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1 Executive Summary

This reportdescribesvaterquality and macroirvertebratesamplingthatwasdoneaspart

of the Wastelntegration Pollution Prevention—WhatcoriatershedsProject (WIT). Water
guality sampleswere collectedat six sitesin the PaddenCreekwatershedrom October
2000throughJuly 2001. One site was locatedin an unnamedtributary that flows into

Lake Paddenfour siteswerein PaddenCreekdownstreanfrom thelake, andonesitewas
locatedin ConnellyCreek,atributaryto PaddenCreek.Benthicmacroirvertebratesamples
werecollectedduring SeptembeR000at eachof the six sites.

Thewaterquality in PaddenCreekis influencedby the surroundingand use,and,in par

ticular, by thecomparatrely poorerwaterquality in ConnellyCreek.ConnellyCreekadds
significantquantitiesof nitrogen,phosphorusdissoled solids, and coliforms. The lake
actsasa sedimentatiorbasin,which very likely removes someof the nutrientsand pol-

lutantsthat enterfrom the upperwatershedbut it alsoexports particulateorganic matter
andalgae. The lake warmsthe water, resultingin elevatedtemperaturesit the outlet, but
becausehe downstreanportion of PaddenCreekis largely shadedy riparianvegetation,
thelake’s effect on streamtemperaturegs minimal.

Upstreanfrom Lake PaddenPD6),andatthelake outlet(PD5)thePadderCreeksubstrate
consistednostly of courseandfine gravel or cobbles.Nearthe confluencewith Connelly
Creek(PD4)the substrateshiftedtoward smallersize classeslominatedby sandandfine
or coarsegravel. The Fairhaven Park site (PD2) hasa very rocky substratelominatedoy
boulders,cobbles,andcoarsegravel. Nearthe mouthof PaddenCreekthe substratavas
guite diverse,consistingof sand fine andcoarsegravel, andcobbles.The substrateat the
Connelly Creeksite (PD3) was dominatedby sandand fine gravel and had the poorest
benthichabitatof all thesites.

Thetributaryto thelake (PD6)andPaddenCreekupstreanfrom the confluencewith Con-
nelly Creek(PD4)hadthelargestnumberof macroirvertebratdaxa(taxonomicrichness),
while thelake outlet(PD5),ConnellyCreek(PD3),andall PaddenCreeksitesdownstream
from Connelly Creek(PD2 and PD1) had fewer taxa. Other measure®f macroirverte-
bratetaxonomicdiversity, suchasthe EPT index (humberof EphemeropteraRlecoptera,
and Trichopterataxain the sample)followed similar trends. Large numbersof pollution
tolerantmacroirvertebrate¢Batidaemayflies,chironomids andoligochaetesjverefound
in ConnellyCreekandthe PaddenCreeksitesdownstreanfrom ConnellyCreek. Thelake
outlet(PD5)wasunusuain thatit hadalargepercentagef pollutionintolerantPlecoptera,
aswell aslargenumbersof tolerantchironomids.Many of thetaxafoundatthe outletwere
filter-feederghat cantake advantageof thefine particulateorganicmatterthatis exported
from thelake.
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2 Intr oduction

This projectwaspartof the Wastelntegration Pollution Prevention—Whatcoriatersheds
Project(WIT), fundedby the WashingtonStateDepartmenbof EcologyandtheU. S. En-
vironmentalProtectionAgeng to helpreduceor eliminatenonpointpollutionin Whatcom
CountywatershedsA majorcomponenbf the WIT projectis public eductiondesignedo
reducenonpointpollution from householdsbusinessesand communityinstitutions. The
Institutefor Watershe®tudieqIWS) at WesternWashingtoriJniversityhasparticipatedn
theWIT projectby monitoringthewaterquality andbenthicmacroirvertebrat&eommunity
structurein streamswithin watershedsargetedfor public educationprograms. This re-
port documentghe existing conditionsin PaddenCreek,a smallresidentialcreekin south
Bellingham,prior to the WIT educationakfforts.

2.1 Study AreaDescription

PaddenCreekis locatedin Bellingham,Washingtonpopulation67,000,in the northwest-
erncornerof WashingtorState(Figurel). Theregion hasatemperatelimateandreceves
anaverageof 91.4cm (36in) of precipitationperyear The PaddenCreekwatersheatov-
ers15.5km?. ConnellyCreek,a tributaryto PaddenCreek,drains3 km?. Thewatershed
rangesin elevationfrom sealevel to 300m. Landusein the watershedncludesareasof
moderatadensityresidential forestedparks,a golf coursea commercialgardenandretail
areas.

Theheadvatersfor PaddenCreekflow into Lake Paddenwhichis locatedin aforesteccity
parkwith trails, a golf courseandopengrassyareas.The outfall from Lake Paddenflows
4.72km throughresidentiabndurbanareaseforeflowing into BellinghamBay. The golf
coursein the upperwatershedirainsinto small, unnamedributariesthat flow into Lake
Paddenalongwith othersmalltributariesthat collectdrainagefrom the parkandresiden-
tial areas.Most of the upperwatersheds forestedexceptfor cleared grassyrecreational
areasaroundthe lake, anda fairly extensve network of gravel anddirt trails. The outflow
is locatedat the westend of the the lake andis controlledby an overflow weir that only
allows dischage from the lake whenthe lake level is high. A stormdrainfrom the neigh-
borhoodnorthof thelake outlettiesinto the PaddenCreekchannehearthe overflow weir.
A secondpipe,which seemdo flow all yeat dischagesinto PaddenCreekapproximately
100m downstreanfrom the lake outlet. The pipe wasoriginally partof the historicwater
supplydistribution systemthatoncesenedthe City of Bellingham,anddrainswaterfrom
thebottomof Lake Padden(City of BellinghamPublic Works Departmentpersonatom-
munications2002). Waterfrom this pipe hasa "rotten egg” (H,S) smell during summer
andsupportsathriving growth of iron-oxidizingbacteriawhereit flows into thecreek.The
flow from the pipeis a majorwatersourcefor PaddenCreekduringdry periodswhenthe
lake level is too low to overtoptheoutletweir.
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The streamchannefrom thelake outletto Interstates is forestedandhasa steepgradient.
Downstreamfrom Interstate5 the gradientis more gradualandthe streamflows through
residentialareas.Much of the drainageto PaddenCreekdownstreamfrom Lake Padden
occursvia stormdrains. Connelly Creekdrainsinto PaddenCreeknear22nd Streetand
Old Fairharen Parkway. Shortly after Connelly Creekflows into PaddenCreek,Paddenis
divertedfor about650 m throughan undegroundculvert alongFairhazen Parkway. The
creekresurbicesn FairhavenPark, a partially forestedoarkin thelower reache®f Padden
Creek. Thereare patchesof forestthroughouthe lower watershedbut the dominantiand
useis residential. Stormwaterfrom the southendof WesternWashingtoriJniversityflows
into PaddenCreekvia stormdrainson Taylor Avenueand storm water runoff from the
SehomeVillage mall drainsinto Connelly Creek. The mouth of PaddenCreek,located
nearHarrisAvenue flowsinto the PaddenLagoon,arecentlyrevegetatecestuarytheninto
BellinghamBay.

Most of the soilsin thedrainagechannelandin the lower reache®f PaddenCreekarede-
scribedasWhatcom-Labountgomplex. Theseareasareonglaciomarinarift plains(East-
erbrook,1976). Thesesoils areformedby a mixture of loess,volcanicash,andglacioma-
rine depositsandarevery deep,rangingfrom moderatelywell-drained(Whatcomsoil) to

poorly drained(Labountysoil). In the upperreachesof PaddenCreekin gently slopingto

very steepocationsthe soilsarea combinationof SqualicumChuckanutandNati, which

aredeepto very deep,andmoderatelywell-drainedto well-drained(SCS,1992).

2.2 Previous PaddenCreekMacroinvertebrate Studies

Hachnoller (1989)characterizethe aquaticmacroirvertebrate&communitiesandcollected
physicaland chemicaldataat four sitesin PaddenCreekdownstreamfrom the lake out-
let. Hachnoller et al. (1991)and Matthewns et al. (1991) found that therewas a distinct
waterquality andsubstrateradientin the creekthatcorrelatedo changesn the macroin-
vertebratecommunitystructure.Uhlig (1991)further characterizedhe macroirvertebrate
community structureas part of her study regarding predatofprey relationshipsbetween
stonefliesandmayfliesin PaddenCreek.Two factorswerefoundto correlatewith stonefly
taxonomicrichnessandnumericalabundancewaterquality andthe availability of suitable
substrate PaddenCreekstoneflyalundancesiroppedsharplydownstreanfrom Connelly
Creek, but were alsolow in cleanwater areasupstreamfrom Connelly Creekthat had
fine grainedsediments Downstreanfrom Connelly Creek,otherpollution intoleranttaxa
werelessabundantwhile thenumbersof toleranttaxa(e.g.,chironomidsandoligochaetes)
increased.Since 1989-1990whenthesestudieswere completed ,Paddenand Connelly
Creekhave beenpartof numerousstreamrestorationefforts. Most of PaddenCreeknow
hasaforestedbuffer, andshadingn thelowerreache®f ConnellyCreekhasincreasediue
to therestoratiorefforts. ChumsalmonusePaddenCreekfor spavning habitat.
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3 Methods

3.1 Site Descriptions

Six siteswere selectedn the PaddenCreekwatershedor water quality monitoringand
macroirvertebratesampling.The siteswereselectedisingthefollowing criteria:

e thelocationswererepresentate of all portionsof thewatershed,;
e paststudysiteswereincludedto allow comparisonsvith historicdata;

e siteswerelocatedupstreamand downstreamfrom the confluenceof Connellyand
PaddenCreeksand

e thewaterquality samplingsitesoverlappedvith thesitesselectedy the Department
of Ecologyfor pesticidesnonitoring.

Usingthesecriteria, onesite waslocatedin a streamflowing into Lake Paddenfour of the
siteswerein PaddenCreekdownstreanfrom thelake, andonesitewasin ConnellyCreek
just upstreanfrom the point at which it flows into PaddenCreek(Table1 andFigure1).
Waterquality samplesverecollectedmonthlyat eachsitefrom October2000throughJuly
2001. Benthicmacroirvertebratesampleswere collectedduring Septembef000 at four
rifflesat eachof the six sites.

3.2 Water Quality Samplingand Analysis

All water quality sampleswere analyzedat the IWS laboratory exceptfecal coliforms,
which wereanalyzedat the City of BellinghamPublic Works Department Standarcper
ating proceduresdaptedrom APHA (1998)were usedfor all analyticalwork (Table?2).
Temperaturevasmeasuredn thefield usinga calibratedmercuryor alcoholthermometer
Dissolved oxygensampleswere collectedusing 300 mL BOD bottles; Winkler reagents
wereaddedin thefield. SterileNalgenebottlesprovided by the City of Bellinghamwere
usedto collect fecal coliform samples.A combinedwater samplefor conductvity, pH,
turbidity, total phosphorustotal nitrogen, solublereactve phosphateammonia,and ni-
trate+nitritewas collectedin an acid-washedl-L Nalgenebottle. BecausgpH was mea-
suredin the lab, the water sampleswere collectedwith a minimal headspaceto reduce
effectsof gasexchange.All samplesveretransportedackto the laboratoryonice. The
monthly waterquality dataareincludedin electronicformaton the CD thataccompanies
thisreportandin ExcelandASCII files linkedto the webversionof this report(Appendix
A).

1The Institutefor WatershedStudiesis accreditedoy the WashingtonStateDepartmenbf Ecology (Ac-
creditation#A006).
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3.3 Macroinvertebrate Sampling and Analysis

Benthic macroirvertebratesampleswere collectedin Septembe2000 following Wash-
ington StateDepartmenbf Ecologyprotocols(Plotnikoff andWiseman 2001). Eachsite
was designatechs a 150 meterreach,and four benthicmacroirvertebratesampleswvere
collectedin eachreach.Eachbenthicmacroirvertebratesamplewascollectedusinga 500
um meshD-framenet thathadan attachedl x 2 ft metalframe (0.186m?). Onesample
was collectedfrom eachof four riffles within the 150 m reach. In orderto improve the
macroirvertebratediversity in the sample,one samplinggoal wasto selectriffles within

eachreachthatwereexpectedo have differenttaxa. A secondgoalwasto spaceheriffles
approximatelyequallythroughoutthe reach. All rocksthatwere at least60% within the
1x2 ft samplingareawere scrubbedwith a brush,andthe sedimentinside the sampling
areawasdisturbedby kicking for 3 minutes. Eachsamplewas placedin a wide mouth
Nalgenecontainemwith enough95% ethanolto produce70% ethanolin thefinal mixture.

Themacroirvertebratessamplesvereprocessedbllowing WashingtorStateDepartmenof
Ecologyprotocols(Plotnikoff andWhite, 1996). Macroirvertebratespecimensveresorted
from thesubstraten thelaboratoryusinga 10x tabletopmagnifyinglens.Organismsvere
transferredo a scrav top 50 mL vial containing70% ethanok-glycerin. All macroirver-
tebrateswere countedidentified to the taxonomicresolutionspecifiedin Plotnikoff and
White (1996). The identifiedandenumeratedrganismswerereturnedto the 50 mL vial
andonevoucherspecimerfor eachtaxonwasretainedfor the IWS referencecollection.
The macroirvertebratedataareincludedin electronicformaton the CD thataccompanies
thisreportandin ExcelandASCII files linkedto the webversionof this report(Appendix
B).

At thetimethatthemacroirvertebratesamplesverecollectedthefollowing habitatparame-
terswereassessefbr eachreach:canojy cover, substratestructure wettedwidth, bankfull
width, streamgradient,streamvelocity at 0.9 and0.6 depths waterdepth,andvisual as-
sessmendf humaninfluences At thebottomof eachreachtemperaturedissohedoxygen,
conductvity, pH, andstreamdischage weremeasuredA YSI 85 field meterwasusedto
measuralissohed oxygenandconductvity during macroirvertebratesampling. The YSI
85 was calibratedusing factory guidelinesfrom the YSI operationmanual. All habitat,
substrateandwaterquality parametersvere measuredisingthe proceduresliescribedy
Plotnikoff andWiseman(2001). The habitatdataareincludedin electronicformaton the
CD thataccompaniethis reportandin Excelfiles linkedto theweb versionof this report
(AppendicesC.1-C.4).

3.4 Quality Assurance/Quality Control

Datawereenteredrom field sheet@ndlaboratorynotebooksnto Excelspreadsheet&ach
month, the laboratorymanagerreviewed field andlaboratorylog booksandspreadsheets
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for this project. At the end of the project, the laboratorymanagelverified at least10%
of the final databy trackingall numbersfrom the original log booksto the final dataset
to identify and correctary datatranscriptionor entry mistakes. The datausedto calcu-
late statisticswerenot screenedo remove valuesbelow detectionlimits. Thesedatamay
include nggative numbersbecausehe locationassignedas zerofor the calibrationcurve
hassomedegreeof associatecrror Detectionlimits for eachparamete Table 2) were
estimatedasedon the variancecalculatedrom replicatelow-level samples.

Thefollowing proceduresvereusedto verify the accurag andrepeatabilityof the water
quality datacollectedfor this project:

e During eachsamplingperiod, duplicatesamplesvere collectedfor at least10% of
thesites. Thesewereusedto estimatedotal precisionincludingsamplecollectionand
analysig/AppendixD.1).

Most replicateswere similar or slightly greaterthandifferenceghat resultedwhen
splittingasamplen thelaboratory Two pairsof duplicateghatresultedn unusually
differentvalueswerethesamplesollectedon May 10 for solublereactve phosphate
(171.7and11.4 ug-P/L) andon Februaryl5 for fecal coliform (240and13 cfu/100
mL). Thesetwo pairsdo not representypical variability, but the causeof the dis-
crepanyg is notknown.

e Inthelaboratory 10%of thesamplesvereanalyzedn duplicateandtheresultswere
usedto estimatevariability associatedavith analyticalproceduregAppendixD.2).

Thelaboratoryreplicatesveresimilar within eachpair andthe differencesveretyp-
ical of otherresultsfrom our laboratory Someof the resultsdisplayedasrelative
percentdifferenceappearedarge, but only becausehe concentrationsvere very
low. In absolutegerms,all differencesveresmall.

e Two external checkstandard$20% and 80% of the calibrationstandard)were an-
alyzedwith eachanalyticalrun for nutrients. The resultswere usedto verify that
analyticalprecisionandaccurag wasacceptablesingcontrolcharts.If resultswere
unacceptableg causewasidentifiedandthe samplewasre-analyzedf necessaryor
theassociatedampleresultswerenotreported.

e Controlchartswereemployed,in accordancevith stateaccreditatiorproceduregor
thelaboratoryto trackandmaintainarecordof precision.

e Laboratoryblank samplesnvereanalyzedduring eachanalyticalrun for nutrientsto
identify possiblecontaminatioror otherproblems.

e The IWS laboratoryparticipatesin proficieng testingtwo times per yearthrough
an independentontractoras requiredwithin WashingtonDepartmentof Ecology
accreditation.
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At thetime of this project,therewasnolocal or nationalaccreditatiorprocesgor macroin-
vertebratdaxonomiclaboratoriesastherewasfor chemistrylaboratories. However, in an
effort to producethe highestquality datapossible the following proceduresvere usedfor
themacroirvertebratesamples:

e In thelaboratory 10% of the sortedsampleswvere identifiedindependenthby dif-
ferentIWS taxonomists. The small differencesencounteredvere pursuedby re-
analyzingsampleghatcontainedhetaxaof concern.

e To ensurecomparabilityto othertaxonomistsidentificationskeys recommendedy
Plotnikoff andWhite (1996)wereusedwheneer possible.

e Tenpercenbf thesamplesveresentto Ms. WeaseBollman,taxonomistat Rhithron
Associateslnc. Missoula,MT, for comparisondentificationg/AppendixD.3).

4 Results

4.1 Water Quality Results
4.1.1 Nutrients

In general,nutrientconcentrationsncreasedrom the lake outlet (PD5) to the mouth of
PaddenCreekat Harris Avenue(PD1). ConnellyCreek(PD3) hadrelatively high nutrient
concentrationsomparedo mostPaddenCreeksites(Tables3 and4). Theseresultswere
consistenwith previous studiesby Hachnller (1989)andUhlig (1991)thatreportedin-
creasingnutrientconcentrationgn PaddenCreekdownstreanfrom ConnellyCreek. The
smalltributaryto thelake (PD6)hadlow phosphorusut high nitrogenconcentrations.

Nitrate+nitrite and total nitrogenconcentrationsvere highestin Connelly Creekandthe
tributaryto Lake Padden(seePD3andPD6in Tables3—4 andFigures2-5). Both of these
sitescollectdrainagerom areasvherefertilizersarelik ely to be usedregularly. Connelly
Creekcollectsdrainagerom the communitygarderandJoes Gardenn Fairhaven,andthe
tributaryto Lake Paddercollectsdrainaggrom the PaddenCreekGolf Course In addition,
theriparianvegetationat bothsitesincludesdensestand<f redalder(Alnusrubra), which
fix N, in theroot zone,andoftenleachsolubleforms of nitrogento adjacenstreams.

Thelake outlet(PD5) hadthe lowestconcentratiomitrate+nitriteandtotal nitrogen,prob-
ably dueto uptale of nitrogenby phytoplankton.Concentrationgncreasedlightly down-
streamfrom the lake (PD5), andincreasediramaticallydownstreamfrom the confluence
with ConnellyCreek(PD2). Nitrate+nitriteandtotal nitrogenconcentrationsncreasedt
all sitesin thefall andwinter, mostnoticeablyin ConnellyCreekandin thelake tributary.
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AmmoniaconcentrationgFigures6 and7) weregenerallynearor belov the working de-
tectionlimit of 20 ;g-N/L exceptduringmonthswith increasedunoff (DecemberJanuary
andFebruary).Thehighestconcentratior{82.2 g NH;-N/L on 1/11/01)wasmeasuredn

thelake tributary (PD6). The watershedipstreanfrom this site is mostly forestedbut in-

cludesa public golf courseand several swampy areas.Ammoniais rapidly corvertedto

nitrate+nitriteunderoxic conditions,so ammoniais rarely detectablen turbulent, highly
aeratedstreams.The presenpf >80 g-N/L of ammoniasuggesh nearby source possi-
bly from commercialfertilizer appliedto the golf courseor from anaerobicsoilsalongthe
streambanks.

Phosphorusoncentrationgenerallyincreasedlownstreanfrom thelake outlet,but unlike
nitrogen,phosphorusoncentrationsvere not elevatedupstreanmfrom the lake. Connelly
Creek(PD3) usuallyhadthe highestphosphorugoncentrationgFigures8—11). Two no-
tableexceptionsoccurredoncein April whenthetotal phosphorusit PD1 (PaddenCreek
atHarris Avenue)was230 ug-P/L,andagainin May whenthe solublereactve phosphate
atPD1was172 ug-P/L. Theseunusuallyhigh concentrationsvereverifiedagainstabora-
tory analyticalrecordsto confirmthatthe samplewasanalyzedaccurately Althoughthe
laboratoryQC recordsindicatedthat the two outlierswereaccuratelyanalyzeda soluble
reactve phosphatdield replicatecollectedin May atthe Harris Avenuesitewasonly 11.4
1g-P/L. Becausehe sourceof variability could not be attributedto analyticalor sampling
error, bothoutlier valueswereretainedn the datafile.

4.1.2 Other Water Quality Parameters

Maintaining cool streamtemperaturegan be challengingin residentialareasbecauseof
removal andalterationof riparianvegetation.In the PaddenCreekwatershedthis problem
is compoundedy the lake, which dischageswarm, epilimnetic water at the lake outlet
andcausesvarmerstreamtemperaturegn the summerandfall. However, becausenuch
of the PaddenCreekriparianzoneis vegetated streamtemperatureslid not exceed15°C
during our samplingperiod (Figures12 and 13). The warmestsite was the lake outlet
(PD5), which hada meantemperatureof 8.2°C. The warminginfluenceof the lake was
particularlyapparenin October2000(Figure12). Betweenthe lake outlet (PD5) andthe
siteupstreanfrom ConnellyCreek(PD4),the streanmtemperaturelecreasetly 3°C.

Thehighesttemperatureneasuredluring2000/200was15.7 C on Septembe26,2000in
ConnellyCreek.The highestwatertemperatureneasuredy Hachnoller (1989)for Con-
nelly Creekwas 18.5°C andthe highestConnelly Creektemperatureneasuredy Uhlig
(1991)was18.8C. Thecoolertemperatures 2000maybetheresultof shadingproviding
by therestorediparianzonealongConnellyCreek,or mayreflectnaturalvariation.

All sitesexceptConnellyCreek(PD3)haddissolhedoxygen>9 mg/L throughouthesam-
pling period(Figuresl4 and15). Thelowestdissoledoxygenconcentratiorwe measured
was8.5mg/L onJuly 31in ConnellyCreek.
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Conductvitiesincreasedbruptlyin PaddenCreekdownstreanfrom ConnellyCreek(Fig-
uresl6 and17). The sourceof the increaseappeargo be largely from Connelly Creek,
which is consistentvith theresultsreportedoy Hachnoller (1989)andUhlig (1989). The
increasedconductvities at the downstreamPaddenCreek sitesand Connelly Creekare
probablytheresultof runoff from urbanareas.Carbonateandotherionic compoundsre
transportedo the streamin runoff from parkinglots, streetsandlawns. The pH values
alsoincreasedlownstreanfrom ConnellyCreek(Figuresl8 and19). The pH measuredt
all sitesrangedfrom 7.2 to almost8.0, which is within acceptabldimits for mostaquatic
organisms.

Thehighestturbidity valuesweremeasuredluringFebruaryMarch,andApril (Figures20

and21)in ConnellyCreek(PD3)andthedownstreamPaddenCreeksites(PD1andPD?2).

Exceptfor the lake outlet (PD5), all siteshad elevatedturbidities at somepoint during

the study The low turbidities at the lake outlet was expectedbecausehe slower water
velocitiesin the lake causeparticulatedo settleout of the watercolumn. The February—
April turbiditieswere probablythe resultof increasedstormwaterrunoff. The lake inlet

(PD6)hadelevatedturbiditiesduringJuneandJuly 2001,atatime whenall othersiteshad

relatively low turbidities.

The fecal coliform countswere much higherin Connelly Creek(PD3) and downstream
from ConnellyCreek(PD2andPD1)comparedo the upstreansites(Figures22 and23).
The highestcountswere measuredluring rain eventsat PD2 (PaddenCreekat Fairharen
Park) on February15 (440 cfu/100 mL) and March 15 (420 col/200mL). On thesetwo
datesit rained0.6 cm and 1.4 cm, respectiely (Appendix C.4). Many petsand other
wildlife usetheriparianareasin Fairhaven Park. Massesof animalhair were noticedin
the benthicsamplescollectedfor macroirvertebrateanalysis,and septicodorshave been
noticedatbothPD1andPD2duringthewinter.

4.1.3 Overview of Water Quality

Thewaterquality in PaddenCreekis influencedby the surroundingand use,and,in par
ticular, by thecomparatrely poorerwaterquality in ConnellyCreek.ConnellyCreekadds
significantquantitiesof nitrogen, phosphorusdissohed solids, and coliforms. Because
ConnellyCreekdrainsresidentialandagriculturalareasijt very likely addspesticidesand
othercontaminantsommonlyfoundin residentiabndagriculturalstormrunoff. Pesticides
weremeasuredecentlyin this watershedy WashingtorDepartmenbf Ecology(Seiders,
K, 2001).EcologydetectedL8 out of 207targetedpesticidest four sites(PD2,PD3,PD4,
andPD5) during four samplingeventsfrom April to June,2001. The mostfrequentlyde-
tectedpesticidesveredichlobenil,diuron,diazinon, MCPP(Mecoprop)2,4-D, trichlopry,
andpentachlorophenol.

Thetributaryto Lake Padden(PD6)alsodrainsa residentialarea,andmay contribute pes-
ticidesandresidentialpollutantsto Lake PaddenandPaddenCreek.For mostparameters,
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however, the water quality at PD6 was at leastas good asthe other sitesupstreanfrom
ConnellyCreek.

Thelake actsasa sedimentatiofasin,whichverylik ely remoressomeof thenutrientsand
pollutantsthatenterfrom theupperwatershedbut it alsoexportsparticulateorganicmatter
andalgae. The lake warmsthe water resultingin elevatedtemperaturesit the outlet, but
becausehe downstreanportion of PaddenCreekis largely shadedy riparianvegetation,
thelake’s effect on streamtemperaturegs minimal.

4.2 Benthic Macroinvertebrates
4.2.1 Habitat Characterization

The physicalhabitat, streamsubstrateand water quality were characterizedt eachsite
duringthe lasttwo weeksof SeptembeP000to describethe macroirvertebratehabitatat
eachsite. In generaltheriparianareais shadedvell throughoutmostof the PaddenCreek
watershedasrepresentedby the percentcanofy cover measurementélables5-6). The
waterquality is influencedby the effectsof residentiarunoff downstreanfrom the conflu-
encewith ConnellyCreek.The Septembestreantemperaturesiereconsiderablyvarmer
(2-5°C higher)atmostsitescomparedo Octoberl2,2000,whenthemonthlywaterquality
monitoringbegan(Table7 andFigure12). The moderatingnfluenceof Lake Paddernwas
apparenbecausdhe Septembefctobertemperaturalifferenceat PD5 wasonly 0.4°C.
The Septembematertemperaturesvere very similar to temperaturesneasurecbn July
31, 2001, the last water quality monitoring date. The conductvities in Septembef000
were generallysimilar to October2000and July 2001 (Table 7 and Figure 16). At PD6
(lake inlet) theconductvitieswerehigherin SeptembelOctoberandJuly comparedo the
restof theyear probablydueto low streamflows duringthosemonths.Dissolved oxygen
concentrationsverelower in SeptembethanOctober probablydueto watertemperature
difference$, but weresimilarto the July 31,2001 results(Table7 andFigure14).

Upstreanfrom Lake PaddenPD6),andatthelake outlet(PD5)thePadderCreeksubstrate
consistedmostly of courseandfine gravel or cobbles(Figure 24). Nearthe confluence
with ConnellyCreek(PD4)the substrateshiftedtoward smallersizeclasseslominatedoy
sandandfine or coarsegravel. The Fairhaven Park site (PD2) hasa very rocky substrate
dominatedby boulders,cobbles,andcoarsegrasel. Nearthe mouthof PaddenCreekthe
substratevas quite diverse,consistingof sand,fine andcoarsegravel, andcobbles.Con-
nelly Creeksite (PD3),dominatedby sandandfine gravel, hadthe poorestbenthichabitat
of all thesitessampled ConnellyCreek(PD3)andPaddenCreekupstreanfrom Connelly
(PD4)hadthe highestpercentagef fine-grainedsedimentswhich generallyprovidespoor
habitatfor a macroirvertebratecommunity

20Oxygensolubility increasesn colderwater
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Themeanwettedwidth of thestreanchannelsangedrom 1.65m (PD6)to 4.18m (PD2).
Themaximumdepthmeasuredluringmacroirvertebratesamplingwas0.25m at site PD4.
The steepesgradient(13%) was measuredt the lake outlet (PD5). All othersiteshad
gradientghatrangedrom 0.5%to 4% slope.Thegreatestelocity at 60%depth(2.05ft/s,
0.625m/s)wasalsoat site PD5. The maximumvelocity at 60% of depthat the othersites
rangedrom 0.41ft/s (0.125m/s)at PD6to 1.52ft/s (0.463m/s)at PD1.

4.2.2 Macroinvertebrate Assemblage

To assesdglifferencedn the macroirvertebratecommunitiesbetweensites, the following
biometricindiceswerecalculated:

TaxaRichness >~ Unique Taxa

EPTIndex = Y Unique (Ephemeroptera + Plecoptera + Trichoptera) Taxa
% Ephemeroptera = % x 100

(notBaetidae)

) _ ZPlecoptera

Yo Plecoptera = Solcomt X 100

% Baetidae = XBaidae g,

Total Count

> Chironomidae
Total Count

% Chironomidae = x 100

Macroirvertebratedaxonomicrichnessthe numberof differentbenthictaxacollectedat a
site) is anindicatorof the overall habitatcompleity. Thetributaryto the lake (PD6)and
PaddenCreekupstreanfrom the confluencewith Connelly Creek(PD4) hadthe highest
taxonomicrichness(Figure 25). Richnesswas lower in Connelly Creek (PD3) and all

PaddenCreeksitesdownstreanfrom ConnellyCreek(PD2andPD1). Richnessatthelake
outlet (PD5)wasalsolow. Several characteristicsnake site PD5 differentthanthe other
sitesfartherdownstream.It hasmuchsteepegradient(13%) andit recevesits mainflow

eitherfrom the surfaceof thelake, whenthelake level is high enoughto overtopthe outlet
weir, or from the pipethatdrainsfrom thelake.

Oneof themostcommonlyusedindicatorsof streamdisturbancess the EPTindex, which
is the numberof Ephemeropterémayflies),Plecoptergstoneflies) and Trichoptera(cad-
disflies) taxain the macroirvertebratesample. Thesethree ordersof macroirvertebrates
containmary specieghatareintolerantor only maminally tolerantof waterpollution, but
arerelatively abhundantin cleanstreamsin PaddenCreek,the EPTindiceswerehighestin
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thetributaryto thelake andupstreanirom the confluencevith ConnellyCreek(PD6,PD5,
andPD4; Figure26). TheEPT indicesdecreasedownstreanfrom ConnellyCreek(PD2
andPD1),andwereverylow in ConnellyCreekitself (PD3). Theseresultsweresimilarto
therichnesgesults exceptatthe lake outlet(PD5).

Althoughit is somevhatredundantvith the EPT index, the percentagef Ephemeroptera
(mayflies)or Plecoptergstonefliesmay alsobe usedasindicatorsof cleanwater Organ-
ismsfrom the family Baetidaeare not includedin the Ephemeropterandex becausehey
are muchmore pollution tolerantthan most other EphemeropteraBaetidaeare so much
moretolerantof pollutionthata separaténdex of percenBaetidads usedto indicatepoor
waterquality.

The Ephemeropterand Plecopterandiceswere consistentwith the EPT indicesfor all
sitesexcept the lake outlet (Figures27-28). The tributary to Lake Padden(PD6) and
upstreamfrom Connelly Creek(PD4) hadthe largestpercentagesf Ephemeropterand
Plecopterawhile ConnellyCreekandthe downstreamPaddenCreeksiteshadmuchlower
values.The lake outlet (PD5) wasvariable,with alarge percentag®f Plecopteradut few
EphemeropteraThe Ephemeropterat PD5 werealmostentirely representedby a single
genus,Paraleptophlebiawhich may indicatehabitatlimitations dueto the unusualwater
quality, higherstreamvelocities,anddenseshadinghatlimits attachedlgaegrowth atthis
site. The outlet hadlarge numbersof SweltsaandZapadaplecopteransanda variety of
Trichopterawhich explainsthehigh EPTindex. SweltsavasthemostabundantPlecoptera
atall sitesexceptConnellyCreek(PD3),whereit wascompletelyabsenfrom themacroin-
vertebratesamples.Skwala a predaceouglecopteranywas presentat all sitesexceptthe
lake outlet(PD5).

Matthaws, et al., (1991) and Hachnoller, et al. (1991)reportedsimilar patternsfor the
Ephemeroptera&’lecopteraandTrichopteran PaddenCreek.Toleranttaxawerecommon
downstreamfrom Connelly Creek, while upstreamfrom Connelly Creekhad a diverse
communitydominatedby the Ephemeropterallecopteraand Trichoptera. Hachnoller
(1989)andUhlig (1991)found moreplecopterartaxain PaddenCreekthanwe collected
in June2000; however, their samplesvere collectedthroughoutthe yearratherthanon a
singlesamplingdate,sotheir taxonomidlist shouldincludemorespecies.

A high percentagef Baetidaein the total macroirvertebratecountcanindicatedegraded
habitatbecauseorganismsfrom this family arerelatively tolerantof water pollution. In
PaddenCreek,the sitesfarthestdownstreamPD1 andPD2) hadthelargestpercentagef
BaetidagFigure29). ConnellyCreek(PD3)alsohada high percentagef Baetidaewhile
sitesin the upperwatershedPD6,PD5,andPD4) hadlow percentagesParaleptophlebia
wasthe mostalundantEphemeroptertaxonupstreanfrom ConnellyCreek,while down-
streamfrom Connelly Creek,Baetistricaudatuswasthe mostahundant. Hachnoller, et
al. (1991)reportedsimilar findingsfor PaddenCreek.
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At sitesPD5andPD6, the mostalundanttrichopteransverefrom the family Ryacophili-
dae.Mostspeciesn thisfamily requireunpollutedwater andmary arepredaceousDown-
stream this family waslesscommon,andnonewere collectedat PD1. Limnephilidae,a
leaf shreddingtrichopteranfound in headvater streamswas only collectedat site PD6.
Taxafrom thefamiliesHydropsychidaewhich spinnetsto collectorganicmatterfrom the
water and Glossosomatidaeyhich grazeon diatomsandfine organic particulateswere
foundat all sites. ThetrichopteranPolycentopuswasfoundat PD1,PD2,andPD6. This
taxonis predaceouandoftenfoundin associationwith chironomids.In generalthedistri-
bution of Trichopterataxain PaddenCreekindicateda shift from shredders&ndpredators
in the upperwatershedwith filter feedersin the lower watershed.A similar patternwas
reportedby Hachnoller, etal. (1991).

A large percentagef chironomidsat a site canindicateexcessve sedimentatiomndnutri-

entenrichmentChironomidswverevery abundantatthelake outlet(PD5) (Figure30). This

siterecevesalargeamounif fine particulateorganicmatterandalgaefrom thelake, which

providesa goodervironmentfor filter feedingorganismssuchaschironomidlarvae. The

other siteshadlower percentagesf chironomids,particularly the next site downstream,
PD4. Surprisingly the Harris Avenuesite (PD1), which by longitudinal position along

the streamwould be expectedto receve the mostfine organicmatter hadlow chironomid
dominancecomparedo the othersites. Many oligochaeteand amphipodswere present
atPD1, however, andtheseorganismghrive on fine organicmatterandtoleratedegraded
habitats.

All of the macroirvertebratendicessuggesthatthe Connelly Creeksite (PD3),andboth
PaddenCreeksitesdownstreanfrom ConnellyCreek(PD2andPD1) have degradechabi-
tats(Table8). The bestPaddenCreekhabitat,asindicatedby the diversity of the macroin-
vertebrateeommunity wasupstreanfrom ConnellyCreekat PD4andupstreanirom Lake
Paddenat PD6.

5 Summary

SITE PD1: This site waslocatednearthe mouth of PaddenCreekupstreamfrom the
saltwaterinfluence.Thesitewascharacterizedy having large numbersof tolerantBaetis
tricaudatus aswell asmary tolerantnon-insectaxa(oligochaeteandamphipods).The
macroirvertebratéaxonomicrichnessvaslow andall macroirvertebratendicessuggested
degradechabitat. This sitewastheleastshadedf all sites,with anaveragecanogy coverof
78%, andhada finer substratehanthe otherPaddenCreeksites. Nutrients,conductvity,
and coliform countswere elevated comparedto the PaddenCreek sites upstreamfrom
ConnellyCreek.
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SITE PD2: This site waslocatedin Fairharen Park andwasthe dowvnstreamfrom the
confluencewith Connelly Creek. Nutrients,conductvity, and coliform countswere ele-
vatedcomparedo the PaddenCreeksitesupstreanfrom ConnellyCreek.This site hadthe
highestfecal coliform countsof all the sitesincluding ConnellyCreek. Denseamountsof
animalhair wereobsenedin the benthicsamplessuggesting high densityof animalsin
theimmediatevicinity. All of themacroirvertebratendicessuggestedegradedhabitat.

SITE PD3: Site PD3waslocatedin Connelly Creekjust upstreanfrom whereit flows
into PaddenCreek. The riparian vegetationin this areawas replantedapproximatelyl0

yearsagoandyoungtreesnow shadethe reach(100%canofy cover). Much of Connelly
Creekis low gradient,andthe creekflows throughwetlands)ow densityresidentiakreas,
andcommunityor commercialgardensThis site hadelevatedconcentrationsf nutrients,
conductvity, andfecal coliforms, aswell aslower oxygenlevels comparedo mostsites
in PaddenCreek. The macroirvertebratecommunity was dominatedby taxathat toler-

atedegradedhabitat,including large percentagesf Baetistricaudatus chironomids,and
oligochaetes.

SITE PD4: This site waslocatedin PaddenCreekupstreanfrom the confluencewith
ConnellyCreek. The waterquality at PD4 wasvery good,with low concentration®f nu-
trients,low conductvities andturbidities,andlow coliform counts.The macroirvertebrate
indicesconfirmedthatthe benthichabitatat this site wasexcellent.

SITE PD5: SitePD5waslocatedabout900m downstreanfrom Lake Padden.This site

hadthe highestwatervelocity of all the sitesandhadthe steepesgradient. The site was
intenselyshadedrom theforestcanogy (100%canogy cover). During thesummemonths
a noticeablesulfidesmellemanatedrom the pipe thatdrainsthe bottomof Lake Padden.
Lake Paddenstratifiesduring the summey andthe hypolimnion becomesanaerobiqun-

publishedWS data). Thewaterthatemegesfrom thepipeis highis iron, asevidencedoy

the thick growth of iron bacteriaat the dischage point, andis probablyhigh in phospho-
rous,ammonia,andotherchemicalsassociatedvith anoxiclake water In October2000
thedissohedoxygenconcentrationat PD5wereslightly lower thanthe next downstream
site (PD4),but the differencewas<1 mg/L, sothe anoxicpipe waterhadbeensuficiently

aeratedthat low oxygenwasnot a problemat this site. The pipe provided most, if not

all, of theflow to PaddenCreekduring dry periods. The waterquality at PD5 wassome-
whatsimilar to PD4; however, the macroirvertebrateesultsindicateda lower taxonomic
richnessgreaterchironomiddominancefewer Ephemeropteragnda larger percentagef

chiromonids.
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SITE PD6: This site wasselectedasa referencesite for the study It waslocatedup-
streamfrom Lake Paddenin a forestedareanext to atrail thatreceveshiker, biker, and
a small amountof horsetraffic. It alsocollectsdrainagefrom the golf course. The wa-
ter quality resultsindicatedelevatednitrogenconcentrationssimilar to concentrationgn
ConnellyCreek.Thehigh nitrogenconcentrationgverenot matchedvith high phosphorus
concentrationandcoliform counts asin thedownstreanPaddersitesandConnellyCreek,
sothe nitrogenmay be comingfrom naturalsourcesuchasthe upstreanwetlands alder
dominatedriparianzone,or petwastefrom the Lake Paddenpark. The golf coursemay
alsobeasource particularlyif phosphorus-fretertilizersarebeingusedin the Lake Pad-
denwatershedl The macroirvertebrataesultsindicatedhigh quality habitatasmeasured
by taxonomicrichnessand EPT index or relatedmetrics. The percentag®f chironomids
wasfairly high, but this could be relatedto the low flow conditionsthatoccurduringthe
summer

6 Conclusionsand Recommendations

Thewaterchemistryandbenthicmacroirvertebratalataindicateddegradechabitatin Con-
nelly Creekandin PaddenCreekdownstreanmfrom Connelly Creek. Connelly Creekap-
peargo beamajorsourceof nutrientcontaminationn thelower PaddenCreekwatershed.
ConnellyCreekcollectsdrainagefrom a commercialandcommunitygardenon 32nd Av-
enueand flows througha residentialarea. Much of the PaddenCreekwatersheddown-
streamfrom Connelly Creekis residential. We suggesteviewing fertilizer and pesticide
applicationsin the Connelly Creekwatershedaswell asin the lower Paddenwatershed
(downstreamfrom ConnellyCreek). The elevatedfecal coliform countsin FairharenPark
shouldalsobe investigatedparticularlybecause savagesmellwasnotedat this siteand
peoplehave directaccesdo the creekat Fairhazen Park.

Becausd’adderCreekis fed by Lake Paddenthelake establishethequality of wateratthe
outlet. Althoughthe nutrientconcentrationsvererelatively low at PD5, the benthiccom-
munity waslesstaxonomicallydiverse andshavedothersignsof impairmentcomparedo
the otherPaddenCreeksitesupstreanfrom ConnellyCreek. The macroirvertebratecom-
munity atthis siteis probablyinfluencedoy theanoxicwaterfrom thelake bottompipe,the
algaeandorganicmatterflowing from the lake, aswell asthe steep,deeplyshadechabi-
tat. Lake Paddenis a biologically productve lake, which is a strongfactorinfluencingthe
habitatat PD5. In particular the waterfrom the pipeis the primary flow during summer
Thebottomof Lake Paddenwas6.8°C coolerthanthesurfacewateron July 27,2001(19.9
and 13.1°C; unpublishedWS data),indicating that the lake was stratified. Dischaging
cool hypolimneticwatermay provide somebenefitto streamorganismsaslong asit hasa
chanceo becomeoxygenated.

3Use of phosphorus-freéertilizer hasbeenencouragedn the Lake Whatcomwatershedandin other
areaswhererunoff maydraininto alake or stream
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SiteID | SiteLocation Elev. | GPSCoordinates
PD1 PaddenCreek100m upstreanfrom HarrisAve | 9m 48 43'10" N
122 30'22" W
PD2 PaddenCreekneartenniscourtsin FairhazenPk | 24m | 48° 42’ 54" N
122 29'49" W
PD3 ConnellyCreekat mouth10 m upstreanfrom 36m | 48 42'56" N
confluencewith PaddenCreek 122 28'54" W
PD4 PaddenCreek20 m upstreanfrom confluence | 36 m | 48° 42'56” N
with ConnellyCreek 122 28'54" W
PD5 PaddenCreek900m downstreanfrom 132m | 48 42'20" N
from Lake Paddenoutlet 122 27 59" W
PD6 Unnameccreekupstreanfrom Lake Padden, 142m | 48° 41'48" N
southof the golf course 122 26'21" W

Tablel: PaddenCreekwatershedite descriptions.
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APHA Detection| Working
Parameter Method Description PrecisioA Limit# Limit$
pH 4500-H" pH meter +0.1 NA NA
Temperaturé®C) 2550 Thermometric +0.5 NA NA
Conductvity (uS/cm) 2510 Meter +2.2 2 2
Turbidity (NTU) 2130 Nephelometric NA NA NA
Dissolvedoxygen(mg/L) 4500-0C. Winkler titration +0.10 0.10 0.1
4500-0G. Membraneelectrode +0.10 0.10 0.1
Ammonia-N(ug-N/L) 4500-NH3G. | Automatedphenate +12.5 14.3 20
Nitrate+nitrite-N{g-N/L) 4500-NO3I. | AutomatedCd reduction +4.6 6.4 10
Total nitrogen(ug-N/L) 4500-NC. Persuléteoxidation, +26.3 11.0 20
automatedCd reduction
Solublereactve phosphatéug-P/L) | 4500-PG. Auto colorimetry +2.2 15 3
Total phosphorugug-P/L) 4500-PH. Persuléteoxidation, +3.4 2.6 5
autocolorimetry
Fecalcoliforms(cfu/100mL) 9220D. Membranéfiltration NA NA NA

T AmericanPublicHealthAssociation(1998).

t Analytically derivedfrom replicatesampleanalyses.

§Consenative detectionlimit thataccountdor changesn methodologies.

Table2: Analytical methodsprecisionestimatesanddetectionlimits.
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Paddenat Harris (PD1)
Parameter Mean | Median SD Max | Min | N
Conductvity (uS/cm) 161.8| 155.5| 231 209 | 136.9| 10
Dissohedoxygen(mg/L) 11.4 115 1.3 13.1 9.3 10
pH 7.8 7.8 0.1 7.9 7.7 10
Temperaturg¢®C) 7.5 7.6 4.6 14.2 0.9 10
Turbidity (NTU) 6.2 5.9 4.1 13.6 22|10
Ammonia(ug-N/L) <20 <20| 147 43.1| <20] 10
Nitrate+nitrite(g-N/L) 466.1| 485.3| 181.3 685| 191.3| 10
Total nitrogen(ug-N/L) 789.3| 778.5| 305.7| 1407.7| 404.6| 9
Solublereactie phosphatéug-P/L) 33.9 19| 48.9| 171.7| 10.7| 10
Total phosphorugug-P/L) 60.9 37.1| 64.2| 2295| 249| 9
Fecalcoliform (cfu/100mL) 132.3 85| 94.6 255 221 9
Paddenat Fairhaven (PD2)
Parameter Mean | Median SD Max | Min | N
Conductvity (uS/cm) 151.7| 151.2| 185| 185.4| 125.5| 10
Dissohedoxygen(mg/L) 11.3 11.4 1.2 13.1 9.7 10
pH 7.8 7.8 0.1 8 7.6 |10
Temperaturg¢®C) 7.8 7.7 4.3 14 15|10
Turbidity (NTU) 4.8 3 3.2 10.5 19|10
Ammonia(ug-N/L) <20 <20 | 185 57.5| <20 10
Nitrate+nitrite(g-N/L) 431.7| 454.2| 158.2| 642.1| 189.6| 10
Total nitrogen(ug-N/L) 705.5| 732.4]201.9| 985.4|388.4| 9
Solublereactize phosphatéu.g-P/L) 16.7 14.8 5.1 259 11.3| 10
Total phosphorugug-P/L) 37.4 42.1| 10.9 485| 205| 9
Fecalcoliform (cfu/100mL) 207.6 192 | 140 440 53| 9
Connelly Creek(PD3)
Parameter Mean | Median SD Max | Min | N
Conductvity (uS/cm) 220 236 34 253 | 164.9| 10
Dissolved oxygen(mg/L) 10.5 10.6 1.3 12.3 8.5 10
pH 7.7 7.7 0.1 7.9 75|10
Temperaturg¢°C) 7.9 7.9 4.2 14.5 19|10
Turbidity (NTU) 6.6 4.2 5.2 15.6 2110
Ammonia(ug-N/L) 23.9 30.7| 21.8 53.8| <20 10
Nitrate+nitrite(g-N/L) 835.8| 919.4| 298.7| 1371.4| 341.7| 10
Total nitrogen(ug-N/L) 1137.8| 1351.9| 372 1601.1| 515.9| 9
Solublereactve phosphatép.g-P/L) 25.6 21.2 8.8 42.4| 18.2| 10
Total phosphorugug-P/L) 54.6 52| 15.2 76| 30.3| 9
Fecalcoliform (cfu/100mL) 1104 86| 89.6 285 8| 9

Table3: Waterquality summarystatisticsfor sitesPD1-PD30ctober2000—Jun&001.
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Paddenat Connelly (PD4)
Parameter Mean | Median SD Max | Min | N
Conductvity (uS/cm) 104 | 105.1 6.6| 112.1| 88.3| 10
Dissohedoxygen(mg/L) 11.2 11.3 1.3 13.1 9.6 10
pH 7.6 7.6 0.1 7.7 75|10
Temperaturg¢®C) 8.1 7.6 4.6 14.9 2110
Turbidity (NTU) 4.1 2.7 3.2 12.3 15|10
Ammonia(ug-N/L) <20 <20| 15.6 37.3| <20] 10
Nitrate+nitrite(g-N/L) 245.8| 263.8| 115.7| 381.3| 71.2| 10
Total nitrogen(ug-N/L) 512 | 504.4| 139.6| 706.2| 266.1| 9
Solublereactie phosphatéug-P/L) 10.5 8.4 5.3 23.2 5.8 10
Total phosphorugug-P/L) 27.5 23.6 9.8 494 159| 9
Fecalcoliform (cfu/100mL) 32.8 17| 35.5 120 41 9
Lake Paddenoutlet (PD5)
Parameter Mean | Median SD Max | Min | N
Conductvity (uS/cm) 92.5 93.3 7.8 104| 73.6| 10
Dissohedoxygen(mg/L) 11.1 11.4 1.3 12.9 9110
pH 7.5 7.6 0.1 7.7 7.3 10
Temperaturg¢®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(ug-N/L) 23.8 <20| 194 56.7| <20 10
Nitrate+nitrite(g-N/L) 157| 158.1| 97.1| 288.3| 34.3| 10
Total nitrogen(ug-N/L) 461 | 464.9| 110.6| 592.9| 262| 9
Solublereactize phosphatéu.g-P/L) 8.6 6.7 5.2 20.9 45| 8
Total phosphorugug-P/L) 27.2 20.7| 14.3 629| 16.6| 9
Fecalcoliform (cfu/100mL) 14.4 5 17 46 1] 9
Trib utary to Lake Padden (PD6)
Parameter Mean | Median SD Max | Min | N
Conductvity (uS/cm) 111.9 97.1| 32.3| 179.5| 86.1| 10
Dissolved oxygen(mg/L) 10.9 111 1.1 12.4 9.2 10
pH 7.5 7.4 0.2 7.8 7.2 |10
Temperaturg¢°C) 7.5 6.8 4 13.5 25|10
Turbidity (NTU) 6.5 4.3 4.4 16.8 3.8|10
Ammonia(ug-N/L) 30.1 24.7| 26.8 82.2| <20 10
Nitrate+nitrite(g-N/L) 733.9| 702.8| 403.6| 1285.4| 185.8| 10
Total nitrogen(ug-N/L) 1081.7 1052 | 355.5| 1519.4| 509.5| 9
Solublereactve phosphatép.g-P/L) 10.1 8.1 4.1 18.9 6.6 9
Total phosphorugug-P/L) 36.3 28.2| 19.2 774 21.6| 9
Fecalcoliform (cfu/100mL) 17.8 12| 224 74 1] 9

Table4: Waterquality summarystatisticsfor sitesPD4—PD60ctober2000—Jun&001.
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Paddenat Harris (PD1)
Parameter Mean | Median SD Max Min | N
Wetwidth (m) 3.13 295| 0.57 3.90 270| 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 2.40 250| 0.27 2.60 2.00]| 4
Velocity bottom(ft/sec) 0.96 0.98| 0.23 1.18 0.70| 4
Velocity 0.6 (ft/sec) 1.19 1.19| 0.28 1.52 0.84| 4
Pct. canoyy 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
Velocity bottom(ft/sec) 0.99 1.05| 0.64 1.70 0.16| 4
Velocity 0.6 (ft/sec) 1.08 1.23| 0.65 1.70 0.17| 4
Pct. canoyy 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
Velocity bottom(ft/sec) 0.23 0.19| 0.12 0.40 0.15| 4
Velocity 0.6 (ft/sec) 0.40 0.43| 0.08 0.46 0.28| 4
Pct. canoyy 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: Habitatcharacterizationor PD1-PD3 Septembe2000.
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Paddenat Connelly (PD4)
Parameter Mean | Median SD Max Min | N
Wetwidth (m) 3.00 2.80| 0.69 4.00 240 4
Bankfull (m) 3.48 3.40| 0.62 4.30 280| 4
Max. depth(m) 0.18 0.19| 0.07 0.25 011 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
Velocity bottom(ft/sec) 0.56 0.53| 0.28 0.92 0.25| 4
Velocity 0.6 (ft/sec) 0.92 0.75] 0.37 1.47 0.70| 4
Pct. canoyy cover 100.00| 100.00| 0.00| 100.00| 100.00| 4
Pct.fines 15,50, 18.00f 6.40| 20.00 6.00| 4
Lake Paddenoutlet (PD5)
Parameter Mean | Median SD Max Min | N
Wetwidth (m) 3.75 3.55| 1.21 5.40 250]| 4
Bankfull (m) 5.10 480| 1.15 6.60 420 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 6.25 450| 4.57| 13.00 3.00| 4
Velocity bottom(ft/sec) 0.94 1.00| 0.38 1.27 0.49| 4
Velocity 0.6 (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 Lake Padden (PD6)
Parameter Mean | Median SD Max Min | N
Wetwidth (m) 1.65 1.60| 0.90 2.80 0.60| 4
Bankfull (m) 2.93 245| 1.34 4.90 190 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
Velocity bottom(ft/sec) 0.14 0.07| 0.19 0.41 0.01| 4
Velocity 0.6 (ft/sec) 0.14 0.07| 0.19 0.41 0.01| 4
Pct. canoyy cover 100.00| 100.00| 0.00| 100.00| 100.00| 4
Pct.fines 5.50 400| 5.97| 14.00 0.00| 4

Table6: Habitatcharacterizationor PD4—PD6 Septembe2000.
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Temp Cond Flow Flow

Site | Date (°C) | (uS/cm) pH DO (f3/sec) | (m3/sec)
PD1| Septl5,2000| 15.4 177.1 7.84 9.24 1.45 0.0411
PD2 | Septl6,2000| 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 | Septl5,2000| Cloudy | Absent | Absent | Absent| Clear | Residential
PD2 | Septl6,2000| 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 characterizationgor PD1-PD6,
SeptembeR000.
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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*

*Thesevaluesmayindicatedegradechabitat.

Table8: Summaryandcomparisorof resultsof macroirvertebratanetrics.
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#" Washington

Figurel: PaddenCreeksamplingsitelocations.
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Figure2: Nitrate+nitriteconcentrationsit eachsamplingsite from October2000to June
2001.Horizontalline indicatesdetectionimit for this analysis.
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Figure 3: Boxplot summarizingnitrate+nitritedatafor PaddenCreekfrom October2000
to June2001. Boxesindicatethe medianand upper/laver 25% quartiles;whiskersshow
upper/laver 50% quartiles;outliersaregreaterthanor equalto 1.5 x interquartilerange.
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Figure4: Total nitrogenconcentrationst eachsamplingsite from October2000to June
2001.Horizontalline indicatesdetectionimit for this analysis.
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Figure5: Boxplot summarizingtotal nitrogendatafor PaddenCreekfrom October2000
to June2001. Boxesindicatethe medianand upper/laver 25% quartiles;whiskersshow
upper/laver 50% quartiles;outliersaregreaterthanor equalto 1.5 x interquartilerange.
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Figure6: Ammoniaconcentrationst eachsamplingsite from October2000to June2001.

Horizontalline indicatesdetectionlimit for thisanalysis.



PaddenCreekMonitoring Project Junel2, 2002 Page33

o | (o]
[ee]
o _ |
O 1
g | —_—
pd \ !
L . |
2 : |
o ' . S
S o ! 1
o — 1
g ¥ !
S |
< |
o _|
(qV]
o - — !
I I i
PD6 PD5 PD4 PD3 PD2 PD1

Figure 7: Boxplot summarizingammoniadatafor PaddenCreekfrom October2000to
June2001. Boxesindicate the medianand upper/laver 25% quartiles; whiskers show
upper/laver 50% quartiles;outliersaregreaterthanor equalto 1.5 x interquartilerange.
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Figure8: Total phosphorusoncentrationateachsamplingsitefrom October2000to June
2001.Horizontalline indicatesdetectionimit for this analysis.
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Figure9: Boxplotsummarizingotal phosphoruslatafor PaddenCreekfrom October2000
to June2001. Boxesindicatethe medianand upper/laver 25% quartiles;whiskers show
upper/laver 50% quartiles;outliersaregreaterthanor equalto 1.5 x interquartilerange.
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Figure10: Solublereactie phosphateoncentrationgt eachsamplingsite from October
2000to June2001.Horizontalline indicatesdetectionimit for this analysis.
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Figure11: Boxplot summarizingsolublereactve phosphatelatafor PaddenCreekfrom
October2000to June2001. Boxesindicatethe medianand upper/laver 25% quartiles;
whiskersshow upper/laver 50% quartiles;outliersare greaterthanor equalto 1.5 x in-
terquartilerange.
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Figurel2: Watertemperatureat eachsamplingsite from October2000to June2001.
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Figure13: Boxplot summarizingwatertemperaturelatafor PaddenCreekfrom October
2000to June2001. Boxesindicatethe medianand upper/laver 25% quartiles;whiskers
show upper/laver 50% quatrtiles;outliersare greaterthanor equalto 1.5 x interquartile
range.
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Figure 14: Dissolved oxygenconcentrationst eachsamplingsite from October2000to
June2001.
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Figure 15: Boxplot summarizingdissohed oxygendatafor PaddenCreekfrom October
2000to June2001. Boxesindicatethe medianand upper/laver 25% quartiles;whiskers
show upper/laver 50% quartiles;outliersare greaterthanor equalto 1.5 x interquartile
range.
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Figurel6: Conductvities at eachsamplingsite from October2000to June2001.
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Figure17: Boxplot summarizingconductvity datafor PaddenCreekfrom October2000
to June2001. Boxesindicatethe medianand upper/laver 25% quartiles;whiskersshow
upper/laver 50% quartiles;outliersaregreaterthanor equalto 1.5 x interquartilerange.
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Figure18: pH valuesat eachsamplingsite from October2000to June2001.
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Figure 19: Boxplot summarizingpH datafor PaddenCreekfrom October2000to June
2001. Boxes indicate the medianand upper/laver 25% quartiles; whiskers shav up-
per/lover 50% quartiles;outliersaregreaterthanor equalto 1.5 x interquartilerange.
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Figure20: Turbidity concentrationgteachsamplingsitefrom October2000to June2001.
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Figure21: Boxplot summarizingturbidity datafor PaddenCreekfrom October2000to
June2001. Boxesindicate the medianand upper/laver 25% quatrtiles; whiskers show
upper/laver 50% quartiles;outliersaregreaterthanor equalto 1.5 x interquartilerange.
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Figure22: Fecalcoliform concentrationat eachsamplingsite from October2000to June
2001.



PaddenCreekMonitoring Project Junel2, 2002 Page49

o

o —

Lo

o

o —]

3
=
IS
o
o o
- o -
= ™
g
(2] e —
g 1
o ]
= o
o o -
o N
©
o
(¢}]
LL

o

O p—

—

(o]
o .|
I I I I I I
PD6 PD5 PD4 PD3 PD2 PD1

Figure 23: Boxplot summarizingfecal coliform countsfor PaddenCreekfrom October
2000to June2001. Boxesindicatethe medianand upper/laver 25% quartiles;whiskers
shawv upper/laver 50% quartiles;outliersare greaterthanor equalto 1.5 x interquartile
range.
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Figure24: Particle sizedistributionsfor PaddenandConnellyCreeksamplingsites.
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Figure 25: Boxplot summarizingmacroirvertebrategaxonomicrichnessin PaddenCreek
from October2000to June2001. Boxesindicatethe medianandupper/laver 25% quar
tiles; whiskersshav upper/laver 50% quartiles;outliersaregreaterthanor equalto 1.5 x
interquartilerange.
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Figure 26: Boxplot summarizingthe numberof Ephemeroptera/Plecopterahoptera
taxain macroirvertebratesampledrom PaddenCreek,October2000to June2001.Boxes
indicatethe medianandupper/laver 25% quartiles,whiskersshown upper/laver 50% quar
tiles; outliersaregreaterthanor equalto 1.5 x interquartilerange.
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Figure 27: Boxplot summarizingthe percentEphemeroptergexcluding Baetidae)in
macroirvertebratesamplesdrom PaddenCreek,October2000to June2001. Boxesindi-
catethemedianandupper/laver 25% quartiles,whiskersshav upper/laver 50%quartiles;
outliersaregreaterthanor equalto 1.5 x interquartilerange.
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Figure28: Boxplotsummarizinghepercentlecopteran macroirvertebratesamplegrom
PaddenCreek,October2000to June2001. Boxesindicatethe medianand upper/laver
25%quartileswhiskersshav upper/laver 50%quartiles;outliersaregreaterthanor equal
to 1.5 x interquartilerange.
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Figure29: Boxplot summarizingthe percentBaetidag(Ephemeropteran macroirverte-
bratesampledrom PaddenCreek,October2000to June2001. Boxesindicatethe median
and upper/laver 25% quatrtiles; whiskers shonv upper/laver 50% quartiles; outliers are
greaterthanor equalto 1.5 x interquartilerange.
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Figure30: Boxplot summarizinghe percentChironomidagDiptera)in macroirvertebrate
sampledrom PaddenCreek,October2000to June2001. Boxesindicatethe medianand
upper/laver 25% quartiles;whiskersshown upper/laver 50% quartiles;outliersaregreater
thanor equalto 1.5 x interquartilerange.
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A PaddenCreekWater Quality Data

The 2000/2001PaddenCreekwaterquality dataare availablein electronicformat, either
asExcelor ASCII datafiles. An electronicversionof eachfile is includedon the CD with

the hardcoyy versionof this reportand datafiles are postedwith the web versionof the
report. For additionalinformation, contactthe Institute for WatershedStudies,Western
WashingtorlUniversity, BellinghamWA.

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

Thefile “paddenwq.dattontainswaterquality datacollectedfrom six sitesalongPadden
CreekandConnellyCreekfrom October2000throughJune2001.

= Thesedatahave not beencensoredo remove below detectionvalues(seeTable 2 for

detectionlimits). Summarytableswere generatedisingthe original, uncensoredlatato

presere the varianceassociateavith low-level data. It is essentiathatany new statistical
or analyticalresultsthataregeneratedsingtheseuncensoredatabereviewedby atrained
statisticianor scientistfamiliar with statisticaluncertaintyassociateavith 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
Excel File (rawpaddenwq.xIs)

Thefile “rawpaddenwq.xIstontainswaterquality datacollectedfrom six sitesalongPad-
denCreekandConnellyCreekfrom October2000throughJune2001.

= Thesedatahave not beencensoredo remove belon detectionvalues(seeTable 2 for

detectionlimits). Summarytableswere generatedisingthe original, uncensoredlatato

presere the varianceassociateavith low-level data. It is essentiathatany new statistical
or analyticalresultsthataregeneratedisingtheseuncensoredatabereviewedby atrained
statisticianor scientistfamiliar with statisticaluncertaintyassociatedavith belov 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

The SeptembeR000PaddenCreekmacroirvertebratedataareavailablein electronicfor-

mat, eitherasExcelor ASCII datafiles. An electronicversionof eachfile is includedon

the CD with the hardcopy versionof this reportanddatafiles arepostedwith the webver-

sion of thereport. For additionalinformation,contactthe Institutefor Watershedstudies,
WesternwWashingtorlniversity, BellinghamWA.

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

Thefile “paddenlngs.dat’containsmacroirvertebratedatacollectedfrom six sitesalong
PaddenCreekandConnellyCreekduring Septembe2000(9/17/00,9/26/00,9/28/00).All
countsrepresenhumbersof macroirvertebrateper 2 ft2 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 (lron) 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
chelif
gluto
simul
dicran
tipula
dytlarv
dytadu
heter
lara
narp
hemlar
hemadu
cran
coll
pacif
hirun
ferris
nemorph
nematod
oligo
planor
sphaer
turbel
union
acari
isopod
lymna

Dixa sp.
Chelifera sp.
Glutops  sp.
Simuliidae
Dicranota  sp.
Tipula  sp.
Dytiscidae
Dytiscidae adult
Heterlimnius sp.
Lara avara
Narpus sp.
Hemiptera
Hemiptera adult
Crangonyx  sp.
Collembola
Pacifasticus sp.
Hirudinea
Ferrissia sp.
Nematomorpha
Nematoda
Oligochaeta
Planorbidae
Sphaeriidae
Turbellaria
Unionacea

Acari

Isopoda
Lymnaeidae

Junel2, 2002
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B.2 PaddenCreekMacroinvertebrate Data
Excel File(rawpaddenhbugs.xls)

The file “rawpaddenhgs.xIs” containsmacroirvertebratedata collected from six sites
along Padden Creek and Connelly Creek during September2000 (9/17/00, 9/26/00,
9/28/00).All countsrepresenhumbersof macroirvertebrateper 2 ft2 D-framenet.

Thisfile shavstheexact,unabbreiatedmacroirvertebratéaxonomicnamesandnumerical
alundancefor eachsample,andis the raw file from which paddenhgs.datwasderived.
The SamplelD indicatesthe site number(PD1-6)andreplicate(A-D).



PaddenCreekMonitoring Project Junel2, 2002 Page68

C PaddenCreekSite Characteristics

The 2000/2001PaddenCreeksite characterizatiordatafiles 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

web versionof thereport. For additionalinformation, contactthe Institute for Watershed
Studies WesternwWashingtorJniversity, BellinghamWA.

C.1 PaddenCreekPhysical Site Descriptions
ExcelFile (habitat.xIs)

Thefile “habitat.xIs” containghysicalcharacterizatiomformationcollectedfrom six sites
along PaddenCreekand Connelly Creekduring the Septembe2000 (9/17/00,9/26/00,
9/28/00)macroirvertebratesampling.Thevariablesncludedin thisfile 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 PaddenCreekSubstrate Data
ExcelFile (substrate.xIs)

The file “substrate.xls”contains substratecharacterizationnformation collected from

six sitesalong PaddenCreekand Connelly Creekduring the Septembe2000 (9/17/00,
9/26/00,9/28/00) macroirvertebratesampling. The substratecharacteristicsvere deter

mined by placinga 50-pointgrid over the substrateand recordingthe grain size at each
point. Thevariablesncludedin thisfile 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 mmdiameter)
c-gravel Number of grid points (out of 50) touching coarse gravel (16-64 mmadiameter)
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
Excel File (extrawq.xIs)

The file “extrawg.xIs” containssupplementalvater quality datacollectedfrom six sites
along PaddenCreekand Connelly Creekduring the Septembe2000 (9/17/00, 9/26/00,
9/28/00)macroirvertebratesampling.The variablesncludedin thisfile 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 (ft"3/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
Excel File (precipitation.xIs)

The file “precipitation.xIs” containsdaily precipitationtotals from BellinghamWA five
dayspreceedingamplingevents.
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D Quality Control

The 2000/2001PaddenCreekquality control dataareavailablein electronicformat,either
asExcelor ASCII datafiles. An electronicversionof eachfile is includedon the CD with
the hardcopy versionof this report,anddatafiles are postedwith the web versionof the
report. For additionalinformation, contactthe Institute for WatershedStudies,Western
WashingtorlUniversity, BellinghamWA, 360-650-3510.

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

Thefile “fielddup.xIs” containsfield duplicateresultsfor pH, dissohed oxygen,conduc-
tivity, turbidity, total phosphorustotal nitrogen,solublereactve phosphateammoniani-
trate+nitrite,andfecal coliforms.
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D.2 PaddenCreekLaboratory Duplicate Quality Control Data
Excel File (labdup.xls)

The file “labdup.xIs” containsfield duplicateresultsfor pH, dissoled oxygen,conduc-
tivity, turbidity, total phosphorustotal nitrogen,solublereactve phosphateammoniani-
trate+nitrite,andfecal coliforms.
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D.3 Interlaboratory Taxonomic Comparison of PaddenCreek
Macr oinvertebrate Samples
Excel File (interlab.xls)

Thefile “interlab.xls” shavs theresultsof theinterlaboratorycomparisorof macroirverte-
bratesampledy IWS andRhithronAssociatesMissoulaMT.



