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ARSTIEALT Mark- release - secopure experiments were conducied 1o determipie the lengthi of the ganoroplae
ehrle il vale ol sivivorshop of Cdes grimgiiefocistio Say i Monterrey, eorthedateen - Mexivn A tatil of
2252 teldecanght Co geimgufiovcinn fomales were marked anld released at B 12 h postemergence i 2 ficld
Ureky, Bbcky ovebrapy wers Used L recapiure marked gravid females. One bundeed gmd wn 40%0) moarked Temules

were recapiured dunng o 12-day sampling periost,. Recopiure mies For the

mdividual trals were f6sl%, wnd

38 The length of the gonostroghic cvele, calculated ss the avemge ime Between the initial bload meal and
e umes ol recapiie of grovid Jemales, was 2-3 days The firat blood-fed mosguitoes were recaptured on the
2nd iy postretense. Chiavid cggelaying fenules were miont commonly recapiurned ar 2-3 days pantfceding. Daily
survival estimates for the 2 rileise dates were OF O K71 aod 0,883, respoctively
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INTRODUCTION

Went Mide wirus (WNV Fanuly Flavivindae) was
recently itroduced imo northermn Mexico (Blitvich
el al, 23, 2004, Estada-Frasco et al. 2003, Fer-
nundes-Salus et al. 2003} Although the principal
veclor al this miecton has not been determined,
Cludey guinguiefaveimy Soy s o prime suspeet. This
mesquiln species 15 ghly abundom m nomhern
Mexieo {Elizonde-Chuirogs 2007), and aearby pop-
uloticris in the USA were relatively efficient vectors
afl WY in laboratory tnals (Turell et ol 2000,
Craddard o al, 2002), Funhermore, WKV has been
Irequently molated from wild-caught Cx quinguee-
foscdienuy in o the USA (CDC 2002, Reisen of al
2Ok

Cufex guinguefusciaius lacvae are typreally
found in strewm morgins and natural and amificial
continers in both wrban and suburban areas, where
they can survive (o hoth clean and polluted water
inopradova 2000, Blizonde-Ohimoga 20023 At
present, the bionomics of Cv. guinguefascions in
Mexico, partcularly in respest 10 disease ransmis-
sion and vector contral, ere poorly undersiond
Governmen! vect-contrel programs have focused
on-wveclor species that transmil diseases. such ns
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dengue and malaria (Muancheno et al, 2000, low-
ever, now thal WNY has been introduced mto
northen Mexico, information an €% gulnguefor-
efafur in this area s urgently reguired.

The length of the gonotrophic eyele mnd longey-
ity of female mosguito vectors ure eritical deter-
minanis of wvectonul capooity (Garret-lones and
Shdrawa 1969) The gonotrophic cvele 15 directly
related fo the binng or feeding frequency, and bon-
gevity 15 related to the time avaikible to acquire and
imfect humans with viruses, Reisen et ul (1991) re-
ported the duly survivorship of O guingeefasoig-
fux in southern Californrg as 0,84, De Meillon et al
(19670) determimed that about 66% of Or, guin-
anefesciats that had their blood meal before 24 h
ovipositcd I days later (3od night) and che remain-
mg 34% pviposited after 3 days: Practically all of
the mosguitess that bad their blood meal alter md-
night oviposited by the $th nighe. De Meillon et al,
(1967h) showed that sugar feeding delayed ovipo-
silion; mosquitoes fod on sugar continued ©o ovi-
posit fo the Llth day alfter the blood meal; by the
3th day, 45% had oviposited; in the sugar-tree
group, 985 had oviposited.

The mark-release recapture technigue has been
successtully uwsed to estimate lonpevily and the
gonotrophic eycle of mosguitoes (Servige (9931
Ohrdofies-Gonzalez et al. (20013 employved both
mark-refease-recapiure-and ovitrops to estimate the
dispersion of dedes segipdt (L) in northeastem
Mexico. We wanted to replicate chis ppproach for
Cx. quenguefascratins using  sticky pvitraps . with
grazs infusion. This approach was used becanse ('
guinguefosciaius lay cggs in easily obscrvable rfty
on the water surface, and this species has a prel-
erence for grass infusion (Vinogradova 20007 Our
mms were oodetermime the duration of the gono-
trophic cyele and estimate daily survival rotes, This
information ls necessiry to better understand .
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MATERIALS AND METHODDS

Stiwghe areda: The mark-releisc-revapiure exper-
iments were performed in o smgle study site in Pea-
quecin, Nueve Ledn State, northeastern Mexica
(25T and TODCD3TWY (11,321 mbabitants), The
wite 15 in the Momterrey. ity metropalilan arep and
im approximately 20 miles nonhicast of the city cen-
ter 10 is o sabiarhan aren near where cereal ¢rops,
such i corn, wheat, barley, and oots, dre grown.
The elevation mmmge is 330-400 m The study ane
i locnles] where human setlements have been es-
tablished along the Pesquena River, Vegetanon s
repreggited by a4 broshwood forest of Prosepls
plandulesa Torrey, (Mesguite). Annueal average
ralndall bs S50 mm, bat menthly average rainfall
during the drv senson (June  August) o only 40
mm, Annual mean lempermture s 28°C with 40—
6% relutive lumadity, Avnight, prevahing casterly
winds nie less than 1,15 km'h

Advark- vl recapiiee expectments . Dippers
were nsed 1o capture Cx gerimguie fevetadiey Sih-stage
Inrvae and pupae from larval habitats such as
strenms and 200-hter drums. Resning was conduct-
ed m collection sites, and larvac were placed in
plagtic 12" = 12" travs positioned inside soreened
handling capes. After emergence, adult females
were phived n 3 8-Hter curdboand contiiners con-
tninmg cotton pads sooked with a V0% sugar so-
Tunon. Mosquitoes were then dusted with dyve (Bio-
quip, Gardena, ©A) uging Pasteur pipettes. A
different color dye was used m eoch el Marked
fernules were released in the evening (1930 h) of
June 12 {mial 1) and June 14 (rial 2% at 8-12 h
pestemergence. Mosquitoes unable to fly were sub-
tructed from the number counted. We recapiured
masguitnes for 12 davs following each releass. Re-
caplure Wik by the use of 100 sticky ovitraps baited
with a grass infusion (Vinogmdova 2000, Cridofiez-
Giunzaler et ), 2001) loeated within & 50-m radius
of the releasse gite. Mastic 3.8-titér open black con-
tainers weeg Mlled with 2 liters of gruss mfiesion
with 8 F-cm sinp of thin black cardboard added in
o mrogeclion edge a8 an oviposition sihsirale. Gloe
used w eotch rodents {Trapper™ Bell Laboratorics
lne., Madison, WIb wis softened by heating and
wits smeared onto the eardboard strip, Gravid. fe-
niales became stuck when they came to oviposit
Paper clips hield the stnp inside the container 1o
prevent the water from dissolving the glue, The
slicky wwitraps were checked every moming (0500
I

Sotla’s srages; Sella’s stages (WHO [975),
wlhich mdicale blood-digestion imervals, were de-
termined for éach recoprured female This enabled
s 1o record Bblood digestion status for each release,
ax owell as rondiness for epp laying. Sclia’s stages
comprise srape T iunfed). the abdomen is collapsed,

andd the ovaried ocoupy one thisd of the abdomen;
stage 11 ifreshly fed), stomach with red blood, ova-
ek occupying -3 segments ventrally and < e
snlly, atage TT-IV {hal T gravid), blood s dark ved,
ovaries ocgupving 4 -5 segments venteally amd 6
dorsally. stage V' (sibgrovicd), blood greatly re-
duced and dark in color, ovaries aceupying mast nd
abdomen; stage VI-VII (gravid), blood only a bluck
trace, n narrow blackish line or complerely digeat-
ed

The length of the gonotrophic cyele for these fie-
males was caléulated as the number of days Trom
the tme the st blood meal wos tken (Sella's stoge
1) v the peak in numbers of recaptieed gravid fie-
males (Sella's stnge VI and VI

Suevivorship: The daily survival sare ol O
guinguefascians. females was caloulated ns de-
scribed by Gillies (19610 In this mmethieed, the duly
recaplures were transtormed to Indx b 1) nedl pe-
pressed as o function of time. The antiloyg of the
slope of the regression line wis then used toenti-
mate daily survivorshup, Anooanalysis of varance
was wied o test the stanstical significonce of the
slope (SPSS 1999), Regression slopes far euch
murk- releise fecapture were compared using the
Z-slopes companson test (far 984}, Survivorship
estimates for different releades were  pooled i
slopes were pot signifcantly different wt the 3%
level (Reisen et al. 1978)

RESULTS

Mark-releare—recapivre sfudies; Weather con-
ditions were relatively stable during the study, with
o temperature range of 31.5-34°C and relative -
midity of 40—56%, Wind speed was lower on June
12 {070 msec) than June [4 (330 mdsec) Na rain-
fall was observed durnng the atudy periog,

A total of 10300 C% guinguefareiatus 4th-slage
larvae and pupae were-captured and rearecd for the
mark—release—recapture experiment. OF chiese,
24668 (259%) were females ond 7,632 (T4.1%)
were males. A wial of 2,332 adult females were
marked with dve and released at $-12°h pogtemer-
geave in the 2 inals. Ope hundred and fen (4.6%)
murkad mosquitoes were recapiured using sticky
ovitraps during the 13-day postrelease period (Ta-
ble 13 The recapture rates for trials 1 and 2 were
6.4% (39 of 918) and 3.5%; (51 of 1.433), respoes
tively. Recaprures peaked at | {n = 174 (m = [1)
S5 =223, and ¥ (n = 17} davs postrélease,

Cromotrephic cycfe: OF the | T individeals recap-
tared at | day postrelease, all were unfed (Sella's
stgge [) (Table 27, Engorged mosguitogs were fiest
mecorded at 2 davs postrelense (= 10}, and all
contained Sella’s stuge 1T bBlood meals. Mosguitoes
half gravid (Sella's stage 111 and IV were first re-
corded al 3 days postrelease, and subgravid mas-
quitoes {Sella’s stoge V) at 4 doys postreledse. On
div 5 (72 h postrelease), we recaptured 22 gravid
mnsguitoes:. At day 6 postreleasg, only | privid
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Tulile 1. Mumbers of maiked Cwlea gudnguefinciothm
females recipinred per diy after release in each of 2
mark=release-recapiure experiments conducicd n
Pemipieria, o subiorban drea of Monlerrey City,
nottheastorn Moo,
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mesgquite gppeared. A ZPnd smoller recopture peak
wan observed on day 8 in the 2 groups (14 mog-
quitoes) and in the pooled datn (Fig. 1) The length
af e ponalrophic cyele, caleulted os the average
mamber of doys bertween the 15t blood mesl and the
recapture of gravid females, 15 2-3 doys
Srvivorship: An overpll daly survival rsle of
0877 was computed from the pooled regression co-
efficient (Table 3). The slope wins significantly dif-
farent from zero (F = 14 851, df = 1,10, 2 < 0.05)
When dotd frem the 2 releases were analvred sep-
grately, they  showed 8 negative linear relstionship
with tme. The slope was significantly different

from O for the st (F = 17.6588 f = .10, /2 =
0.0%) and the 2nd relesse (F = 10, dF = 1,14k
P 05 Mo signiicant differcnce (f = 3,55, <
w 220, P < 0.05) between the 2 slopes wus de-
tevted, e, there are no signiflcant ditferones be-
vween the 2 regression coeflicients (Zar [9184),

DISCUSSTON

Our mark-release-rocapture study suggesis tht
the typical length of the gonotrophic cyele of O
ipangreefoseiaten in Monterrey, Nuevo Ladn: Stuto,
is 2=3 davs and the dwily survival rate is 0571
0ERY. The determunation ol survival rtes s -
portant  for wndemtanding  the  epidemiology of
WY trmnamission by v quitipuefasctatuy, Mos-
quitn female longevity is linked o the WNY ex-
trinsic incubation perd (EIF) e, the perisl in o
masguito that a discdase-peaducing  organism  re-
quires o develop to the pomt where i1 can be trons-
mitted. For Reld mosguitoes, WY requires o 2-wk
EIR depending on temperature (Valundiogham et
al. 2004 Our results show that, by day 14, the
pooled daily survival mte of O guingugfisciofis
was 00159 about 159% mosquitoes survive and
ure potentinlly infective), and by day 21, this was
036 Moreover, mosguitoss surviving 14 dovs
have bloodfed 13 times. which mereases the pog-
sibality of acquiring and transmitiing WY 1o hinds,
horses, o humans

The overall recapture mite for the experinient wis
4.67%%, whch compares with 7.70% for e, oegepg
with aticky ovitraps (Ordofes-Cronzalez et al. 2001)
and 0.34% for Ox. guinguefasiciaiay with unlitvdry-
tee-banted minigture surveillance traps (Sohneiber gl
ul. 1988),

The recapiure rmates for mals | and 2 were 6,42%
and 33539, respectively. The lewer recapture mue

Table 2. Sello’s stage' of Culey quingusfascianir ecaptured after each day fellowng 2 mark-relenses (A = Jung
12, 2004, B = June [4, 2004} in the monkeipality of Pesqueria, a suburban ares off
Montemrey City, northsstem Mexieo.
Hella ] Bella 11 Sella 1T Sella TV Sella W Sella VW1 Hella WIT
Dy A R A ) M B A B A B A B A iz Total
I o B I _— . =_ = - = — = W
s 1 — 4 4 — — — — —_ — — - - — 1)
3 1 4 3 I = = 2= = = 5= 9
F1 o e L L. S b 2 3 1
E = — — — —_ < 4 B & 2z
h — — z | b | —_ — - — I g
T — — — 1 2 —_ | z — — — — - @
ki 1 — 2 3 4 A 15
g e a 2 e = i = e - 1 [ 5
1 1 | 1 - | - — - - - - 4
B = = = = T - I - = = i
e - = - = = == I - - [

I

'Es;cllu |, wnted, the abdamen g collapsed, and the ovanst ooy oas Burd of the abdomen; seila [T, feahly fied, dmmach with red
Blisisdl, ieeatles povuping I-1 weptenth vouleally snd 4 dorsally! sclle II-TY Balf pravid, Bloodd b5 dark red, ovarkes acsupying 4 4
seganents setitmilly and 6 dorsally, sclla W vebyravil, blood prostly reduced, dark e colez, ovaries cocugrsng mosl of abdemen; aell
1YL graail. Ilodd only a hlack trace ax mamme bisclash line or comploichy. digestod
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Numlsten of marked Culev guinguefisscioms females recaptured per day aller release i each of 2 mock

relepse-reckpiure sludics iy the mgncipality of Pesquernia, o sibmprban srea of Monterrey City, noctheastorn Mexico

for trunl 2 could be due 1o the windier conditions
on thit dioy. Schreiber e al. (1988) noted that fe-
mle v guimguefosciotes are dispersed on the
weind.

We observed the first Selln’s suge 11 of recap-
tured femules on day 2, indicating thst mosguitoos
fed within 48 h poktemergence. A ol of 22 fe-
matles were gravid by diy 5 postrelense, or 72 h
nler having their bst Bloosd meal, bur on day 6,
there were 3 femades wath Sella's stage 11 sug-
preating fhat they ted the night betore. The 2nd ovi-
posilion was on duy B (<260 h), which soggests that
the 1st ponotrophic cycle was delaved os s result
ol Bloodiceding on the moming of the 2nd day
postrelense (e Meilton of al 192671 We conclode
that waast marked femoles bloodfed and oviposited
over pdk-Ta-h pened, similar 10 the results af De
Meillon et sl (1967h),

Daily survival probabilities obiamed by regres-
sion- analyses were (LET1 and 0.883 for the Istand
2nd releases. respeetively. These resulets are similar
1o daily sorvivorship of Cx guonguefarciais n
simthem Califomia (Resem et ol 19913, wihich
these authoss estimated os 0,84 by Davidson's
{1254 method and 0.82 by the Gillies (1961) meth-
od Differences o cstimates of survivorship be-
tween the Pavidson's method and the regression

Tahle & Heprossion estimutes of daitv survival rates
Tor mark -release—recapnue Cralex gusngir oo,
ferales inthe mumcipahity of Pesquena, a suburhan
aren of Monterrey City, nonheasteim Mexico

Repriession Coeflivient? Dadly
Redeise coefTicient of determi- survival
daie {beia) nation probability
June 12 . 138" 0633 &7l
Mt 14 (124 1 502 [{ 5%
Tl -0.131" 0598 n&77T

PANONA el Tor significen) sy = P < 00E,

S Propeotioe of varianes o the depesdon varable seooumisd by
the predictar independent variahle o the lnear inode] (PS5 100

"M gignifienns differenee wrong S e sl sang ihe e
wlopen cemipurisim el | Fur PRy

method that wie used have boen afeributed o gam-
pling b and  population  fluctuntions  [(Service
19931, Survival rate can be caleulated fram the proe
portion of paroud females in o population using -
vidson's method, bot there ore muny confounders:
For example, recruitment of the population must be
eonstant throughout the sampling period but the
percentage of parous mosguitoes can he soverely
reduced by a spike in emergence, thereby lowering
exhmates of survival, Survival estimuates baged on
the regression method can be srongly influenced
by mosgquito emgration (Reisen et ol [982), In our
study, the daily decling in numibers of markued spec-
imens was relatively constant, which indiéates that
population abundance 15 independent of age (B #
0, £ < 0.05, slope tests for homogensity ), A stable
decline in numbers of recapture specimens excludes
possihility of sudden reductions in population abun-
dance due to cmigration,
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