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GONOTROPHIC CYCLE ESTIMATE FOR CULEX QUINQUEFASCIATUS

IN MERIDA, YUCATAN, MEXICO

JULIAN E GARCIA-REION, JOSE A FARFAN-ALE! ARMANDO ULLOAS
LLIS F FLORES-FLORES! ELSY ROSADO-PAREDES. CARLOS BAAK-BAAK,
MARIA A LORONO-PING ILDEFONSO FERNANDEZ-SALAS' asn BARRY | BEATY"

AHSTRACT. West Nile virus (WHNV) Tus been present i the Yooutin State, México, since KR Cliley
spertipeefiseaitis, one of the main vectors of WNY trnsmission in the United States, 14 also common in
Mexico and may be u key vector of WNY trapsnission 1o humians in the Yucatan. The abm of this stidy was
o determine the lengil of the gonotrophic cyele and the survival rates of v quimguefasedtius from Mérida,
¥ ucutan, during the tniny versus the dey season, Mosquitoes were collected during 25-duy periods in Octoler
(rainy season) and in Apnl {dry season), and capturcd females were classilied by abddominal appenrince
(freslily Ted, bie-stuge fed, half gravid, and subgravid), To determine the age structure s nulliparous and
pirrons femades snd o calculate the gonotrophic evcle through a time series and the muosguito survival, we
wseel Pravidson formulic Also, vitellogemesis amilysis W monitor cgg maturity wis conducted during bath
seimois, Cross-coreelation data sugagested a similar lengih ol the gonottophic eyele (4 days) i both séasons
Oogeme development required o oiioimum of 72 hoan each season. However, survival ol the mosguite
populution collected in the iny season was significantly higher (0911 with i mean temperiature of 28 2
A7 C than was survival in the dry seasan (0,78 wath a mean temperature of 29 & | 10°C, Survival, altheuagh
Wighers during the rainy season, did not influence the length of the gonotraphic cycle of O pinguefisoiatug

Y ueatin
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INTRODUCTION

Wiest MNile virus (WNY) activity was demon-
strated in Yucatin Stiate of México in horses and
birds in July and December 2002, respectively
(Lorofio-Pino et ul. 2003, Farfin-Alé et al. 20045,
Crlex guinguefascines. Suy i Florida 5 compe-
tent butl only a moderately efficient vector of
WNV (Sardelis e al. 2000 ), This species is one of
the most abundunt Cufex species in Yucatan.
Larval collections from domestic and pendomes-
tic. habitats conducted during the rainy season
from August to December 2003 ( Najera-Vizquez
et al, 2005} and temporal variations in the relative
abundance of Oy, guinguefosciotus collected in
Mernds dunng 2005 mdicated that this species
represented 88.7% of the total sample population
{Giarcia-Rejon, unpublished data),
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The vectoral capacity for Virus Iransimission s
influenced by the length of the ponotrophic cycle
(Mutero and Birley [987) and the survival rule
(Birley and Rajagopalan 1981, Birley 1984), The
length of the gonotrophic eycle impacts the
frequency ol vector-host contact {Rodriguez cl
al, 1992y, and the survival rate determines the
total ege production and the stability of mosguit
population size (Miller et al, 1973). The latcer i5
the most important lactor in estimating the
averdge lifetime infection as vector (MucDonald
19373, To estimate the survival rate during the
gonotraphic cycle of 8 mesquito population ol 4
eiven age, il 15 pecessary o know the parity rate
imosquitoes with at Jeast | event of oviposition
during its life) {Davidson, 1934, MacDonald
1957), Meanwhile, the length of the gonotrophic
cycle maty be stimulated by the physiological
longevity of the vector (Detinova 1962, Rodrn-
guez et al. 1992) Climatic conditions influence
the length of the gonotrophic cycle as well as
vectonal capacity of mosguito populations. The
purpose of this study was to determine whether
the length of the gonotrophic cycie or survival
rate of bloodled Cx  guinguefasciaties differed
during the rainy versus the dry season.

MATERIALS AND METHODS
Mosquito collection

The study wits conducted in the city of Méridu,
Yuecatan, Meéxico, during 20042003, The city of
Menda s located close to sea level and the
climate i3 warm and subhumid, with rains o
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wmmer and un wverage annual temperature: of
20, Ménda has a distinet roiny season [ May—
October) and a dry season (January-Apnl), The
avernge pluvial precipitation s 1K mm duning
the rainy season and 300 mm during the dry
season, Ménda, has approsimately TIHLIKO n-
[ailatznns (1N ECTE 205

Farous—nulliparous ratios and survival dynamics

Mesguite collections were conducted between
GROO Ny aned 1000 b dueing dey (Aprl) and roany
Dctober) seasons, using  walk-mn red  boxes
(Reisen amd Pluntner 1987). Mosguitoes were
wentilied usmg the published keys by Darsie and
Wi (19811, A tinse-series anplysis ol the 25 duy
swmppling period was conducted Tor cach seusan,
Fermale Oy grosmguefuseines collected were dis-
sected 1o determine purity rates (Detinova 1962)
Daily changes in the parousinulliparous ratio
were recorded. The length of the gonotrophic
eyele was estimated using a cross-correlistion
pialysis (Birley and Rapgopalun 1951) with the
formula M, Pl e where M = the number
of purpus mdividuals coplured on day £ T, L =
the totd number of females (nulliparous and
parous) cuplured on day —u & = the length of
the gonotrophic cyelel and P = 1he survival rate
per gonotrophic cycle, caleulated from the slope
in it regression model. The correlation coellicient
{4y Tor duy O represented the correlation between
Pund T, dita puirs from mosquitoes captured the
same Jdoy (15 date pamrsk. The ¢ for day was
obtwmed by jpuaring daily  # data with the
corrgsponding T data of 1 day belore. Likewise,
r for each duy | was obtained by puinng daily #,
data with the corresponding 7, data of 1 day
befare. The r for day 2 was calculated by pairing
duily P, data with corresponding T, dawa ol 2 duys
before. and so on. 1 was assumed that a
significant ¢ between the time series expressed o
time delay (1) equivalent 1o the gonotrophic cycle.
The highest significant r obtained alter day 0(w =
i) indicated the number of days per gonotrophic
cwcle, with descending peaks occurring at multi-
ples of this interval, To climinate spurious cross
correlations, duta were filtered using an autore-
gressive process with a lag of | day, with the
formula 2, = X — BLY, ) where Z, = 1he time
serics 1o be fAllered, X, = the lme series to be
filtered, and B = the cstuimaled suto-regressive
parameter (Holmes and Birley 19871 A signifi-
caiil eorrelation betwean 2 filtered time series (M,
and X, -, ) was assumed, and ricorresponded tow
lag w0 eguivalent 1o the gonotrophic oycle, with
regulur peaks atl the start of each cyele.

aiky survival rates (p) were caloulated from
the parity: rates using the formula p = (PRY
where PR = the panty rate and OG = the
duration of the gonotrophic cycle (Davidson
[954)

Vitellogenesis

The duration of Chrstopher's stages ol avilkhin
development were determined for v gngue-
fowcictus based on the appearance ol ovarian
follicles (Clements 20001 Mosquiloes were col
lected using Mosquite Magnets Pro-Libarty
[ Amernican Biophysios Corp, Narthe Kingstivwn,
R These traps were bailed with propane ansd
octenol, weneratng OOy as a0 by-product ol
propane combuostion. These traps contan 2 Runs
operated by o rechurgeable battery: one fan
exhausts OO from the trap while the ather Tn
sucks air anto the vap (Turell eral 20040 The
traps were operted durng the rainy sson
ftemperature 28 AT C and relative himuliy
[RH] 75 = S45%) and the dry seaso (ten e
awtbee 29 0= WO and BRU 8T £ 4.73%) Ten
unfed females (without traces of blood) were
dissected to determine their status ol avariun
nuturation, The remaining females were allowed
o feed on o chicken (unled mesquitoes witlioul
traces of blood were discurded) and immedialely
trumaported o the insectury where they were
supiplicd with cotton pads sonked with o 1R
suerose solution and mmwntuned 10 o temper-
turg-controlled room al 29 = L C and 0 M0
RH. Starting at 12 h oafrer bloodlecding and
continuing every 6 houp o 78 b, groops o L
mosguitoes  were dissected 1o determine the
Christapher’s stages.

RESLLTS
Parity rate

A totl of 2,339 Cx quinguefuseiatns [emales
were collected and dissected, 1,273 during the
rainy season and 1066 during the dry season
Party wus ohserved i 695 (88341 273) of female
mosguitoes captured during the ralny  scason.
compared 1o 37% (408/1 066) collected during the
dry season (Tuble 1), These results dndicated a
significant dilfference in parily rates between
seasons, ¥ = 384 (a = 005, dF = 1) £ 005

Dvnamics of parous—nulliparous ratios

Lising both ruw und Glered data, no significant
correlation (£ = 0.03) was observed in daily
changes of panty rates over 25 days in females
collected durme the rainy and dry seasons;
however, u high correlation on davs 4 uand 8
was found, sugegesting a 4-duy gonotrophie cvele
i both seasons (Tuble 24

Survival rate

The daily survival rite was 0,91 for mosguitoes
collected in the ruiny season and 0.7 in the dry
SEASOn
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Table 1. Parity rate of female Cx guinguefasciees from Ménda, Méxco, during the rainy and dry seasons, Tiblie b Witellogenes
2042005,
Hainy season Diry seuson 1
2 §lours
[ay Dissected Parous Parity rale Dhssected Parous Purity rafe postleeding B s,
| iH 19 0,50 19 13 33 1] 11
3 35 24 0.68 s 17 134 12 141
] AS 25 07 Fi) ] kil 18 14
4 20 11 0.50 ajy ) 30 24 i
5 48 0 41 41 |12 0.27 LNl i
( 3} ] 0.25 A 2 .3 A I
7 T0 6 051 3 10l 0,33 42 I
H S 35 064 34 I 0.32 bt [ir
'3‘ AT 28 0.75 2 7 (115 54 L
111 41 4o 0.75 43 15 IR [ (L1
I 55 L3 h6E 50 13 .26 [+l i
e a4k 2 0,600 45 I8 [k T I
13 55 43 .78 17 15 L ki) TE Lis
Ny ’ e -
t 7 2% i '2;‘ B 03 g s
(I 42 27 .64 41 3 .19
] il a8 08 £ 0 0,27 from  vitellogeness
I§ a3 43 0.81 35 9 ih25 served thal the fen
19 55 41 0.74 Gl 3l 50 ("hr'.iluphﬂr'_q Ll
20 79 51 1,64 A 26 0,56 the sume for holly s
z} £ 43 053 23 12 ks The tme ol goho
22 55 a2 0.76 36 2 0,72 : il el
1 4| 4] 0.80 47 BT 0,63 feexederfuey I_rum M &n
24 71 i 0,90 i 4 .57 time obtained By
25 G [ 086 46 11 .67 i Do and with ol
Tustul 1,273 BHY .69 IRETS 08 {38 und  Heisen (19EY)
- o recaplure - relese
i i . o ) conducted inonoetl
Vitellogenesis When this criterion was applied to our data, the eyele of Cx. uinig

All unfed females collected in both seasons at
Cliristopher’s stage 11 and completed their
aogenic development in a minimum of 72 h (3
days) after feeding to reach Chnstopher's stage V.
The length of the gonotrophic stage could be
calculated indirectly by adding 24 h (which is
considered the required time to locale un
oviposition site, lay eggs, and locate a new host)
to the minimum time required to develop cggs to
Christopher’s swupge ¥V (Mekuria e1 ol 1991),

Table 2, Correlation indices of 1he parity rates of Cx
greimgue fascintus eollected i Ménda, México, duning the
rainy and dry seasons of 2004-2005, by cross-
correlation analysis of & time senes (9 deys
of collection).

Filtered dates of

Filtered dates of

Dy the rainy season the diy sepson
0 {289 0.383
| 0034 0.037
2 141 0115
3 G.155 0,237
4 017s 0.325
] .06 0162
] . 184 0.185
7 0.123 0174
5 0.257 (226
9 216 0317

estimation of the length of the gonotrophic cycles
wias 4 davs,

The percentage of females failing to develop
beyond Christopher's stage 11 was 23% (14/60) in
mosquitoss collected in rainy season, whereas
250 (15/60) of those collected in dry season had
remained pregravid (Table 3),

DISCUSSION

The length of the gonotrophic cycle and the
longevity of female mosquito vectors are critical
determinants of vectorial capagity (Garret-Jones
and Shidrawi 1969). The gonotrophic cycle is
directly related to the biting or feeding frequency,
and longevity is related 10 the time available to
acquire virus and then inféct humans during a
subsequent blood meal, Our data were analyzed
first by several criteria based on mathematical
formulae (Birley and Rajagopalan 1981, Mutero
and Birley 1987), and the correlation index
obtained each day of collection was not adjusted
to those critena. However, the correfation index
was adjusted according 1o the Bockarie criteria
(Bockarie et al. [993) and gave a gonotrophic
cycle length of 4 days in both seasons, We
concluded that the effect of the rain did not
modify the gonotrophic length. This result was
confirmed by the oogenic development as evident
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e iy el ey seasoms, Tuble 3. Vitellopenesis of Cv, guiguefascinin populations collected i Merida, Mexico, during the rimy and ey
L- scasons, 2004-2005.
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recapture- release techmque, However, in a study
conducted in northern México, the gonotrophic
cycle of €y gufimguefuseiatuy caplured in Mon-
terey. was  calculmied between 2 and 3 davs
(Elizondo-Chuiroga et al. 2006),

Al the same ume, we calculated the survival
rate through Davidson’s method, m which the
survival rale of mosquitoes 15 considered an
importan! fugtor n the determinanon of the
transmission ol disease (Mutero and Birley 19873,
because 11 determunes the stability of the popula-
tion and their tola] production of cges (Miller et
al. 19731 We obtaned a daily survival rate higher
in the rainy season compared with the dry season.
The average temperdature was lower durmg the
rainy season, contributing to the higher time of
survival, Similar data were obtamed in Japan in
studies conducted with Cx guinguefasciatus and
Cx. pipieny (Oda et al. 2002). The vertical method
described by Davidson (1954) was based on the
mosquite parity rare and the length of the
gonptrophic cycle, mdicating a distnibution of
ape stationary and the mortalily constant regard-
ing the age (McHugh 1989).
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