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1 ExecutiveSummary

This reportdescribeswaterquality andmacroinvertebratesamplingthatwasdoneaspart
of theWasteIntegration Pollution Prevention–WhatcomWatershedsProject(WIT). Water
quality sampleswerecollectedat six sitesin the PaddenCreekwatershedfrom October
2000 throughJuly 2001. One site was locatedin an unnamedtributary that flows into
LakePadden,four siteswerein PaddenCreekdownstreamfrom thelake,andonesitewas
locatedin ConnellyCreek,atributaryto PaddenCreek.Benthicmacroinvertebratesamples
werecollectedduringSeptember2000at eachof thesix sites.

Thewaterquality in PaddenCreekis influencedby thesurroundinglanduse,and,in par-
ticular, by thecomparatively poorerwaterquality in ConnellyCreek.ConnellyCreekadds
significantquantitiesof nitrogen,phosphorus,dissolved solids,andcoliforms. The lake
actsasa sedimentationbasin,which very likely removessomeof the nutrientsandpol-
lutantsthat enterfrom the upperwatershed,but it alsoexportsparticulateorganicmatter
andalgae.The lake warmsthewater, resultingin elevatedtemperaturesat theoutlet,but
becausethedownstreamportionof PaddenCreekis largely shadedby riparianvegetation,
thelake’seffecton streamtemperaturesis minimal.

Upstreamfrom LakePadden(PD6),andatthelakeoutlet(PD5)thePaddenCreeksubstrate
consistedmostlyof courseandfine gravel or cobbles.Neartheconfluencewith Connelly
Creek(PD4) thesubstrateshiftedtowardsmallersizeclassesdominatedby sandandfine
or coarsegravel. TheFairhavenPark site (PD2)hasa very rocky substratedominatedby
boulders,cobbles,andcoarsegravel. Nearthe mouthof PaddenCreekthesubstratewas
quitediverse,consistingof sand,fine andcoarsegravel, andcobbles.Thesubstrateat the
Connelly Creeksite (PD3) was dominatedby sandand fine gravel andhad the poorest
benthichabitatof all thesites.

Thetributaryto thelake(PD6)andPaddenCreekupstreamfrom theconfluencewith Con-
nelly Creek(PD4)hadthelargestnumberof macroinvertebratetaxa(taxonomicrichness),
while thelakeoutlet(PD5),ConnellyCreek(PD3),andall PaddenCreeksitesdownstream
from ConnellyCreek(PD2 andPD1) had fewer taxa. Othermeasuresof macroinverte-
bratetaxonomicdiversity, suchastheEPT index (numberof Ephemeroptera,Plecoptera,
andTrichopterataxain the sample)followed similar trends. Large numbersof pollution
tolerantmacroinvertebrates(Batidaemayflies,chironomids,andoligochaetes)werefound
in ConnellyCreekandthePaddenCreeksitesdownstreamfrom ConnellyCreek.Thelake
outlet(PD5)wasunusualin thatit hadalargepercentageof pollutionintolerantPlecoptera,
aswell aslargenumbersof tolerantchironomids.Many of thetaxafoundat theoutletwere
filter-feedersthatcantake advantageof thefine particulateorganicmatterthat is exported
from thelake.
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2 Intr oduction

This projectwaspartof theWasteIntegration Pollution Prevention–WhatcomWatersheds
Project (WIT), fundedby theWashingtonStateDepartmentof EcologyandtheU. S. En-
vironmentalProtectionAgency to helpreduceor eliminatenonpointpollution in Whatcom
Countywatersheds.A majorcomponentof theWIT projectis publiceductiondesignedto
reducenonpointpollution from households,businesses,andcommunityinstitutions. The
Institutefor WatershedStudies(IWS) atWesternWashingtonUniversityhasparticipatedin
theWIT projectby monitoringthewaterqualityandbenthicmacroinvertebratecommunity
structurein streamswithin watershedstargetedfor public educationprograms. This re-
port documentstheexisting conditionsin PaddenCreek,a smallresidentialcreekin south
Bellingham,prior to theWIT educationalefforts.

2.1 Study Ar eaDescription

PaddenCreekis locatedin Bellingham,Washington,population67,000,in thenorthwest-
erncornerof WashingtonState(Figure1). Theregionhasatemperateclimateandreceives
anaverageof 91.4cm (36 in) of precipitationperyear. ThePaddenCreekwatershedcov-
ers15.5km

�
. ConnellyCreek,a tributaryto PaddenCreek,drains3 km

�
. Thewatershed

rangesin elevation from sealevel to 300m. Landusein thewatershedincludesareasof
moderatedensityresidential,forestedparks,a golf course,a commercialgardenandretail
areas.

Theheadwatersfor PaddenCreekflow into LakePadden,whichis locatedin aforestedcity
parkwith trails, a golf courseandopengrassyareas.Theoutfall from Lake Paddenflows
4.72km throughresidentialandurbanareasbeforeflowing into BellinghamBay. Thegolf
coursein the upperwatersheddrainsinto small, unnamedtributariesthat flow into Lake
Paddenalongwith othersmall tributariesthatcollectdrainagefrom theparkandresiden-
tial areas.Most of theupperwatershedis forestedexceptfor cleared,grassyrecreational
areasaroundthelake, anda fairly extensivenetwork of gravel anddirt trails. Theoutflow
is locatedat the westendof the the lake andis controlledby an overflow weir that only
allows dischargefrom thelake whenthelake level is high. A stormdrainfrom theneigh-
borhoodnorthof thelakeoutlettiesinto thePaddenCreekchannelneartheoverflow weir.
A secondpipe,which seemsto flow all year, dischargesinto PaddenCreekapproximately
100m downstreamfrom thelake outlet. Thepipewasoriginally partof thehistoricwater
supplydistributionsystemthatonceservedtheCity of Bellingham,anddrainswaterfrom
thebottomof Lake Padden(City of BellinghamPublicWorksDepartment,personalcom-
munications,2002). Waterfrom this pipehasa ”rotten egg” (H � S) smell during summer
andsupportsa thriving growth of iron-oxidizingbacteriawhereit flows into thecreek.The
flow from thepipeis a majorwatersourcefor PaddenCreekduringdry periodswhenthe
lake level is too low to overtoptheoutletweir.



PaddenCreekMonitoringProject June12,2002 Page3

Thestreamchannelfrom thelakeoutletto Interstate5 is forestedandhasasteepgradient.
Downstreamfrom Interstate5 the gradientis moregradualandthe streamflows through
residentialareas.Much of the drainageto PaddenCreekdownstreamfrom Lake Padden
occursvia stormdrains. ConnellyCreekdrainsinto PaddenCreeknear22ndStreetand
Old FairhavenParkway. ShortlyafterConnellyCreekflows into PaddenCreek,Paddenis
divertedfor about650 m throughan undergroundculvert alongFairhaven Parkway. The
creekresurfacesin FairhavenPark,apartially forestedparkin thelowerreachesof Padden
Creek.Therearepatchesof forestthroughoutthelower watershed,but thedominantland
useis residential.Stormwaterfrom thesouthendof WesternWashingtonUniversityflows
into PaddenCreekvia storm drainson Taylor Avenueand storm water runoff from the
SehomeVillage mall drainsinto ConnellyCreek. The mouthof PaddenCreek,located
nearHarrisAvenue,flowsinto thePaddenLagoon,arecentlyrevegetatedestuary, theninto
BellinghamBay.

Most of thesoilsin thedrainagechannelandin thelower reachesof PaddenCreekarede-
scribedasWhatcom-Labountycomplex. Theseareasareonglaciomarinedrift plains(East-
erbrook,1976).Thesesoilsareformedby a mixtureof loess,volcanicash,andglacioma-
rine deposits,andarevery deep,rangingfrom moderatelywell-drained(Whatcomsoil) to
poorly drained(Labountysoil). In theupperreachesof PaddenCreekin gentlyslopingto
verysteeplocationsthesoilsareacombinationof Squalicum,Chuckanut,andNati, which
aredeepto verydeep,andmoderatelywell-drainedto well-drained(SCS,1992).

2.2 Previous PaddenCreekMacroinvertebrate Studies

Hachm̈oller (1989)characterizedtheaquaticmacroinvertebratecommunitiesandcollected
physicalandchemicaldataat four sitesin PaddenCreekdownstreamfrom the lake out-
let. Hachm̈oller et al. (1991)andMatthews et al. (1991) found that therewasa distinct
waterquality andsubstrategradientin thecreekthatcorrelatedto changesin themacroin-
vertebratecommunitystructure.Uhlig (1991)furthercharacterizedthemacroinvertebrate
communitystructureas part of her study regardingpredator-prey relationshipsbetween
stonefliesandmayfliesin PaddenCreek.Two factorswerefoundto correlatewith stonefly
taxonomicrichnessandnumericalabundance:waterqualityandtheavailability of suitable
substrate.PaddenCreekstoneflyabundancesdroppedsharplydownstreamfrom Connelly
Creek,but were also low in cleanwater areasupstreamfrom Connelly Creekthat had
fine grainedsediments.Downstreamfrom ConnellyCreek,otherpollution intoleranttaxa
werelessabundant,while thenumbersof toleranttaxa(e.g.,chironomidsandoligochaetes)
increased.Since1989–1990,whenthesestudieswerecompleted,PaddenandConnelly
Creekhave beenpartof numerousstreamrestorationefforts. Most of PaddenCreeknow
hasaforestedbuffer, andshadingin thelowerreachesof ConnellyCreekhasincreaseddue
to therestorationefforts. ChumsalmonusePaddenCreekfor spawninghabitat.
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3 Methods

3.1 SiteDescriptions

Six siteswereselectedin the PaddenCreekwatershedfor waterquality monitoringand
macroinvertebratesampling.Thesiteswereselectedusingthefollowing criteria:

� thelocationswererepresentativeof all portionsof thewatershed;� paststudysiteswereincludedto allow comparisonswith historicdata;� siteswere locatedupstreamanddownstreamfrom the confluenceof Connellyand
PaddenCreeks;and� thewaterqualitysamplingsitesoverlappedwith thesitesselectedby theDepartment
of Ecologyfor pesticidesmonitoring.

Usingthesecriteria,onesitewaslocatedin astreamflowing into LakePadden,four of the
siteswerein PaddenCreekdownstreamfrom thelake,andonesitewasin ConnellyCreek
just upstreamfrom the point at which it flows into PaddenCreek(Table1 andFigure1).
Waterqualitysampleswerecollectedmonthlyateachsitefrom October2000throughJuly
2001. Benthicmacroinvertebratesampleswerecollectedduring September2000at four
rifflesat eachof thesix sites.

3.2 Water Quality Samplingand Analysis

All waterquality sampleswereanalyzedat the IWS laboratory1 except fecal coliforms,
which wereanalyzedat theCity of BellinghamPublicWorksDepartment.Standardoper-
atingproceduresadaptedfrom APHA (1998)wereusedfor all analyticalwork (Table2).
Temperaturewasmeasuredin thefield usingacalibratedmercuryor alcoholthermometer.
Dissolved oxygensampleswerecollectedusing300 mL BOD bottles;Winkler reagents
wereaddedin thefield. SterileNalgenebottlesprovidedby theCity of Bellinghamwere
usedto collect fecal coliform samples.A combinedwatersamplefor conductivity, pH,
turbidity, total phosphorus,total nitrogen,solublereactive phosphate,ammonia,andni-
trate+nitritewascollectedin an acid-washed1-L Nalgenebottle. BecausepH wasmea-
suredin the lab, the watersampleswerecollectedwith a minimal headspaceto reduce
effectsof gasexchange.All samplesweretransportedbackto the laboratoryon ice. The
monthlywaterquality dataareincludedin electronicformaton theCD thataccompanies
this reportandin ExcelandASCII files linkedto thewebversionof this report(Appendix
A).

1TheInstitutefor WatershedStudiesis accreditedby theWashingtonStateDepartmentof Ecology(Ac-
creditation#A006).



PaddenCreekMonitoringProject June12,2002 Page5

3.3 Macroinvertebrate Samplingand Analysis

Benthicmacroinvertebratessampleswerecollectedin September2000 following Wash-
ingtonStateDepartmentof Ecologyprotocols(Plotnikoff andWiseman,2001). Eachsite
wasdesignatedasa 150 meterreach,and four benthicmacroinvertebratesampleswere
collectedin eachreach.Eachbenthicmacroinvertebratesamplewascollectedusinga 500� m meshD-framenet that hadan attached1 � 2 ft metal frame(0.186m

�
). Onesample

wascollectedfrom eachof four riffles within the 150 m reach. In order to improve the
macroinvertebratediversity in the sample,onesamplinggoal wasto selectriffles within
eachreachthatwereexpectedto havedifferenttaxa.A secondgoalwasto spacetheriffles
approximatelyequallythroughoutthe reach. All rocksthat wereat least60% within the
1 � 2 ft samplingareawerescrubbedwith a brush,andthe sedimentinsidethe sampling
areawasdisturbedby kicking for 3 minutes. Eachsamplewasplacedin a wide mouth
Nalgenecontainerwith enough95%ethanolto produce70%ethanolin thefinal mixture.

Themacroinvertebratesampleswereprocessedfollowing WashingtonStateDepartmentof
Ecologyprotocols(Plotnikoff andWhite,1996).Macroinvertebratespecimensweresorted
from thesubstratein thelaboratoryusinga10 � tabletopmagnifyinglens.Organismswere
transferredto a screw top 50 mL vial containing70%ethanol� glycerin. All macroinver-
tebrateswere countedidentified to the taxonomicresolutionspecifiedin Plotnikoff and
White (1996). The identifiedandenumeratedorganismswerereturnedto the50 mL vial
andonevoucherspecimenfor eachtaxonwasretainedfor the IWS referencecollection.
Themacroinvertebratedataareincludedin electronicformaton theCD thataccompanies
this reportandin ExcelandASCII files linkedto thewebversionof this report(Appendix
B).

At thetimethatthemacroinvertebratesampleswerecollectedthefollowinghabitatparame-
terswereassessedfor eachreach:canopy cover, substratestructure,wettedwidth, bankfull
width, streamgradient,streamvelocity at 0.9 and0.6 depths,waterdepth,andvisual as-
sessmentof humaninfluences.At thebottomof eachreach,temperature,dissolvedoxygen,
conductivity, pH, andstreamdischargeweremeasured.A YSI 85 field meterwasusedto
measuredissolvedoxygenandconductivity duringmacroinvertebratesampling.TheYSI
85 wascalibratedusing factoryguidelinesfrom the YSI operationmanual. All habitat,
substrate,andwaterquality parametersweremeasuredusingtheproceduresdescribedby
Plotnikoff andWiseman(2001). Thehabitatdataareincludedin electronicformaton the
CD thataccompaniesthis reportandin Excelfiles linkedto thewebversionof this report
(AppendicesC.1–C.4).

3.4 Quality Assurance/QualityControl

DatawereenteredfromfieldsheetsandlaboratorynotebooksintoExcelspreadsheets.Each
month,the laboratorymanagerreviewed field andlaboratorylog booksandspreadsheets
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for this project. At the endof the project, the laboratorymanagerverified at least10%
of the final databy trackingall numbersfrom the original log booksto the final dataset
to identify andcorrectany datatranscriptionor entry mistakes. The datausedto calcu-
latestatisticswerenot screenedto remove valuesbelow detectionlimits. Thesedatamay
includenegative numbersbecausethe locationassignedaszerofor the calibrationcurve
hassomedegreeof associatederror. Detectionlimits for eachparameter(Table2) were
estimatedbasedon thevariancecalculatedfrom replicatelow-level samples.

The following procedureswereusedto verify theaccuracy andrepeatabilityof thewater
quality datacollectedfor this project:

� During eachsamplingperiod,duplicatesampleswerecollectedfor at least10%of
thesites.Thesewereusedto estimatetotalprecisionincludingsamplecollectionand
analysis(AppendixD.1).

Most replicatesweresimilar or slightly greaterthandifferencesthat resultedwhen
splittingasamplein thelaboratory. Two pairsof duplicatesthatresultedin unusually
differentvalueswerethesamplescollectedonMay 10for solublereactivephosphate
(171.7and11.4 � g-P/L) andon February15 for fecalcoliform (240and13 cfu/100
mL). Thesetwo pairsdo not representtypical variability, but the causeof the dis-
crepancy is not known.� In thelaboratory, 10%of thesampleswereanalyzedin duplicateandtheresultswere
usedto estimatevariability associatedwith analyticalprocedures(AppendixD.2).

Thelaboratoryreplicatesweresimilarwithin eachpairandthedifferencesweretyp-
ical of otherresultsfrom our laboratory. Someof the resultsdisplayedasrelative
percentdifferenceappearedlarge, but only becausethe concentrationswere very
low. In absoluteterms,all differencesweresmall.

� Two externalcheckstandards(20% and80% of the calibrationstandard)werean-
alyzedwith eachanalyticalrun for nutrients. The resultswereusedto verify that
analyticalprecisionandaccuracy wasacceptableusingcontrolcharts.If resultswere
unacceptable,acausewasidentifiedandthesamplewasre-analyzedif necessary, or
theassociatedsampleresultswerenot reported.

� Controlchartswereemployed,in accordancewith stateaccreditationproceduresfor
thelaboratory, to trackandmaintaina recordof precision.

� Laboratoryblanksampleswereanalyzedduringeachanalyticalrun for nutrientsto
identify possiblecontaminationor otherproblems.� The IWS laboratoryparticipatesin proficiency testingtwo timesper year through
an independentcontractoras requiredwithin WashingtonDepartmentof Ecology
accreditation.
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At thetimeof thisproject,therewasnolocalor nationalaccreditationprocessfor macroin-
vertebratetaxonomiclaboratoriesastherewasfor chemistrylaboratories.However, in an
effort to producethehighestquality datapossible,thefollowing procedureswereusedfor
themacroinvertebratesamples:

� In the laboratory, 10% of the sortedsampleswere identifiedindependentlyby dif-
ferent IWS taxonomists. The small differencesencounteredwere pursuedby re-
analyzingsamplesthatcontainedthetaxaof concern.� To ensurecomparabilityto othertaxonomists’identifications,keysrecommendedby
Plotnikoff andWhite (1996)wereusedwheneverpossible.

� Tenpercentof thesamplesweresentto Ms. WeaseBollman,taxonomistatRhithron
Associates,Inc. Missoula,MT, for comparisonidentifications(AppendixD.3).

4 Results

4.1 Water Quality Results

4.1.1 Nutrients

In general,nutrientconcentrationsincreasedfrom the lake outlet (PD5) to the mouthof
PaddenCreekat HarrisAvenue(PD1). ConnellyCreek(PD3)hadrelatively high nutrient
concentrationscomparedto mostPaddenCreeksites(Tables3 and4). Theseresultswere
consistentwith previousstudiesby Hachm̈oller (1989)andUhlig (1991)that reportedin-
creasingnutrientconcentrationsin PaddenCreekdownstreamfrom ConnellyCreek.The
smalltributaryto thelake (PD6)hadlow phosphorusbut highnitrogenconcentrations.

Nitrate+nitriteandtotal nitrogenconcentrationswerehighestin ConnellyCreekandthe
tributaryto Lake Padden(seePD3andPD6in Tables3–4andFigures2–5).Both of these
sitescollectdrainagefrom areaswherefertilizersarelikely to beusedregularly. Connelly
Creekcollectsdrainagefrom thecommunitygardenandJoe’sGardenin Fairhaven,andthe
tributaryto LakePaddencollectsdrainagefrom thePaddenCreekGolf Course.In addition,
theriparianvegetationatbothsitesincludesdensestandsof redalder(Alnusrubra), which
fix N � in theroot zone,andoftenleachsolubleformsof nitrogento adjacentstreams.

Thelakeoutlet(PD5)hadthelowestconcentrationnitrate+nitriteandtotal nitrogen,prob-
ably dueto uptakeof nitrogenby phytoplankton.Concentrationsincreasedslightly down-
streamfrom the lake (PD5),andincreaseddramaticallydownstreamfrom theconfluence
with ConnellyCreek(PD2). Nitrate+nitriteandtotal nitrogenconcentrationsincreasedat
all sitesin thefall andwinter, mostnoticeablyin ConnellyCreekandin thelake tributary.
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Ammoniaconcentrations(Figures6 and7) weregenerallynearor below theworking de-
tectionlimit of 20 � g-N/L exceptduringmonthswith increasedrunoff (December, January,
andFebruary).Thehighestconcentration(82.2 � g NH � -N/L on 1/11/01)wasmeasuredin
the lake tributary(PD6). Thewatershedupstreamfrom this site is mostly forestedbut in-
cludesa public golf courseandseveral swampy areas.Ammoniais rapidly convertedto
nitrate+nitriteunderoxic conditions,soammoniais rarely detectablein turbulent,highly
aeratedstreams.Thepresentof � 80 � g-N/L of ammoniasuggesta near-by source,possi-
bly from commercialfertilizer appliedto thegolf courseor from anaerobicsoilsalongthe
streambanks.

Phosphorusconcentrationsgenerallyincreaseddownstreamfrom thelakeoutlet,but unlike
nitrogen,phosphorusconcentrationswerenot elevatedupstreamfrom the lake. Connelly
Creek(PD3)usuallyhadthehighestphosphorusconcentrations(Figures8–11). Two no-
tableexceptionsoccurred,oncein April whenthetotal phosphorusat PD1(PaddenCreek
at HarrisAvenue)was230 � g-P/L,andagainin May whenthesolublereactive phosphate
atPD1was172 � g-P/L.Theseunusuallyhighconcentrationswereverifiedagainstlabora-
tory analyticalrecordsto confirmthat the samplewasanalyzedaccurately. Although the
laboratoryQC recordsindicatedthat the two outlierswereaccuratelyanalyzed,a soluble
reactivephosphatefield replicatecollectedin May at theHarrisAvenuesitewasonly 11.4� g-P/L.Becausethesourceof variability couldnot beattributedto analyticalor sampling
error, bothoutlier valueswereretainedin thedatafile.

4.1.2 Other Water Quality Parameters

Maintainingcool streamtemperaturescanbe challengingin residentialareasbecauseof
removal andalterationof riparianvegetation.In thePaddenCreekwatershed,thisproblem
is compoundedby the lake, which dischargeswarm, epilimneticwaterat the lake outlet
andcauseswarmerstreamtemperaturesin thesummerandfall. However, becausemuch
of thePaddenCreekriparianzoneis vegetated,streamtemperaturesdid not exceed15	 C
during our samplingperiod (Figures12 and 13). The warmestsite was the lake outlet
(PD5), which hada meantemperatureof 8.2	 C. The warming influenceof the lake was
particularlyapparentin October2000(Figure12). Betweenthe lake outlet (PD5)andthe
siteupstreamfrom ConnellyCreek(PD4),thestreamtemperaturedecreasedby 3	 C.

Thehighesttemperaturemeasuredduring2000/2001was15.7	 C onSeptember26,2000in
ConnellyCreek.Thehighestwatertemperaturemeasuredby Hachm̈oller (1989)for Con-
nelly Creekwas18.5 	 C andthehighestConnellyCreektemperaturemeasuredby Uhlig
(1991)was18.8	 C.Thecoolertemperaturesin 2000maybetheresultof shadingproviding
by therestoredriparianzonealongConnellyCreek,or mayreflectnaturalvariation.

All sitesexceptConnellyCreek(PD3)haddissolvedoxygen � 9 mg/L throughoutthesam-
pling period(Figures14and15). Thelowestdissolvedoxygenconcentrationwemeasured
was8.5mg/L on July31 in ConnellyCreek.
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Conductivitiesincreasedabruptlyin PaddenCreekdownstreamfrom ConnellyCreek(Fig-
ures16 and17). The sourceof the increaseappearsto be largely from ConnellyCreek,
which is consistentwith theresultsreportedby Hachm̈oller (1989)andUhlig (1989).The
increasedconductivities at the downstreamPaddenCreeksitesand Connelly Creekare
probablytheresultof runoff from urbanareas.Carbonatesandotherionic compoundsare
transportedto the streamin runoff from parkinglots, streets,andlawns. The pH values
alsoincreaseddownstreamfrom ConnellyCreek(Figures18and19). ThepH measuredat
all sitesrangedfrom 7.2 to almost8.0,which is within acceptablelimits for mostaquatic
organisms.

Thehighestturbidity valuesweremeasuredduringFebruary, March,andApril (Figures20
and21) in ConnellyCreek(PD3)andthedownstreamPaddenCreeksites(PD1andPD2).
Exceptfor the lake outlet (PD5), all siteshad elevatedturbidities at somepoint during
the study. The low turbiditiesat the lake outlet wasexpectedbecausethe slower water
velocitiesin the lake causeparticulatesto settleout of thewatercolumn. The February–
April turbiditieswereprobablythe resultof increasedstormwaterrunoff. The lake inlet
(PD6)hadelevatedturbiditiesduringJuneandJuly2001,ata timewhenall othersiteshad
relatively low turbidities.

The fecal coliform countsweremuchhigher in ConnellyCreek(PD3) anddownstream
from ConnellyCreek(PD2andPD1)comparedto theupstreamsites(Figures22 and23).
Thehighestcountsweremeasuredduringrain eventsat PD2(PaddenCreekat Fairhaven
Park) on February15 (440 cfu/100mL) andMarch 15 (420 col/100mL). On thesetwo
datesit rained0.6 cm and 1.4 cm, respectively (Appendix C.4). Many petsand other
wildlife usethe riparianareasin Fairhaven Park. Massesof animalhair werenoticedin
the benthicsamplescollectedfor macroinvertebrateanalysis,andsepticodorshave been
noticedat bothPD1andPD2duringthewinter.

4.1.3 Overview of Water Quality

Thewaterquality in PaddenCreekis influencedby thesurroundinglanduse,and,in par-
ticular, by thecomparatively poorerwaterquality in ConnellyCreek.ConnellyCreekadds
significantquantitiesof nitrogen,phosphorus,dissolved solids,andcoliforms. Because
ConnellyCreekdrainsresidentialandagriculturalareas,it very likely addspesticidesand
othercontaminantscommonlyfoundin residentialandagriculturalstormrunoff. Pesticides
weremeasuredrecentlyin thiswatershedby WashingtonDepartmentof Ecology(Seiders,
K, 2001).Ecologydetected18outof 207targetedpesticidesat four sites(PD2,PD3,PD4,
andPD5)duringfour samplingeventsfrom April to June,2001. Themostfrequentlyde-
tectedpesticidesweredichlobenil,diuron,diazinon,MCPP(Mecoprop),2,4-D,trichlopry,
andpentachlorophenol.

Thetributaryto LakePadden(PD6)alsodrainsa residentialarea,andmaycontributepes-
ticidesandresidentialpollutantsto Lake PaddenandPaddenCreek.For mostparameters,
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however, the waterquality at PD6 wasat leastasgoodasthe othersitesupstreamfrom
ConnellyCreek.

Thelakeactsasasedimentationbasin,whichverylikely removessomeof thenutrientsand
pollutantsthatenterfrom theupperwatershed,but it alsoexportsparticulateorganicmatter
andalgae.The lake warmsthewater, resultingin elevatedtemperaturesat theoutlet,but
becausethedownstreamportionof PaddenCreekis largely shadedby riparianvegetation,
thelake’seffecton streamtemperaturesis minimal.

4.2 Benthic Macroinvertebrates

4.2.1 Habitat Characterization

The physicalhabitat,streamsubstrate,andwaterquality werecharacterizedat eachsite
during the last two weeksof September2000to describethemacroinvertebratehabitatat
eachsite. In general,theriparianareais shadedwell throughoutmostof thePaddenCreek
watershed,asrepresentedby the percentcanopy cover measurements(Tables5–6). The
waterquality is influencedby theeffectsof residentialrunoff downstreamfrom theconflu-
encewith ConnellyCreek.TheSeptemberstreamtemperatureswereconsiderablywarmer
(2-5	 C higher)atmostsitescomparedto October12,2000,whenthemonthlywaterquality
monitoringbegan(Table7 andFigure12). Themoderatinginfluenceof Lake Paddenwas
apparentbecausethe September-Octobertemperaturedifferenceat PD5 wasonly 0.4	 C.
The Septemberwater temperatureswere very similar to temperaturesmeasuredon July
31, 2001, the last waterquality monitoringdate. The conductivities in September2000
weregenerallysimilar to October2000andJuly 2001(Table7 andFigure16). At PD6
(lake inlet) theconductivitieswerehigherin September, October, andJulycomparedto the
restof theyear, probablydueto low streamflows duringthosemonths.Dissolvedoxygen
concentrationswerelower in SeptemberthanOctober, probablydueto watertemperature
differences2, but weresimilar to theJuly31,2001results(Table7 andFigure14).

Upstreamfrom LakePadden(PD6),andatthelakeoutlet(PD5)thePaddenCreeksubstrate
consistedmostly of courseandfine gravel or cobbles(Figure24). Near the confluence
with ConnellyCreek(PD4)thesubstrateshiftedtowardsmallersizeclassesdominatedby
sandandfine or coarsegravel. TheFairhavenPark site (PD2) hasa very rocky substrate
dominatedby boulders,cobbles,andcoarsegravel. Nearthemouthof PaddenCreekthe
substratewasquitediverse,consistingof sand,fine andcoarsegravel, andcobbles.Con-
nelly Creeksite(PD3),dominatedby sandandfine gravel, hadthepoorestbenthichabitat
of all thesitessampled.ConnellyCreek(PD3)andPaddenCreekupstreamfrom Connelly
(PD4)hadthehighestpercentageof fine-grainedsediments,whichgenerallyprovidespoor
habitatfor amacroinvertebratecommunity.

2Oxygensolubility increasesin colderwater.
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Themeanwettedwidth of thestreamchannelsrangedfrom 1.65m (PD6)to 4.18m (PD2).
Themaximumdepthmeasuredduringmacroinvertebratesamplingwas0.25m atsitePD4.
The steepestgradient(13%) wasmeasuredat the lake outlet (PD5). All othersiteshad
gradientsthatrangedfrom 0.5%to 4%slope.Thegreatestvelocityat60%depth(2.05ft/s,
0.625m/s)wasalsoat sitePD5. Themaximumvelocity at 60%of depthat theothersites
rangedfrom 0.41ft/s (0.125m/s)at PD6to 1.52ft/s (0.463m/s)at PD1.

4.2.2 Macroinvertebrate Assemblage

To assessdifferencesin the macroinvertebratecommunitiesbetweensites,the following
biometricindiceswerecalculated:

TaxaRichness = 
 �
�����������������
EPTIndex = 
 �
�������������! �"��$#%�$&(') �*+�,&+�-�/.!0��,1$'2 �*(�$&(�-�3��&4��15"�') �*+�,&+�768�������
% Ephemeroptera = 
:9);+<(=?>@=BADCE;(F�=BA�GH CIFJGIKML2CEN+OPF �RQTS)S
(notBaetidae)

% Plecoptera = 
:U KV=BWBCE;(FD=?A�GH CIF�GIK,L2CEN+OXF �RQTS)S
% Baetidae = 
/Y GI=ZFD[V\5GI=H CIFJGIKML2CEN+OPF �]QTS2S
% Chironomidae = 
 L2<+[VA�CEO+CE>@[V\+GI=H CIFJGIKML2CEN+OPF �RQTS)S

Macroinvertebratetaxonomicrichness(thenumberof differentbenthictaxacollectedat a
site) is an indicatorof theoverall habitatcomplexity. The tributary to the lake (PD6)and
PaddenCreekupstreamfrom the confluencewith ConnellyCreek(PD4) hadthe highest
taxonomicrichness(Figure 25). Richnesswas lower in Connelly Creek(PD3) and all
PaddenCreeksitesdownstreamfrom ConnellyCreek(PD2andPD1).Richnessat thelake
outlet (PD5) wasalsolow. Several characteristicsmake site PD5differentthantheother
sitesfartherdownstream.It hasmuchsteepergradient(13%)andit receivesits mainflow
eitherfrom thesurfaceof thelake,whenthelake level is highenoughto overtoptheoutlet
weir, or from thepipethatdrainsfrom thelake.

Oneof themostcommonlyusedindicatorsof streamdisturbancesis theEPTindex, which
is thenumberof Ephemeroptera(mayflies),Plecoptera(stoneflies),andTrichoptera(cad-
disflies) taxa in the macroinvertebratesample. Thesethreeordersof macroinvertebrates
containmany speciesthatareintolerantor only marginally tolerantof waterpollution,but
arerelatively abundantin cleanstreams.In PaddenCreek,theEPTindiceswerehighestin
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thetributaryto thelakeandupstreamfrom theconfluencewith ConnellyCreek(PD6,PD5,
andPD4;Figure26). TheEPTindicesdecreaseddownstreamfrom ConnellyCreek(PD2
andPD1),andwerevery low in ConnellyCreekitself (PD3).Theseresultsweresimilar to
therichnessresults,exceptat thelakeoutlet(PD5).

Althoughit is somewhatredundantwith theEPTindex, thepercentageof Ephemeroptera
(mayflies)or Plecoptera(stoneflies)mayalsobeusedasindicatorsof cleanwater. Organ-
ismsfrom the family Baetidaearenot includedin theEphemeropteraindex becausethey
aremuchmorepollution tolerantthanmostotherEphemeroptera.Baetidaeareso much
moretolerantof pollution thataseparateindex of percentBaetidaeis usedto indicatepoor
waterquality.

The EphemeropteraandPlecopteraindiceswereconsistentwith the EPT indicesfor all
sitesexcept the lake outlet (Figures27–28). The tributary to Lake Padden(PD6) and
upstreamfrom ConnellyCreek(PD4) hadthe largestpercentagesof Ephemeropteraand
Plecoptera,while ConnellyCreekandthedownstreamPaddenCreeksiteshadmuchlower
values.Thelake outlet (PD5)wasvariable,with a largepercentageof Plecopterabut few
Ephemeroptera.The Ephemeropteraat PD5werealmostentirely representedby a single
genus,Paraleptophlebia, which may indicatehabitatlimitationsdueto theunusualwater
quality, higherstreamvelocities,anddenseshadingthatlimits attachedalgaegrowth at this
site. The outlet hadlarge numbersof SweltsaandZapadaplecopterans,anda variety of
Trichoptera,whichexplainsthehighEPTindex. SweltsawasthemostabundantPlecoptera
atall sitesexceptConnellyCreek(PD3),whereit wascompletelyabsentfrom themacroin-
vertebratesamples.Skwala, a predaceousplecopteran,waspresentat all sitesexceptthe
lakeoutlet(PD5).

Matthews, et al., (1991)andHachm̈oller, et al. (1991) reportedsimilar patternsfor the
Ephemeroptera,Plecoptera,andTrichopterain PaddenCreek.Toleranttaxawerecommon
downstreamfrom Connelly Creek,while upstreamfrom Connelly Creekhad a diverse
communitydominatedby the Ephemeroptera,Plecoptera,andTrichoptera. Hachm̈oller
(1989)andUhlig (1991)foundmoreplecopterantaxain PaddenCreekthanwe collected
in June2000;however, their sampleswerecollectedthroughouttheyearratherthanon a
singlesamplingdate,sotheir taxonomiclist shouldincludemorespecies.

A high percentageof Baetidaein the total macroinvertebratecountcanindicatedegraded
habitatbecauseorganismsfrom this family arerelatively tolerantof waterpollution. In
PaddenCreek,thesitesfarthestdownstream(PD1andPD2)hadthelargestpercentageof
Baetidae(Figure29). ConnellyCreek(PD3)alsohadahighpercentageof Baetidae,while
sitesin theupperwatershed(PD6,PD5,andPD4)hadlow percentages.Paraleptophlebia
wasthemostabundantEphemeropterataxonupstreamfrom ConnellyCreek,while down-
streamfrom ConnellyCreek,Baetistricaudatuswasthe mostabundant. Hachm̈oller, et
al. (1991)reportedsimilar findingsfor PaddenCreek.
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At sitesPD5andPD6,themostabundanttrichopteranswerefrom thefamily Ryacophili-
dae.Mostspeciesin thisfamily requireunpollutedwater, andmany arepredaceous.Down-
stream,this family waslesscommon,andnonewerecollectedat PD1. Limnephilidae,a
leaf shreddingtrichopteranfound in headwaterstreams,wasonly collectedat site PD6.
Taxafrom thefamiliesHydropsychidae,whichspinnetsto collectorganicmatterfrom the
water, andGlossosomatidae,which grazeon diatomsandfine organicparticulates,were
foundat all sites.ThetrichopteranPolycentropuswasfoundat PD1,PD2,andPD6. This
taxonis predaceousandoftenfoundin associationwith chironomids.In general,thedistri-
bution of Trichopterataxain PaddenCreekindicateda shift from shreddersandpredators
in the upperwatershed,with filter feedersin the lower watershed.A similar patternwas
reportedby Hachm̈oller, etal. (1991).

A largepercentageof chironomidsatasitecanindicateexcessivesedimentationandnutri-
entenrichment.Chironomidswereveryabundantat thelakeoutlet(PD5)(Figure30). This
sitereceivesalargeamountof fineparticulateorganicmatterandalgaefromthelake,which
providesa goodenvironmentfor filter feedingorganismssuchaschironomidlarvae. The
othersiteshadlower percentagesof chironomids,particularly the next site downstream,
PD4. Surprisingly, the Harris Avenuesite (PD1), which by longitudinal position along
thestreamwould beexpectedto receive themostfine organicmatter, hadlow chironomid
dominancecomparedto the othersites. Many oligochaetesandamphipodswerepresent
at PD1,however, andtheseorganismsthrive on fine organicmatterandtoleratedegraded
habitats.

All of themacroinvertebrateindicessuggestthat theConnellyCreeksite (PD3),andboth
PaddenCreeksitesdownstreamfrom ConnellyCreek(PD2andPD1)havedegradedhabi-
tats(Table8). ThebestPaddenCreekhabitat,asindicatedby thediversityof themacroin-
vertebratecommunity, wasupstreamfrom ConnellyCreekatPD4andupstreamfrom Lake
Paddenat PD6.

5 Summary

SITE PD1: This site was locatednearthe mouthof PaddenCreekupstreamfrom the
saltwaterinfluence.Thesitewascharacterizedby having largenumbersof tolerantBaetis
tricaudatus, aswell asmany tolerantnon-insecttaxa(oligochaetesandamphipods).The
macroinvertebratetaxonomicrichnesswaslow andall macroinvertebrateindicessuggested
degradedhabitat.Thissitewastheleastshadedof all sites,with anaveragecanopy coverof
78%,andhada finer substratethantheotherPaddenCreeksites.Nutrients,conductivity,
and coliform countswere elevatedcomparedto the PaddenCreeksitesupstreamfrom
ConnellyCreek.
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SITE PD2: This site waslocatedin Fairhaven Park andwasthe downstreamfrom the
confluencewith ConnellyCreek. Nutrients,conductivity, andcoliform countswereele-
vatedcomparedto thePaddenCreeksitesupstreamfrom ConnellyCreek.Thissitehadthe
highestfecalcoliform countsof all thesitesincludingConnellyCreek.Denseamountsof
animalhair wereobservedin thebenthicsamples,suggestinga high densityof animalsin
theimmediatevicinity. All of themacroinvertebrateindicessuggesteddegradedhabitat.

SITE PD3: SitePD3waslocatedin ConnellyCreekjust upstreamfrom whereit flows
into PaddenCreek. The riparianvegetationin this areawasreplantedapproximately10
yearsagoandyoungtreesnow shadethereach(100%canopy cover). Much of Connelly
Creekis low gradient,andthecreekflows throughwetlands,low densityresidentialareas,
andcommunityor commercialgardens.This sitehadelevatedconcentrationsof nutrients,
conductivity, andfecal coliforms,aswell aslower oxygenlevelscomparedto mostsites
in PaddenCreek. The macroinvertebratecommunitywas dominatedby taxa that toler-
atedegradedhabitat,including largepercentagesof Baetistricaudatus, chironomids,and
oligochaetes.

SITE PD4: This site waslocatedin PaddenCreekupstreamfrom the confluencewith
ConnellyCreek.Thewaterquality at PD4wasvery good,with low concentrationsof nu-
trients,low conductivitiesandturbidities,andlow coliform counts.Themacroinvertebrate
indicesconfirmedthatthebenthichabitatat this sitewasexcellent.

SITE PD5: SitePD5waslocatedabout900m downstreamfrom LakePadden.Thissite
hadthehighestwatervelocity of all thesitesandhadthesteepestgradient.Thesite was
intenselyshadedfrom theforestcanopy (100%canopy cover). During thesummermonths
a noticeablesulfidesmellemanatedfrom thepipethatdrainsthebottomof Lake Padden.
Lake Paddenstratifiesduring the summer, andthe hypolimnionbecomesanaerobic(un-
publishedIWS data).Thewaterthatemergesfrom thepipeis high is iron, asevidencedby
the thick growth of iron bacteriaat thedischargepoint, andis probablyhigh in phospho-
rous,ammonia,andotherchemicalsassociatedwith anoxiclake water. In October2000
thedissolvedoxygenconcentrationsat PD5wereslightly lower thanthenext downstream
site(PD4),but thedifferencewas ^ 1 mg/L, sotheanoxicpipewaterhadbeensufficiently
aeratedthat low oxygenwasnot a problemat this site. The pipe provided most, if not
all, of theflow to PaddenCreekduringdry periods.Thewaterquality at PD5wassome-
whatsimilar to PD4; however, themacroinvertebrateresultsindicateda lower taxonomic
richness,greaterchironomiddominance,fewer Ephemeroptera,anda largerpercentageof
chiromonids.
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SITE PD6: This site wasselectedasa referencesite for the study. It waslocatedup-
streamfrom Lake Paddenin a forestedareanext to a trail that receiveshiker, biker, and
a small amountof horsetraffic. It alsocollectsdrainagefrom the golf course. The wa-
ter quality resultsindicatedelevatednitrogenconcentrations,similar to concentrationsin
ConnellyCreek.Thehighnitrogenconcentrationswerenotmatchedwith highphosphorus
concentrationsandcoliform counts,asin thedownstreamPaddensitesandConnellyCreek,
sothenitrogenmaybecomingfrom naturalsourcessuchastheupstreamwetlands,alder-
dominatedriparianzone,or pet wastefrom the Lake Paddenpark. The golf coursemay
alsobea source,particularlyif phosphorus-freefertilizersarebeingusedin theLake Pad-
denwatershed3. Themacroinvertebrateresultsindicatedhigh quality habitatasmeasured
by taxonomicrichnessandEPTindex or relatedmetrics. Thepercentageof chironomids
wasfairly high, but this couldbe relatedto the low flow conditionsthatoccurduring the
summer.

6 Conclusionsand Recommendations

Thewaterchemistryandbenthicmacroinvertebratedataindicateddegradedhabitatin Con-
nelly Creekandin PaddenCreekdownstreamfrom ConnellyCreek. ConnellyCreekap-
pearsto beamajorsourceof nutrientcontaminationin thelowerPaddenCreekwatershed.
ConnellyCreekcollectsdrainagefrom a commercialandcommunitygardenon 32ndAv-
enueandflows througha residentialarea. Much of the PaddenCreekwatersheddown-
streamfrom ConnellyCreekis residential.We suggestreviewing fertilizer andpesticide
applicationsin the ConnellyCreekwatershed,aswell as in the lower Paddenwatershed
(downstreamfrom ConnellyCreek).Theelevatedfecalcoliform countsin FairhavenPark
shouldalsobeinvestigated,particularlybecausea sewagesmellwasnotedat this siteand
peoplehavedirectaccessto thecreekat FairhavenPark.

BecausePaddenCreekis fedbyLakePadden,thelakeestablishesthequalityof wateratthe
outlet. Althoughthenutrientconcentrationswererelatively low at PD5,thebenthiccom-
munitywaslesstaxonomicallydiverse,andshowedothersignsof impairmentcomparedto
theotherPaddenCreeksitesupstreamfrom ConnellyCreek.Themacroinvertebratecom-
munityat thissiteis probablyinfluencedby theanoxicwaterfrom thelakebottompipe,the
algaeandorganicmatterflowing from the lake, aswell asthesteep,deeplyshadedhabi-
tat. Lake Paddenis a biologically productive lake,which is a strongfactorinfluencingthe
habitatat PD5. In particular, thewaterfrom thepipe is theprimary flow duringsummer.
Thebottomof LakePaddenwas6.8	 C coolerthanthesurfacewateronJuly27,2001(19.9
and13.1	 C; unpublishedIWS data),indicating that the lake wasstratified. Discharging
cool hypolimneticwatermayprovide somebenefitto streamorganismsaslong asit hasa
chanceto becomeoxygenated.

3Useof phosphorus-freefertilizer hasbeenencouragedin the Lake Whatcomwatershed,and in other
areaswhererunoff maydraininto a lakeor stream



PaddenCreekMonitoringProject June12,2002 Page16

7 References

APHA. 1998.StandardMethodsfor theExaminationof WaterandWastewater, 20thEd.
AmericanPublicHealthAssociation,Washington,DC.

Easterbrook,D. J. 1976. Geologic Map of WesternWhatcomCounty, Washington.
USGS.

Hachm̈oller, B. 1989.TheBenthicMacroinvertebrateCommunityin PaddenCreek,Sum-
mer1988.M.S.Thesis.WesternWashingtonUniversity.

Hachm̈oller, B., R. A. Matthews,andD. F. Brakke. 1991.Effectsof ripariancommunity
structure,sedimentsize,andwaterquality on themacroinvertebratecommunitiesin
asmall,suburbanstream.NorthwestScience65(3):125–132.

Matthews, G. B., R. A. Matthews, andB. Hachm̈oller. 1991. Mathematicalanalysisof
temporalandspatialtrendsin thebenthicmacroinvertebratecommunitiesof a small
stream.Can.J.Fish.Aq. Sci.48(11):2184–2190.

Plotnikoff, R. W. and J. S. White. 1996. TaxonomicLaboratoryProtocol for Stream
MacroinvertebratesCollected by the WashingtonState Departmentof Ecology.
WashingtonStateDepartmentof Ecology, EnvironmentalInvestigationsand Lab-
oratoryServices,Olympia,Washington,Pub. No. 96–323.

Plotnikoff, R. W. andC. Wiseman. 2001. BenthicMacroinvertebrateBiological Mon-
itoring Protocolsfor RiversandStreams,2001Revision. WashingtonDepartment
of Ecology, EnvironmentalAssessmentProgram,Olympia, Washington,Pub. No.
01–03–028.

Seiders,K. 2001. PaddenCreekPesticideMonitoring Program2001ProgressReport.
Publication01–03–045,December2001,WashingtonStateDepartmentof Ecology,
Olympia,WA.

Uhlig, L. 1991. Comparisonof Predator-Prey RelationshipsBetweenStonefliesand
Mayflies in VariousHabitatsof PaddenCreek. M.S. Thesis. WesternWashington
University.

SCS.1992.Soil Survey of WhatcomCounty. U.S.NaturalResourcesConservationSer-
vice(formerlySoil ConservationService),6975HanneganRd,Lynden,Washington.



PaddenCreekMonitoringProject June12,2002 Page17

8 Tables



PaddenCreekMonitoringProject June12,2002 Page18

SiteID SiteLocation Elev. GPSCoordinates
PD1 PaddenCreek100m upstreamfrom HarrisAve 9 m 48	 43’10” N

122	 30’22” W

PD2 PaddenCreekneartenniscourtsin FairhavenPk 24 m 48	 42’ 54” N
122	 29’49” W

PD3 ConnellyCreekat mouth10 m upstreamfrom 36 m 48	 42’56” N
confluencewith PaddenCreek 122	 28’54” W

PD4 PaddenCreek20 m upstreamfrom confluence 36 m 48	 42’56” N
with ConnellyCreek 122	 28’54” W

PD5 PaddenCreek900m downstreamfrom 132m 48	 42’20” N
from LakePaddenoutlet 122	 27’ 59” W

PD6 Unnamedcreekupstreamfrom LakePadden, 142m 48	 41’48” N
southof thegolf course 122	 26’21” W

Table1: PaddenCreekwatershedsitedescriptions.
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APHA Detection Working
Parameter Method_ Description Precisioǹ Limit ` Limit a
pH 4500-Hb pH meter c 0.1 NA NA

Temperature( d C) 2550 Thermometric c 0.5 NA NA

Conductivity ( e S/cm) 2510 Meter c 2.2 2 2

Turbidity (NTU) 2130 Nephelometric NA NA NA

Dissolvedoxygen(mg/L) 4500-OC. Winkler titration c 0.10 0.10 0.1
4500-OG. Membraneelectrode c 0.10 0.10 0.1

Ammonia-N( e g-N/L) 4500-NH3G. Automatedphenate c 12.5 14.3 20

Nitrate+nitrite-N(e g-N/L) 4500-NO3I. AutomatedCdreduction c 4.6 6.4 10

Totalnitrogen( e g-N/L) 4500-NC. Persulfateoxidation, c 26.3 11.0 20
automatedCdreduction

Solublereactivephosphate( e g-P/L) 4500-PG. Auto colorimetry c 2.2 1.5 3

Totalphosphorus( e g-P/L) 4500-PH. Persulfateoxidation, c 3.4 2.6 5
autocolorimetry

Fecalcoliforms(cfu/100mL) 9220D. Membranefiltration NA NA NA
(City of Bellinghamlab)_ AmericanPublicHealthAssociation(1998).` Analytically derivedfrom replicatesampleanalyses.a Conservativedetectionlimit thataccountsfor changesin methodologies.

Table2: Analyticalmethods,precisionestimates,anddetectionlimits.
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Paddenat Harris (PD1)
Parameter Mean Median SD Max Min N
Conductivity ( f S/cm) 161.8 155.5 23.1 209 136.9 10
Dissolvedoxygen(mg/L) 11.4 11.5 1.3 13.1 9.3 10
pH 7.8 7.8 0.1 7.9 7.7 10
Temperature( 	 C) 7.5 7.6 4.6 14.2 0.9 10
Turbidity (NTU) 6.2 5.9 4.1 13.6 2.2 10
Ammonia( f g-N/L) g 20 g 20 14.7 43.1 g 20 10
Nitrate+nitrite( f g-N/L) 466.1 485.3 181.3 685 191.3 10
Totalnitrogen( f g-N/L) 789.3 778.5 305.7 1407.7 404.6 9
Solublereactive phosphate( f g-P/L) 33.9 19 48.9 171.7 10.7 10
Totalphosphorus( f g-P/L) 60.9 37.1 64.2 229.5 24.9 9
Fecalcoliform (cfu/100mL) 132.3 85 94.6 255 22 9

Paddenat Fairhaven (PD2)
Parameter Mean Median SD Max Min N
Conductivity ( f S/cm) 151.7 151.2 18.5 185.4 125.5 10
Dissolvedoxygen(mg/L) 11.3 11.4 1.2 13.1 9.7 10
pH 7.8 7.8 0.1 8 7.6 10
Temperature( 	 C) 7.8 7.7 4.3 14 1.5 10
Turbidity (NTU) 4.8 3 3.2 10.5 1.9 10
Ammonia( f g-N/L) g 20 g 20 18.5 57.5 g 20 10
Nitrate+nitrite( f g-N/L) 431.7 454.2 158.2 642.1 189.6 10
Totalnitrogen( f g-N/L) 705.5 732.4 201.9 985.4 388.4 9
Solublereactive phosphate( f g-P/L) 16.7 14.8 5.1 25.9 11.3 10
Totalphosphorus( f g-P/L) 37.4 42.1 10.9 48.5 20.5 9
Fecalcoliform (cfu/100mL) 207.6 192 140 440 53 9

Connelly Creek(PD3)
Parameter Mean Median SD Max Min N
Conductivity ( f S/cm) 220 236 34 253 164.9 10
Dissolvedoxygen(mg/L) 10.5 10.6 1.3 12.3 8.5 10
pH 7.7 7.7 0.1 7.9 7.5 10
Temperature( 	 C) 7.9 7.9 4.2 14.5 1.9 10
Turbidity (NTU) 6.6 4.2 5.2 15.6 2 10
Ammonia( f g-N/L) 23.9 30.7 21.8 53.8 g 20 10
Nitrate+nitrite( f g-N/L) 835.8 919.4 298.7 1371.4 341.7 10
Totalnitrogen( f g-N/L) 1137.8 1351.9 372 1601.1 515.9 9
Solublereactive phosphate( f g-P/L) 25.6 21.2 8.8 42.4 18.2 10
Totalphosphorus( f g-P/L) 54.6 52 15.2 76 30.3 9
Fecalcoliform (cfu/100mL) 110.4 86 89.6 285 8 9

Table3: Waterqualitysummarystatisticsfor sitesPD1–PD3,October2000–June2001.
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Paddenat Connelly (PD4)
Parameter Mean Median SD Max Min N
Conductivity ( f S/cm) 104 105.1 6.6 112.1 88.3 10
Dissolvedoxygen(mg/L) 11.2 11.3 1.3 13.1 9.6 10
pH 7.6 7.6 0.1 7.7 7.5 10
Temperature( 	 C) 8.1 7.6 4.6 14.9 2 10
Turbidity (NTU) 4.1 2.7 3.2 12.3 1.5 10
Ammonia( f g-N/L) g 20 g 20 15.6 37.3 g 20 10
Nitrate+nitrite( f g-N/L) 245.8 263.8 115.7 381.3 71.2 10
Totalnitrogen( f g-N/L) 512 504.4 139.6 706.2 266.1 9
Solublereactive phosphate( f g-P/L) 10.5 8.4 5.3 23.2 5.8 10
Totalphosphorus( f g-P/L) 27.5 23.6 9.8 49.4 15.9 9
Fecalcoliform (cfu/100mL) 32.8 17 35.5 120 4 9

LakePaddenoutlet (PD5)
Parameter Mean Median SD Max Min N
Conductivity ( f S/cm) 92.5 93.3 7.8 104 73.6 10
Dissolvedoxygen(mg/L) 11.1 11.4 1.3 12.9 9 10
pH 7.5 7.6 0.1 7.7 7.3 10
Temperature( 	 C) 8.7 7.9 4.3 14.5 3 10
Turbidity (NTU) 2.8 2.5 1.2 5.6 1.8 10
Ammonia( f g-N/L) 23.8 g 20 19.4 56.7 g 20 10
Nitrate+nitrite( f g-N/L) 157 158.1 97.1 288.3 34.3 10
Totalnitrogen( f g-N/L) 461 464.9 110.6 592.9 262 9
Solublereactive phosphate( f g-P/L) 8.6 6.7 5.2 20.9 4.5 8
Totalphosphorus( f g-P/L) 27.2 20.7 14.3 62.9 16.6 9
Fecalcoliform (cfu/100mL) 14.4 5 17 46 1 9

Trib utary to LakePadden(PD6)
Parameter Mean Median SD Max Min N
Conductivity ( f S/cm) 111.9 97.1 32.3 179.5 86.1 10
Dissolvedoxygen(mg/L) 10.9 11.1 1.1 12.4 9.2 10
pH 7.5 7.4 0.2 7.8 7.2 10
Temperature( 	 C) 7.5 6.8 4 13.5 2.5 10
Turbidity (NTU) 6.5 4.3 4.4 16.8 3.8 10
Ammonia( f g-N/L) 30.1 24.7 26.8 82.2 g 20 10
Nitrate+nitrite( f g-N/L) 733.9 702.8 403.6 1285.4 185.8 10
Totalnitrogen( f g-N/L) 1081.7 1052 355.5 1519.4 509.5 9
Solublereactive phosphate( f g-P/L) 10.1 8.1 4.1 18.9 6.6 9
Totalphosphorus( f g-P/L) 36.3 28.2 19.2 77.4 21.6 9
Fecalcoliform (cfu/100mL) 17.8 12 22.4 74 1 9

Table4: Waterqualitysummarystatisticsfor sitesPD4–PD6,October2000–June2001.
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Paddenat Harris (PD1)
Parameter Mean Median SD Max Min N
Wetwidth (m) 3.13 2.95 0.57 3.90 2.70 4
Bankfull (m) 4.70 5.20 1.15 5.40 3.00 4
Max. depth(m) 0.12 0.14 0.04 0.15 0.06 4
Depthat sample(m) 0.07 0.07 0.01 0.08 0.05 4
Pct.gradient 2.40 2.50 0.27 2.60 2.00 4
Velocitybottom(ft/sec) 0.96 0.98 0.23 1.18 0.70 4
Velocity0.6(ft/sec) 1.19 1.19 0.28 1.52 0.84 4
Pct.canopy cover 77.93 86.00 28.23 100.00 39.70 4
Pct.fines 8.50 7.00 9.29 20.00 0.00 4

Paddenat Fairhaven (PD2)
Parameter Mean Median SD Max Min N
Wetwidth (m) 4.18 3.85 0.83 5.40 3.60 4
Bankfull (m) 5.20 5.45 1.08 6.20 3.70 4
Max. depth(m) 0.18 0.18 0.04 0.22 0.13 4
Depthat sample(m) 0.10 0.11 0.05 0.15 0.05 4
Pct.gradient 1.75 1.00 1.50 4.00 1.00 4
Velocitybottom(ft/sec) 0.99 1.05 0.64 1.70 0.16 4
Velocity0.6(ft/sec) 1.08 1.23 0.65 1.70 0.17 4
Pct.canopy cover 97.43 97.80 3.04 100.00 94.10 4
Pct.fines 1.00 0.00 2.00 4.00 0.00 4

Connelly Creek(PD3)
Parameter Mean Median SD Max Min N
Wetwidth (m) 1.75 1.65 0.58 2.50 1.20 4
Bankfull (m) 2.45 2.75 0.80 3.00 1.30 4
Max. depth(m) 0.09 0.10 0.03 0.12 0.06 4
Depthat sample(m) 0.06 0.06 0.02 0.08 0.03 4
Pct.gradient 0.78 0.80 0.21 1.00 0.50 4
Velocitybottom(ft/sec) 0.23 0.19 0.12 0.40 0.15 4
Velocity0.6(ft/sec) 0.40 0.43 0.08 0.46 0.28 4
Pct.canopy cover 100.00 100.00 0.00 100.00 100.00 4
Pct.fines 22.00 18.00 16.73 44.00 8.00 4

Table5: Habitatcharacterizationsfor PD1–PD3,September2000.



PaddenCreekMonitoringProject June12,2002 Page23

Paddenat Connelly (PD4)
Parameter Mean Median SD Max Min N
Wetwidth (m) 3.00 2.80 0.69 4.00 2.40 4
Bankfull (m) 3.48 3.40 0.62 4.30 2.80 4
Max. depth(m) 0.18 0.19 0.07 0.25 0.11 4
Depthat sample(m) 0.07 0.07 0.02 0.09 0.05 4
Pct.gradient 1.63 1.75 0.48 2.00 1.00 4
Velocitybottom(ft/sec) 0.56 0.53 0.28 0.92 0.25 4
Velocity0.6(ft/sec) 0.92 0.75 0.37 1.47 0.70 4
Pct.canopy cover 100.00 100.00 0.00 100.00 100.00 4
Pct.fines 15.50 18.00 6.40 20.00 6.00 4

LakePaddenoutlet (PD5)
Parameter Mean Median SD Max Min N
Wetwidth (m) 3.75 3.55 1.21 5.40 2.50 4
Bankfull (m) 5.10 4.80 1.15 6.60 4.20 4
Max. depth(m) 0.11 0.09 0.06 0.19 0.06 4
Depthat sample(m) 0.07 0.05 0.04 0.12 0.04 4
Pct.gradient 6.25 4.50 4.57 13.00 3.00 4
Velocitybottom(ft/sec) 0.94 1.00 0.38 1.27 0.49 4
Velocity0.6(ft/sec) 1.41 1.36 0.49 2.05 0.86 4
Pct.canopy cover 100.00 100.00 0.00 100.00 100.00 4
Pct.fines 5.50 0.00 11.00 22.00 0.00 4

Trib utary to LakePadden(PD6)
Parameter Mean Median SD Max Min N
Wetwidth (m) 1.65 1.60 0.90 2.80 0.60 4
Bankfull (m) 2.93 2.45 1.34 4.90 1.90 4
Max. depth(m) 0.03 0.03 0.01 0.05 0.02 4
Depthat sample(m) 0.02 0.02 0.01 0.03 0.02 4
Pct.gradient 2.75 2.50 0.96 4.00 2.00 4
Velocitybottom(ft/sec) 0.14 0.07 0.19 0.41 0.01 4
Velocity0.6(ft/sec) 0.14 0.07 0.19 0.41 0.01 4
Pct.canopy cover 100.00 100.00 0.00 100.00 100.00 4
Pct.fines 5.50 4.00 5.97 14.00 0.00 4

Table6: Habitatcharacterizationsfor PD4–PD6,September2000.
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Temp Cond Flow Flow
Site Date ( 	 C) ( f S/cm) pH DO (f � /sec) (m� /sec)
PD1 Sept15,2000 15.4 177.1 7.84 9.24 1.45 0.0411
PD2 Sept16,2000 15.0 160.7 7.90 10.02 1.25 0.0354
PD3 Sept26,2000 15.7 255.0 7.66 8.76 0.28 0.0079
PD4 Sept26,2000 13.5 106.0 7.64 10.00 0.99 0.0280
PD5 Sept28,2000 14.4 99.0 7.27 9.85 0.87 0.0246
PD6 Sept28,2000 12.2 215.0 7.75 9.47 0.03 0.0008

Water Water Sediment Surface Land
Site Date Clarity Odors Odors Film Weather Use
PD1 Sept15,2000 Cloudy Absent Absent Absent Clear Residential
PD2 Sept16,2000 Clear Absent Absent Absent Overcast Park
PD3 Sept26,2000 Clear Absent Absent Absent Clear Residential
PD4 Sept26,2000 Clear Absent Absent Absent Clear Residential
PD5 Sept28,2000 Clear Organic Organic Foam Overcast Forest
PD6 Sept28,2000 Clear Absent Absent Absent Clear Park

Table 7: Supplementalwater quality data and habitat characterizationsfor PD1–PD6,
September2000.
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PD1 PD2 PD3 PD4 PD5 PD6
Harris Fairhaven Connelly PaddenCreek Outletof Tributaryto
Ave. Park Creek nearConnelly Lake Lake

TaxaRichness 13–17* 14–20* 12–17* 19–26 13–17* 18–26
EPTIndex 4–8* 7–11* 4–8* 11–14 7–8* 10–13
Pct.Ephemeroptera 0–3* 1–13* 8–23* 16–41 1–4* 36–56
Pct.Plecoptera 2–11* 3–6* 0–1* 17–52 19–42 12–29
Pct.Baetidae 22–49* 21–63* 4–28* 1–7 0 0–5
Pct.Chironomidae 1–6 4–23* 4–18* 2–9 41–71* 14–29*
*Thesevaluesmayindicatedegradedhabitat.

Table8: Summaryandcomparisonof resultsof macroinvertebratemetrics.
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9 Figures
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Figure1: PaddenCreeksamplingsitelocations.
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Figure2: Nitrate+nitriteconcentrationsat eachsamplingsite from October2000to June
2001.Horizontalline indicatesdetectionlimit for this analysis.
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Figure3: Boxplot summarizingnitrate+nitritedatafor PaddenCreekfrom October2000
to June2001. Boxesindicatethe medianandupper/lower 25% quartiles;whiskersshow
upper/lower50%quartiles;outliersaregreaterthanor equalto 1.5 � interquartilerange.
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Figure4: Total nitrogenconcentrationsat eachsamplingsite from October2000to June
2001.Horizontalline indicatesdetectionlimit for this analysis.
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Figure5: Boxplot summarizingtotal nitrogendatafor PaddenCreekfrom October2000
to June2001. Boxesindicatethe medianandupper/lower 25% quartiles;whiskersshow
upper/lower50%quartiles;outliersaregreaterthanor equalto 1.5 � interquartilerange.
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Figure6: Ammoniaconcentrationsateachsamplingsitefrom October2000to June2001.
Horizontalline indicatesdetectionlimit for this analysis.
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Figure7: Boxplot summarizingammoniadatafor PaddenCreekfrom October2000 to
June2001. Boxes indicate the medianand upper/lower 25% quartiles;whiskers show
upper/lower50%quartiles;outliersaregreaterthanor equalto 1.5 � interquartilerange.



PaddenCreekMonitoringProject June12,2002 Page34

0
10

0
20

0

T
ot

al
 p

ho
sp

ho
ru

s 
(u

g−
P

/L
)

17 Oct 2000 25 Jan 2001 5 May 2001

PD3

PD2

PD1PD4

PD5

PD6

Figure8: Totalphosphorusconcentrationsateachsamplingsitefrom October2000to June
2001.Horizontalline indicatesdetectionlimit for this analysis.
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Figure9: Boxplotsummarizingtotalphosphorusdatafor PaddenCreekfrom October2000
to June2001. Boxesindicatethe medianandupper/lower 25% quartiles;whiskersshow
upper/lower50%quartiles;outliersaregreaterthanor equalto 1.5 � interquartilerange.
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Figure10: Solublereactive phosphateconcentrationsat eachsamplingsite from October
2000to June2001.Horizontalline indicatesdetectionlimit for this analysis.
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Figure11: Boxplot summarizingsolublereactive phosphatedatafor PaddenCreekfrom
October2000to June2001. Boxes indicatethe medianandupper/lower 25% quartiles;
whiskersshow upper/lower 50% quartiles;outliersaregreaterthanor equalto 1.5 � in-
terquartilerange.



PaddenCreekMonitoringProject June12,2002 Page38

0
5

10
15

W
at

er
 te

m
pe

ra
tu

re
 (

C
)

17 Oct 2000 25 Jan 2001 5 May 2001

PD3

PD2

PD1PD4

PD5

PD6

Figure12: Watertemperaturesat eachsamplingsitefrom October2000to June2001.
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Figure13: Boxplot summarizingwatertemperaturedatafor PaddenCreekfrom October
2000to June2001. Boxesindicatethe medianandupper/lower 25% quartiles;whiskers
show upper/lower 50% quartiles;outliersaregreaterthanor equalto 1.5 h interquartile
range.
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Figure14: Dissolvedoxygenconcentrationsat eachsamplingsite from October2000to
June2001.
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Figure15: Boxplot summarizingdissolved oxygendatafor PaddenCreekfrom October
2000to June2001. Boxesindicatethe medianandupper/lower 25% quartiles;whiskers
show upper/lower 50% quartiles;outliersaregreaterthanor equalto 1.5 h interquartile
range.
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Figure16: Conductivitiesat eachsamplingsitefrom October2000to June2001.
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Figure17: Boxplot summarizingconductivity datafor PaddenCreekfrom October2000
to June2001. Boxesindicatethe medianandupper/lower 25% quartiles;whiskersshow
upper/lower50%quartiles;outliersaregreaterthanor equalto 1.5 h interquartilerange.
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Figure18: pH valuesat eachsamplingsitefrom October2000to June2001.
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Figure19: Boxplot summarizingpH datafor PaddenCreekfrom October2000to June
2001. Boxes indicate the medianand upper/lower 25% quartiles; whiskers show up-
per/lower50%quartiles;outliersaregreaterthanor equalto 1.5 h interquartilerange.
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Figure20: Turbidity concentrationsateachsamplingsitefrom October2000to June2001.
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Figure21: Boxplot summarizingturbidity datafor PaddenCreekfrom October2000to
June2001. Boxes indicate the medianand upper/lower 25% quartiles;whiskers show
upper/lower50%quartiles;outliersaregreaterthanor equalto 1.5 h interquartilerange.
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Figure22: Fecalcoliform concentrationsat eachsamplingsitefrom October2000to June
2001.
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Figure23: Boxplot summarizingfecal coliform countsfor PaddenCreekfrom October
2000to June2001. Boxesindicatethe medianandupper/lower 25% quartiles;whiskers
show upper/lower 50% quartiles;outliersaregreaterthanor equalto 1.5 h interquartile
range.
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Figure24: Particlesizedistributionsfor PaddenandConnellyCreeksamplingsites.
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Figure25: Boxplot summarizingmacroinvertebratetaxonomicrichnessin PaddenCreek
from October2000to June2001. Boxesindicatethemedianandupper/lower 25%quar-
tiles; whiskersshow upper/lower50%quartiles;outliersaregreaterthanor equalto 1.5 h
interquartilerange.
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Figure 26: Boxplot summarizingthe numberof Ephemeroptera/Plecoptera/Trichoptera
taxain macroinvertebratesamplesfrom PaddenCreek,October2000to June2001.Boxes
indicatethemedianandupper/lower25%quartiles;whiskersshow upper/lower50%quar-
tiles; outliersaregreaterthanor equalto 1.5 h interquartilerange.



PaddenCreekMonitoringProject June12,2002 Page53

PD6 PD5 PD4 PD3 PD2 PD1

0
10

20
30

40
50

  

P
er

ce
nt

 E
ph

em
er

op
te

ra

Figure 27: Boxplot summarizingthe percentEphemeroptera(excluding Baetidae)in
macroinvertebratesamplesfrom PaddenCreek,October2000to June2001. Boxesindi-
catethemedianandupper/lower25%quartiles;whiskersshow upper/lower50%quartiles;
outliersaregreaterthanor equalto 1.5 h interquartilerange.
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Figure28: BoxplotsummarizingthepercentPlecopterain macroinvertebratesamplesfrom
PaddenCreek,October2000 to June2001. Boxes indicatethe medianandupper/lower
25%quartiles;whiskersshow upper/lower50%quartiles;outliersaregreaterthanor equal
to 1.5 h interquartilerange.
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Figure29: Boxplot summarizingthe percentBaetidae(Ephemeroptera)in macroinverte-
bratesamplesfrom PaddenCreek,October2000to June2001.Boxesindicatethemedian
and upper/lower 25% quartiles;whiskers show upper/lower 50% quartiles;outliers are
greaterthanor equalto 1.5 h interquartilerange.
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Figure30: Boxplot summarizingthepercentChironomidae(Diptera)in macroinvertebrate
samplesfrom PaddenCreek,October2000to June2001. Boxesindicatethemedianand
upper/lower 25%quartiles;whiskersshow upper/lower 50%quartiles;outliersaregreater
thanor equalto 1.5 h interquartilerange.
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A PaddenCreekWater Quality Data

The2000/2001PaddenCreekwaterquality dataareavailablein electronicformat,either
asExcelor ASCII datafiles. An electronicversionof eachfile is includedon theCD with
the hardcopy versionof this reportanddatafiles arepostedwith the web versionof the
report. For additionalinformation, contactthe Institute for WatershedStudies,Western
WashingtonUniversity, BellinghamWA.

A.1 PaddenCreekWater Quality Data
ASCII File (paddenwq.dat)

Thefile “paddenwq.dat”containswaterquality datacollectedfrom six sitesalongPadden
CreekandConnellyCreekfrom October2000throughJune2001.¥ Thesedatahave not beencensoredto remove below detectionvalues(seeTable2 for
detectionlimits). Summarytablesweregeneratedusingthe original, uncensoreddatato
preserve thevarianceassociatedwith low-level data.It is essentialthatany new statistical
or analyticalresultsthataregeneratedusingtheseuncensoreddatabereviewedby atrained
statisticianor scientistfamiliar with statisticaluncertaintyassociatedwith below detection
data.

All missingvaluesareenteredas”NA.”

paddenwq.dat variable list:
site Site PD1 = Padden Creek 100 m upstream from Harris Ave

PD2 = Padden Creek near tennis courst in Fairhaven Pk
PD3 = Connelly Creek at mouth
PD4 = Padden Creek 20 m upstream from confluence with Connelly Cr
PD5 = Padden Creek 900 m downstream from lake outlet
PD6 = unnamed tributary upstream from Lake Padden

type Sample type (all are type 1, regular water quality samples)
month Month
day Day
year Year
hour Hour
min Minute
temp Temperature (C)
ph pH
do Dissolved oxygen (mg/L)
cond Conductivity (uS/cm)
turb Turbidity (NTU)
tp Total phosphorus (ug-P/L)
tpn Total persulfate nitrogen (ug-N/L)
srp Soluble reactive phosphate (ug-P/L)
nh3 Ammonia (ug-N/L)
nos Nitrate+nitrite (ug-N/L)
fc Fecal coliforms (cfu/100 mL)
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A.2 PaddenCreekWater Quality Data
ExcelFile (rawpaddenwq.xls)

Thefile “rawpaddenwq.xls”containswaterqualitydatacollectedfrom six sitesalongPad-
denCreekandConnellyCreekfrom October2000throughJune2001.¥ Thesedatahave not beencensoredto remove below detectionvalues(seeTable2 for
detectionlimits). Summarytablesweregeneratedusingthe original, uncensoreddatato
preserve thevarianceassociatedwith low-level data.It is essentialthatany new statistical
or analyticalresultsthataregeneratedusingtheseuncensoreddatabereviewedby atrained
statisticianor scientistfamiliar with statisticaluncertaintyassociatedwith below detection
data.

All missingvaluesareenteredas”NA.”

rawpaddenwq.xls variable list:
site Site pd-1 = Padden Creek 100 m upstream from Harris Ave

pd-2 = Padden Creek near tennis courst in Fairhaven Pk
pd-3 = Connelly Creek at mouth
pd-4 = Padden Creek 20 m upstream from confluence with Connelly Cr
pd-5 = Padden Creek 900 m downstream from lake outlet
pd-6 = unnamed tributary upstream from Lake Padden

type Sample type (all are type 1, regular water quality samples)
date Month/day/year
time Hour/minute
temp Temperature (C)
pH pH
do Dissolved oxygen (mg/L)
cond Conductivity (uS/cm)
turb Turbidity (NTU)
tp Total phosphorus (ug-P/L)
tn Total persulfate nitrogen (ug-N/L)
srp Soluble reactive phosphate (ug-P/L)
nh3 Ammonia (ug-N/L)
nos Nitrate+nitrite (ug-N/L)
fc Fecal coliforms (cfu/100 mL)
comments Comments
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B PaddenCreekMacroinvertebrate Data

TheSeptember2000PaddenCreekmacroinvertebratedataareavailablein electronicfor-
mat,eitherasExcelor ASCII datafiles. An electronicversionof eachfile is includedon
theCD with thehardcopy versionof this reportanddatafilesarepostedwith thewebver-
sionof thereport. For additionalinformation,contacttheInstitutefor WatershedStudies,
WesternWashingtonUniversity, BellinghamWA.

B.1 PaddenCreekMacroinvertebrate Data
ASCII File (paddenbugs.dat)

The file “paddenbugs.dat”containsmacroinvertebratedatacollectedfrom six sitesalong
PaddenCreekandConnellyCreekduringSeptember2000(9/17/00,9/26/00,9/28/00).All
countsrepresentnumbersof macroinvertebratesper2 ft ¦ D-framenet.

paddenbugs.dat variable list:
site PD1 = Padden Creek 100 m upstream from Harris Ave

PD2 = Padden Creek near tennis courst in Fairhaven Pk
PD3 = Connelly Creek at mouth
PD4 = Padden Creek 20 m upstream from confluence with Connelly Cr
PD5 = Padden Creek 900 m downstream from lake outlet
PD6 = unnamed tributary upstream from Lake Padden

rep replicate samples
month Month
day Day
year Year
ephem Ephemeroptera
baetis Baetis tricaudatus
ephlla Ephemerella inermis/infrequens
heptaspp Heptageniidae
cinyg Cinygma sp.
epeo Epeorus (Iron) sp.
rhith Rhithrogena sp.
irono Ironodes sp.
hepta Heptagenia sp.
para Paraleptophlebia sp.
swelt Sweltsa sp.
desp Despaxia sp.
nemo Nemouridae
zapac Zapada cinctipes
zapao Zapada oregonensis
skwala Skwala sp.
gloss Glossosoma sp.
hydspp Hydropsychidae
hydro Hydropsyche sp.
para Parapsyche sp.
hydato Hydatophylax hesperus
poly Polycentropus sp.
rhyaspp Rhyacophilidae
rhyabru Rhyacophila Brunnea grp.
rhyabet Rhyacophila Betteni grp.
diptspp Diptera
cerato Ceratopogenidae
chiron Chironomidae
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dixa Dixa sp.
chelif Chelifera sp.
gluto Glutops sp.
simul Simuliidae
dicran Dicranota sp.
tipula Tipula sp.
dytlarv Dytiscidae
dytadu Dytiscidae adult
heter Heterlimnius sp.
lara Lara avara
narp Narpus sp.
hemlar Hemiptera
hemadu Hemiptera adult
cran Crangonyx sp.
coll Collembola
pacif Pacifasticus sp.
hirun Hirudinea
ferris Ferrissia sp.
nemorph Nematomorpha
nematod Nematoda
oligo Oligochaeta
planor Planorbidae
sphaer Sphaeriidae
turbel Turbellaria
union Unionacea
acari Acari
isopod Isopoda
lymna Lymnaeidae
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B.2 PaddenCreekMacroinvertebrate Data
Excel File(rawpaddenbugs.xls)

The file “rawpaddenbugs.xls” containsmacroinvertebratedata collected from six sites
along PaddenCreek and Connelly Creek during September2000 (9/17/00, 9/26/00,
9/28/00).All countsrepresentnumbersof macroinvertebratesper2 ft ¦ D-framenet.

Thisfile showstheexact,unabbreviatedmacroinvertebratetaxonomicnamesandnumerical
abundancefor eachsample,andis the raw file from which paddenbugs.datwasderived.
TheSampleID indicatesthesitenumber(PD1-6)andreplicate(A-D).
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C PaddenCreekSiteCharacteristics

The 2000/2001PaddenCreeksite characterizationdatafiles are available in electronic
format,eitherasExcelor ASCII datafiles. An electronicversionof eachfile is included
on the CD with the hardcopy versionof this report, and datafiles are postedwith the
webversionof the report. For additionalinformation,contactthe Institutefor Watershed
Studies,WesternWashingtonUniversity, BellinghamWA.

C.1 PaddenCreekPhysical SiteDescriptions
ExcelFile (habitat.xls)

Thefile “habitat.xls”containsphysicalcharacterizationinformationcollectedfrom six sites
along PaddenCreekandConnelly Creekduring the September2000 (9/17/00,9/26/00,
9/28/00)macroinvertebratesampling.Thevariablesincludedin this file include:

habitat.xls variable list:
site PD1 = Padden Creek 100 m upstream from Harris Ave

PD2 = Padden Creek near tennis courst in Fairhaven Pk
PD3 = Connelly Creek at mouth
PD4 = Padden Creek 20 m upstream from confluence with Connelly Cr
PD5 = Padden Creek 900 m downstream from lake outlet
PD6 = unnamed tributary upstream from Lake Padden

date Month/day/year
wet width Wet width of stream (m)
bank width Width to high water mark (m)
max depth Maximum depth of stream (m)
pct gradient Percent gradient from head of riffle to foot of riffle
velocity bottom Stream velocity at bottom (ft/sec)
velocity 0.6 from bottom Stream velocity at 0.6 x depth (ft/sec)
pct canopy cover Percent canopy cover
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C.2 PaddenCreekSubstrateData
ExcelFile (substrate.xls)

The file “substrate.xls”containssubstratecharacterizationinformation collected from
six sitesalongPaddenCreekand Connelly Creekduring the September2000 (9/17/00,
9/26/00,9/28/00)macroinvertebratesampling. The substratecharacteristicswere deter-
minedby placinga 50-pointgrid over the substrateandrecordingthe grain sizeat each
point. Thevariablesincludedin this file include:

substrate.xls variable list:
site PD1 = Padden Creek 100 m upstream from Harris Ave

PD2 = Padden Creek near tennis courst in Fairhaven Pk
PD3 = Connelly Creek at mouth
PD4 = Padden Creek 20 m upstream from confluence with Connelly Cr
PD5 = Padden Creek 900 m downstream from lake outlet
PD6 = unnamed tributary upstream from Lake Padden

date Month/day/year
depth Water depth at location where macroinvertebrate samples were collected (m)
boulder Number of grid points (out of 50) touching boulders (250-4000 mmdiameter)
cobble Number of grid points (out of 50) touching cobbles (64-250 mm diameter)
c-gravel Number of grid points (out of 50) touching coarse gravel (16-64 mm diameter)
f-gravel Number of grid points (out of 50) touching fine gravel (2-16 mmdiameter)
sand Number of grid points (out of 50) touching sand (0.06-2 mmdiameter)
silt/clay Number of grid points (out of 50) touching silt/clay (not gritty)
wood Number of grid points (out of 50) touching wood (any size)
other Number of grid points (out of 50) touching other types of substrate
total Total number of grid points (50)
pct fines Percent sand and silt
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C.3 SupplementalPaddenCreekWater Quality Data
ExcelFile (extrawq.xls)

The file “extrawq.xls” containssupplementalwaterquality datacollectedfrom six sites
along PaddenCreekandConnelly Creekduring the September2000 (9/17/00,9/26/00,
9/28/00)macroinvertebratesampling.Thevariablesincludedin this file include:

extrawq.xls variable list:
site PD1 = Padden Creek 100 m upstream from Harris Ave

PD2 = Padden Creek near tennis courst in Fairhaven Pk
PD3 = Connelly Creek at mouth
PD4 = Padden Creek 20 m upstream from confluence with Connelly Cr
PD5 = Padden Creek 900 m downstream from lake outlet
PD6 = unnamed tributary upstream from Lake Padden

date Month/day/year
temp Temperature (C)
cond Conductivity (uS/cm)
pH pH
flow Stream discharge rate (ftˆ3/sec)
water clarity Water clarity
wateroOdors Water odor
sed odors Sediment odors
surface film Description of surface film
weather Weather conditions
land use Local land use
comments Comments
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C.4 Bellingham Precipitation, 10/12/2000–6/9/2001
ExcelFile (precipitation.xls)

The file “precipitation.xls” containsdaily precipitationtotals from BellinghamWA five
dayspreceedingsamplingevents.
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D Quality Control

The2000/2001PaddenCreekqualitycontroldataareavailablein electronicformat,either
asExcelor ASCII datafiles. An electronicversionof eachfile is includedon theCD with
the hardcopy versionof this report,anddatafiles arepostedwith the web versionof the
report. For additionalinformation, contactthe Institute for WatershedStudies,Western
WashingtonUniversity, BellinghamWA, 360-650-3510.

D.1 PaddenCreekField Duplicate Quality Control Data
Excel File (fielddup.xls)

The file “fielddup.xls” containsfield duplicateresultsfor pH, dissolvedoxygen,conduc-
tivity, turbidity, total phosphorus,total nitrogen,solublereactive phosphate,ammonia,ni-
trate+nitrite,andfecalcoliforms.
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D.2 PaddenCreekLaboratory Duplicate Quality Control Data
Excel File (labdup.xls)

The file “labdup.xls” containsfield duplicateresultsfor pH, dissolved oxygen,conduc-
tivity, turbidity, total phosphorus,total nitrogen,solublereactive phosphate,ammonia,ni-
trate+nitrite,andfecalcoliforms.
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D.3 Interlaboratory TaxonomicComparisonof PaddenCreek
Macroinvertebrate Samples
Excel File (interlab.xls)

Thefile “interlab.xls” showstheresultsof theinterlaboratorycomparisonof macroinverte-
bratesamplesby IWS andRhithronAssociates,MissoulaMT.


