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Thepurposeofthisresearchwastodeter
minegrowthratesofcommonspeciesofmos
quitoesinAlamedaCounty CulexpipiensL
Culex tarsalis CoquiIlett Culiseta incidens

ThomsonandCulisetainornataWillistonwere
rearedattemperaturesnormallyfound inthe

field Theresultsareusedinacomputersimu
lationmodelthatwillenabletechnicianstosched

uletreatmentsbysimulatingthegrowthofthe
larvaesincethelastinspection

Many researchers have studied tempera
turerelatedgrowthratesofmosquitoesPritchard
andMutch1985Shelton1973BaileyandGieke
1968andothers Howeverwefeltitnecessary
torearthelocalspeciesratherthanusepub
lisheddatasincevariationinthespeciesmay
existduetoclimateorlocality

Thefollowingwasneededforthemodel the

timerequiredfortheimmatureperiodfromthe
firstinstartotheadultstageatvarioustempera
turesandtheaveragetimerequiredforeach
instar and pupal period A rate summation

methodasdescribedbyWagneretal1985 is

usedinthecomputermodelbecausethismethod
avoidstheneedtodeterminemaximumandmini

mumthresholdtemperaturesinlarvaldevelop
ment Wehaveassumedthatthegrowthrates
obtainedinthelaboratorywillrepresentthosein
thefield

MATERIALSANDMETHODS

Eggraftswerecollectedinthefieldand
hatchedatroomtemperature Larvaeweretrans

ferredtofourorfivewhiteenamelpans41x25
x 6cm partially filledwith aged tapwater
about3litersthenrearedat4915Finthe
refrigerator6633Froomtemperatureand
severaltemperaturesrangingfrom729007F
dependingonthatnormallyencounteredbythe
species Thesepanswereeachheatedwitha25
or50wattsubmersibleaquariumheaterDan
seaandThermal Compact Thirtyto100
larvaewererearedperpan Onegramofdry
bakersyeastwasdissolvedin50misofwater
and2misofthissolutionweregivenper10
larvaeeachday Thepanswerecoveredwitha
plexiglasslidandasmallnetwasattachedover
anopeninginthecentertocollecttheadults
Blackplasticwasusedtocoverthelidduringthe
adultemergencestage Foreachspeciesthis
procedurewasrepeateduptosixtimesdepending
ontheavailabilityofeggrafts Thenumberof

larvaeineachgrowthstagetimeofdayand
temperaturewererecordedtwicedaily

Thetimefortheimmatureperiodwascal
culatedfromthestartoftherecordingperiodto
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50adultemergence Linearregressionwasused
todeterminethecumulativedaystothenearest
tenthat50emergence

Percentsurvivalwasthatwhichsurvivedto

theadultstagefromthenumberoflarvaeatthe
startoftherecordingperiod Mortalityrateper
daywascalculatedusingthecompoundinterest
formulaM AL 1whereMisthemortal
ityrateAisthenumbersurvivingtotheadult
stageListhebeginningnumberoflarvaeand
nisthenumberofdaysto50adultemergence
orcompletemortality Whenasampledidnot
survivetotheadultstage01wasusedasthe
valueforA Instarboundariesweredetermined

tobewhen50ofanimmaturestagereachedthe
nextstage Thefirstinstarbeganwiththestart
oftherecordingperiod Linearregressionwas
usedtodeterminethetimewhenthepopulation
wascomposedof50ofeachstage

Linearregressionequationsweredeveloped
torepresentthegrowthrateatvarioustempera
turesforeachspeciesFigure1 Theresults
showed a similarity ofgrowth rates between

speciesofthesamegenera Thegrowthratesof
thetwoCulisetaspecieswerefoundtobeless
responsivetotemperaturethanthetwoCulex
species as indicated by the slope of the

equations TheCulisetaspeciestoleratedthe
lowertemperatureswhiletheCulexspeciestol
eratedhighertemperaturesseealsoTable1
Overall Culex pipiens exhibited the highest
growth rate at temperatures above 65F as

indicatedbyitspositiononthegraph
Thegrowthratesobtainedattemperatures

higherthanindicatedbytheregressionlinesin
Figure1werenotincludedinthecalculations
sinceplottingtheinverseoftimeresultsina
straightlineforthemiddlerangetemperatures
onlyClement1963 Thedevelopmentaltimefor
Csincidensat84Fincreasedratherthande

creasedTable1 indicatingthistobeanex
tremetemperatureforthespecies Thisincrease

indevelopmentaltimeathightemperaturesoc
curredforCxpipiensat90F Othermathemat

icalformulashavebeendevelopedbyresearchers
thatincludethetemperatureextremesinanon
linear prediction equation McHughandOlson
1982

Manyoftheresultsobtainedinthisstudy
comparedfavorablywithresultsofotherwork
ThetotaldevelopmenttimesobtainedforCs
inornataat69and74FTable1weresimilarto
theresultsofShelton1973 Thelarvalperiod
obtainedforCxtarsalisatalltemperaturesupto
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Table1Meandurationperstageandpercentsurvivalatvarioustemperatures

Species

Culex

pipiens

Culex
tarsalis

Culiseta

incidens

Culiseta
inornata

Mean

Temp
F

Totaldaystocompletemortality
Instarboundariescouldnotbedetermined

numberofsamples

85Fweresimilartobothlabandfieldresultsof

BaileyandGieke1968
Theoriginalexperimentalobjectivesdidnot

includeobtainingsurvivaldata Howeverthe
informationisconsideredusefulbecauseitwill

provide mortality due to temperature in the

computermodel Percentsurvivaltotheadult

stageateachtemperatureisgiveninTable1and
mortalityratesperdayareshowninFigure2
Themortalityratesofthespeciesdidnotappear
tovaryinrelationtotemperatureunlessthe
temperatureswereinthehighorlowextremesfor
thespeciesFigure2 RatesforCxtarsalis

werevariableandappearedtobecausedby
factorsotherthantemperature Analysisofthe
datahoweverindicatedthatthelarvaldensities
usedinthisstudydidnotaffectmortalityrates

Themortalityratecurvesalsoshowasimi
laritybetweengeneraofthespecies studied

Days per Stage
n 1 2 3 4 P

50 2 15 12 23

67 3 33 26 23 66
73 1 27 20 19 55
81 2 14 11 19
85 2 16 13 13
88 1 11 10 12 26

49 2 85 30 38 101 0
64 1 25 19 22 40 37 143 84
67 3 28 26 16 54 32 156 80
73 2 19 15 16 30 19 98 91

78 3 13 13 12 27 23 88 78

87 1 13 08 15 61 48

90 1 93 65

51 1 82 72
62 1 32 24

69 2 32 17
74 3 23 18
78 1 17 16

77
26
24

18

145

55

40

42

Total

Days Surv

55 0

39 187 65

25 146 44

115 74

93 68

15 74 76

49 2 10 15 19 30 15 89 46
64 1 35 40 33 64 54 226 95
67 4 23 27 31 53 45 179 86
74 4 15 22 21 52 33 143 83
79 2 14 18 20 51 23 125 52
83 2 07 18 16 39 27 107 47

84 3 20 24 30 168 8

106

51

39

32

482 88

188 91

152 89

133 87

80 0

ThemortalityratesoftheCulisetaspeciesin
creasedrapidlyattemperaturesabove75F Cs

inornatashowedthemostsensitivitytotempera
tureincreaseandthemosttolerancetolowtem
peratures It appears the high temperatures
selectedforthisstudyapproachedthelethal
thresholdoftheCulisetaspecieswhilethelow
temperaturesremainedatoptimal levels The

Culexspeciesshowedhighermortalityratesat
thelowtemperaturerangeandvariablemortality
atthehighertemperatures Thehighesttemper
aturesusedfortheCulexspeciesdidnotreach
lethallevels

Thecomputersimulationoflarvaldevelop
mentrequiredknowledgeofthedurationofeach
immaturestageTable1 Forthispurposethe
timeforeachstagewasconvertedtoapercentage
ofthetotaldevelopmentaltimeandaveragedfor
eachspeciesFigure3 Thetimescalculatedfor
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Figure3Duration ofeachimmaturestagefor
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high temperatures were not accurate because

samplingcouldnotoccuroftenenoughtherefore
onlythepercentagesbelow80Fwereused The

differencesbetweenspeciesappeartobeinsignif
icantbutwillbeusedinthesimulationmodelto

representtheappropriatespecies
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