyin sucha mannerthatit maybe impossible
to dissociatetheeffectsof factorsconsideredasdistinct.Forexample,Currentvelocitywhich
is generally,andrealistically,measuredat somemeanpointon the depth/velocityprofile,
mayhavelittlerelevanceto fishwhichspendmuchof theirtimeinpositionsof shelterbehind
largestonesor otherobstructions.Evidenceis availablewhichsuggeststhatvelocityshear
zonesmaybetheessentialfactorsgoverninghabitatsuitabilityin somespecies:thus,in slow
flows troutmaychoosethe marginsof fasterflow in sectionsand in fast flows they may
select lies peripheralto theslowerflowingareas.

This particularconstraintmay, in some instances,reducethe valueof spot measurements
made in relationto the observedlocationsof individualfish (one of the cornerstonesof
traditionalPHABSIMhabitatpreferencecurvedevelopment.It emphasisesthe factthatthe
"communityapproach"topreferenceassessmentis essentialandthatthefinerdetailof habitat
measurementcouldprovevaluable.

Similarconstraintsto thoseoutlinedaboveareapplicableto allspeciesconsidered.
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TheInstreamFlowIncrementalMethodologyrequiredforthePHABSIMmodeloperateson
a relativelysimple principle.Estimatesof AVAILABLEUSABLEAREA for discrete
SPECIESLIFESTAGESundera rangeof DISCHARGEVALUESareestablished.

Currently,datais beingcollectedfroma selectionof riven in EnglandandWales,by IFE
andIII,usingtheconventionalPHABSIMapproachdevelopedintheUSAwiththeobjective
of evaluatingthetechnique.Itwould,of course,be possiblefortheNRAto simplyincrease
thedataset indiscriminatelyby preciselyrepeatingthe methodologypresentlyin operation.
However,a moreefficientuse of dineandeffortwouldseemto be to selectthosefeatures
whichcouldbe "guaranteed"to beuseful.It mayalsobe costeffectiveto recordinformation
on featureswhicharenotcurrentlyincludedin the modelif thisseemsappropriate.

Withregardto the "problems'mentionedabove:
Itwillbe necessaryto groupdataintoa numberof rivertypes.Withinthesegroupsdifferent
sub-modelsof PHABSIMor a derivativemaybe necessaryto takeaccountof varyinglevels
of habitatfactorpredominance.

A walk-oversurveyof each entireriver system shouldthereforebe a prerequisite.In
consideringthe mobilityof fish the presenceof impassablebarriersmustbe takeninto
account.

Adequateseasonalcoverageof studyreachesis essential.It will usuallybe necessaryto
considerseasonalrequirementsin termsof the seasonallife historyrequirementsof fish
specieswhichareknownto be presentor whichit is desiredto encourage/enhance.

Manyof the smallfish speciescan not be sampledadequatelyby existingtechniquesbut
shouldbe assessedby observationif possible.Estimatesat fouror five arbitrarylevels of
abundanceshouldbe adequateforthispurpose.

Theconstraintof habitatfeatureinteractionmay, in someinstances,reducethevalueof spot
measurementsmade in relationto the observedlocationsof individualfish (one of the
cornerstonesof traditionalPHABSIMhabitat preference curve development).The
"communityapproach"to assessmentof "preference"is essentialanddeterminationof the
finer detailof habitatmeasurementcouldprovevaluable.A similaraspectworthyof full
considerationis the impactof variabilityin timeandspace,of habitatcharacteristics.

Inconclusionitwouldseemthatthebesthabitatmodelforeachspecieswilltakeintoaccount
theannualsequenceof lifestagesandtheirhabitatrequirements.A rivercouldbepartitioned
at the appropriateseasonsto determinewhetherthereis a proportionof usableareafor all
stagesof thegivenspeciespresentatthattimeanda descriptivemodelgeneratedto testthe
apparentsuitabilityof theriverin question.

5.2.4 Fish field data

Habitatpreferencecurvesof selectedtargetspecies have been developedmainlyfrom
informationinpublishedpapersandunpublishedreports.Thesecurveswillbe appliedinthe
PHABSIMprogramto examinethe effects of habitatloss at reduceddischargeson the
selectedtargetspecies.Inorderto testwhetherthe resultsfromthePHABSIMprogramare
accurateit is usefulto haveinformationaboutthe fishpopulationin theriver.
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The resultsof the fishingprogrammeshow how fish in differingriver types are distributed
with respect to habitat. (River and site selectionprocedure are outlined in chapter 3). In
addition, repeat fishingsand scale analysisand length/weightrelationshipsprovidedata on
the age structureanddensityof the population.Thesedata can be used to assessthe accuracy
of the PHABSIM predictions and in addition will supplement information on habitat
requirementsof particularfish species.

During the electrofishingit is possiblefor an operator to record the positionof fish caught
and to relate this to referencemarkerson the bank and instream.The procedurecarried out
in the millstreaminvolvedpreparinga sketchmapof eachreachand relatingthis to reference
points such as trees and bushes and the 111markers. When the fishingteam catch a fish its
identityis communicatedto the operatoron the bank who records the capture locuson the
sketchmap. The locationof fish can thenbe directlylinkedto the physicalcharacteristicsof
the reach as determinedby the III transects.

The consensusview of several fish workers suggests that the proposed methodologywill
provide useful information on the association of fish species with particular habitat
characteristics.More detailedfield assessmentof habitatrequirementsof fish wouldrequire
a considerableamount of effort and may need to consider seasonal aspects, longitudinal
movements(out of the reach or tributary)and life-historydata. Such effort is beyondthe
scope of this project and it is hoped that the proposed methodologyoffers a compromise
wherebya good deal of informationis obtainedwith an economyof effort. Methodsof data
analysisand results are presentedin AppendixF.

5.3 MACROPHYTES

5.3.1 Methods and Data Sources

There have been severalattemptsat choosingtypical speciesand some attemptsat defining
their environmentalrange or requirements.
Suchgroups typicallyinclude:

Submerged- with bulk of plant in waterbut with access for fish

Ranunculus(aquatilis)/fluitans/penicillatus
Potamogetonpectinatus
Myriophyllumspicatwn
Elodeaspp
Callitrichespp (stagnalis/obtusangula/platycarpa)
(large algae- filamentous)

Emergent- with plant above and below waterwith reduced
habitatfor fish

Nasturtiwn/Apiwn/(Veronica)
Glyceriamaxima
Phragmitesaustralis
Scirpuslacustris
Sparganiwnspp
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Floating	 Lemnaspp

Azollaspp

Surfacing - submergedattachingstemsbutwithsurfacingand

shadingleaves

Nupharspp
Potamogetonnatans

Choiceof aquaticplantgenerato typifyfish habitats
Theselectionof thetypicalaquaticplantspeciesof mostrelevanceto fuh habitatis difficult
althougha recentassessmentof weedcontrolinflowingwatercoursesforWRc,indicatesthat
emergentreedspeciesarethemostfrequentlycontrolled,afterwhichthesubmergedspecies
PotamogetonsandRanunculusarethemostabundantin flowingwaters,followedby species
of ElodeaandCal&riche.Theformer,Elodeaspp,developlaterin thegrowingseasonand
aregenerallyconsideredto be a poorerfishhabitatbuttheyalso preferto grow in slower
non-salmonidwatercourses.Cal&richespp,typicalof lowlandandoftencalcareousstreams,
growslowly andaremanagedmoreoftenon a cycle exceedinga year.Thusthe choiceof
Ranunculusas typifyingsubmergedaquaticplants, is particularlyacceptableif the link
betweenweed-cuttingandfisheriesis acceptedin preferenceto the supposedlegalbasisof
weedremovalie. for landdrainagepurposes.If reedor grass-likespeciesareexcluded,the
choiceof emergentspeciesie theNasturtium-Aphun-Veronicagroup,is lesscomplexas they
oftengrowtogetherin a similarmannerin overlappinghabitats.Of thegeneraavailablefor
selectionabove,thereis a considerableknowledgebaseon bothRanunculusandNasturtium;
little is knownaboutthecolonisation,seasonalgrowthcyclesorgeneralrequirementsof other
flowingwaterspecies.

Informationon particularspeciesof Ranunculusis complicatedby the similarityin form,
absenceof confirmationin somedistributionalandtaxonomicdifficultiesof severalspecies.
Thusit is proposedto usea compositeof threespeciesas mentionedabove;thiswill becalled
Ranunculusat to emphasiseboththe combination,the abovecomplicationsbutin addition
thegeneralqualityorvariationof resultavailableevenfromclonalmaterialundercontrolled
environmentalconditions.

Datasources

Ranunculusafp

The basic dataare derivedfrom a intensive4-yearstudyof Ranunculuspenicilatus ssp
pseudofluitans(formerlyR. p. varcalcareus)fromtheuppercatchmentof theRiverPiddle
in Dorset. Theseandotherspeciesfromthe adjacentRiverFromewere introducedto an
experimentalstreamsystem for growthand taxonomicstudies; these results are also
incorporated.Overlyingthesedataarea seriesof otherdataincluding:

1. A previousfield studyfor this projecton the riverGwashandBlithe(Mountfordand
Gomes, 1990);

2. Datafromhydraulic,productionandlightstudieson theRiversPiddleandFrome.


3. DatafromotherIFEsurveysparticularlyfromEIAandRIVPACS.

•
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Rorippa

Dataon thehabitatof thisplantis derivedfrom:

Detailedstudiesof sedimentaccumulationon sectionson the RiversPiddle,Fromeand
Lambourn;

Detailedstudiesof theseasonalinteractionsof growthof RanunculusandRorippa on the
R. Piddle.

Habitatsuitabilitycurves
The occurrenceof waterplantsposes a fundamentalproblemto aquaticbotanists.For
example,Haslamconsidersthatthepresenceof a plantis relatedto manyfactorswhereasits
absencemaybe causedby a singlefactor.

The extentto whicha plantgrowsis determinedby environmentalfactorsbutparticularly
light,carbonsupplyandnutrients.Thebiomassachievedmustthereforebe anassessmentof
thesuitabilityof a habitathoweverthisseemsto contrastwiththatfor fauna.

Plantgrowthin flowingwater,however,modifiesits environmentparticularlywaterflow,
andthuswatervelocitymaydecreaseprogressivelyduringthe growingseasonresultingin
significantlyraisedwaterlevels of up to 0.5 m at the timeof maximumbiomass.Water
velocityduringthese periodsis bothdifficultto measureandthe resultsare difficultto
interpret.Experimentaldatashowsthatwhilstthe meanvelocityof a crosssectionfalls the
velocityrangeis extendedconsiderably.Thus,thewatervelocitywithintheplantstandmay
be < 0.1 m s-1,but the flow betweenstandsmay be 1 m 14 howeverthe meanmay be
0.25 m s-'.

Growthhabit

Ranunculus afp

Thisplantcomplexis normallyfoundgrowingrootedin stablegravelsin streamsandriver
whicharenotsubjectedto largeextremesof flow ie wherethemaximumto minimumis less
than1:10-20,or in areasof suchwheretheeffectsof winterflowsarelocallymoderatedby,
forexample,theeffectsof barrages,etc. Suitablegravelsarelikelyto be cementedtogether

#bysandor siltgrainsto forma hardpavement('pseudo-armoured')andtheynotworkedover
duringwinterflows.

Nasturtium

Thisemergentplantis normallyfoundgrowingas anannualin shallowwaterto 0.7 m or in
late summerin the marginsof largerrivers.Althoughseedlingdevelopmentis important,
backwatersandmarginalareasprotectedfromscouringor directeffectsof winterflowsact
as overwinterrefugiaandas seasonalgrowthstartsin the late spring,manyfragmentsor
propagulesarecontinuallybrokenoff to passdownstreamto colonisesuitableareasbyearly
summer. Frostmayhoweverlimitoverwinteringand thusthis select for presenceof this
plantin warmerwaterstreamsie. thosefedfromsprings.
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•
Velocity
Preferenceaims were madefrommeanvelocitydatafor the cross sectionalareaof the
watercourseeitherat a discretesamplesiteor as a meanof a 100m section.

Depth
A wide rangeof waterdepthswereincorporated.Meandepthof the sectionof streamwas
usedalthoughit is oftenlikelywithNasturtiumindepthsoverapprox.1 m, thatgrowthwill
be fromthe margins.

Substrate
Datacollectionforsiteswithhighplantcoverof thestreambeddiffersfromthatof siteswith
low cover, inthattheprogressiveseasonalgrowthyieldinghighbiomassesenhancesediment
accumulationof thattypeof materialavailableupstreamfordeposition,withintheplantstands
butsubstratesof largersize remainexposedbetweenplantstandsfor easierobservation.If
excessivelylargeplantstandsdevelopbecauseof slightlylowerflowthensedimentationover
the entirestreambedmayoccurandthetruestreambedmayonlybe visiblefollowingthe
winterwashoutperiod. However,forRanunculus,althoughrootingmayoccurwithinsuch
soft sedimentsonlythoseplantsor partsof rootedin the firmerbasesubstratewill survive
winterflooding.

Cover
Coverwas equatedto shadeandpreferencecurvesweremadefrom datafrombothlarge-
scaleexperimentsanddetailedcontinuously-recordedobservationsfromseveralriversitesin
BritainandDenmark.A modelderivedfromdataobtainedlightmeasurementsfromartificial
verticalshadewasalso included.

•
Other Factors

Nutrientlevels
Theminimumandmaximumlevelsof nitrate-nitrogen,phosphate-phosphorusandpotassium
werein milligramsperlitrerespectively:

•

0 


•

Thesewe all withinthenormallimitsexpectedfor an acceptablelevel of plantgrowthand
wouldnotbeexpectedto limitplantgrowth;theyarenotnearthoselevelsconsideredsuitable
for theencouragementandovergrowthby epiphyticalgae.

Water temperature
Experimentaldatain growthchambersindicatesthatthe growthof Ranunculuspenicillatus
ssp pseudoiluitans(formerlyR. p. varcalcareus)maybe severelylimitedwhenbelow5°C.
Netphotosynthesisis atitsmaximumaround10°butprogressivelyreducesto 25-30°Cabove
whichtemperaturedeathmayoccur(forstrainsof plantacclimatizedor adaptedto theUK).
Thegrowthrelationshipis complicatedbytheassociationof highlightandhightemperatures
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Nitrate-N Phosphate-P Potassium

Ranunculus 0.28-5.1 n.d.-0.37 0.36-6.1
Nastunium 0.25-4.7 n.d.-0.46 0.60-5.8
Apium 1.10-9.5 n.d.-0.55 n.d.-1.6
Veronicaspp. 0.05-1.8 n.d.-0.34 0.26-6.3
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•
duringthe late summerwhich gives betterincreasesin biomass andthe seasonalcycle butthe
plantsfunctionat lower overall efficiencies.

•
5.3.2 DISCUSSION

Watervelocity effects are the most significanteffect for bothRanunculusafp and Nasturtium
officinal. In the former, for example, where the seasonal rangeof flow is small eg 3:1 there
is little winter washout and often a high overwinterbiomass with a high maximumbiomass
in the successive season whereas in rivers with a seasonal flow range of 10-20:1, a similar
seasonal maximumbiomass may not be achieved. This reductionin biomass may be further
reducedby the effect of deeperwatersuchthatat meandepthsof 2-3 m only a small biomass
may be achieved; this leaves the plantssusceptible to overgrowthby algae at relatively low
nutrientlevels and their eliminationfrom this partof the system.

The seasonalityeffects of plantgrowthandthe consequentialeffects on waterflow have been
discussed with R.T Milhous. Habitatshave not been satisfactorilycoded from Cover groups
and their combinations.

•
6. PHABSIM model calibration

6.1 INTRODUCTION

Calibrationof the hydraulicmodels withinPHABSIMis nota fully automatedprocedure:the

user must have an understandingof the basic principalsof the different models available in
order to make subjectivejudgements in the choice of calibrationparametersbased on model
error estimates and values of output variables. Nevertheless the procedure can be broken
down into a number of simple, well-defined steps. Manipulation of data files is
straightforwardas there are utility programs available for all but the most simple file
conversions required.

The PHABSIM system as suppliedby the US Fish & Wildlife Service comprises some 250
or more programs- we have foundin practicethatwe use around30 of these. In additionwe
use 15 new programsfor inputtingdata, buildingand reviewing datafiles. All programsare
written in Microsoft PC FORTRAN. The original version of PHABSIM occupied some
eleven diskettes; the version we now use in practiceis availableon two diskettes.

• The most significant improvementin PHABSIM software is the introductionof the RPM
programmenu (see Figure 6.1 below). This allows programsto be executed using simple
keystrokesand provideson-line help facilities for all programsin the menu. On-linegraphics
providedby PHABS1Mare of a very poor qualityand arepracticallyunusable.Similarlytext
output files are unnecessarily lengthy making it very difficult for the user to find the most
relevant information. In the course of this assessment we have worked to overcome this
problemby writingutility programswhich extractrelevantdatafrom PHABSIMoutputfiles
in a concise, well-formattedform. Files in this form can be readily analysed in a spread-
sheet. We have used the RPM menu interface to run PHABS1Mprogramsand to extract
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•

relevantoutputdataWethenimportthesedataintothe MicrosoftEXCELspread-sheetto
analyseand plot outputdata. Since both RPM and EXCELcan be run in a Windows
environmentthisapproachis almostas effectiveas re-writingon-linegraphicsproceduresin
the PHABSIMsourcecode. An additionalbenefitof importingdatato the spread-sheetfor
analysisandplottingis thata completerecordof thecalibrationandsimulationprocedurecan
be storedin thespread-shed.



•••••••••••••••••••••••



Description
Checks and summarizes a complete IFG4 data set

Help
CKI4
Syntax: XIFG4,CKOUT

fIFG4IFG4 data set (input)

CKOUT  CKI4 results (output)

Dialog Box
Input Output
EXPO4 	 =OUT

CURRENT DIRECTORY: C:\IF310
Insert

F2-LIST F3-EDIT F4-CHART F5-PRINT F7-TODAY FS-DIR F9-DOS F10-RUN

Description
Builds and/or edits an IFG4 data set

CS a IFG4IN
ATTRIBUTE FILES WSL Calibration CKI4TXT
S.I. CURVES WSL Production I4TEXT
HABITAT Velocity Simulation ADDCV
REPORTS File Conversion CORDIN

File Modification CKI4
REVI4
TREVI4
QCKWSP
LPTHWE

More

Figure6.1 RPM ProgramMenu
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6.2 HYDRAULICMODELS: CALIBRATIONANDSIMULATION

6.2.1 Introduction
•

PHABSIMcontainsthreehydraulicmodels,IFG4,MANSQ,andWSP.Oneormoreof these
modelsmustbe calibratedto fitobservedvaluesof watersurfaceprofiles,dischargeandpoint
velocities.Inpracticemodelcalibrationis composedof twodistinctsteps;watersurfacelevel
calibrationand velocity calibration.For mathematicaldetailsplease refer to the Project
InceptionReportor to Bullock,Gustard& Grainger,1990.

6.2.2 WaterSurfaceLevel Calibrationand Simulation

The hydraulicmodels1FG4,MANSQandWSPmayall be usedto simulatewatersurface
profiles.MIthreeareone-dimensionalmodels,viewingthewatersurfacealongthereachas
a singleprofile.Acrosseachcross-sectionin thereachthewatersurfacelevel is assumedto
remainconstant.Calibrationdataarebasedonobservedvaluesmeasuredattheleft, rightand
centreof eachcross-section.Theseareaveragedto give a singlevaluefor eachcross-section
at the calibrationdischarge.

•
For effectivecalibrationof watersurfaceprofilesat leastthreewatersurfaceprofilesmust
be measuredin the field. Unlessgaugeddischargedatais availablewatersurfaceprofile
measurementsmustbe accompaniedby a measurementof discharge.Forwatersurfacelevel
calibrationit is notnecessarythatdischargebe measuredat eachcross-sectioninthe reach-
clearlyanestimatebasedon anaverageof dischargesmeasuredatanumberof cross-sections

maybe moreaccuratethana singlemeasurement.

Inorderto simulatewatersurfaceprofilesovera widerangeof discharges,fieldobservations
shouldcoveras widea rangeof dischargesas possible,preferablya low, mediumandhigh
discharge.

Before watersurfacelevel calibrationis commencedthe observedwatersurfaceprofiles
shouldbe plottedwiththethalwegprofileandreviewedfor obvioussurveyerror,as shown
in Figure6.2. Wehavefoundin practicethatmeasurementof watersurfaceprofilesis the
mostcommonsourceof surveyerror.Errorsmaybe minimisedby repeatedobservationin
the field and by sightingto more thanone surveypeg whenthe watersurfacelevel is
surveyed.Increasingaccuracyin watersurfaceprofile measurementcan greatlyreduce
resourceeffortin thecalibrationprocedureandprovidemoreaccurateresults.

As mentionedabove we have a choice of threemodels, IFG4, MANSQand WSP for
simulatingwatersurfaceprofiles.Insomecaseswemayusea combinationof twoorall three
models.Modelsusedforcalibrationof thedatausedinthisassessmentaregiveninTable6.1
below
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Figure6.2 SurveyErrorIn WaterSutfaceProfileMeasurement

Table6.1 HydraulicModelsUsedfor WaterSwfaceProfileSimulation


•

•

Model used for calibration

River IFG4 WSP MANSQ
Exe X
Wye X
Hodder X X
Blithe X X
Itchen X
Lymington X
Frome (Millstream) X

X

Lambourn X X
Gwash
Gt. Ouse &Lees Brook

X

•

It may be noted from Table 6.1 that simulation never uses the WSP model alone. This is
because the WSP model is a step-backwater model and requires starting values of the water
surface profile at the most downstream cross-section in the reach to be supplied as input data.
For this reason the stage-discharge relationship at the most downstream cross-section must
be simulated using IF04 or MANSQ.

The different hydraulic models require different levels of user effort in the calibration process

IFG4 is relatively straightforward and the user has little control over the output. MANSQ is

41

•



•••••••••••••••••••••••



•
somewhat more time-consumingto calibratethan IF04. At each cross-section a calibration
parametermust be selected on the basis of guessing iterativelyto fit observed values.

WSP is definitely the most time-consumingmodel to calibrate.The WSP model is the only
model in which watersurface levels at neighbouringcross-sectionsare dependent; changing
calibrationparametersselected for a single cross-sectioncan changesimulationresultsfor the
whole reach. To calibrateWSP values of Manning'sn are chosen to fit one of the observed
water surfaceprofiles. Dependencyof the cross-sectionscan makethis time-consuming.(An
automatedprogramto carryout this step has been made availableby Dr ThomasHardyof
the US Fish & Wildlife Service buthas yet to be tested). AftercalibratingManning'sn values
to the single water surface profile, furthercalibrationparametersmust be assigned. These
parametersare known as 'roughness modifiers' and are chosen to mimic the anticipated
change in Manning'sn with discharge.WithinPHABSIMthis step is not automatednut may
be achievedrapidlyusing a spread-sheetto analysemodel outputs.AlthoughWSP is the most
time-consuming model to calibrate it is in some Stances the only model which will give
sensible output, and it is the only model which can simulatebackwatereffects.

The approachrecommendedto minimise effort in water surface profile calibrationis as
follows :

(i) Run W04 Programover full rangeof simulationdischargesandreview outputs.If output
error statisticsand plotted profiles are acceptablethis step is complete. If for certaincross-
sections errorsare too large and watersurface levels look unacceptablethen :

(ii) Run MANSQ over the same rangeof simulationdischarges. Calibratethe model for the
unacceptablecross-sectionsfrom (i) and review outputs. If they are still unsatisfactorythen

(iii) Calibratethe WSP model andsimulatefor the full rangeof simulationdischarges(using
output from (i) or (ii) to provide startingvalues of the water surface level at the most
downstreamcross-section.)

•
6.2.2 Velocity Calibration and Simulation

The next phase is the calibrationand simulationof velocities at points across each transect
using the watersurfaceprofilespredictedas outputfrom the watersurfaceprofilesimulations.
For velocity simulationwe use the IF04 model(WSP cansimulatevelocities but is extremely
difficult and time-consumingto calibrate).The approachwe have found most successful is
that recommendedby the US Fish & Wildlife Service. IF04 is calibratedusing a single set
of velocity measurementsmade at each point across all of the cross-sections at a single
calibrationflow. The best results areobtainedif these measurementsare madeat the highest
calibrationflow. In the calibrationof velocities thereare no calibrationparametersto choose,
hence this step requireslittle effort.

The IF04 model is automaticallycalibratedby solving Manning's equationusing observed
values from the single calibrationflow and assigning a calibrationvalue of Manning'sn to
each velocity data point. At the simulationdischarges velocities are predicted by solving
Manning's equationusing the water surface levels predicted as described in 6.2.1, and the
calibrationvalue of Manning'sn. These predictedvelocities are then scaled by a parameter
called the Velocity AdjustmentFactor (VAF) so that a discharge balance is achieved. The
theoreticalshapeof the Manning'sn versusDischarge(Q) andconsequentVAF vs Discharge
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relationship are shown in Fig 6.3 below

Having run the IFG4 program to simulate velocities the VAF vs Q relationship at each cross-
section should be plotted and reviewed. If the relationship for certain cross-sections does not
conform to the expected shape the water-surface level simulation should be reviewed, together
with the velocity calibration data. A different choice of water surface level model at the
offending cross-sections may yield a more realistic velocity simulation. Once again, the VAFs
are best reviewed using a spread-sheet.

VAF

1
•••

QCAL

Figure 6.2 Theoretical Shape of n vs Q and VAF vs Q

6.3 HABITAT MODEL CALIBRATION AND SIMULATION

A number of different habitat models are available within PHABSIM. We have used only one
model -the HABTAT model. The user must specify the type of Composite Suitability Index
used in the calculation of Weighted Usable Areas (see Section 2.1) : we have chosen the
multiplicative index throughout. Upstream Weighting Factors (see Section 2.1) which control
the dimensions of cell areas in the habitat calculations have been set to the default value of
0.5. Assessment of the sensitivity of output to the choice of these parameters is being
undertaken under the NERC Science Vote Project 'Modelling Floral and Faunal Response'.

Habitat Simulations can be run simultaneously for all target species, hence the habitat
calibration and simulation phase can be completed in a single keystroke (assuming all habitat
suitability data and hydraulic simulation outputs are loaded). The HABTAT output file is well
formatted and easily imported to a spread-sheet for plotting data.
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7. Results of PHABSIM simulations

7.1 TARGET SPECIES SELECTED FOR EACH SITE

In orderto limitthe numberof modelsimulationsandoutputsto a practicallevel it was
decidedthatthemostappropriatetwo fish,invertebrateandmacrophytespeciesbe selected
astargetspeciesforsimulationsusingdatafromeachstudysite. Forsomesitesonlya single
fishandmacrophytespecieswerechosenif nootherpossiblechoiceof specieswerepresent
in significantnumbersin recordedoccurreacedata. Targetspecies selectedfor model
simulationsateachsitearelistedin Table7.1 below.

Table7.1 TargetSpeciesSelectedfor EachStudySite

FISHINVERTEBRATE MACROPHYTES

Exe: Trout Chloroperlidae (A)





Leuctridae (A)




Wye: Trout Leuctridae (A) Ranunculus




Polycentropus Flavomaculatus




Hodder: Trout Leuctridae (A)





Rhithrogenia Semicolorata




Blithe: Dace Gammaridae (A) Nasturtium




Roach Polycentropus Flavomaculatus




Itchen: Trout Gammarus Pulex (A) Ranunculus




Ephemeridae (A) Nasturtium

Lymington:Trout Gammaridae (A) Ranunculus




Leuctridae (A) Nasturtium

Mill- Dace Gammaridae (A) Ranunculus

stream: Roach Leuctridae (A)




Lambourn: Trout Gammaridae (A) Ranunculus




Rhyacophilia Dorsalis Nasturtium

Gwash: Trout Gammaridae (A) Nasturtium




Sericostomatidae (A)




GT. Ouse Dace Sphaerium Corneum Nasturtium




Roach Cragonyx Pseudogracilis




Lees- Dace Sphaerium Corneum Nasturtium

Brook: Roach Cragonyx Pseudogracilis
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7.2 HABITATVS DISCHARGERELATIONSHIPS

Usingdatafromeachstudysitethehydraulicmodelsin PHABSIMwerecalibratedto predict
watersurfacelevels(andthusdepths)andvelocitiesfor a rangeof simulationdischarges.In
orderto retainconsistencyinthepresentationof resultsthesimulationdischargeswerechosen
to covertherangefromthe95 percentileto the 10percentileexceedanceflow(Usinggauged
records,adjustedby estimationwherenecessary).Detailsof hydraulicmodeloutputsare
given in AppendixC.

Simulateddepthsandvelocitiesoverthe rangeof simulationdischargeswerecoupledwith
HabitatSuitabilityIndexdataforthechosentargetspeciesinthePHABSIMHABTATmodel.
The HABTAToutputsgive TotalAvailableHabitatAreaandWeightedUsableAreaat the
simulationdischargesforeachtargetspecieslife-stage.HABTAToutputsforeachstudysite
aregiveninFigures7.1 to 7.9 below. ResultsarenotincludedfortheGreatOuseandLees
Brookas it was notpossibleto achievesatisfactorycalibrationof thehydraulicmodel.
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Figure7.1 Habitatvs DischargeRelationships: RiverExe
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7.3 HABITATDURATIONcuns : EXAMPLES- MILLSTREAM

Theresultspresentedintheprevioussub-sectionshowtheresponseof differenttargetspecies
life-stagesto changein dischargeover a wide rangeof discharges(10 percentileto 90
percentileexceedancedischarges).Inassessingtheecologicalflowrequirementsof a riverwe
areinterestedin analysingthetimevariationof habitatavailabilityin thecontextof theflow
regime. Such analysiscan be of greatvalue in determiningperiodscriticalto habitat
availabilityandin assessingthesensitivityof habitatavailabilityto periodsof unusuallylow
(orhigh)flows.

Inthissectionwe shallpresenttheresultsof suchananalysisin theformof habitatduration
curvesfor selectedtargetspecieslife-stages,usingdatafromthe Mill StreamThe habitat
dischargerelationshipsshowninFigure7.7 werecoupledwitha recordof dailymeangauged
flowsovertheperiod1986-1991to give timeseriesof meandailyWeightedUsableAreafor
targetspecieslife-stages.Thesetimeserieswereanalysedusinga durationcurveprogram.

For the sake of brevityoutputincludedhere has been limitedto the analysisof habitat
availabilityfor life-stagesof dace. In Figure7.10 we give the flow durationcurvefor the
flow recordusedin thisanalysis.CorrespondinghabitatdurationcurvesforTotalAvailable
HabitatAreaandWeightedUsableAreaforeachlife-stageof dacearegivenin Figure7.11.
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7.4 DISCUSSIONANDANALYSIS

7.4.1 HydraulicModelSimulations

PredictedwatersurfaceprofilesfromPHABSIMhydraulicsimulationsaregivenAppendixC.
Hydraulicmodelswere calibratedfor nine of the eleven datasets collected.It was not
possibleto calibratehydraulicmodelsusingdatasetsfromtheGreatOuseandLees Brook.

As showninTable6.1 a combinationof thethreehydraulicmodelsIFG4,MANSQandWSP
wereusedforthe varioushydraulicsimulations.Inthe majorityof casessatisfactoryresults
wereachievedusingtheIFG4modelwithMANSQata fewcross-sectionswhereIFG4results
seemedunrealistic.WSPwasusedonlywhena combinationof IFG4/MANSQfailed.This
tends to be the case where backwatereffects are present;in lower gradientstreams,
particularlythoseaffectedto a largeextentby weedgrowth.

The effects of weed growthwere not adequatelymodelledin the hydraulicsimulations.
Dependingon the dateswhenflows weremeasuredthe effectsof weedgrowthtendto be
eitheroveror under-estimated.Furtherresearcheffortis requiredto tacklethisproblem.

It is difficultto judgethe qualityof hydraulicsimulationoutputsin the absenceof datato
verifythem.Modeloutputsgive estimatesof the errorin stage-dischargeregressions.The
shape of the water surfaceprofiles and the Velocity AdjustmentFactorvs Discharge
relationshipsalso give an indicationas to whetherresultsseemrealistic.Simulationresults
on the wholeseemfairlyrealistic- giventhe uncertaintyinvolvedin the habitatmodelling
phaseit wouldappearthatthePHABSIMhydraulicmodelscanprovideestimatesof depths
andvelocitiesto an acceptablelevel of realismin a varietyof differenttypesof rivers.

In the case of the GreatOuse and Lees Brookonly two flow calibrationdatasets were
collected.Thiswas in partowingto practicalproblemsencounteredsuchas navigation.On
theGreatOusevelocitieswereso lowthata currentmetersuspendedfromaboomwouldnot
even stay pointingupstream.At bothsites dischargecouldbe seento changesuddenlyas
sluicegatesupor downstreamwereoperated:dischargescollectedatseparatetransectsover
a single day vary by as much as seventy per cent. For this type of river, regulated
automaticallyovershorttimescalesandwithanextremelylowgradientthehydraulicmodels
withinPHABSIMarecompletelyinappropriate.

Moredetailedstudiesto assess theaccuracyof hydraulicmodelpredictions(particularlyin
the presenceof weedgrowth)are currentlyin progresson the Mill Streamat EastStoke
underthe NERCScienceVoteCommission'ModellingFaunalandFloralResponse'.

7.4.2 HabitatSimulations: Invertebrates

Thepredictionsarecomparedwiththeresultsof a surveyof theinvertebratefaunaof thesites
carriedout in the summerof 1991 and with knowninformationon the distributionand
ecologyof thetaxa.Predictionswererunforpairsof taxawhichwereknownto occurinthe
rivers.

RiverHodder
LeuctridaeandRhithrogenasemicolorataoccurredat relativelyhighdensities(28 and47 per
15 s pondnetsweep)in rifflesites in samplestakenin thesummer.
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Accordingto the predictionsWUA for these species is high at dischargesgreater than 4
cumecs. Rapid reductionin WUA is predictedat discharges <2 cumecs. Althoughthis is
probably a correct scenario it does not followthat reductionsin WUA will necessarilybe
accompaniedby drops in density. To establishthis fact it would be necessaryto obtain
detaileddata on abundancefluctuations.

River Lambouni
Rhyacophiladonalis occurred infrequentlyat the site at densities of 1 to 2 per sample
whereasGanunaridaewere abundant(91per 15s sweap).The predictedWUAfor both taxa
is high at discharges>2 cumecsalthoughthis representsonly abouta third of the total area
of the reach. The anomalouspredictionsof R. dorsalis couldbe related to the presenceof
dense weed growthwhichmay have reducedareas of high flow whichare favouredby this
species.

River lichen
Ganunaridaeare abundantin the Itchen(RIVPACSdata)whereasEphemeridaeare relatively
uncommon.Thepredictionsof weighteduseablearea for thesetaxa indicatea steepreduction
below a dischargeof 2 cumecs. Gammaridaereach an asymptoteat this dischargebut for
Ephemeridaethere is a gradualdeclinein WUAas dischargeincreases.Abouthalfof the total
availablearea is predictedto be suitablefor Ephemeridaeat 2 cumecsbut the resultsof on
site surveys do not support this. It is probable that the suitability curves are not finely
focused.

•
Rives Lymington
Gammaridaeand Leuctridaeoccurred at relativelyhigh densities in the samplesfrom this

111 river (37and25 per 15s sweep)butLeuctridaewereabundantonly in riffleareas. According

to the predictionsonly aboutone quarterof the total area is suitablefor Ganunaridaewhen
the dischargeis > 1 cumecand the figurefor Leuctridaeis even lowerat one eighth.Below
this dischargeWUA decreasesvery rapidly as riffle habitat is lost and the river occupiesa
series of deep pools.

Millstream
Gammaridaeare commonat this site (35 per 15 s sweep) especiallyin marginalhabitat.
Leuctridaeoccur at lowdensities(10per 15s sweep)and are confinedti riffle areas. About
one third of the total availablearea is suitablefor Gammaridaeat dischargesover 1 cumec.
For Leuctridaethe WIJA is only aboutone fifteenthof the total availableat discharges> 1
cumec. Dischargein this streamduringthe summerand autumnis well below 1 cumecand
in 1992fell below0.2 cumecs.Accordingto the predictionsdischargesas lowas thesewould
reducethe WUAto its minimumleveland yet both taxa are relativelycommon.It is possible
that the growth of macrophytesis creatinga diversityof conditionswhich allowthese taxa
to maintainpopulationsin an otherwiseunsuitableflow environment.

River Wye
Leuctridaewerevery rare in samplesfromthis river with a maximumabundanceof 4 per 15
s sweep and yet the predicteduseablearea for this taxon is abouthalf of the total available.
It is possiblethat in the rigorous environmentof upland streamsdensitiesmay in realitybe
low but the habitat suitabilitycurves are built from averagevalues and wouldmask river-
specificvariationsin habitatpreference.

Polycentropusflavomaculatusoccurredat lowdensities(7 per 15s sweep)at this site in slack

water and marginal areas. The WUA is however predicted to increase with increasing
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discharge.This is surprisingand indicatesthatthe habitatsuitabilitycurvesare incorrect.
Polycentropusflavomaculatusis reportedin theliteratureas favouringareasof lowvelocity
(Edington1968).Suchareasin uplandstreamsarefrequentlyfoundin marginalzones.The
RIVPACSenvironmentaldataaveragesoutphysicalparametersand,asforLeuctridaeabove,
masksouttherealpreferencesof thespecies.

River Exe
ChloroperlidaeandLeuctridaeoccurat low densitiesof 1-4specimensper 15$ sweep.This
is a boulder/cobblesubstratumwhichis difficultto sampleso theestimatesof numbersmay
be low. Bothtan have similarhabitatrequirementsand nearlyhalf of the total area is
predictedto be suitableatdischargesgreaterthan0.6 cumecs.Thereis a majorreductionin
WIJAwhendischargeis lowerthan0.25 cumecs.

River Blithe
Gammaridaewere abundantin the Blithe(32 specimensper 15s sweep). Polycentropus

flavomaculatusin contrastoccurredonlyrarelywitha maximumdensityof 6 per 15ssweep.
ThepredictionsindicateincreasingWUAforbothtan withincreasingdischarge.Thisseems
unlikelybutwithouta knowledgeof velocitydistributionatdifferentdischargesit is difficult
to judgethe accuracyof the prediction.The pointmadepreviouslyconcerningthe lackof
focussedcurvesmayalsoapplyhere.

Conclusions
This preliminarycomparisonof observedand predicteddistributionhas revealedboth
weakness'sand strengthsin the applicationof the IFIM methodology.In generalthe
predictionsworkandshowcleartrendsintheresponseof invertebratesto changingdischarge.
Whatis clearlymissingis, quantitativemicrohabitat-specificdata.Mostchangesin benthic
populationsin responseto alteredflow patternsare shifts in the relativeabundanceof
componentsof the faunalcommunityand quantitativedatafromareasof knownphysical
characteristicsisessentialforthefutureconstructionof habitatpreferencecurves.Inaddition,
responsesof invertebrateswill vary with river type and it would be useful in further
developmentof this workto derivecurveswhicharebasedon datafromdifferenttypesof
watercourse. For examplethe responsesof a targettaxonmaydiffer in a weededchalk
streamandanuplandcoarse-bottomedriver.Thegrowthof weedis a furthercomplicating
factorwhichmayrenderthepredictionsinaccurate.Theinclusionof a macrophytecomponent
to the modelis essentialfor itsuse in lowlandandweedrichstream.

•
7.4.3 HabitatSimulations: Fish

River'fodder
A mediumsized riverwhichwas difficultto fish effectively,theHodderwas inhabitedby
bothbrowntrout(resident)andseatrout(migratory).The two "forms"of troutbothspend
theirspawning,fry andjuvenilestagesin theriverbutseatroutdo notrequireadultfeeding
territories,withintheriver,inorderto survive.It is possible,however,that(relatively)large
sea troutmaydisplaceresidentadultbrowntrout(whichdo requirefeedingterritories)from
suitablehabitatduringsummerandautumn.The migratoryformmaymonopolisepotential
browntroutspawning/fry/juvenilehabitat,as maythe manysalmonwhichwerealsopresent
as juvenilesin largenumbers.

Despitepredictionsof substantialareasof suitablejuvenileandadulttrouthabitat,at most
dischargelevels, relativelyfew troutwerepresent.It wouldappearthatthereasoncouldlie
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in lackof instream/outstreamcover.It is suspectedthatthe importanceof thesefactorshas
beenunderstressedinthesuitabilitycurvesconstructedforjuvenile/adulttroutandthatthese
shouldnow be redrawnto give more emphasisto "cover"as a factor influencingthe
variationsin trouthabitatsuitability.

Otherreasonsfor the discrepanciesbetweenpredictedandactualsituationscouldinclude-
poorspawningconditionsin the riveras a whole(unlikelyin view of spawningsuccessof
salmon,a fishwithsimilarrequirements)or poorfry survival.It shouldalwaysbe bornein
mindthatnumbersarelikelyto be setby extremeevents(egpeakdischargeconditions).The
Hoddermay be a flashy river(?)and the populationsof trout thus subjectto density
independent(mainlyclimatic)factors(Elliott1992).

•
RiverLambourn
Thissite is a chalkstreamwithsmallamountsonlyof macrophytecoverbutsomeoutstream
coverin the formof treesandmarginalCarex.At highdischargestherewouldseemto be
littlejuvenile/adulthabitat,however, samplesshowedthatthereweresubstantialnumbers
of thesefishpresent.It is suspectedthatmoreattentionshouldbe paidto rivertype, water
qualityetc. Perhapsa broadclassificationon which habitatpreferencecurvescould be
superimposedwouldbe appropriate.It is also apparentthatanindicationof meandischarge
andcoefficientof dischargevariationcouldbe a significanthelp in interpretingWeighted
UsableAreas.It is notclearwhy, whentotalareais so constantwithdischarge,WUAshould
fall off so dramaticallyabove3 cumec.Presumably,dueto thehighbanksandrectangular
channel-cross-sectionsof the chalk stream,depth increasesbeyond the limits of the

preferencecurve. Thissuggeststhathigherupperdepthlimitsarerequired.

Insomeriversbiologicalfactorsmayexertthemajorcontrolsonpopulation(seealsoHodder)

RiverLytnington
Againthisis asmallish,shallowriverwithlittleinstreamormacrophytecover.Thereappears
to be a relativedeficiencyof juvenilehabitatwhich,at firstconsiderationis inconsistentwith
the largenumberof juveniletroutfound.However,it seems plausiblethatthe very high
valuesforfryhabitat,whichoccur,couldgeneratemajorlevelsof recruitmentto thejuvenile
population and thatsubsequentheavy mortalitiesof these fish could then producethe
observedlow numbersof adultfish.

Mill Stream
In this smallstreamtherewas a muchmorediversecommunityof fishesthanin the two
precedingrivers.Threereacheshavingdifferentcharacteristicswere investigatedbutare
combinedfor the presentanalysis.Coverlevels are very variablebut both instreamand
outstreamcoveris present.

Thedacedataindicatethe presenceof largeareasof adultandjuvenilehabitatovera wide
rangeof flows with adulthabitatrapidlydiminishingbelow dischargesof 1 cumecbut
juvenilehabitatpresentdownto 0.5 cumec.Duringthesamplingperiod(Mayto September)
thedischargewas)0.5 cumecorlesspredictingonlyjuveniledacehabitatwithfewadultfish.
Thiswas in reasonableagreementwiththeobservedpopulations.

River Wye
Predictionssuggestextensivehabitatavailabilityatall levelsof dischargeinthisriver.There
was no coverof anydescriptionandas in thecaseof theHodder,adulttroutwerevirtually
absent.
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11111 River Exe

A small stream of flashy character with some depth variation and overhangingbanks to
provide cover. The presence of both juvenile and adult trout is in good agreement with
predictionsof habitatavailability.

7.4.4 Comments on macrophytepredictions

Discussion
Watervelocityeffectsare the mostsignificantfactorfor bothRanunculusafp andNasturtium
officinale.Speciesinteractioncanbeveryimportant,forexampleinRanunculusat whenthe
seasonal range of flow is small eg 3:1 there is little winter washout resulting in possible
colonisationor overgrowthby Nasturtiumoflicinaleresultingin suppressionof Ranunculus
at. This can followthroughto a highoverwinterbiomasswitha highmaximumbiomassof
Nasturtiumofflcinalein the successiveseasons.In riverswitha seasonalflowrangeof 5-10(-
20):1, a similarseasonalmaximumbiomassmay not be achievedand the plant is restricted
to the margins of rivers at low altitudes (areas of low winter frosts). This reduction in
biomassof emergentspeciesmay be further reducedby the effectof deeperwater such that
at mean depthsof 2-3 m only a small biomassmay be achieved.Converselythe effectsof
reducedflowson submergedplantsas typifiedby Ranunculusafpbut withoutthe overgrowth
by an emergentplant can leavethe plantsusceptibleto overgrowthby algaeat relativelylow
nutrient levels and their eventual eliminationfrom this part of the system in regimes of
extendedlow flowsor regimeswithoutregular or seasonalflushing of the streamsystems.

Trial simulationsall showsomerealismin predictingthe possibilityfor the presenceof type
plants but lack seasonalityand the effectsof stabilityof substrate.

The Millstreamsitesimulationindicatesbroadlya 50% coverof the streambedby submerged
macrophytesin this partlyshadedstreambut does not enablethe effectsof seasonalityto be
shown in terms of plant growth and enhanced cover in the falling spring and summer
dischargesprior to the autumnwashout. Flow statistics indicatea 8:1 daily maximumto
annualmeanflow. The overemphasisedcover to dischargerelationshipis howeverincluded
in the term WUA; some fine tuning or alternative line could emphasise this seasonal
relationship.

The LymingtonRiver simulationindicate the potential presenceof higher than normally
expectedpopulationsof submergedplant althoughthe emergentspeciescouldbe expectedto
occupythe projected5% of the full streamarea. (Flowstatisticsshowa 11:1daily maximum
to annualmean flow).

Simulationsof the Rivers Lambournand Itchen (both about 2.5:1) provide a lower than
expectedcoverof submergedmacrophyte(45%) althoughsubmergedformsof other species
frequentlyoccur in this river system;the emergentspecies is anomaloustowardsthe higher
dischargesbut this could relate to differencesin the observedand effectivesedimentsand
their stabilityas mentionedabove ('pseudo-armourint effects).

The River Wye simulationindicatesa 40-50% cover of submergedmacrophytebut which
whilst it may be typicalof the lower reaches and the River Lugg, few plants are said to be
found in the uppers reachesas chosenand shownin the simulation;plant wouldbe unlikely
in sucha spateyriver as indicatedby the flowstatistics(witha 25:1dailymaximumto annual
mean flow).
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TheRiverBlythesimulationwithits30:1dailymaximumto annualmeanflow is unlikelyto

have.Theseasonalityeffectsof plantgrowthandtheconsequentialeffectson waterflowhave
beendiscussedwithR.T. Milhous. Habitatshavenot beensatisfactorilycodedfor Cover
groupsandtheircombinations.

Ingeneral,someinputof theprobabilitiesof particularplantspeciesor groupsbeingpresent
needs to be incorporatedin simulationor on-site checks priorto simulationother wise
erroneouspredictionswill undoubtedlyoccur.Sucha databaseorpredictivesystemcouldbe
linkedwiththerelatedrivercorridorclassificationalso beingundertakenby NRA.
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8. Setting of ecologically acceptable flows

8.1 EXAMPLE : RIVER ALLEN ABSTRACTION REGIME

In this section we shall give an example of an application of the IFIM using PHABSIM to the
setting of an ecologically acceptable flow. The results presented in this section are based on
data collected from the River Allen (Dorset), (Johnson, Elliott, Gustard and Clausen, 1993)
as part of a commission from NRA Wessex Region.

A national assessment by the NRA (1990) of low river flows identified the Allen as one of
20 sites demanding urgent consideration. Concerns for the effects of groundwater pumping
on the ecology of the Allen have been voiced for some twenty years. Newman and Symonds
(1991) state that "The River Allen by reputation was once an exemplary Chalk Stream: a
classic habitat for trout. Its character is believed to have been eroded by the groundwater
planning techniques of the 1960s and 1970s". Relevant features of the Allen catchrnent are
shown in Figure 8.1 below
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As pan of a detailed catchment study of the Allen a groundwater model was developed by

Groundwater Development Consultants (GDC) of Cambridge. Outputs from this model give

time series of "naturalised flows" where the predicted effect of the historical abstraction has

been removed. By applying the IFIM using PHABSIM at representative study sites on the

Allen and coupling Weighted Usable Area vs Discharge results for chosen target species with

time series of historical and "naturalised" flows it is possible to assess the impact of the

historical abstraction regime upon seasonal habitat availability.

Two study sites were chosen for this assessment; upstream of Didlington Mill (grid ref.

513007080) and some 400m downstream of Didlington Mill (grid ref. SU003075) as shown

in Figure 8.2 below. At each site PHABSIM data were collected as described in Section 4.

After the initial surveys calibration flow measurements were made by NRA Wessex Region

staff at a further two flows.
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In liaison with NRA Wessex Region Fisheries Section the target species for the assessment
were chosen to be trout and salmon. Habitat suitability index data for life-stages of trout and
salmon were developed by NRA Wessex Region. These data are based on observations made
by snorkelling and surveys of redds in chalk streams similar in character to the Allen.
Examples of the habitat suitability indices developed for fry/juvenile trout from these data are
given in Figures 8.3-8.5 for the microhabitat variables depth, velocity and substrate
respectively.
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PHABSIM Weighted Usable Area (WUA) vs Discharge relationships were produced for
adult, fry/juvenile and spawning trout, fry/juvenile and spawning salmon using model
calibration data from the two study sites. An example of the output giving Total Habitat Area
and WUA vs Discharge for life-stages of trout at the downstream study site is given in Figure
8.6 below.
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WUA vs Dischargerelationshipsfor target specieslife-stageswere coupledwith time series
of mean monthlyhistorical and simulated "naturalised"flows to give correspondingtime
seriesof WUAs.Thesewere analysedusinga durationcurveprogramto give corresponding
durationcurves for meanmonthlyWUA for each target specieslife-stage.Resultspredicted
that the impactof abstractionwas greatestat the downstreamsite. Of the specieslife-stages
consideredimpact was predictedto be greatest for fry/juveniletrout. Duration curves for
meanmonthlyhistoricaland "naturalised"flowsover theperiod 1970-1991at the downstream
site are given in Figure 8.7 below. The correspondingdurationcurvesfor the availabilityof
WUA for fry/juveniletrout are given in Figure 8.8.

It is clear from Figure 8.8 that a significant impact upon the availabilityof WUA for
fry/juveniletrout is predictedfor exceedancepercentilesof 50 per cent or more. In order to
investigatethe sensitivityof this impact to reduction in the level of abstractionwe have
modelledthree hypotheticalscenarioswhere the effect of abstractionon the mean monthly
flow is reducedby 25, 50 and 75 per cent. As the greatest impactof abstractionon WUA
availabilityis felt in the summer monthswe have run separatesimulationsfor the summer
(April-Sept)and winter (March-Oct)periods.Resultsare shownin Figures8.9, 8.10 for the
summerand winterperiods respectively.

The results in Figures8.9, 8.10 are strikinglydifferentand serve to illustratethe importance
of consideringhabitatavailabilityon a seasonalbasis. For the summermonthsthe abstraction
has a significant effect in reducing available WUA at all exceedancepercentiles. The
sensitivity analysis indicates that this reduction is in direct proportion to the level of
abstraction. For the winter months reduction in available WUA is only significant at
exceedancepercentilesof 95 per cent and above.

In the interpretationof habitat duration curves we must be mindful that a single value of
WUA may occur at two quitedifferentdischarges.This is a consequenceof the shapeof the
WUAvs dischargerelationship(Figure8.6). In generalwecannotthereforeconcludethat low
values of WUA (correspondingto high exceedancepercentiles)correspondto low flows.
Results in Figure 8.10 suggest that in this particular example low summer WUA values
correspondto low flows, and are reducedby the effect of abstraction.In order to test this
hypothesiswehaveplotted(in Figure8.11) the durationcurvefor WUAfor the period 1970-
1991(all months)and marked the mean monthlydischargecorrespondingto points on the
durationcurve. From Figure 8.11 it can be seen that WUA valuesexceededfor 70 per cent
or more of the time of recordto correspondto low discharges.

In conclusionit wouldappear that in this examplethe historicalabstractionregimehas had
significanteffect in reducingthe availabilityof habitatfor fry trout. The extentof this impact
would appear to be directly proportionalto the level of abstractionand confined almost
entirelyto the summerperiod.

8.2 Discussion

In the example above we have demonstratedthat the IFIM using PHABSIMcan be an
effective tool in the analysis of the relative ecological merits of different flow regime
scenarios. Althoughwe have not defined a specific ecologicallyacceptableflow we have
demonstratedhowmai proposalsto alter the regimeof abstractioncouldbe assessedin terms
of their relative ecologicalbenefits. It is possible from the results and analysispresented
aboveto choosea prescribedminimumsummerdischargecorrespondingto anygiven(high)
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exceedance percentile of WUA for the most sensitive of the target species, trout fry. For
example, to ensure that WUA for trout fry remains always above its historical 50 per cent
exceedance value of around 650m2/l000m would require a minimum discharge of 0.35
cumecs to be maintained. There is clearly an outstanding issue in deciding exactly which
percentile exceedance of WUA we can define as being 'ecologically acceptable'. Further
model applications may give us a clearer picture of the level at which sustained periods of
low WUA values become critical to species success.

If an ecologically acceptable flow were to be defined in practice for the Allen it would be
necessary to transfer results from the study site to the point at which the minimum flow were
to be prescribed and gauged. If we assume that this were close enough to the study site for
the habitat at the two points to remain broadly similar we could transfer an estimate of an
ecologically acceptable minimum flow at the study site to the point of gauging using standard
techniques for extrapolating discharges. Clearly it is not justifiable to do this if there is a
significant change in the ecological character of the stream between the study site and point
of minimum flow prescription.•

•
•
•
•
•
•
•
•
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• 9. Conclusions and recommendations

Thisassessmenthasdemonstratedthepotentialof the IFIMusingPHABSIMas a powerful
tool intheassessmentof theflowrequirementsof aquaticspecies.Wehavedemonstratedhow
theIFIMmaybeappliedto analysetheseasonalvariabilityof availablehabitatandhowa low
thresholdvalueof W1JAcouldbeusedto defineaminimumdischargewhichwouldguarantee
availabilityof a minimumacceptablelevel of habitatarea.

In thesettingof ecologicallyacceptableflowsthechoiceof targetspeciesis a criticalissue.
In some instances,as in thecaseof the Allen, thismaybe drivenby perceptionof a given
problem,such as diminishedanglingsuccessfor a given species. In generalwe face the
problemof selectingatargetspeciesthatissensitiveenoughto respondto changesintheflow
regimebutat the sametimeoccursin sufficientlyhighnumbersto allowthe gatheringof
adequatehabitatsuitabilitydata.HabitatsuitabilitydataandsubsequentWUAvs Discharge
outputsfor invertebratespecies suggestthat in generalinvertebratesare not sufficiently
responsiveto makea goodchoiceof targetspecies.Resultsforfishandmacrophytespecies
showmuchgreaterfocus in habitatsuitabilityrequirementsandconsequentlymuchgreater
sensitivityof WeightedUsableAreato discharge.

In attemptingto relatemodeloutputsto resultsfromdirectsamplingwe mustbe awareof
deficienciesin habitatsuitabilitydataandin the habitatmodellingprocess.Availabilityof
habitatmustbe regardedasa necessary,butnotsufficientconditionforspeciessuccess.For
a givenspecieswe mayfindthathighWUAvaluesarepredictedfora reachwhichyieldsa
low populationestimatefromdirectsampling.This can be attributedto the fact thatthe
populationis limitedby some factorwhich is not adequatelydescribedin the modelling
process.A goodexampleof thisphenomenonhasbeenseenthe caseof low populationsof
troutbeingfoundin someof the studyriverswherefairlyhighW1JAvaluesarepredicted:
it has been suggestedthatthis couldbe attributeda deficiencyin availablecover. In the

1110 PHABSIMsimulationsonly suitabilityof substrate,depthandvelocitywereconsidered;if
the lackof coveris limitingthenwe mayexpectmodelpredictionsto be erroneouswhen
comparedwithdirectobservations.

PHABSIMoutputsshouldnotbeviewedaspredictingprobabilityof occurrence:a prediction
for a targetspeciesof WeightedUsableAreaat a givendischargeas 50 percentof thetotal
areashouldnotbe interpretedas meaningthatwe will findthespeciespresentin 50 percent
of the reach.It is morelikelythatrelativecomparisonsof WUAvaluesmay concurwith
observations;estimatesfromtwo "similar"reachesmayyielda ratioof populationestimates
whichis in agreementwiththeratioof WeightedUsableAreas.

Thisassessmenthashighlighteddeficienciesinhabitatsuitabilitydataandtherequirementfor
increasedresourceinputto improveunderstandingin thisarea.Inan IFIMapplicationit is
clearlybeneficialthatsuitabilitydatafor targetspeciesis basedon directobservationsfrom
ecologically"similar"reachesto thestudyreach.Bovee(1982)emphasisesthisfacton the
basisof US applicationof theIFIM.Theexamplewe haveusedfromtheRiverAllenis the
firstUKapplicationof theIFIMusinghabitatsuitabilitydataderivedfromdirectobservations
madein habitatsecologicallysimilarto thosepresentat the studyarea.Clearlywe cannot
expectone set of habitatsuitabilitydatafor a speciesto applyequallywell to•streamsof
differentecologicaltypes in whichthespeciesis present.
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As mentionedabovewe may thinkof the availabilityof physicalhabitat as a necessary,but
notsufficientconditionfor speciessuccess.It is essentialthat furtherstudiesinvestigatemore
closely the relationshipbetweenpopulationsand habitat availabilityif the IFIM is to gain
credibility. Such a study is only likely to succeed if it is clearly focused on a specific
ecological class of streams and habitat suitability data for the study is based on direct
observationsfrom ecologically"similar" streams. In view of the high profile of low flow
problems affectingchalk streams in southern England and the availabilityof high quality
habitatsuitabilitydata fromNRAWessexRegionstudiesthis wouldseeman appropriatearea
for a more focusedassessment.

We have summarised our recommendationsfor further assessment of the IFIM using
PHABSIMas follows:

Recommendations for Future Application and Assessment of IFIM

Primary Objectives

Analysisof time seriesof WeightedUsable Areas availableto target species in the
contextof the settingof ecologicallyacceptableflows.

Investigation of the relationship between Weighted Usable Area predicted by
PHABSIMand estimatesof standingstocksof salmonidspecies.

Establishmentand assessmentof techniquesfor extrapolatingPHABSIMWeighted
Usable Area predictionsfrom sampledto non-sampledriver reaches.

Incorporationof a macrophytegrowth model in the principalPHABSIMhydraulic
simulationprograms.

Calibrationand testingof the macrophytegrowth modelby detailedinvestigationat
a suitablestudysite.

Proposed Methodologies
Proposedmethodologiesare listedbelow for each of the objectives1-5givenabove.

Time Series Analysis

This analysis would combinecalibratedmodeloutputs from the current R&D commission
with time series of historical flows. Study sites were chosen to be sufficientlyclose to
operationalgaugingstationsto facilitatethis analysis. The work wouldextend commission
B2.1 by analysingmorespecieslife-stagesandby producingbothannualandcriticalseasonal
habitatdurationcurves. Primaryoutputswouldbe in the form of habitatdurationcurves for
target specieslife stages.Secondaryoutputswouldbe in the form of critical/seasonalhabitat
indicators.

Validation of WUA Predictions

Sincefactorsother thanthe availabilityof physicalhabitat (eg. waterqualityor temperature)
will undoubtedlyaffectpopulationsof target species, a linear relationshipbetweenbiomass
and WUAcan onlybe expectedfor differentriver reacheswhichare in the sameor "similar"
hydrological/ecologicalcategory. For this reason it is appropriatethat separatevalidation
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studiesbe conductedfor differenttypesof river.Eachvalidationstudywouldinvolvefield
samplingata numberof differentreaches.Giventhecurrentoperationalproblemsfacingthe
NRAa validationstudybasedon samplingfromdifferentreachesof chalkstreamsin the
southof Englandwouldbe mostappropriateas an initialstudy.Selectionof a numberof
reachesononeparticularstream,andsinglereacheson a numberof "similar"streamswould
providevaluabledatafor assessingtransferabilityof modeloutputsbothbetweendifferent
reacheswithina streamandbetweendifferentstreams.The basicmethodologyfor sucha
studywouldbe as follows:

9 a) Selecta numberof studyreaches.

b) At approximatelythe sametimeof year(repeatingatdifferentseasonsif possible).

(i)	 Surveyeach reachto providedepth,velocityandcover/substratedatafor inputto

PHABSIM.

(ii) Eiectro-fisheachreachto providepopulationestimatesof selectedtargetspecies.

c) CombinePHABSIMhydraulicdatawithhabitatsuitabilitydatato give an estimate
of WeightedUsableArea.No modelcalibrationis necessarysincetheWUAis only
requiredfor thesingledischargewhenthesamplingis conducted.

d) Analysebiomassvs WUArelationship.

3. ExtrapolationTechniques

Datacollectedunderitem2 abovecouldbe exploitedfurtherto investigateextrapolation
techniques.Theinvestigationcouldbelimitedto studyingreacheswithinthesamestream,or
be extendedto reachesin "similarstreams".Ineithercasethestudysiteswouldbethoseused
underitem2. Theproposedmethodologyis as follows:

a) Surveyeachreachat a minimumof twoadditionalcalibrationdischarges.

5 b) Makevisualestimatesand measurementsof frequencyof occurrenceof different
habitattypes.

c) CalibratethehydraulicmodelswithinPHABSIM.

d) Runsimulationsovera fullrangeof dischargesandcombinewithhabitatsuitability
datato give WUAvs dischargerelationshipsfor targetspecies.

e) ForeachreachestimateWUAusinga habitatmappingapproachwithdatafromb).

f) Compareoutputsfromd) ande).

110 8) Considerrefinementof the extrapolationprocedureby supplementingwith limited
amountsof hydraulicdata(eg mean/min/maxdepthsandvelocities.)

II 4. RegionalExtrapolationof PHABSIMOutput

5 For majorwaterresourcedevelopmentsor changesto operationalproceduresit will be
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important to calibrate the PHABSIMmodel at one or more reaches close to the site of
interest.There will howeverbe a requirementin someinstancesfor a morerapid assessment
of ecologicallyacceptableflows.Oneapproachto meetingthis requirementwillbe to transfer
habitatdurationcurvesfrom modelledsites. The validityof this approachwilldependon the
variabilityof habitatdurationcurvesbetweenrivers and betweensites. This couldbe tested
by further modelcalibrationon differentrivers and reacheson, for example,chalkstreams.
Data collectedunder item4 couldbe combinedwith time series of daily flows and used in
this analysis.These data wouldbe supplementedby the outputfrom item 1. Developmentof
a simpleclassificationof riverhabitattypes into 10-15groupscoveringthe UKwouldenable
the resultsof a PHABSIMmodelcalibrationto be transferredto unsampledrivers/reaches.

S. Incorporation of Macrophyte Growth Model

As detailedin the proposedstudiesat WEthis work wouldbe undertakenby Dr JohnHearne
in collaborationwith Ian Johnsonat IH.

6. Testing of Macrophyte Growth Model

Testing of a hydraulic model incorporating the effects of macrophyte growth on a
microhabitatscale would involvedetailed studies best confinedto a single site. The Mill
Stream at IFE wouldbe highly suitable, particularly as data from the current NRA R&D
commission and a separate NERC Science Budget project could be exploited. The
methodologywouldbe as follows

Selecta portionof the existingstudy reach as a test reach.

Installstage recordersat each transect in the test reach.

Quantifymacrophytegrowthat regular intervalsduring its growthand recession.

Measure velocities at points across each transect when observationsunder c) are
made.

Comparepredictedand simulateddepthsand velocities.

7. Assessmentof Sensitivityof Model Output to Data Collection Program

Existingdata sets maybe used to assessthe sensitivityof modeloutputto differentlevelsof
data input. Analysisof basic PHABSIMWeighted Usable Area vs Dischargeoutput and
habitat duration outputs from time series analysis would be included in the assessment.
Sensitivityof modeloutputto the followingvariationsin inputdata wouldbe assessed

The numberof calibrationflows measured

The numberof transects/numberof verticalsper transect

The numberof reachessampled

The lengthof flow record, eg. 1 year, 5 years, 10 years.
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8. Feasibility Assessmentof Inclusionof WaterQualityParameters

ThecurrentPHABSIMsoftwaredoesnotenablewaterqualityparametersto be modelled.It
is proposedthatfor a singletargetspecieswaterqualitysuitabilitycurvesaredevelopedfor
whichtimeseriesareavailable.A timeseriesof waterqualitysuitabilityvalueswouldbe
derivedandcombinedwithphysicalhabitatanalysis.Outputwouldbe intheformof habitat
durationcurvesmodifiedby thewaterqualitysuitabilityindex.
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Appendix A

0

Studysiteselectiondetails

1: Summaryof thecharacteristicsof groups1to 10derivedfromthe370 siteRIVPACS
dataset:

Groups1 and2: Predominantlyheadwatersites in the N and W of Englandand

Group3:
Wales.
Midto uppersitesin N. andS.W. England.

Group4: Mid to lowersites in W. GreatBritainplus midto low sites in 2
chalkstreamsin SouthernEnglandandoneuppersite in Kent.

Groups5 and6: Uppersitesmainlyin C. S. andE. England.
Group7: Midto lowersites in S. EnglandandS. Wales.
Group8: Mid-Upper-Lowsites in C. S. andE. England.
Group9: Upperto lowersites in C. S. andE. England.
Group10: Lowersitesin S. andE. England.

•
Grp Alt Slope Substrate TON Alk Chlor

1, 2 56-203
3 45-127

5-11 -6.21-4.46 0.4-1.2
2-6

15-85
-5.88-5.24 0.5-2.4 45-137

10-19.5
9-26

4 16-45 1-3 4.62-1.43 1.5-3.9 55-180 17-23
5, 6 36-46
7 17-24

3-5
0.6-1

-2.81-0.54 1.4-3.8 47-223 22
159-206

-31
-2.83-+3.08 4.6-4.8 27-335

8 7-22 1-2 -1.25-+0.23 6.2-6.9 193-227 39-74
9
10

3-45
3-13

0.5-2 +0.91-+7.11 2.6-5.9 95-199 37-51
0.4-7 +2.58-+6.20 7.2-7.5



223-239 53-101

Key:
Grp
Alt

= R1VPACS group number
=



Altitude (m) of sites

Slope = Slope of river at site in degrees
Substrate = Grain size range in phi
TON = Total oxidisednitrates(mg/I)
Alk = Calcium carbonatelevels (mg/I)
Chlor = Chlorides (mg/I)
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2:List of first and second choice rivers:

The data below is set out as follows:




R. name Ecologicalsite and Gaugingsta. W.A. Stn. no. Length




grid ref. site and grid ref Catchmentarea of rec.




Distancebetweenstationand site. Hydrometricdata + Art. influence

GROUP 1:




FIRST CHOICES




EXE 55791407 55935260 S.W. 04,5009




WarrenFarm
distance=20.5km

Pixton 147.6
B C

81-

HODDER ST702590 SD718546 N.W. 071002*




Cross Gt.Bdg.
distance=4.7km

Stocks Rea. 37.0

A C

36-80




SD704399 N.W. 071008




distance=10.1km
HodderPl. 261.0

A C
77..

SECOND CHOICES





ESK NZ663062 NZ865081 Yorks. 027050




Westerdale Sleights 308.0 


DISTANCE=20.2km




A A




RYE Broadway




Yorks.




SEVERN Plynlimon




S.T.




GROUP 2:





FIRST CHOICE





HABSCORERIVER IN WALES (to be decided)

SECOND CHOICES





TEES NY814288 NY813288 N.umbrian 025023




CauldronSnout Cowgreen Res. 58.2 


DISTANCE=0.1km




A C




TEES NY762338 NY813288 N.umbrian 925023




Moorhouse Cowgreen Res. 58.2 71..




DISTANCE=7.14km




A C




DWYFACH SH468472 SH499421 Welsh 065007

(dwyfawr) PantGlas Garndolbenmaen 52.4 75-




DISTANCE=5.3km




B A 1975 B B 1986

S.TYNE NY683554 NY672611 N.umbrian 023006




d/s Knaresdale Featherstone 321.9 66-




DISTANCE=5.13km A A
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GROUP3:

FIRST CHOICES




EHEN NY068159 NY084154 N.W. 074003




EnnerdaleBdg. EnnerdaleBdg. 44.2 73..




DISTANCE=1.6km




A B




EHEN NY014130 NY009061 N.W. 074005




u/s Keckle Braystones 125.5 74..




DISTANCE=6.9km




B B




EHEN NY012125 NY009061 N.W. 074005




d/s Kathie Braystones 125.5 74..




D1STANCE=6.4km




B B




EHEN NY007061 NY009061 N.W. 074005




Braystones Braystones 125.5 74-




DISTANCE=0.2km




B B




DOVE SK121598 51(146509 S.T. 028046




Hartingdon lank Walton 83.0 69-




DISTANCE=9.2km




A A




DOVE SK146504 51(146509 S.T. 028046




Hartingdon Wu Walton 83.0 69-




DISTANCE=0.5km




A A




SECOND CHOICE





EXE SS912342 $5935260 S.W. 045009




Edbrooke Paton 147.6 81-




DISTANCE=8.5km




B C




EXE SS930245 55935260 S.W. 045009




Exbridge Paton 147.6 81-




DISTANCE= I.5km




B C




GROUP4:





FIRST CHOICE





BLITHE SKI09190 51(109192 S.T. 028002




HamstallRid. HamstallRid. 163.0 37..




DISTANCE=0.21an




B C




SECOND CHOICE





OTTER ST184030 SY115986 S.W. 045008




Monlcton Fenny Bridges 104.2 74-




DISTANCE=8.1km




B A




OTTER SY123993 SY115986 S.W. 045008




Colhayes Farm Fenny Bridges 104.2 74-




DISTANCE=1.1km




B A
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GROUP 5:

FIRST CHOICE




ROTHER SU749307 SU772270 S. 041027




U/S Liss SW. Princes Marsh 37.2




DISTANCE=0.3km




A B




ROTHER SU769260 50772270 S. 041027




Statham Park Princess Marsh 37.2 72-




DISTANCE241.01cm




A B




ROTHER 80783234 50852229 S. 041011




Dullard Bridge Iping Mill 154.0 66..




DISTANCE 6.9ktn




A A




SECOND CHOICES





DUDWELL TQ655224 TQ679240 S. 040017




BurviashWeald BurwashWeald 27.5 71..




DISTANCE342.8km




B A




Gt. EAU TPFM768 TF416793 Mg. 029002




Slinky ClaythorpcMill 77.4 62..




DMTANCE=t521an




C A




WENSUM TF885240 TF919294 Mg. 034011




S.Raynham Fakenham 127.1 67..




DISTANCE=6.3km




A A




TILLINGBOURNE TQ053479 TQ000478 Thames 039029




u/s Albury Shalford 59.0 68-




DISTANCE=5.3km




A A




GROUP 6:





FIRST CHOICE





LYMINGTON SU297036 SU318019 S. 042003




Balmorlawn Brockenhurst 98.9 60..




DISTANCE=2.7km




A A




SECOND CHOICES





ROTHER SU747307 50 772270 S. 041027




Hawkley Mill PrincesMarsh 37.2 72-




DISTANCE= 4.3km




A B




Gt. EAU TF332779 TF416793 Anglian 029002




Ruckland ClaythorpeMill 77.4 62..




DISTANCE=5.2km




C A
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GROUP 7:

FIRST CHOICES




FROME SY866867 SY866867 Wessex 044001




E.Stoke E.Stoke 414.4 66-




DISTANCE=Okm




B B




SECOND CHOICES




W. AVON SU132558 SU133559 WESSEX 043017




Rusha11 Upavon 76.0 71-




DISTANCE=0.14km




A B




CANDOVER SU565345 SU568323 S. 042009

BROOK Abbotstone Borough Bridge 71.2 70-




DISTANCE=2.2km




A B




LYMINGTON SZ320984 5U318019 S. 042003




Boldre 13g BrockenhurstPlc. 98.9 60..




DISTANCE=3.5km




A A




GROUP 3:





FIRST CHOICE





MIMRAM TL193207 TL184212 Thames 038017




Whitwell Whitwell 39.1 70-




DISTANCE =0.1km




B C




M1MRAM TL282134 TL282I33 Thames 038003




Panshanger PanshangerPlc. 133.9 52-




DISTANCE =0.1km




A B




SECOND CHOICES





WENSUM TF881282 TF919294 Ang. 034011




South Mill Fm. Fakenham 127.1 67..




DISTANCE=3.9km




A A




WENSUM




TF919294 Ang. 034011TF964273




Ryburgh Fakenham 127.1 67..




DISTANCE=4.9km




A A




COLNE TL798323 TL771364 Ang. 037012




d/s Headingham Poolstreet 65.1 63-




DISTANCE=4.9




A B




W.AVON SU071585 SU133559 Wessex 043017




Putney Upavon 76.0 71-




DISTANCE=6.7km




A B




THET TL996924 TL996923 Mg. 033046




Red Bridge Red Bridge 145.3 67-




DISTANCE=0.1km




A A




Gt. EAU TF403777 TF4I6793 Mg. 029002




Basun




77.4 62..Claythorpe M III




DISTANCE=2.0km




C A 1962 A A 1974




Gt. EAU TF425826 TF4I6793 Mg. 029002




Withem Claythorpe M ill 77.4 62..




DISTANCE=3.4km




C A 1962 A A 1974
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GROUP 9:

FIRST CHOICE

GWASH

SECOND CHOICE




Gt. EAU TF452867 TF416793 Mg. 029002




Theddlethorpe. Claythorpe Hill 77.4 6345




DISTANCE=8.2km




C A 1962 A A




1974




GROUP 10:




FIRST CHOICE




Gt. OUSE TL010590 TL055495 Mg. 033002




Shornbrook (Bed.Ouse) Bedford 1460.0 33-




DISTANCE=10.5km




B B




Gt. OUSE M160535 TL216619 Mg. 033026




Roxton Look Offord 2570.0 70-




DISTANCE so10.0km




A C




SECOND CHOICE





THAMES SU225984 SU230981 Thames 039097




Makhouse Buscot 997.0 80-




DISTANCE=0.5km




B B




THAMES SU590932 SU568935 Thames 039002




Shillingford Days Weir 3444.7 38-




DISTANCE =2.2km




B B 1938 A B 1969




3. Site LocationMaps

In figures Al to All belowwe give locationmapsfor the elevenstudysites.

92



•••••••••••••••••••••••



• Exe at Warren Farm

•
1110 River Exe

Simonabath

RIVPACS Site

& FIELD SITE

Warren Farm


(SS791407)

River E.

•
•

0 1 2 3km

•

4110 Figure Al River En study site

0

110 iker Gauging Station
Wk. 55010

(SNI843825)

RIVPACS Site
Pont Rhydgaled

ISN8408251

Exford

Gauging Station
45009 --).-
(SS935260)

16km(approx)

Wye at Pant Mawr

FIELD SITE

Pant Mawr
(SN847823)

•

•

•
0 1 2 3km

110

Figure A2 River Wye Studs site

11, 93

Llangudg4

Habscore Site ,
Llanwrthwl
(SN974637)
20kinlapprox)

•



•••••••••••••••••••••••



if

00000 000.10. ••••

Figure A3 River Hodder study site

	

o

ts Bromley Blithe at Hamstall Ridware

aglAbb

BLITHEFIELD
RESERVOIR

River tha
ne

Gauging Station
28002

(SI< 109192)

N

(440 FIELD SITE & RIVPACS Site
(SK 109189)(SK 109190)&or%

HAMSTALL RIDWARE

1 2 3km

104
Hemstall Rldwere

Bllthbury Seth.

ys,Kings
Bromley

Hill Ridwere

Figure A4 River Blithe study site

94



•••••••••••••••••••••••



Itchen U/S of Highbridge

FIELD SITE
& Gauging Station

42010

(SU467213)

Compton

Otterbourne

e
VX4l

?St"-

0 Twyford

4Shawford

aCowen Common

1 0 2 3km

Eastlalgh

BIshopstoke

Figure AS River lichen study site

RIVPACS Site
Lymington U/S of Balmerlawn

Black Water (S1.1297036)

FIELD SITE
(SU302033)

per ‘Pj ale(

Gauging Station

42003

(SU318019)

Brockenhurst

0123km

Sway

Figure A7River Lyrnington study site

95



•••••••••••••••••••••••



Frome at IFE River Lab.

Elovington Camp

Moreton
Gauging Station

44001

& RIVPACS Site

East Stoke
(SY866867)

East Burton

East Stoke

• 012 3km

FIELD SITE


IFE River Lab.


(SV873806)

Coombe Keynes

Figure A8 RiverFrame(MillStream)studysite


•

,

4 4,6

00„,
Welford

Gauging Station 0 1 2 3km
39031

CSU411731)

Boxford & West Brook

(-Ft)

FIELD SITE 

Hunts Green

(SU435701)

Lambourn at Hunts Green

410 Figure 49 RiverLambournstudysite

• 96

1Chlevely

fre,
Bognor

Gauging Station
39019


(SU470682)

Newbury

•



•••••••••••••••••••••••



Gwash at Belmesthorpe •Easendlne

FIELD SITE
7-t-t ,..(TF041105)

/

Ryhall 4Belmeathorpe

0 1 2 3km

•••

Great
Casterton

git ••
>

Stamford

Gauging Station
31006

(1F038097)

Nee tiffington

Welland

Myer

Figure MO River Gwash study site

liuntingdon

lfen
Brampton 4. %or

0,4

Godmancheater

Brampton Parkal Lee' •
Brook

FIELD SITE

(T[233702)

Gauging Station
/ 33026

/ 012166691
0 1 2 3km

Offord Cluny

Great Ouse SE of Brampton

& Lee's Brook W of Godmanchester

FIELD SITE
(TL220697)

Buckden

RIVPACS Site
Roxton Lock I

(11160535) V'

Figure Al 1 Great Ouse and Lee's Brook study sites

97



•••••••••••••••••••••••



•
0

Appendix B

•

HabitatSuitabilityData For Target Species

InvertebrateSuitabilityData and Curves

Habitatsuitabilitydata from the RIVPACS databaseare given in Tables BI-88 for each of
the target species discussed in Section 5.1. The correspondinghabitatsuitabilitycurves are
given in Figures BI-B16.
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Table 131

Taxon

Variable
velocity

Habitat suitability data: Ephemeridae

EphemeridaeEphemeridae

T0MOSAMA S

<10 36 7 0.19 0.52 18 0.50 0.44

10-25 64 23 0.36 0.97 72 1.13 1.00

25-50 146 54 0.37 1.00 149 1.02 0.90

50-100 148 39 0.26 0.71 105 0.71 0.63

>100 52 19 0.37 0.99 56 1.08 0.96




446 142




400




Depth







0-25 180 74 0.39 1.00 196 1.09 1.00

25-50 157 52 0.33 0.84 156 0.99 0.91

50-100 62 9 0.15 0.37 35 0.56 0.52
100-200 42 5 0.11 0.28 10 0.24 0.22

200-300 5 2 0.15 0.39 3 0.60 0.55




446 142




400




Substrate







8 0 0 0.00 0.00 0 0.00 0.00
7 98 21 0.21 0.46 38 0.39 0.24

6 107 23 0.21 0.44 58 0.54 0.33
5 145 64 0.44 0.94 187 1.28 0.77

4 32 15 0.47 1.00 68 1.66 1.00

3 40 17 0.43 0.91 45 1.13 0.68

2 13 2 0.13 0.28 4 0.27 0.16

1 11 0 0.00 0.00 0 0.00 0.00




446 142




400
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TableB2 Habitat suitability data: Heptagenia

Taxon Heptageniasulphurea




Heptagenialateralis




Variable
velocity

T 0 MO S A MA S

<10 36 0 0.00 0.00 0 0.00 0.00

10-25 64 8 0.13 0.26 3 0.05 0.38

25-50 146 29 0.20 0.40 19 0.13 1.00

50-100 148 43 019 0.58 16 0.11 0.85

>100 52 26 0.50 1.00 4 0.08 0.62




446 106




42




Depth







0-25 180 30 0.16 0.41 22 0.12 1.00

25-50 157 44 0.28 0.72 14 0.09 0.75

50-100 62 24 0.39 1.00 5 0.08 0.67

100-200 42 7 0.17 0.44 1 0.02 0.17

200-300 5 1 0.20 0.51 0 0.00 0.00




446 106




42




Substrate







8 0 0 0.00 0.00 0 0.00 0.00

7 98 29 0.30 0.91 6 0.06 0.21

6 107 35 0.33 1.00 30 0.28 1.00

5 145 30 0.21 0.63 6 0.04 0.14

4 32 5 0.16 0.48 0 0.00 0.00

3 40 7 0.18 0.55 0 0.00 0.00

2 13 0 0.00 0.00 0 0.00 0.00

1 11 0 0.00 0.00 0 0.00 0.00




446 106




42
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Table83

Taxon

Variable
velocity

Habitatsuitabilitydata:Rhithrogenasenticolorcua,Habrophlebiafusca

Rhithrogena semicolorataHabrophlebia fusca

T0MOSAMAS

<10 36 3 0.08 0.11 7 0.19 0.61
10-25 64 22 0.34 0.45 20 0.31 1.00
25-50 146 67 0.46 0.61 32 0.22 0.71
50-100 148 104 0.70 0.93 18 0.12 0.39
>100 52 39 0.75 1.00 6 0.12 0.39




446




83




Depth






0-25 180 102 0.57 0.95 57 0.32 1.00
25-50 157 94 0.60 1.00 17 0.11 0.34
50-100 62 33 0.53 0.88 6 0.10 0.32
100-200 42 6 0.14 0.23 3 0.07 0.22
200-300 5 0 0.00 0.00 0 0.00 0.00




446 235




83




Substrate







8 0 0 0.00 0.00 0 0.00 0.00
7 98 86 0.88 1.00 11 0.11 0.41
6 107 82 0.77 0.88 13 0.12 0.44
5 145 53 0.37 0.42 39 0.27 1.00
4 32 9 0.28 0.32 7 0.22 0.81
3 40 5 0.13 0.15 8 0.20 0.74
2 13 0 0.00 0.00 3 0.23 0.85
1 11 0 0.00 0.00 2 0.18 0.67




446 235
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Table84 Habitat suitability data: Leuctra inennis, Leuctridae

Taxon

Variable
velocity

Leuctra inennis

T0MO S

Leuctridae

AMA s


<10 36 1 0.03 0.08 5 0.14 0.08

10-25 64 9 0.14 0.38 56 0.88 0.53

25-50 146 44 0.30 0.81 219 1.50 0.90

50-100 148 50 0.35 0.95 245 1.66 1.00

>100 52 19 0.37 1.00 83 1.60 0.96




446 123




608




Depth







0-25 180 61 0.34 1.00 313 1.74 1.00

25-50 157 45 0.29 0.71 214 1.36 0.78

50-100 62 15 0.24 0.71 71 1.15 0.66

100-200 42 2 0.04 0.12 10 0.24 0.14

200-300 5 0 0.00 0.00 0 0.00 0.00




446 123




608




Substrate







8 0 0 0.00 0.00 0 0.00 0.00

7 98 55 0.56 1.00 257 2.62 1.00

6 107 55 0.51 0.91 277 2.59 0.99

5 145 13 0.09 0.16 74 0.51 0.20

4 32 0 0.00 0.00 0 0.00 0.00

3 40 0 0.00 0.00 0 0.00 0.00

2 13 0 0.00 0.00 0 0.00 0.00

1 11 0 0.00 0.00 0 0.00 0.00




446 123




608




0

0
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e
e
41 Table BS Habitatsuitabilitydata:Chloroperlidae

al

5 Taxon

Variable
velocity

Chloroperlidae

T0MO S

Chloroperlidae

AMA S


<10 36 3 0.08 0.17 6 0.17 0.18

10-25 64 17 0.27 0.59 31 0.48 0.52

25-50 146 48 0.33 0.72 111 0.76 0.82

50-100 148 68 0.46 1.00 137 0.93 1.00

>100 52 21 0.40 0.87 40 0.78 0.84




446 157




325




Depth







0-25 180 72 0.40 1.00 162 0.90 1.00

25-50 157 59 0.37 0.93 119 0.76 0.84

50-100 62 21 0.34 0.83 36 0.58 0.64

100-200 42 5 0.12 0.30 8 0.19 0.20

200-300 5 0 0.00 0.00 0 0.00 0.00




446 157




325




Substrate







8 0 0 0.00 0.00 0 0.00 0.00

7 98 52 0.53 0.84 101 1.03 0.72

6 107 67 0.63 1.00 154 1.44 1.00

5 145 32 0.22 0.35 61 42.00 0.29

4 32 4 0.13 0.21 5 16.00 0.11

3 40 1 0.03 0.05 2 0.05 0.03

2 13 1 0.08 0.13 2 0.15 0.10

1 11 0 0.00 0.00 0 0.00 0.00




446 157




325
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Table B6

Taxon

Variable
velocity

Habitat suitability data: Sericostomatidae

SericostomatidaeSericostomatidae

T0MOSAMA S

<10 36 7 0.19 0.33 24 0.67 0.44

10-25 64 28 0.44 0.76 87 1.36 0.89

25-50 146 58 0.40 0.69 184 1.26 0.83

50-100 148 76 0.51 0.88 225 1.52 1.00

>100 52 30 0.58 1.00 75 1.44 0.95




446 199




595




Depth






0-25 180 97 0.54 1.00 304 1.69 1.00

25-50 157 81 0.51 0.94 238 1.51 0.89

50-100 62 17 0.27 0.50 36 0.58 0.34

100-200 42 4 0.09 0.17 17 0.37 0.22

200-300 5 0 0.00 0.00 0 0.00 0.00




446 199




595




Substrate







8 0 0 0.00 0.00 0 0.00 0.00

7 98 50 0.51 0.93 109 1.11 0.67

6 107 59 0.55 1.00 178 1.66 1.00

5 145 63 0.44 0.83 217 1.50 0.90

4 32 17 0.53 0.96 53 1.66 1.00

3 40 9 0.23 0.42 37 0.93 0.56

2 13 1 0.08 0.13 1 0.08 0.05

, 11 0 0.00 0.00 0 0.00 0.00




446 199




595
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TableB7

Taxon

Variable
velocity

Habitatsuitabilitydata: Crangonyxpseudograciis, Ganantaruspuler

Crangonyx pseudogracilisGanunarus puler

T0MOSA MAS

<10 36 24 0.67 1.00 26 0.72 0.82

10-25 64 20 0.31 0.46 56 0.88 1.00

25-50 146 21 0.14 0.21 115 0.79 0.90

50-100 148 21 0.14 0.21 104 0.71 0.81

>100 52 14 0.27 0.40 37 0.71 0.81




446 100




338




Depth







0-25 180 24 0.13 0.16 150 0.83 1.00

25-50 157 32 0.20 0.25 116 0.73 0.88

50-100 62 13 0.21 0.80 40 0.65 0.78

100-200 42 27 0.64 1.00 28 0.67 0.81

200-300 5 4 0.80




4 0.80 0.96




446 100




338




Substrate







8 0 0 0.00 0.00 0 0.00 0.00

7 98 7 0.07 0.09 54 0.55 0.55

6 107 9 0.08 0.10 71 0.66 0.66

5 145 41 0.28 0.36 127 0.88 0.88

4 32 10 0.31 0.40 28 0.88 0.88

3 40 15 0.38 0.49 40 1.00 1.00

2 13 10 0.77 1.00 12 0.92 0.92

1 11 8 0.73 0.95 6 0.55 0.55




446 100




338
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0
Table 88 Habitat suitability data: Gammaridae

•
Taxon

Variable
velocity

Gammaridae

T0MO S

Gammaridae

AMA S

<10 36 32 0.88 0.96 184 5.10 0.93

10-25 64 59 0.92 1.00 340 5.30 0.96

25-50 146 116 0.79 0.86 803 5.50 1.00

50-100 148 107 0.73 0.79 612 4.10 0.75

>100 52 43 0.83 0.90 247 4.80 0.87




446 357




2186




Depth







0-25 180 154 0.86 0.86 928 5.20 0.44

25-50 157 120 0.76 0.76 811 5.20 0.44

50-100 62 46 0.74 0.74 238 3.90 0.33

100-200 42 32 0.76 0.76 150 3.30 0.28

200-300 5 5 1.00 1.00 59 11.80 1.00




446 357




2186




Substrate







8 0 0 0.00 0.00 0 0.00 0.00

7 98 58 0.59 0.59 210 0.55 0.55

6 107 73 0.68 0.68 331 3.09 0.40

5 145 133 0.92 0.92 1130 7.79 1.00

4 32 31 0.97 0.97 165 5.16 0.66

3 40 40 1.00 1.00 226 5.65 035

2 13 13 1.00 1.00 82 6.30 0.85

1 11 9 0.82 0.82 42 3.82 0.49




446 357




2186
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Fish Habitat Suitability Curves
As discussed in Section 5.2 the target fish species chosen for this assessment were dace, roach
and brown trout. Habitat suitability curves have been developed for the adult, juvenile, fry
and spawning life-stages of all three species. These curves describe the relative suitability to
the target species life-stage of different values of the microhabitat variables, depth, mean
column velocity and substrate. Substrate classification is based on the particle size coding
system defined in Table 2.2. The habitat suitability curves for depth, velocity and substrate
developed under this commission, and used as input data to PHABSIM habitat simulations,
are given in Figures B17-B19 below for life-stages of dace, trout and roach respectively.
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Macrophyte Habitat Suitability Curves
As discussed in Section 5.3 Habitat suitability curves have been developed for two
macrophyte species, Ranunculus and Nasturtium. The data on Ranunculus is based on a
composite of the three species Ranunculusiluitans/pencillatus(thquatilis) which is referred to
as Ranunculus afp. Habitat suitability curves for depth, mean column velocity and substrate
are given in Figures 1120 and 112I for Ranunculus afp and Nasturtium respectively.
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Appendix C

11/
HydraulicModelling: CalibrationData and ModelSimulationOutputs

Foreachof the studyriverslistedin Section3 watersurfaceelevationsanddischargewere
measuredat a numberof calibrationdischarges(2 or 3). PHABSIMhydraulicmodelswere
calibratedon the basisof thesedata.Thecalibratedmodel(s)werethenrunfor a rangeof
simulationdischarges.The rangefor simulationwas chosento be fromthe95 percentileto
the10percentileexceedancedischarges(wheredataallowedestimationof theseparameters).
InFiguresCI-C22we give the watersurfaceprofilesat the calibrationflowsandthewater
surfaceprofilespredictedby thehydraulicmodel(s)for the simulationdischarges.For the
sakeof claritywe haveonlyplottedsimulationoutputsforselecteddischarges(includingthe
highestandlowest).Thelongitudinalthalwegprofile(computedas thelowestpointon each
transact)is plottedforcomparison.Distancesaremeasuredin anupstreamdirectionfromthe
benchmarkmarkingthe mostdownstreamtransect.Elevationsaremeasuredrelativeto an
arbitrarydatumlevelof 100.0mwhichis assignedto oneof theheadpinsorsomeotherfixed
point.
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Appendix D

SupplementaryStudy : Modelling faunal and floral response to reduced flows and
habitatloss in a river : An experimentalapproach.[TheMill streamproject- biological
studies]

•
Introduction

Modificationsof theenvironmentarefrequentlyaccompaniedbychangesin thecomposition,
distribution,andabundanceof the residentflora andfauna.In rivers, residentbiological

4110 communitiesareadaptedto basicrivercharacteristicswithflow (discharge-velocity)a major
controllingfactor.

1110 Basicinformationonthedistributionandmovementsof fishandinvertebratesin responseto
flow changesis neededto increaseourunderstandingof how suchmodificationsaffectthe
residentpopulations.TheEastStokeMillstream,withitscontrollableflow,providesanideal
opportunitytocarryoutaseriesof large-scaleexperimentsdesignedto elucidatetheresponses
of biologicalcomponentsof theecosystemto reducedflows.

This projectis sciencebudgetedby NERCto supportbiological(Instituteof Freshwater
Ecology)andhydrological(Instituteof Hydrology)studies.TheNRA, forthe 'Ecologically
acceptableflowsproject',contributedfundsforthefirsttwo months.

To determinetheeffectsof reducedflowson habitatavailabilityforthebiotaabove.

To examinetheresponseof fish andinvertebratepopulations,in termsof
composition,distribution,andabundance,to loss of habitat.

To measurephysicalandchemicalchangesresultingfromlow flows.

5.	 To usedataobtainedin 1-4to determinetheoverallresponsesof componentpartsof

theecosystemto reducedflows.

6. To repeatflow reductionsto providereplicatedataandto examineseasonaleffects.

7. Using the PHABSIMmodel (PhysicalHabitatSimulationSystem) evaluatethe
relationshipbetweenobservedandpredictedresponseof physicalhabitatto modified
flows.

8. Usingthe PHABSIMmodelevaluatethe relationshipbetweenpredictedchangeand

observedchangein faunalandfloralresponse.Thiswill be carriedout by relating
weightedhabitatareato changesin speciesandabundanceof invertebrates,fish and
macrophytes.
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Objectives

1. To describehabitatavailabilityat 'normal'flows forfish, invertebratesandplants.

•
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9. Objectives 1-4 will provide basic information on the distribution, community
composition, population structure and food preferences of fish in different habitat
types in relation to flow changes. Ultimately studies on diel and seasonal changes of
fish distribution related to spawning, life-stage and feeding will provide the
information necessary to model detailed habitat requirements of fish species and

associated invertebrate and macrophyte communities.

The objectives above can only be achieved with full staffing and resources. Contractual
obligations have resulted in a shortage of staff such that certain aspects of the project have
not been started in this first year of study. This situation has resulted in a reduced effort and
invertebrate work has not been instigated because of lack of staff availability. Most effort in
this first year has been placed on investigating the response of fish populations to flow
changes and developing a method for recording the distribution of fish. Macrophyte
populations were mapped and the distribution of plant stands was followed throughout the
period May to September. Chemical data has been collected from six sites from May to the
present.

Study area
The Mill stream is a branch of the River Frome which flows for about 1.2 km before
rejoining the main river. The channel morphometry comprises an upstream section about 500
m in length which is divided from the lower section by the 'Fluvarium' which can be used

to control the flow downstream by closing hatches. The upstream section is characteristically
deeper and slower flowing than the downstream section. The experimental reach is located
in the downstream stretch and comprises three sub-sections (Upper, Middle and Lower).
A sketch map of the Mill Stream showing the location of the experimental reach and chemical
sampling points is given in Figure DI below.

E Frame

Mill stream

Experimental
reach

i (300m)

Upper middle S Lower •

• Chemical sampling points

Figure DI A sketch map of the Mill Stream showing the location of the experimental
reach and chemical sampling points.
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Thethreeexperimentalsectionswereselectedpriorto detailedhydrologicalanalysisto reflect
the rangeof availablehabitat.

Theupperreachis 120mlong,unshadedandmoderatelydeep,themiddlereachis 80 mlong,
shaded,anddeep,andthelowerreachis 110m long, largelyunshaded,andis theshallowest

111 andfastestflowingof thethreesections.

Dischargedatawill becollatedforbothFromeandMillstreambutdetailedinformationwas
notavailablefor inclusioninthisinterimreport.Theobservedrangeof dischargethroughout
theperiodMayto Novemberwas0.25-2.1cumecs.

Methods
Theeffortto datehasbeenputintoa studyof fishresponsesto changesinflow. At 'normal'
flowthethreeexperimentalzonesweredemarcatedwithnetsacrossthestream.Theflowwas
reducedby closinghatchesin thefluvariumto facilitateelectrofishing.Eachzonewas then
fished (see AppendixF for details)to determinedistribution,compositionandpopulation
structure.The nets werethenremovedandthe flow maintainedat a 'lowerthannormal'
level' foraperiodof forty-fivedays.Afterthistimethenetswerereplaced,theflowreduced
and the whole experimentalreachwas electrofished.This procedurewas repeatedevery
monthto date. Howeverthe maintainedflows were not necessarilymuchlower thanthe
normalunregulatedflow. Detailsof conditionsarepresentedin TableDI below. All mean
dischargemeasurementsare given in stage boardheights togetherwith maximumand
minimumvaluesandthestandarddeviationof the mean.Thevaluespre-andpostarethose
dischargesrecordedjustpriorto fishingandonedayafter.

411
TableDI StageandDischargein theMill StreamOnDates of Electro-Fishings

Date I5/0527/06 24/07




13/0924/10




pre-




Stage2.701.551.201.40
1.8008/08




1.727/112.8post-




Stage1.751.401.751.101.601.652.6







IPMean1.601.631.381.212.152.89







Max1.802.601.801.453.504.40







Min1.551.001.180.801.601.60







SD0.1780.3880.2100.2290.5790.763







eDays0432715364134





1111
A techniquewasdevelopedto recordthepositionof fishatthetimeof capture.Thisprovides
data on the preferreddistributionof stressedfish and may help to show the relative
importanceandvariationin coverrequirementsfor differentspeciesof fish. In additionit
probablyaccuratelyreflectsdistributionof speciesalongthereachforallbutshoalingspecies,
butthis latterrequirestesting.Detailsof the methodaredescribedin Chapter5 andsome
examplesof theresultsarealso included.
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Hydrological data were collected at a range of flows. A sketch of the experimentalreach
showing the relationshipbetween hydrologicalsurvey pegs and botanicalzones is given in
Figure D2 which is includedtogetherwith the resultsat the end of this appendix.

Macrophytevegetationwas mappedthroughoutthe experimentalreachon 20thJuly andagain
on the 7th of August.

Results
Results are presentedtogetherat the end of this appendix.

Chemistry
Major anions and cations have been analyzedevery week since the startof May 1991. The
objectives of this monitoringwork areto establishthe within reachvariabilityand determine
whetherthe selected experimentaldischargesresult in changes in concentrationof the major
ions. For each date there are six points which correspondto locations on the Frome/Mill
streamsystem. Dataon nitrate,phosphateandpH levels are presentedin Fig. D3 for the first
two months.

The results in general agree with those reportedby Casey & Clarke (1979) for nitrateand
Casey & Clarke(1986) for phosphate,andtheir were no distinctand consistentlongitudinal
treads in concentrationsalong the Mill stream. The values of pH did however show a
tendency to increase with distance down the Mill stream. These results must be considered
in relationto the full set and await furtheranalysis.

Fish
The fish communityin the millstreamcompriseda totalof 10 species on the first fish survey

and 12 on the second, the additionaltwo species being pike andgrayling. Densities together
with 2* standarderrorvalues (fish/100m) for all fish caughtare given in Table D2. Where
possible, estimatesof populationdensityhavebeen madefor all species. Wherean * is shown
in Table D2 populationestimates were not possible for that species, either because of low
numbersor a variablecatch efficiency which rendersthe populationestimate invalid. Where
possible in these cases a minimumpopulationdensity based upon actual catch is shown. A
cross (X) in the table indicatesthatspecies was not present in thatreach.Histogramsof the
densities (100m2) for trout, salmon, dace and gudgeon are shown in Figs D4 and D5. The
distributionof Dace in May andJunethroughoutthe experimentalreach is shown in Figs D6
and D7.

Trout densities showed the same patternfor each of the sampling dates, with the highest
density being found in reach 1 (the lower section). Smallerdensitiesor no fish were recorded
in reach 2 (middle) and reach 3 (upper).

Salmon were found only in reach 1 on bothfishing dates but densities were markedlyhigher
on the June fishing.

Dace densities showed a similar patternof density for each reach at each date and no
differences between dates can be seen when looking at the results from the whole of each
reach. However the distributionof capturedfish was more even in the Junefishing compared
with the situationin May, see Figs D6 andD7.

Gudgeon densities show a markeddifference between both reaches and dates. Densities on

the first fishing increasedfrom reach I (lower), 9.5 fish/ I0Orn2,to reach 3 (upper), 23 fish/
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l00m2. Densities for the second fishing were much lower and whilst the highest density was

again found in reach 3 it was at the much lower value of 5.8 fish/l00e.

Data on fish distribution and abundance continues to be collated from the millstream fishings.

Macrophyteand habitatchanges- June-November1991
Therelationbetweenbotanicalmapzoneandthepositionof surveypegs is illustratedin Fig.
02.

• A significantincreasein the cover of manyriparianplantswas notedbetweenJuneand
August,includingPhragmitesaustralis(Cav.)Trin.ex Steudel(CommonReed),CarexL.
spp. (Sedges),SolanumdulcamaraL. (WoodyNightshadeor Bittersweet),Glyceriamaxima
(Hartm.)Holmberg(ReedSweet-grass)andSparganiumerectumL. (BranchedBur-reed).
Themostsignificantgrowthobserved,however,werethestandsof NasturtiumofficinaleIt.
Br. (Water-cress),whichgrewmostlyin zone5.

Thegrowthof manyof theseplantsalteredtherangeof aquatichabitatsby increasingareas
of shadingandaffectingflow rates.Thedensityof thePhragmitesaustralisstandin zone5,
for example,reducedthevelocityof the wateron the southside of the stream,whichwas
presumablycompensatedfor by anincreasein thevelocityalongthe northside.

Oneof themostdominantaquaticplantsobservedduringthesurveysinJune wasRanunculus
penicillatus(Dumort.)Bab.var.calcareus(R.W.Butcher)C.D.K.Cook(Watercrowfoot).
ThisspecieswasalmostabsentintheNovembersurveys,however,withonlyremnantsof the
largestandsformerlyobservedinzone6. Thislossof watercrowfootwasapparentlydueto
damageincurredby swans.

Consonantwiththis reductionwasthelossof a largeexpanseof LemnaminorL. (Common
Duckweed)thatwastrappedin astandof R. penicillatusmid-streaminzone6. Thislosswas
also possiblydue to the waterspatesthatoccurredperiodicallybetweenJuneand August
followingheavyrain.Inmanyotherstretchesof theriver,however,L. minorwasobserved
to haveincreasedin extent.

Most of the riparian plantshavediedbacksincethesurveyswereconductedin August;this

has resultedin greaterhabitatuniformityalong the river bank. Althoughthe standsof

Phragmitesaustralis(mostnotablyinzone5) havediedback,theyhavefurtherreducedwater
flowbycollapsingintothewater.ThelargeNasturtiumofficinalestand(zone5) hasnotdied
back.

Invertebrates
Workwas confinedto sampling'microhabitats'as partof a generalinvertebratesampling
prograrmnein riversnationwide.These resultsaredescribedseparatelyunderthe section
'supplementaryinvertebratestudies'.

Discussion
It is too earlyto review the findings from this study in detail. However it is clear that the
experimental facility is providing much data on the distribution of fish and seasonal changes
in macrophytes.The chemicaldataarealsoshowingthe relativesmalleffectsof discharge
(withinthe rangeavailable).Mostchemicalchangesareassociatedwithhighrainfall/flood
eventsandin generaltheredoesnotseemto be a differencebetweenreaches.Howeverthis

410 maysimplybe becausethedischargeswerenotmaintainedata low enoughlevel for a long
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period.

Perhapsthe mostsignificantfeatureto emergefromthisworkto datehasbeenthe roleof
macrophytesin controllingflows. Despitelow dischargesin theFromeinthesummerweed
growthcausedthemainriverto overtopitsbanks andrifflesin theexperimentalreachwere
'drowned-out'by the rise in water level. The implicationsfor the applicationof the
PHABSIMmodel,whichwasdevelopedingenerallyweed-freerivers,areimportantanddata
fromthe Millstreamworkwill provideinformationwhichcanbe usedto modifythemodel
to takeaccountof thisfeatureof Britishlowlandrivers.

It is hopedthata startwill be madeon otheraspectsof theprojectinthecomingyear.Most
particularlyinvertebratecommunitieswillbe investigatedinmoredetail,if staffareavailable.
In additionmoreworkwillbe carriedoutontheeffectof weedgrowthon flowretentionand
habitatavailability.
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Figure D2 Sketch of Mill stream experimental zone showing the relationship between
hydrological survey pegs and botanical zones.

.......... .... ..... ..... - .....

r rr r

Figure D3 The variation in values of nitrate and phosphate, and pH in the first two
months of the study. Each grouping of six points per date represent the
sample locations noted in Fig, A -workingfrom left to right Frotne, upstream
of fluvarium, upper reach, middle reach, lower reach and 50m downstream
from confluence with From.

„
- -1 =1--
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1

Figure D-1 The densities (N= number per 100m2) of trout and salmon in lower (I),
middle (2) and upper (I) reaches of the experimental section of the Mill
streamfor May (left) and June (right).

14

Figure D5 The densities (N= number per 100m2) of dace and gudgeon in lower (1),
middle (2) and upper (I) reaches of the experimental section of the Mill
streamfor May (left) and June (right).
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Figure D6 The distribution of Dace in the experimental section of the Mill stream, May
1991. (U upper, M middle, L lower).

Figure 1217 The distribution of Dace in the eAperimental section of the Mill stream, June
1991. (U upper, M middle, L lower).
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AppendixE•
SupplementaryStudy: Distributionof InvertebratesAlongRiver Reaches- The Riven
Gwashand Blithe.

Introduction

Ina previousstudywhichexaminedthefeasibilityof usingthePHABSIMmodelin theUK,
invertebratesampleswere collectedfromthreereacheson the RiverBlitheandfromone
reachontheGwash(Armitage& Ladle1989).Thesesampleswerecollectedatthesametime
as physicalandhydraulicvariablesweremeasuredalongtransectsfor inputintothemodel.
TherewereSufficient fundsavailableforprocessingthesamplesatthattimeandtheentire
collectionwasstoredbytheInstituteof FreshwaterEcologyuntilsuchtimeandfundsbecame
availablefor furtherexamination.

Thiscurrentprojectallowsfor thesedatato be processedin orderto examinein moredetail
the distributionof invertebrategroupsacrossandalonga broadareaof river.

Mostinvertebratesurveysareconfinedto a singlesamplewithina givenreach.Thissample
mayincludeall microhabitatswithinthesitearea(usuallyratherlooselydefined)whichmay
consistof a section5-10malongthestream.Inthistypeof samplethecatchesfromdifferent
microhabitatswithin the area are usuallybulkedtogetherand no microhabitat-specific
distributionaldatacanbeextracted.Othertechniquesinvolvesamplingasinglehabitatusually
a riffleandagainno pictureof distributionpatternsfor the reachcanbe obtainedfromthe
results.

It is importantto knowwhetherinvertebrateshavea patchydistributionandthishasbeenthe
subjectof muchinvestigationby theoreticalecologists( see Pringleet al. 1988, /NABS
7,503-524). Howeverto datetherehasbeenlittleattemptto obtainsuchdatafor studiesof
appliedproblems.Detaileddistributionaldatahaspracticalapplicationparticularlyinthefield
of flow changes.Suchchangesare accompaniedby shifts in the proportionsandabsolute
amountsof habitattypeswhichin turncanhavemajoreffectson thebenthiccommunity.It
is theobjectof this investigationto determinethedistributionof benthicinvertebratesalong

110 riverreachesandrelatetheminitiallyto substratefeatureswiththeultimateaimof defining
zones/reacheswhichwouldbe particularlysensitiveto flow changesandtheirassociated
hydrauliccharacteristics.

Eachsamplewas preservedin formalinsolution,andsortedintoalcohol.The cost bothin
timeandmoneyprecludedthe identificationof thefaunato specieslevel in all reaches,and
analysisis confinedto familylevel.Dataareavailableon thesubstratecharacteristicsateach
samplepointandvelocityanddepthdatawerecollectedalongeachtransect.In this study
substratetype is consideredto be the consequenceof velocityanddepthvariationsover a

141

•
Methods
Six sampleswere collectedalongeveryothertransect(see Fig. El for detailsof the grid
system).Eachsampleconsistedof one 60s kick withina definedarea in a cell. Sucha
samplecanprovidequantitativedata(Armitageet al. 1974). Waterflow carriesthe fauna
fromthedisturbedareaof riverbottomintoa nethelddownstream.Whereflow is too slow
the net is movedto andfroovertheareaof disturbance.

•
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periodof time. Sevencategoriesof substratewere recognizedandcodedas follows:-silt=1,
silty sand=4, sand=9, sandy gravel=16, gravel=25, pebblygravel=36, and cobbles=49.
This allowedsubstratetype to be plottedfor the wholereach.

Resultsand Discussion
The resultsarepresentedas a seriesof three-dimensionalplotswhichshowthe distribution
andabundanceof selectedfamiliesacrossandalongthewholeof eachexperimentalreach.

Substrate
Substratevariationin thethreereacheson the riverBlitheareindicatedin Fig E2 . Gravel
is thedominantparticlesize in everyreachbuttherearevariationsbetweenBlithe1-3. Silt
andsiltysandis largelyconfinedto thedownstreamendof Blithe1. Blithe2 hasa relatively
homogenousgravelsubstratebutheavilyoverlainwithsilt. Blithe3 showsmorevariability
thanthe othertwositeswitha higherproportionof largerparticlesizes.

In Gwash3 thesubstrateis heterogeneouswithsilty margins,slightlycoarsergravelin the
middleof the reachwithmostof the largestparticlesatthedownstreamend(see Fig E3).

Thesecategorisationsof substrateconditionsareoversimplifiedbutpresentanoverallpicture
of conditionsin eachreach.Datawhicharenotincludedin theplotsconcerninformationon
the occurrenceof vegetation(algaeor macrophytes)or coarseorganicdetritus.The River
Blithewasrelativelyfreeof vegetationwithonly isolatedpatchesof vegetationin contrastto
the Gwashreachin whichmostsamplescontainedeithermacrophyteor algalmaterial.

Fauna
Faunalanalysesarenotcompletefor all reaches.Dataforthisreportarepresentedonlyfor
Gwash3 andBlithe3. Thedistributionof totalnumberspersampleperreachis illustrated
in Fig E4 for Blithe3. Thereis considerablevariationin numberspersamplein thereachas
a whole. Themostobvioustrendis thegenerallyhighernumbersin themidstreamsection
comparedwiththestreammargins.Majortrendsin distributionaremoreclearlyseenwhen
individualfamiliesare plotted.Fig ES presentsdistributionsof 9 commonlyoccurring
families.Thepatchinessof thedistributionsis clearbutassociationwithparticularsubstrate
conditionsis notmarked.Thismaybea consequenceof therelativelyheterogeneoussubstrate
whichoffersa widerangeof nichesforthebenthicfauna.

IntheGwash(seeFig E6)totalnumbersaremoreevenlyspreadoverthereachthanatBlithe
3 despite a substratedistributionwhich is much patchier.Coarseparticlesare almost
restrictedto thedownstreamendof the reachandsilt is commonatthetop andalongmost
of themargins.Thissubstratepatchinessis reflectedinthedistributionof certaininvertebrate
families.Forexample,HydropsychidaeandRhyacophilidaearerestrictedto thedownstream
endof the reachwherethe substrateis coarser.Simuliidaearemoreabundanttowardsthe
upstream weedier section as are Baetidae. Gammaridaealthough widespread are more
commonin the downstreamsectionas are the riffle beetlesElmidae(see Fig E7).

The observeddistributionspoint up the need for site specificrulingsfor water abstractions.

Invertebratesclearly require specificconditionsto flourish. Any changesin flow will alter

hydraulicconditionsand availablehabitatwhich will have repercussionson the distribution

4110 of the faunalcommunity.The impacton the benthoswill vary accordingto the river type.
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Figure E2 The distribution of dominant substrate panicle size in each of the three
reaches sampled on the River Blithe.
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Figure ES The distribution of selected families (numbers per sample) at Blithe 3.

Figure E6 Me distribution of total fauna (numbers per sample) at site 3 on the River
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River Gwash.
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Appendix F

Supplementaryinvertebratestudy : Samplingfrom Microhabitats

Introduction

•
Habitatpreferencecurvesforthisstudyarebasedlargelyon informationheldontheWEdata

basewhichhasbeenusedto developthepredictivemodelRIVPACS.Howeverthesedatado

not includeinformationfromspecificmicrohabitats.In orderto investigatethe distribution

of invertebrateswithintheseareasa seriesof samplesweretakeninmicrohabitatswithinthe

reachesselectedfor thefishingprogrammewhichincludesa widerangeof rivertypesfrom

chalkstreamsto uplandspateyrivers.

Theobjectiveswereto determinea)whether̀microhabitateselectedfromthebanksidewould

containdifferentcommunitiesof invertebrates;b) whetherthesecommunitieswere stable

acrossa rangeof rivertypesandc) to use any appropriatedatato supplementthe habitat

preferenceinformationobtainedfromtheRIVPACSdatabase.

StudyArea and Methods
Detailsof the riverselectionprogrammearegiven in Chapter3 andneednotbe repeated


here.At eachriverfivemicrohabitatswereidentifiedwhichfittedas closelyas possibleinto

1110 thefollowingcategories:-

A - SLACK,anareawithnoflow, oftenimmediatelydownstreamof anobstaclesuchas

110 a submergedlog or largeboulder.
- MARGINAL,anareaof low or minimalflow in marginalvegetationor its roots.

C - RIFFLE,shallowerpartof studyreachwherethewaterflowswithbrokenorrippling

1110 surface.
-	 WEED,submergedaquaticvegetation.Intheabsenceof macrophyticvegetationalgae


wassampled.Inallcasessamplingwasconfinedto thevegetation,nottheunderlying

substrate.

E - DEEPER,a deeperandmoreslowlyflowingpartof thereachwherethesubstrateis

usuallyfinerdueto increaseddepositionof particulatematerial.

Eachsampleconsistedof a 15secondkicksample,takenin eithertheweedorsubstratewith


a standardpondnet.Theareaof disturbancewasapproximatelyonetenthof a squaremetre


(Armitageet al. 1974).Thefaunain eachsamplewassortedcountedandidentifiedto family

level.

Results
Althoughthebiologicaldatahavebeenprocessedthe collationandanalyticalphasesarenot

complete.Theexceptionis habitatpreferencedatawhichhavebeenworkedupto supplement

theRIVPACSbasedpreferences.

The preferencesfor depth, substrateand velocity were calculatedfor seven familiesof

invertebratefor whichdataare availablefrom the RIVPACSdatabase. The resultsare

presentedin TableFl andFigs F1andF2. Ingeneraldespitetherelativelylow numbersof

samples(40) on whichthecurvesarebasedthereis a goodagreementbetweenthefindings
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from the microhabitat study and those based on the RIVPACS data. These results await
further analyses.

I/ Discussion
Analysisof the completeset of resultsis likelyto suggestmodificationto the invertebrate
samplingprogramme.Preliminaryindicationsare thatmicrohabitatsas identifiedin this
project arenotsufficientlydiscreteto obtainthe fine focusingneededto identifyprecise
conditionsrequiredby thebenthos.
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TableFl Frequencyof occurrenceand abundanceof selectedfamilies togetherwith
weighted% andhabitatsuitability(suit)for substrate(bc, boulders/cobbles,
pg, pebbles/gravel,sa, sand, sl, silt); depth (categoriesas indicatedbased
on depthsin cm);and velocity(categoriesas indicated(cmper second)in a
data set of 40 samplesobtainedfrom 5 'nticrohabitats'on each of 8 rivers
(Blithe,Ere, avash, Hodder,Lambourn,Lymington,Millstream,andWye).

Gammaridae
substrate I total 10cc Ix occ

6cI 9I 11 0.11I- -I-0

Rg 
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si 1 51 41 0.80
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1 1 I 1
w% 'suit Inas Ix nos 1suit
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Table Fl contd.

Garnrnaridae 1_ 1 I 1 -I- -
Depth jtotallocc xocc w% 1suit 1nos 1x nos 1suit
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Appendix G

•
Fish SurveyReport

Introduction

Whilsthabitatpreferencecurvesfor the selectedtargetfishspecies(dace,roachandbrown
trout)havebeen developedprimarilyfrompublishedinformationandexpertopinion,it is
necessaryto haveinformationaboutthefishpopulationspresentinthestudyreachesinorder
to test andverifythePHABSIMmodel.

The fishingprogrammehas been designedto show how fish in differentrivertypes are
distributedwithrespectto habitatcharacteristics.Age structureandpopulationdensitieshave
also been assessedand these data may be used to test the accuracyof the PIIABSIM
predictions.The datawill also supplementexistinginformationon habitatrequirementsof
differentfish species.

Tothisendthefishpopulationsintenof theelevenselectedPHABSIMstudyreaches,located

throughoutEnglandandWales,havebeensurveyed,(Fig. 1, Tab.I). Speciescomposition
and lengthfrequencydistributionshave been ascertainedand wherepossiblepopulation
numberanddensitiesof juvenilesandadultsof thethreetargetspecies,dace,roachandtrout
havebeencalculated.

The River Itchenhas not been surveyedas it was not possible to obtainsatisfactory
permissionto electrofish.

Onthesmallerriversit waspossibleto obtainall requiredinformation(speciescomposition,

length-frequencydistribution,species populationnumberand species populationdensity
estimates)fornearlyallthespeciespresent.Onlargerriversorwherenon-targetspecieswere
numerousthiswas oftennotpossibleandeffortwas concentratedon obtaininginformation
relatingto thetargetspecies.

As previouslystatedthesitesforthisstudywerechosenin orderto encompassa widerange
of habitattypes rangingfrom chalk streamsto uplandrivers. Manyof the sites were,
however,not idealfor obtainingfish populationestimatesandit has oftenbeendifficultto
makeanaccuratepopulationassessmenthavinga low measureof error.

Methods
Methodologyusedto sampleeachsite wasdecidedon an individualbasisaccordingto the

rivertypeandtopography.Ideallythe wholesite wouldhavebeenisolatedwithstopnets,

electro-fishedthreetimesanda triplecatchdepletionestimatemadeto obtainthepopulation
estimate.Thiswas notpossible,however,on manyof the sitesfished.Variationsfromthis
ideal are reportedin tableI togetherwithdetailsof sites, locationsandRIVPACSgroup
classification.

Wheresitesweredividedupintosmallerreachesthereachpopulationestimatesandstandard

errorestimateswerethenaddedto one anotherto obtaintotalsiteestimates.Standarderror
estimateswereaddedaccordingto theformula:
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\farm =FE(Nii)

This process made estimation of the validity of the population estimated difficult as a single
invalid reach estimate would bias the site estimate.

Target fish species were stratified into juvenile and adult categories. It was however, quite
difficult to define the cut off points between these categories. Whilst the transition from
juvenile to mature fish is relatively clearly defined in terms of physiology it is less easily
determined by age or length criteria. Problems were exacerbated by such factors as;
differences between age at maturity between males and females, fish in less productive
systems (e.g. the River Wye) having slower growth-rates than more productive systems (e.g.
the River Lambourn), differences in geographic location of the sites and the variation in the
time of year of the fshing surveys. In the absence of an extensive research programme to
determine absolute age and length at maturity on each river a best guess estimate, based upon
fish length and age, has been made for each site. Figures 2, 3 & 4 show the length-frequency
distributions of the three target species at each site and also show the cut off length used to
discriminate between juvenile and adult fish. For the sake of consistency a cut-off point of
200mm has been used for trout stratification, whilst this cut-off is probably valid for most of
the sites surveyed, it may be less so for the faster growing and later sampled trout in the
Rivers Gwash and Lambourn.

Roach were stratified on the basis of length/age/maturity criteria found in the River Frome
(Mann 1973). However, the age stucture of roach from the Ouse and Lee's Brook showed
wide variation (e,g, a 184mm fish aged 3+ and a 125mm fish aged 5+). As scales were not
taken from all fish it was not possible to accurately stratify between juveniles and adults for
these two rivers. Instead an arbitrary length criterion of 140mm was used, however some fish
smaller than this may well have been adults.

Dace were also stratified based upon data on length/age/maturity criteria found in the River
Frome (Mann 1974).

1111 Site Descriptions
River Exe
Sample date: 12.8.91
Length 127m: Width, max 6.10m, min 2.35m: Area 441.15m2.

This small shallow river is situated in a steep valley. There were signs indicating the flashy
nature of the river and most fish habitat consisted of overhanging river banks, large stones
and one or two deep pools. There was no instream macrophyte cover. The whole reach was
fished three times by use of a single anode (0.9KVA). Only 3 species were found to be
present.

River Wye (Afon Gwy)
Sample date: 18.9.91
Length 226m: Width, max 18.9m, Min 7.6m: Area 2756.86 m2.

The reach of this river chosen was quite wide with a depth varying between 5cm and c2.5m.
The lower end of the reach was an are of rapids which, together with the slippery nature of
the rock, made fish capture difficult. In the middle half of the site the river was divided into
two shallow channels and the upper end of the reach was a very deep pool (c2.5m deep)
across the whole width of the river. With the exception of the deep pool at the top of the
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reach the river was fishedby wadingusingtwo anodespoweredby a 1.9KVAgenerator.The
pool was fishedby towinga boat through it with the anodeoperatorsfishingfrom the boat.
The depthand lowconductivityof the water,however,meantthatcaptureefficiencywasvery
poor in this section. Becauseof the low captureefficiencyfor the reach as a wholethe reach
was fishedfour times. There was no instreammacropyhtecover.

River Hodder
Sampledate: 14.8.91
Length245m: Width, max 23.91, min 16.6: Area 4821.58m2.

This site was a very wide reasonablyshallowriver. The site was split into two reachesand
was fished by wading using twin anodes powered by a 1.9KVAgenerator. Site one was
shallowerand wider than site two. There was no instreammacrophytecover in either reach.
All of the large sea trout and mostof the large brown trout caught in this site were caught
in reach one in a deep area of river where a fallen tree had caused a scour hole and an
overhangingtree providedcover. In view of the widthof the river it was impossibleto fish
the entire area of the river in a systematicfashion, instead an attemptwas made to fish a
constantamountof effort at each fishing. Lack of time causedby the size of the site to be
fished meant that only two fishingsper reach were possibleat this site.

River Blithe
Sampledate: 13:8:91
Lengthinm: Width, max**m,min**m:Area 2946.00m2

This river is moderatelydeep and wide. It was fished by using twin anodespoweredby a
1.9KVAgenerator. The site was split into two reaches, reach one was deep and had cover
providedby bankvegetation.The lowerendof this reachhadextensivemacrophytecoverbut
mostof the reachwas withoutthis cover. Reachtwo was shallowerand bank vegetationwas
more sparse. A large proportionof the fish caughtin reach two came from a small area of
overhangingshrubson the west bank. Thoughnot extensivethere was a reasonableamount
of macrophytecover in the shallowares of the reach. Large numbersof fish were caught
comprisingtwelvedifferentspecies.

River Lymington
Sampledate: 20.1.92
Length 103m:Width, max 12.6m, min 5.6m: Area 1002.5Im2

•
At this site the river wasprimarilygravelshallowsapart fromthe top 10mwhere it deepened
into a 2m deep pool. The site was fished using single anode wadingfor the shallowsand
single anode from a boat for the deeperpool. There was little instreammacrophytecover.

East StokeMill Stream(ESMS)
Sampledate 8.8.91
Total length310m:Width, max 6m, min 4m: Area I500.00m2

This site was dividedinto three reacheseach of whichhad the differingfeatures.
Downstreamreach (ESMS 1): 110m long, reasonablyshallow (0.5m), largely unshaded,
pastureon one bankandopenshrubandaldercoveron the other there wasextensiveinstream
cover providedby bedsof ranunculus.

Middle reach (ESMS2): 80m long, it had similar land use but was considerablydeeper
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(1.5m)andsomewhatmoreshaded.Ithadanareaof goodtreecoveratitsupstreamendand
very littleinstreamcover.

Upstreamreach(ESMS3): 120mlong, it hadpastureon one bankandreedbedson the
other.In depthit was midwaybetweenESMS1 andESMS2 it hadlittleinstreamcover.
All threereacheswerefishedby a singleanodepoweredby a 0.9 KVAgenerator.Results
havebeentabulatedbothfor eachreachseparatelyandfor thereachas a whole.

RiverLambourn
Sampledate:6.4.92
Length203m:Width,max 17.25m,min6.7m: Area2083.89m2.

Depthof thissite variedbetween0.5m and 1.5m. Thedeeperareasbeingsitesof dredging
activity.The site was fishedusingtwin anodespoweredby a 1.9KVAgenerator.Large
numbersof target fish were caughtat this site and in order to preventmortality(by
overcrowdingin theretainingbins)onlytwo fishingswerecarriedout. Thetimeof yearof
thesurveymeantthattherewasverylittlemacrophytecoverpresent,theexceptionbeingan
areaof marginalSoareaniumin theupperpartof thesite. Substratewasfine chalkygravel.

• This site was fishedusing twin anodespoweredby a 1.9 KVA generator.The site was
reasonablyuniformin width(max6m). Depthvariedbetweenc1.5mand0.1m. Thesitehad
apparentlybeendredgedin Septemberandfish were aggregatedunderoverhangingcover,
therebeinglittleinstreamcoveravailable.

RiverGt. Ouse
Sampledate19.5.92
Lengthc400m:Widthc50m:AreaC20,000m2.

The size of the riverat this site, the turbidityof the waterandthepresenceof boattraffic

5 navigatingthe rivermadea quantitativesurveyof the fish at thissite impossible.Insteada
qualitativesurveywascarriedoutby fishingcloseto andparallelto eachbank.Thisprocess
was repeatedtwice. This enabledspeciescompositionandspecieslengthfrequencyto be
determined.A minimumpopulationestimatewascalculatedfordace,roachandbleakbased
uponactualcatch.The reachwas fishedusinga twin boomelectrofishingboat, (two 1m
diameteranodespoweredby a 7.5KVAgenerator).

Lee's Brook
Sampledate19.5.92
Length**m:Width,max**m,min**m:Areac800m2.

AlthoughsmallerthantheRiverOusethissite alsoproveddifficultto electrofishdueto the
turbidityof thewaterandobstructionsintheriver.Thesitewasfishedtwiceusingtheboom
electrofishingboat.

Results
Withinthe limitationsdescribedearlier, estimatesof populationdensity (plus standard

error)havebeen madefor as manyspeciesas possiblein all the riversfished(TableII).

RiverGwash
Sampledate:17.1.92
Length175m:Width:max8.0m, min5.4m:Area1119.57m2.
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Resultsare codedas follows:v = validpopulationdensityestimate;IV = invalidpopulation
densityestimate;LC = low catch(<30) mayrender the populationdensityestimateinvalid;
ME = minimumpopulationestimatebasedupon actual catch; Y = speciespresent but no
assessmentof populationcarried out; X = speciesnot present.

A total of 19 specieswere caughtat the sites withone or more of the target speciespresent
at all sites. Dace were found at 4 sites, roach at 4 sites and trout at 8 sites. Fig 5 showsthe
variationin adult andjuvenile target speciesdensity(per mt)at each site. Broaddifferences
in target speciescommunitystructurein the differentrivers are apparent.

Dace were absentfrom the lowerRIVPACSgrouprivers (Exe, WyeandHodder)thesesites
being characterisedby low species abundancebut high salmoniddensity. They were also
absentfromthe 6th and8thRIVPACSgroupsites (LymingtonandLambourn).Highdensities
were found in both the 4th and 7th R1VPACSgroup sites (Blithe and East Stoke Mill
Stream).

Roachshoweda similarpatternof distributionbut with the highestdensitiesoccurringin the
10thRIVPACSgroup sites.

Trout showed a variable pattern of occurrence. The most noticeablefeature being their
absencefrom the 10th R1VPACSgroup sites. Sites 3 and 4 also stand out as having low
densitiesof trout, however, site 3 had a highdensityof salmonand it is possiblethat whilst
higher populationsof trout occurred nearby the shallow depth of water at this site was
unsuitablefor them. It is importantto notethat sites8 & 9 are knownto be stockedwithtrout
and densitiesof adults at these two sites are almost certainly above natural levels, this is
supported by the greater density of adults than juveniles (the reverse is true of naturally
occurringpopulations).If only thejuveniledensitiesare consideredand sites3 & 4 excluded
there appearsto be a trend of decreasingtrout densitywith increasingsite RIVPACSgroup.
Figure 6 shows the densitiesof fish grouped into salmonids (brown trout & salmon)and
cyprinids(dace, roach, chub, bleak, tench, gudgeon& bream) for the differentsites. This
enables the trend of decreasing salmonid density and increasing cyprinid density with
increasingRIVPACSgroup numberto be seen more clearly.

In general terms site 4 (River Blithe)does not conform with the pattern of target species
occurrence.It is the lowestRIVPACSgroupsite to havedaceand roachpresentandwith the
exceptionof site 3 (see above)the lowestRIVPACSgroup site to have a low trout density.

• Site 8 (RiverLambourn)also appearsto have a lower cypriniddensitythan that whichmay
be expected.Sometrout fisherieshoweveroperate a coarse fish removalprogram and the
lower cypriniddensitiesmay be a resultof this factor.

Figure 7 showstotal fishspeciesnumberper site, this also showsincreasingvaluesin the low
RIVPACSgroup sites before levellingoff after site 6.
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FIGURE 2
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FIGURE 3
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FIGURE 4
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