
78 ProceedingsandPapersoftheSixtyNinthAnnualConference January2001

EvaluationofSpeciesDiversityonTwoArtificiallyCreatedVernalPools
inSonomaCountyCalifornia

ValkyriePKimball

BiologyDepartmentSonomaStateUniversityRohnertParkCalifornia

ABSTRACTVernalpoolecosystemsoncecommonlyfoundinmanylandscapesthroughoutCaliforniaare
becomingendangeredhabitatsduetoincreasedurbanandsuburbandevelopmentHoweverlittleinformation
isavailableregardingthedynamicsofcreatedvernalpoolsandtheircontributiontospeciesbiodiversity
Thisstudyfocusesonthisissueofspeciesdiversityparticularlyaquaticinvertebratediversityandtherelative
abundanceofsuchanimalsastheyoccurintwomitigatedwetlandpropertiesinSonomaCountyTwostudy
siteslocatedwithinfivemilesofeachotherontheSantaRosaPlainwerecomparedusingphysical
measurementspoolsizedissolvedoxygenpHwaterdepthwatertemperatureetcaswellasinvertebrate
countsandclassificationSpeciesdiversityinatotaloffourpoolsateachsitewasevaluatedusingthe
ShannonIndexLikewisestatisticalanalysisusingagroupedmeansonewayANOVAwasappliedtocompare
anysignificantecologicaldifferencesbetweenthetwositesstudiedItwasconcludedthattherewereno
significantdifferencesinwaterdepthwatertemperaturepHordissolvedoxygenbetweentheAlbaLane
andGobbiRanchsitesgroupedmeansonewayANOVAp005Whencomparingtheinvertebrates
collected12timesmoreindividualinvertebrateswerenotedattheAlbaLanesitethantheGobbiRanchsite
yetspeciesrichnesswasequalatbothsitesn16SpeciesdiversitywasslightlyhigherattheGobbiranch
sitethantheAlbaLanesiteaccordingtotheShannonindexes201versus182respectively

INTRODUCTION

Vernalpoolecosystemsareuniqueephemeralhabitatsfor
animalandplantcommunitiesManyplantsandseveral
animalsthatinhabitvernalpoolsinCaliforniaarelistedas
threatenedorendangeredInSonomaCountytwospeciesof
animalsandthirteenspeciesofplantsarelistedasthreatened
CH2MHill1995Organismsthatareabletoreproduce
efficientlyandquicklyinthesepoolshaveadaptedcystegg
andseedproductionenablingthemtotoleratethedrysummer
monthsCaliforniaBiodiversityNews1996These
adaptationsmakethesurvivaloftheseorganismsallthemore
interestingfrombothanevolutionaryandecologicalview

Californiavernalpoolhabitatlosshasbeenestimatedto
rangefrom50to90percentsinceEuropeanssettledin
CaliforniaCaliforniaBiodiversityNews1996Thislossof
habitathasincreasedsubstantiallyinrecentyearsasurbanand
suburbandevelopmentincreasedSeasonalandyearround
wetlandsarebeingplacedintomitigationbanksinaneffortto
recreateanenvironmentfortheplantandanimalspeciesthat
inhabittheseuniqueenvironmentsItishopedthatthese
mitigationwetlandscanmirrorthenaturalconditionsthathave

beenlostforboththemacroandmicrobiologicalpopulations
Zedler1987

Biologicalabundanceandrichnessareimportant
componentsofbiodiversityinabiologicalsystemHealthy

ecosystemsshouldhaveadequatenumbersofindividualsin
eachspeciesthatwillallowforselfperpetuatingpopulations
Thequestionsinthisstudyare1whetherornotartificial
vernalpoolssimulatenaturalpoolsintheiraquaticanimal
speciesdiversityand2dothe2sitesvaryintheirspecies
compositionItishopedthatthisknowledgecanbeapplied
towardcurrentissuesregardingmosquitoandvectorcontrol
andvernalpooldevelopmentandmanagement

Methods

Twositeswerechosenforcollectionandidentification

oftheaquaticinvertebratesthatinhabitvernalpoolsThese
areaswerechosenforthefollowingreasons
1 createdwithinthesameyear1997
2 developedbythesamecontractor
3 existwithinafewmilesofeachotherontheSantaRosa

Plain
4 developedonlandthatwaspreviouslygrazedbycattle

andconsideredpastureland
5 existatapproximatelythesameelevation
6 containabout20poolsofvaryingsizes
7 easeofaccesstobothsites

Samplingprocedures
Fourpoolsofapproximatelythesamesizeateachsite
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weresampledrandomlyusinganaquaticnetSampling
occurredinthecenterofthepoolaswellasalongtheedgesto
collectorganismsthatmayinhabitbothareasofthepoolsA
twentyfootswathatthewaterssurfacewasutilizedandthe
netrinsedintoa15literbucketwithabout1literofwater

fromthepoolbeingsampledBenthicsamplingwasnotdone
Eachpoolwassampledtwicewithina10dayperiodat
approximatelynoonAtthattimeGPSlocationperimeter
measurementsairandwatertemperaturepooldepthpHand
dissolvedoxygenmeasurementsweretakenateachpoolas
wellasageneraldescriptionofweatherTableslaandlb
Poolswith150180meterperimeterswerechosentobeapart
ofthestudy

Oncecollectedeachsamplewasplacedinaplastic1
litercontainerandrefrigeratedfor13daysuntilidentification
oftheinvertebrateorganismscouldbeperformedAll
organismswereindividuallycountedandclassifiedsuchas
ostracodcladoceranmayflyetcThesamplesfromeachsite
weregroupedcollectivelyandtheShannonindexMolles
1999wascalculatedforbothsitesAdditionallyananalysis
ofvariancewasevaluatedwhencomparingsignificantphysical
differencesbetweenthepoolsateachstudysite

Pool GPSlocation

Alba1 N382929W

1224444

Alba2 N382930W

1224444

Alba3 N382933W

1224433

Alba4 N382930W

1224433

Gobbi1 N382313W

1224433

Gobbi2 N382320W

1224519

Gobbi3 N382315W
1224526

Gobbi4 N382318W

1224532

RESULTS

Environmentalconditions

Thewaterleveldecreasedfromapproximately513
centimetersinallpoolsduringthestudyperiodexceptAlba3
whichremainedatadepthof18centimetersTables1aand

Table1aApril24and25poolmeasurements

Poolsize Air

perimeterinm TemperatureC Weather

156 24

183

153

152

152

158

171

155

24

24

24

1bTheAlbapoolsaveragelosswas6centimeterswhilethe
poolsattheGobbisiteaveragedalossof15centimetersTables
laandlbAsthisoccurreddissolvedoxygenaverages
increasedattheAlbaLanesitefrom890mgLto960mgL
ConverselythepoolsatGobbiRanchaveragedadecreasein
dissolvedoxygencontentfrom1153mgLto1047mgL
Pools4atbothsitesdrieduppriortosamplingonMay4and
May5TablelbTheaveragepHattheGobbiRanchbecame
muchmoreacidicfrom78to45yettheAlbaLanepools
averagepHremainedvirtuallyunchanged67to66When
comparingphysicochemicalfactorsofthepoolstherewere
nosignificantdifferencesinwaterdepthwatertemperature
pHanddissolvedoxygencontentbetweentheAlbaLanesite
andtheGobbiRanchsitegroupedmeansonewayANOVA
p005

Invertebratescollected

Themostabundantinvertebratescollectedwerecopepods
n742ostracodsn514andcladoceransn817Tables
2aand2bDipteranswaterboatmenandbackswimmerswere
prevalentattheGobbiRanchsitetotalofallthreen202
whilesnailswereprevalentattheAlbaLanesiten157

Speciesdiversity
AttheGobbiRanchsite1093individualinvertebrates

werecountedandclassifiedinto16differentgeneralorders
TheShannonindexcalculatedforthesepoolswas201Table
2aFortheAlbaLanepools1747individualanimalswere
countedandidentifiedas16separatespecieswithaShannon
Indexof182Table2b

Sunnywarm

Sunnywarm

Sunnywarm

Sunnywarm

20 Pcloudywarm 24

20 Pcloudywarm 18

20 Pcloudywarm 25

20 Pcloudywarm 8

WaterDepth Water Dissolvedoxygen
cm TemperatureC pH mqL

30 191 6681

30 193 6583

18 217 6792

10 270 69100

246 7095

243 68114

260 80113

278 94139



GPSLocation

Poolsize AirTemperature WaterDepth Water Dissolvedoxygen
perimeterinm C Weather cm TemperatureC pHmgL
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TablelbMay5and7poolmeasurements

Pool

Alba1 N382929W

1224444 156 17 Overcastcool 18 181 63 98

Alba2 N382930W

1224444 183 17 Overcastcool 13 197 68 97

Alba3 N382933W

1224433 153 17 Overcastcool 18 217 67 92

Alba4 N382930W

1224433 152 17 Overcastcool NA NA NANA

Gobbi1 N382313W
1224433 152 15 Rainycool 17 155 37 81

Gobbi2 N382320W

1224519 158 15 Rainycool 5 164 66 90

Gobbi3 N382315W

1224526 171 15 Rainycool 13 163 42 143

Gobbi4 N382318W

1224532 155 15 Rainycool NA NA NANA

NAreferstopoolsthathaddriedupduringthestudyandthereforemeasurementswerenottaken

DISCUSSION

Approximatelyoneandhalftimesmoreindividual
invertebrateswerecollectedattheAlbaLanesitethanatGobbi

RanchThespeciesrichnesswasequalatbothsitesn16
yetthespeciesdiversitywasslightlyhigheratGobbiRanch
accordingtotheShannonindexesAlthoughtheinvertebrate
speciesdiversitywassimilaramongallpoolstestedpersonal
observationspointtodifferencesinbiodiversitybetweenthe
twostudysitesTheGobbiRanchvernalpoolsclosely
resemblenativevernalpoolsintheirplantcompositionand
substrateHollandandJain1988TheGobbiRanchsite
allowsforcattlegrazingduringthesummermonthsoncethe
poolshavedriedupThepresenceofcattlemayhavepositive
effectsonthebiodiversityofartificialandnaturalvernalpool
ecosystemsThepresenceofcattlemaybetwofold1
seasonalgrazingmaykeepnonnativegrassesmcheckthereby
allowingnativeplantstoflourishand2cattlemanuremay
addorganicnutrientsvitaltothecontinuedexistenceofthe
plantandanimalsspecieswhichinhabitthepoolsCH2MHill
1995AdditionallythetopographyatGobbiRanchalso
appearstoresemblenaturalvernalpoolsystemsasthepools
areshallowerevaporatesoonerandmayhavelesspredation
bybirdsfishandamphibiansConverselytheAlbaLanepools
aresubjecttofloodingfromacreekthatdividestheproperty
andthepoolsareoveralldeeperthantheGobbiRanchpools
thusallowingforlongperiodsofwaterretentionduringthe

Table2aShannonIndexforspeciesdiversityatGobbi
Ranchsite

Species SpeciesID

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Copepods
Cladocerans

Ostracods

Dipterans
WaterBoatmen

BackSwimmers

Amphipods
Snails

Damselflies

Mayflies
Dragonflies
Springtails
Dytiscids
WaterStriders

Spiders
WaterBeetles

323

250

171

103

53

46

40

37

34

8

6

5

5

4

4

4

TOTAL

Numberofindividuals

1093

201diversity
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Table2bShannonIndexforspeciesdiversityatAlbaLane
site

Species SpeciesID

TOTAL

Numberofindividuals

1

2

3

4

5

6

7

8

9

10

11

12

13

13

14

15

Cladocerans

Copepods
Ostracods

Snails

Dipterans
WaterBoatmen

Damselflies

Backswimmers

WaterStriders

Mayflies
Dytiscids
Dragonflies
LeafBeetles

WaterBeetles

WaterScorpions
WaterMites

567

419

343

157

80

49

43

30

18

18

10

5

3

3

1

1

1747

182diversity

wetseasononintothesummermonthsCattailshavebeen

notedattheAlbaLanesitepresumablyduetothewaterdepth
andthesoftersubstrate

Anotherobservationofinterestisthepresenceof
migratorybirdspeciesthatvisitthepoolsThepathof
migrationflywaysmayaffectthebiologicaldiversityatthe
sitesasaquaticbirdsintroduceeggsandcystsintothepools
fromtheirfeetwhiletheyfeedandrestatthepoolsPrevious
experienceswiththesesiteshaveshownadifferenceinbird
speciesthatvisitthepoolsTheAlbaLanepoolshavebeen
notedtohaveducksgeeseheronsandegretsAttheTodd
RoadsiteonlyegretsandheronswereseenAdditionally
twodistinctfishspecieshavebeennotedtoinhabittheAlba
Lanesiteduringthefirstyearofoperationpresumablydueto
floodingfromanearbycreek

Fromamosquitocontrolaspectpoorlydesignedvernal
poolecosystemsoffermanychallengesFirstwouldbethe
disadvantageofprovidinganexcellenthabitatformosquito
reproductionparticularlythespeciesCulextarsalisandCulex
stigmatosomaGiventhefactthatmanyvernalpoolsprovide
habitatformigratorybirdsthepotentialtransmissionof
arbovirusessuchaswesternequineencephalomyelitisand

WestNileincreasesgreatlyThepublichealthimportanceof
thesepoolswouldbeheightenedbythedifficultiesinvolved
inthetreatmentofvernalpoolsthatareharboringmosquito
populationsVehicleaccessislimitedbecauseofthe
endangeredplantsthatgrowalongthepooledgesandthe
choiceofpesticidesislimitedtothosethatdonotaffectnon
targetspeciesOtherbiologicalcontrolmethodssuchasthe
introductionofmosquitofishareimpossibleduetothepossible
impactonendangeredaquaticinvertebratespeciessuchasfairy
shrimp

FutureWork

Althoughnotstudiedinthisprojectbenthicanimalsmay
bemorenumerousattheAlbaLanesiteduetoitsfinersubstrate

incomparisontotheGobbiRanchpoolsAsmentionedearlier
fishandnumerousbirdspecieshavebeenseenattheAlba
Lanesiteandmaycontributetolowerspeciesdiversity
althoughmuchmoreintensiveworkiswarrantedtoconfirm
thishypothesisItwouldbeinterestingtolookataquatic
invertebratepopulationsmonthlyduringthewetseasonOf
greatervaluemaybeastudythatcomparesdirectlybiodiversity
innaturalversusartificialvernalpoolsystemsOtherfuture
studiescouldincludeintroductionofthreatenedorendangered
speciessuchasfairyshrimpredleggedfrogsandplants
SonomaSunshineSebastopolmeadowfoamanda
comparisonmadebetweennaturalandartificialvernalpools
Completionofsuchstudiescouldaidindevelopingguidelines
forfuturemitigatedwetlandprojectsThisecosystembased
approachmayallowforcontinuedurbansuburban
developmentwhileprotectingandconservingvernalpool
habitatsandtheanimalsandplantsthatthrivewithinthese
uniquecommunities
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