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Abstract

We describe the hourly patterns of parous biting activity of the three main simuliid vectors of human onchocerciasis in the
Amazonian focus straddling between Venezuela and Brazil, naietylium guianensg.l. Wise;S. incrustatuniutz, andS.
oyapockenss.l. Floch and Abonnenc. Time series of the hourly numbers of host-seeking parous flies caught in five Yanomami
villages during dry, rainy, and their transition periods from 1995 to 2001 were investigated using harmonic analysis (assuming an
underlying circadian rhythm) and periodic correlation (based on SpearmaP&ousS guianenss.l. showed a bimodal activity
pattern, with a minor peak in mid-morning and a major peak at 16:80ihcrustatunexhibited mainly unimodal activity during
either early morning or midday according to locallyoyapockensel. bit humans throughout the day mainly between 10:00 and
16:00 h but also showed bimodal periodicity in some localities. Superimposed on the endogenous, species-specific daily cycles,
parous activity showed variation according to locality, season, air temperature and relative humidity, with biting being promoted
by warmer and drier hours during wet seasons/periods and reduced during hotter times in dry seasons or transitions. The results
are discussed in terms of their implications for blackfly biology and ecology as well as onchocerciasis epidemiology and control.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction vector competenceT@kaoka et al., 1984; BaSez et
al., 1995; Grillet et al., 2000, 2001S. incrustatum

Human onchocerciasis transmission and severity is plays a secondary vectorial role in hyperendemic set-
the result of continuous exposure of individual hosts to tings, predominating mainly during the rains, rainy-
the bites ofSimuliumLatreille vectors ofOnchocerca dry and early dry seasons when its parous (and prob-
volvulusLeuckart. Consequently, quantification of the ably survival) rates are highest (median =180 parous
degree of host exposure, measured by vector densitybites/person-day; range = 60-39Gy{lletetal., 200).
and the biting rate of flies on humans is important to S, oyapockenss.l. is the prevalent species at low-
parameterize models for transmission dynamics and land hypo- and mesoendemic forested areas, where
control Renz and Wenk, 1987; Dye, 1994, Béez et it bites in very large numbers (median=1920 parous
al., 2003. The most commonly used indicator of the bites/person-day; range = 1500-3300) during the dry
degree of human exposure in onchocerciasis studies isand rainy seasons, compensating for its low vector
the annual biting rateDuke, 196§. This parameter,  competenceShelley et al., 1987; Bafez et al., 1988,
which describes the yearly number of flies attempting 1995: Vivas-Marinez et al., 1998:; Grillet et al., 2000,
to obtain a blood-meal on a human, represents more 2007).
truly a‘landing’ than a ‘biting’ rate thus overestimating Our results have also suggested that seasonal fluctu-
exposure. Being a summary measure, the annual bitingations of parous populations are correlated mainly with
rate gives no real indication of the temporal and spatial river level, with the dry season and the transition pe-
variation in both blackfly abundance and human expo- riods between seasons potentially contributing most to
sure Renz, 198J. Investigation of the monthly, daily,  onchocerciasis transmissio@f(llet et al., 200). Less
and hourly variation in blackfly biting activity, and in  research has been conducted, however, on the patterns
particular of the parous component of the fly popula- of hourly variation in biting activity for these simuliid
tion, would permit identification of months of the year species. Knowledge of these patterns would be impor-
and hours of the day during which transmission of on- tant not only to help quantifying exposure but also to
chocerciasis is potentially highedkénz, 198Y. Ide- aid the design of sampling protocols that would maxi-
ally, these studies should be accompanied by estimatesmize the efficiency of rapid entomological assessment
of the amount of time that populations at risk spend (REntA) methods for the monitoring and evaluation of
on activities that expose them to vector bites during ivermectin-based control programm&aiiez et al.,
these months and hours, in order to obtain more accu-1998; Vieira et al., 2006
rate estimates of contact rates for transmission models  Blackflies exhibit a 24-h pattern of rest and activ-
(Bockarie and Davies, 1990; Renz et al., 1p87 ity, presumably driven by natural circadian rhythms

We have already shown that three anthropophilic timed or adapted to the predictable daily cycle of
simuliid species are involved in onchocerciasis trans- light and darkness, but readily modifiable by (exoge-
mission in the Amazonian focus of southern Venezuela, nous) weather and environmental conditions, such as
namelySimulium guianens@ise s.1.,S. incrustatum  wind speed, rainfall pattern, temperature and humid-
Lutz, andS. oyapockens&loch and Abonnenc s.l. ity (Wenk, 1981; Crosskey, 19R0Adult females bite
Such studies have also revealed that spatial (altitude,from dawn to dusk, but most activity occurs in peaks
locality) and temporal (seasonal) variation in the bit- around particular times of the day.
ing activity of these species, together with their con- Daily biting peaks are dependent on species, sea-
trasting vectorial efficiencies contribute differentially son, climatic conditions, parity status (e.g., pars and
to exposure and transmission in this endemic focus nullipars seeking bloodmeals at different times of the
(Basaiez et al., 1988; Vivas-Mdriez et al., 1998;  day), location and host availabilitpike, 1968; Wenk,
Grillet et al., 200]). S. guianenses.l. prevails dur- 1981; Crosskey, 1990Since host-seeking periodicity
ing the transition between dry and wet seasons in the is highly regulated by the duration of the gonotrophic
highland hyperendemic areas. In these ar8aguia- (blood feeding and oviposition) cycle, biting activity of
nenses.l. acts as the main vector @. volvulusde- parous females may provide insights into the duration
spite its relatively low parous biting rate (median=40 of such cycle Cheke, 199%and the timing of oviposi-
parous bites/person-day; range = 4-350), due toits hightion (Duke, 1968. Short gonotrophic cycles and blood
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