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Ecology of Mosquitoes (Diptera: Culicidae) in Areas of Serra
do Mar State Park, State of Sao Paulo, Brazil. Il - Daily
Biting Rhythms and Lunar Cycle Influence

Anthony Erico Guimaraest, Carla Gentile, Catarina Macedo Lopes,
Rubens Pinto de Mello

Laboratério de Diptera, Departamento de Entomologia, Instituto Oswaldo Cruz, Av. Brasil 4365, 21045-900
Rio de Janeiro, RJ, Brasil

The ecology of mosquito species (Diptera: Culicidae) was studied in areas of the Serra do Mar State
Park, State of Sdo Paulo, Brazil. The influence of the lunar cycle and the daily biting rhythms of mos-
quito populations were analyzed. Systematized biweekly human bait collections were made in a silvatic
environment for 24 consecutive months (January 1991 to December 1992). A total of 20,591 specimen:
of adult mosquitoes belonging to 55 species were collected from 545 catches.

Sabethini species were captured exclusively during daylight periods, with the exception of
Trichoprosopon digitatupwhile members of Anophelinae predominated during nocturnal hours. Mem-
bers of the subfamily Culicinae that were collected primary during nocturnal periods includiex
nigripalpus, Coquillettidia chrysonotuamdCqg. venezuelensighile daytime catches includBdorophora
feroxandPs. albipesOthers members of culicines mosquitoes that were collected during both day and
night included:Aedes serratys\e. scapulari@ndAe. fulvus

Lunar cycles did not appear to influence the daily biting rhythms of most mosquito species in the
area, but larger numbers of mosquitoes were collected during the new Amatapularisvere cap-
tured mainly during the full moon.
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The daily biting rhythms and the possible ef-  Biweekly collections in sites A, B and C were
fects of lunar cycles on mosquito population beeonducted during three periods each day: daylight
havior are described as part of the ongoing stud¢0-12 h and 14-16 h) and nocturnal (18-21 h).
of the mosquito ecology in areas of the Serra dBor each sampling period, two team members were
Mar State Park (PESM), Picinguaba Nucleus, citgollected landing/biting mosquitoes by mouth as-
of Ubatuba, State of Sdo Paulo. The monthly frgsirators and placed in screen topped boxes.
guency, climatic factors and habitat distribution of =~ Collected mosquitoes were killed with chloro-
mosquitoes have been previously describefibrm and placed in labeled boxes. Mosquitoes were
(Guimarées et al. 2000a,b). returned to the laboratory where they were identi-

fied according to current literature and systematic
MATERIALS AND METHODS . proposals of Harbach and Kitching (1998) and Judd

Three collections sites (A/B/C), described pre¢1996, 1998) for the Sabethini tribe. Representa-
viously (Guimarées et al. 2000a,b), were selectefe specimens were incorporated in the Entomo-
in sylvatic environments in PESM. Biweekly col-|ogical Collection, Department of Entomology,
lections were made during different periods of th@yswaldo Cruz Institute, Fiocruz, under the title of
day using human bait from January 1991 to Dewatlantic Forest Collection”.
cember 1992. Mosquito species daily biting rhythms and in-
fluence of lunar cycle were determined by using
Williams averages (g) according to the defini-
tions of Haddow (1954, 1960) and Forattini et al.

1981). To analyze the significance of the influ-
nce of the lunar cycle upon the mosquitoes popu-
Pation the Kruskal-Wallis test (Kruskal & Wallis
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value indicate that the referred variables are not Among non-Sabethini CulicinagZulex
influencing the species and any differences obrigripalpusshowed a clear preference for the noc-
served in its incidence are not directly related teurnal period (96%, ¥ =13.8) (Table)Aedes
those aspects. For the present case and with a ssgapularisandAe. serratusvere collected during
nificance leveb = 0.05 we have the critical value all collections Ae. fulvusvas the most frequently
Ho.05,4,4,4.4= 7-24. collectedAedesspecies, and although collected
Only species with a nocturnal biting cycle weraduring the day it was more frequently collected
analyzed with respect to the lunar cycle. Graphiduring the nocturnal period (75%,,%7.3) (Fig.
representations and statistical analyses were matle Members of Culicinae that were collected pri-
only for species that represented a total number ofarily during nocturnal periods (except fox.
collected individuals >1% of the members of eachigripalpug includedCoquillettidia chrysonotum
sub-family or tribe collected. and therCq. venezuelensiBsorophora feroxand
RESULTS Ps. albipeswere the only other members of
o . Culicinae that were active during daytime; 93%,
Daily biting rhythms The hematophagic cycles x  =74.8 and 88%, %= 39.6 respectively (Table,
of the mosquitoes sampled in most cases wergg. 1).
clearly linked to either the diurnal or nocturnal ~The Sabethini is a group of mosquitoes with
periods of the day. Generally, members of the sulypjcal sylvatic behavior and diurnal hematophagic
family Anophelinae were active during nocturnalactivity. Trichoprosopon pallidiventewere col-
hours while members of the tribe Sabethini wergcted almost exclusively during the diurnal peri-
active during daytime hours. Members of othepqs (99.3%, X = 3.5). The only exception was
Culicinae tribes were primarily active during theTy_ digitatumthat were collected mainly during
day or night, depending upon the species (Tablgocturnal periods (Fig. Runchomyia reversand
Fig. 1). The importance of the day or night periodRy. frontosashowed a clear preference for biting
in the mosquitoes activity becomes very cleaj daylight (90.6%, X, = 4.3; 90.5%, X = 10.7)
through the Williams average displayed in theTaple, Fig. 1)Wyeomyiapecies followed a simi-
graphics at Fig. 1, indicating the great and direghr pattern in preferring the diurnal perioty.
response of all analyzed species to the day/nigbhannonioccurred exclusively in these samples
periods. The more common species for each @fig. 1). Wy. (Phoniomyia)was the group of
those three groups are analyzed below. Sabethini species that most clearly showed a ten-
Anopheles fluminensigas the most common dency for diurnal biting. Among the studied spe-
anopheline species in nocturnal samples, with 98%es, three occurred exclusively in these samples:
of the specimens collected during this period o;‘Ny. palmata, Wy. longirostriand Wy. davisi
the day and X = 4.0.The other anopheline spe- (100%, X, = 2.4; 100%, %, = 20.2; 100%, ¥, =

cies captured during the night wergn.
mediopunctatus s. 1.(94%, X, =16.9), An.
oswaldoi (88%, X, = 2.7) andAn. cruzii (88%,
X, = 10.3) (Table).

3.7) (Fig. 1). More than 97% of specimens of the
other species dNyeomyiawere collected during
diurnal periods (Tablelimatus flavisetosud,i.
durhamiandLi. pseudomethisticusere also cap-

TABLE

Number (N), percentage (%) and Willians averageg @f Culicidae, according do the species distribution for
the day and night periods, at the Picinguaba Nucleus of Serra do Mar State Park, State of S&o Paulo, January
1991 to December 1992

Species Day Night Total

N % X N % X N %

ANOPHELINAE

Anopheles cruzii 35 12.5 2.49 246 87.5 10.29 281 32.8
Anopheles argyritarsis 0 0.0 0.00 2 100.0 0.10 2 0.2
Anopheles oswaldoi 7 12.3 0.36 50 87.7 2.74 57 6.7
Anopheles strodei 0 0.0 0.00 1 100.0 0.06 1 0.1
Anopheles intermedius 0 0.0 0.00 6 100.0 0.30 6 0.7
Anopheles fluminensis 3 2.0 0.19 147 98.0 3.99 150 17.5
Anopheles mediopunctatus 20 5.6 1.02 339 94.4 16.91 359 41.9
Sub-total 65 7.6 4.82 791 92.4 50.60 856  100.0
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cont.
Species Day Night Total
N % Xw N % Xw N %
CuLicINAE (except S8BETHINI)
Culex nigripalpus 11 3.8 0.68 275 96.2 13.75 286 2.0
Orthopodomyia albicosta 0 0.0 0.00 1 100.0 0.06 1 0.0
Aedes serratus 726 45.4 52.10 872 54.6 66.23 1598 11.2
Aedes scapularis 178 42.6 12.37 240 57.4 16.30 418 2.9
Aedes fluviatilis 15 100.0 0.33 0 0.0 0.00 15 0.1
Aedes fulvus 65 25.6 3.32 189 74.4 7.33 254 1.8
Aedes terrens 8 72.7 0.46 3 27.3 0.12 11 0.1
Coquillettidia chrysonotum 635 7.4 26.85 7907 92.6 253.18 8542 59.7
Coquillettidia venezuelensis 95 8.6 6.07 1016 91.4 54.03 1111 7.8
Psorophora ferox 1197 93.1 74.77 89 6.9 4.81 1286 9.0
Psorophora albipes 668 88.0 39.60 91 12.0 3.05 759 5.3
Haemagogus leucocelaenus 16 100.0 1.08 0 0.0 0.00 16 0.1
Haemagogus capricornii 3 100.0 0.16 0 0.0 0.00 3 0.0
Uranotaenia geometrica 1 50.0 0.06 1 50.0 0.06 2 0.0
Sub-total 3618 25.3 26291 10684 74.7 553.30 14302  100.0
SABETHINI
Shannoniana fluviatilis 1 100.0 0.06 0 0.0 0.00 1 0.0
Trichoprosopon digitatum 20 26.7 1.24 55 73.3 2.56 75 1.4
Trichoprosopon pallidiventer 150 99.3 3.51 1 0.7 0.06 151 2.8
Trichoprosopon simile 6 100.0 0.38 0 0.0 0.00 6 0.1
Runchomyia lunata 4 57.1 0.26 3 42.9 0.16 7 0.1
Runchomyia reversa 77 90.6 4.34 8 9.4 0.51 85 1.6
Runchomyia theobaldi 36 94.7 0.96 2 5.3 0.10 38 0.7
Runchomyia frontosa 162 90.5 10.68 17 9.5 0.64 179 3.3
Runchomyia humboldti 6 100.0 0.25 0 0.0 0.00 6 0.1
Wyeomyia dyari 511 92.9 31.60 39 7.1 1.42 550 10.1
Wyeomyia confusa 122 91.0 6.78 12 9.0 0.55 134 25
Wyeomyia mystes 531 96.2 36.61 21 3.8 0.94 552 10.2
Wyeomyia aporonoma 554 99.3 39.24 4 0.7 0.23 558 10.3
Wyeomyia personata 12 100.0 0.54 0 0.0 0.00 12 0.2
Wyeomyia shannoni 109 100.0 5.81 0 0.0 0.00 109 2.0
Wyeomyia oblita 1 100.0 0.06 0 0.0 0.00 1 0.0
Wyeomyia theobaldi 244 99.2 7.10 2 0.8 0.12 246 45
Wyeomyia flabelata 390 99.0 28.96 4 1.0 0.19 394 7.3
Wyeomyia pilicauda 11 100.0 0.63 0 0.0 0.00 11 0.2
Wyeomyia splendida 339 97.7 19.56 8 2.3 0.32 347 6.4
Wyeomyia palmata 63 100.0 2.38 0 0.0 0.00 63 1.2
Wyeomyia longirostris 325 100.0 20.21 0 0.0 0.00 325 6.0
Wyeomyia quasilongirostris 169 97.7 10.49 4 2.3 0.20 173 3.2
Wyeomyia davisi 71 100.0 3.66 0 0.0 0.00 71 1.3
Wyeomyia bonnei 328 97.9 19.72 7 21 0.33 335 6.2
Wyeomyia lassalli 55 98.2 0.56 1 1.8 0.06 56 1.0
Limatus flavisetosus 497 99.6 29.77 2 0.4 0.12 499 9.2
Limatus durhami 129 99.2 8.01 1 0.8 0.06 130 2.4
Limatus pseudomethisticus 287 99.0 18.47 3 1.0 0.19 290 53
Sabethes quasicyaneus 3 100.0 0.19 0 0.0 0.00 3 0.1
Sabethes intermedius 1 100.0 0.06 0 0.0 0.00 1 0.0
Sabethes identicus 19 100.0 0.58 0 0.0 0.00 19 0.4
Sabethes fabricii 3 100.0 0.19 0 0.0 0.00 3 0.1
Sabethes soperi 3 100.0 0.19 0 0.0 0.00 3 0.1
Sub-total 5239 96.4  379.08 194 3.6 7.57 5433  100.0

Total 8922 43.3 721.00 11669 56.7 638.42 20591 100.0
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tured with preferences for the daylight period@nd so its population incidence does not vary sig-
nificantly according to the phases of the moon.
Even though, observations of the nature behavior
Lunar cycle -According to the Kruskal-Wallis and graphics of the Williams average of each spe-
test it was observed that the lunar cycle exerciseges (Fig. 2) indicate a slight variation of some of

(99.6%, X, = 29.8; 99.2%, ¥ = 8.0; 99%, X, =

18.5) (Fig. 1).

no direct influence on the culicidae fauna (Fig. 2)these species at one or other lunar phase.
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Fig. 1. diurnal and nocturnal Culicidae species frequency, according to calculation of Williams ave(ggéiciHguaba
Nucleus of Serra do Mar State Park, State of S&o Paulo, January 1991 to December 1992
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Fig. 2: the effect of the lunar cycle on Culicidae species, according to calculation of Williams averggeRidiXguaba
Nucleus of Serra do Mar State Park, State of Sdo Paulo, January 1991 to December 1992. At the bottom right corner of each
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Among Culicidae species with nocturnal activ-during the new moon (X= 8.4), followed by the
ity patterns, onlyAe. scapularisdid not demon- last and first quarter moons (< 3.5; X, = 3.1).
strated a preference for biting during the nights ofhis species was poorly found during the full moon
the new moon (Fig. 2). Xy, = 1.9) (Fig. 2).

The species of Anophelinae that showed the Ae. fulvusvas also more abundant at nights of
greatest preference for the darkest nightsAras the new moon (H = 1.61), whidke. serratuslso
fluminensis(H = 4.80).An. oswaldoiand An. preferred but not so intensely (H = 0.75)e.
mediopunctatusaptures did not change through-scapulariswas the only species 8fdeshat was
out the lunar cycle#\n. cruziiwas more frequently collected more frequently during the full moon (H
collected during the new moon but was also cap= 3.72) (Fig. 2).
tured in significant numbers during the first and Cgqg. chrysonotum and Cg. venezueleqses
last quarter moons (Fig. 2). sented similar distributions throughout the lunar

Cx. nigripalpuswere collected more frequently cycles. However, during the new mody.
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chrysonotunshowed a slightly higher preponder-species is strongly linked to vegetation coverage
ance tharCq. venezuelens($l = 3.82; H = 2.36) and the presence of certain hosts.
(Fig. 2). Lourenco-de-Oliveira and Heyden (1986),
Tr. digitatumwas the only Sabethini species thaGuimarées et al. (1987) and Forattini et al. (1989)
occurred mainly in nocturnal samples. This behawbserved the correlation between nocturnal activ-
ior to bite during the darker periods is clearly demity of Cx. nigripalpusand its ornithophilic habits.
onstrated in the lunar cycle data (H = 1.06) (Fig. 2)lhey also found that in the presence of man the
DISCUSSION species showed anthropophilic behavior. Due to
this capacity, these authors believe titat
Daily biting rhythms- The study of the nigripalpus could be a possible vector of Saint
hematophagic activity of mosquito species facilil_ouis encephalitis virus. In the present study, this
tates a better understanding of transmission of hepecies was captured as previously recorded by
man and/or animal pathogens. For this purpos&uimardes and Victério (1986) (Fig. 1).
there are two main issues to be considered: mos- Guimaraes and Victério (1986) and Nayar
quito biting rhythms and the host on which thg1983) reported the great potential of dispersion
mosquito feeds. of Cx. nigripalpusduring the nocturnal period. In
Bates (1949) observed that the age and type tbfe diurnal period, this species occurred only in
vegetation coverage could determine the incidenthe dense, dark and humid forest.
of hematophagous insects. An older forest with veg- Ae. scapularishad an eclectic behavior in its
etation 15 to 20 m in height, similar to that found ahematophagic activity in relation to the period of
Pinciguaba Nucleus in PESM tends to favor birdthe day (Fig. 1). The same was observed by Rachou
and arboreal mammals. Birds are active during thet al. (1958) in the county of Ponta Grossa, State
day and so are related to nocturnal acrodendrophili¢ Santa Catarina and Guimardes and Victério
mosquitoes and in some cases almost exclusively(@986) in the Serra dos Orgdos National Park
ornithophilic species. Arboreal mammals are activéPNSO). Irrespective of whether this species oc-
during different periods of the day. Monkeys arecurred in diurnal or nocturnal samples, it demon-
diurnal animals and so favor the hematophagic astrated an increase in activity during the period of
tivity of nocturnal acrodendrophilic mosquitoes.sunset in these three cases. Forattini et al. (1981)
Deane et al. (1969, 1971) discuss about the impdr Vale do Ribeira, State of S&do Paulo, described
tance of this behavior in the transmission of simiathe diurnal activity ofAe. scapulariswith an in-
malaria. On the other hand, those monkeys are alsrease in biting at sunset and the greatest incidence
frequently bitten by Sabethini, which are mosquia little after, when already dark. Degallier et al.
toes with a diurnal acrodendrophilic behavior ang1978), in Suriname, collecték. scapulari®nly
related to the cycle of jungle yellow fever (Galindain diurnal samples. Forattini et al. (1968), in Vale
et al. 1966). Small rodents and marsupials are, lja Ribeira, and Lourenco-de-Oliveira and Silva
their turns, active during the night period and s¢1985), in rural areas of State of Rio de Janeiro,
serve as better hosts for diurnal mosquitoes, in abnsidered this species eclectic and with a popula-
parts of the forest. tion increase just after sunset. Differences in bit-
Machado-Allison (1982) observed that manying peaks during the day are probably related to
Culicidae species have their activity period relatedlimatic variations such as wind, temperature, hu-
to the resting time of the hosts on which they feednidity and sunlight as well as under the influence
Veloso et al. (1956) and Forattini et al. (1968) coref endogenous stimuli. Nevertheless it should not
related the acrodendrophilic behavioAar. cruzii  be forgotten thafe. scapulari€ould probably be
with its feeding preference for arboreal vertebrates “species complex”, what could be the main source
resting in the forest canopy during the nighih.  of this differences in behavior.
cruzii had been characterized as an acrodendro- Ae. serratusvas also an eclectic species with
philic species. Nevertheless, Veloso et al. (1956an increase in its activity at twilight.
Deane and Ferreira-Neto (1969), Deane et al. Biting peaks ofCq. chrysonotunand Cq.
(1971) and Forattini et al. (1978) observed an harenezuelensisccurred at twilight as observed by
mogeneous distribution of this species between tligher authors (Haddow 1954, 1960, Forattini et al.
canopy and ground level, in nocturnal samples with981, Guimaraes et al. 1987) (Fig. 1).
the use of human bait. Guimarées et al. (1985) de- Forattini et al. (1981, 1986) and Guimarées et
scribed similar behavior for diurnal samples andl. (1991), foundPs. feroxto be more active during
confirmed the preference for canopies at night. Ithe day. The same was observed in the present study
the present studyn. cruziishowed clear prefer- for the same species, as well asHer albipegFig.
ence for the nocturnal period (Fig. 1). Consel). Although, in the latter species Forattini et al.
quently, it would appear that the behavior of thi§1968) found a less clearly defined biting rhythm.
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Although species of the tribe Sabethini arenosquito species were also active within all moon
largely diurnal,Tr. digitatumwere collected more phases, but the greatest incidences occurred during
commonly during the crepuscular period. Davishe period of new moon (Fig. 2). Degallier et al.
(1945) in Fazenda Comari, Teresoépolis, State of R{d978) observed that nocturnal species were most
de Janeiro, described the occurrence dfligitatum  influenced by moonlight variations.
in the darkest hours of the diurnal period on colder Ae. scapularisvere most abundant during the
and drier days. The same author affirms that oth&ull moon, as had been observed by Bidlingmayer
species of the same genus could occur at similé¥964). This author reported that more illuminated
times but only when the ambient humidity was highdights are favorable to the flight activity of some
Guimaraes and Victério (1986) in PNSO, close ténhosquitoes species. In the present study, the great-
the area studied by Davis (1945), captufied e€stincidence oAe. scapularisvas at a site where a
digitatumat sunset and to a lesser degree later in thgattered shrub-like vegetation coverage is found.
night. Forattini et al. (1968) could only sporadicallyThis habitat allows a better penetration of moon-
collect it during the nocturnal period. Degallier efight during the full moon. However, the paucity of
al. (1978), in Suriname, capturd@dichoprosopon data precludes a correlation between this species
species, includingr. digitatum exclusively in di- activity and the lunar cycle. According to Bates
urnal samples. Forattini et al. (1968) and Guimara44949). an endogenous stimulus to hematophagic
and Victorio (1986) discussed the significant occur@Ctivity could in some cases influence mosquito
rence in nocturnal samples Ril. reversandRu. behavior mdependgntly of enwronmental aspects.
frontosg that were at that time identified as-ourenco-de-Oliveira and Silva (1985) suggested

Trichoprosoponspecies. Both species presented{1® €xistence of a “possible cycle” in mosquito ac-

primary diurnal activity in the present study and jusfVity according to the phases of the moon. This
rare occurrences at night (Fig. 1). cycle” would begin with minor activity of the mos-

The remaining Sabethini species were captur itoes in the last quarter moon. An increase would

mainly during the diurnal period. The same wa ke place during_the fuI_I moon and maximum_ ac-
observed by Davis (1945), Galindo et al. (1966 Ivity would occur in the first quarter moon. During

Forattini et al. (1968, 1981), Degallier etal. (1978)T"¢ NeW Moon der‘ériﬁaste ";hacg"i:y was Obfe&"gd-
and Guimaraes and Victério (1986). owever, according fo the data presented by

X . .__these authors, those of Degallier et al. (1978) and
Collections of most of the following species : - o "
) . ; . ,the present observations, we believe that this “cycle
(rjagl'glwecrlr']ni?e\g'%thzbgggmg O\IVSU?F?sgBaI oes not exist. Even though Williams averages for
V\)// ;‘Iagélat);l W é’ Iepnd'da e Y. asilongiPting activities of mosquito species displayed in Fig.
Yy , Wy. splendida, Wy. quasliongly, ;,qgicate that samples collected during the new
rostris, Wy. bonnei, Li. flavisetosus, Li. durham

aLi d thisticuSther Sabethini ; oon were more abundant, the Kruskal-Wallis test
andtl. pseudometnisticustner Sabetnini SpECIES yomonstrated that there is no significant influence
were captured exclusively in diurnal samplafy.

: ; . of the lunar cycle upon the mosquitoes population.
shapnon!, Wy. palmata, Wy' Ionglr_ostaBdWy. .Guimarées et al. (2000 a,b) observed that non-bi-
davisi, (Fig. 1). Two species behaviored as atypiggic factors exert a holistic influence upon the mos-
cal Sabethini as far as biting rhythms are concerngglito fauna in PESM. The lunar cycle could be one
because they were constantly present in nocturngf these factors, but according the Kruskal-Wallis
samples:Wy. confusaand Wy. lassalli(Fig. 1). test a direct influence of this factor upon the mos-
Forattini et al. (1968, 1986) and Guimarées ang,ito species could not be demonstrated.

Victoério (1986) found the same behavior ify.
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