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Abstract

The goal of this survey was to analyze the spatio-temporal distribution patterns of Culicoides
Latreille species (Diptera: Ceratopogonidae) and their relationship with environmental variables
in Salta, northwestern Argentina. Culicoides were collected monthly from January 2003 through
December 2005. The influence of the climatic variables on population abundance was analyzed
with a multilevel Poisson regression. A total of 918 specimens belonging to five species were
collected. The most abundant species was Culicoides paraensis Goeldi (65.5%), followed by
Culicoides lahillei Iches (14.6%) and Culicoides debilipalpis Lutz (7.6%). The highest seasonal
abundance for C. paraensis, C. debilipalpis and C. lahillei occurred during the spring and
summer. A Poisson regression analysis showed that the mean maximum and minimum
temperature and the mean maximum and minimum humidity were the variables with the greatest
influence on the population abundance of Culicoides species.
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Introduction

The genus Culicoides Latreille (Diptera:
Ceratopogonidae) is known to include vectors
of different pathogens of humans and animals
throughout the world (Borkent and Spinelli
2007). More than 1,200 species worldwide are
included in this genus, of which 266 species
have been reported for the Neotropical region
(Borkent and Spinelli 2007). Fifty-one
Culicoides species have been reported for
Argentina, of which 21 were reported in the
northeast (Spinelli et al. 2005), such as
Culicoides insignis Lutz, Culicoides
venezuelensis Ortiz and Mirsa, Culicoides
leopoldoi Ortiz, Culicoides limai Barretto,
Culicoides flinti Wirth, Culicoides
debilipalpis Lutz, Culicoides paraensis
Goeldi, and Culicoides guttatus Coquillett. In
the northwest of the country, six species have
been reported: Culicoides crescentis Wirth
and Blanton, C. debilipalpis, Culicoides
lahillei Iches, C. insignis, C. paraensis, and C.
venezuelensis (Veggiani Aybar et al. 2010).

The health importance of certain Culicoides
species is the result not only of the discomfort
caused by the insects’ bites but also of their
role as transmitters of disease. These species
transmit  filariasis, = Oropouche  virus,
bluetongue virus, and African horse sickness
virus (Mellor et al. 2000; Ronderos et al.
2003). In addition, the bites can cause
immediate or delayed reactions that range
from allergic dermatitis, papules, and pustules
as a result of overinfection caused by
scratching, to more severe reactions such as
eczema, desquamation, and scars with
alterations in skin pigmentation (Sherlock and
Guitton 1965; Kettle 1995).

In northwestern Argentina, research has only
been focused on the transmission of filariasis
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in humans. This disease is caused by the
nematode Mansonella ozzardi (Manson)
(Biglieri and Araoz 1915; Miihlens et al.
1925; Romana and Wygodzinsky 1950;
Remondegui et al. 1988; Taranto and Castelli
1988; Shelley and Coscaron 2001). Its vectors
include certain Culicoides species, i.e., C.
paraensis and C. debilipalpis in Tucuman
province (Romana and Wigodzinsky 1950)
and C. lahillei and C. paraensis in Jujuy
province (Shelley and Coscaron 2001).

Despite its importance as a vector of M.
ozzardi, little is known about the distribution
and abundance of Culicoides in northwestern
Argentina, as demonstrated by the few
published works on the subject. Thus, the
main objective of this work was to identify the
Culicoides species present in the subtropical
mountainous rainforest of Salta and to
determine not only the spatial and temporal
distribution patterns of Culicoides species, but
also the influence of climatic variables on the
population abundance of these species.

Materials and Methods

Study area

The study was conducted in three localities of
the Oran department in northern Salta
province, located between 22° 33’ to 24° 17° S
and 63° 24’ to 65° 04> W. The localities
selected were Aguas Blancas (22° 43° S, 64°
22° W), El Oculto (23° 06’ S, 64° 30’ W), and
San Ramoén de la Nueva Oran (23° 08’ S, 64°
20 W). These sites are located in the forest of
“palo blanco and palo amarillo” within the
subtropical mountainous rainforest (Cabrera
1976) (Figure 1).

The climate of the area is subtropical with a
dry season. The monthly mean temperatures
range between 13° C and 30° C, and the
annual mean temperature is 21.4° C. The
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summers are hot (21° C to 35° C) and wet
(78% relative humidity), with extreme
temperatures of up to 45° C. The winters are
mild (8.3° C to 24° C). The average annual
rainfall is 734 mm, with a maximum in
January (157 mm) and a minimum between
June and August (4 mm). The area has a
monsoon rainfall regime, and the maximum
rainfall coincides with the maximum
temperatures (Arroyo 2004).

Collection of specimens

During the development of a research project
based on the bioecological and parasitological
aspects of Anopheles mosquitoes found in
northwestern ~ Argentina, specimens  of
Culicoides were collected monthly using CDC
light traps baited with carbon dioxide. The
traps were active for two consecutive days
from 17:00 to 23:00 (during the sunset and
early evening hours). A total of four traps
were used at each site. The traps were placed
on the branches of trees at a height of 1.20 m
above the ground at a distance of 100 m from
one another.

The climatic variables considered for the
study were the mean maximum and minimum
temperature, mean temperature, mean
maximum and minimum humidity, mean
humidity, accumulated rainfall, and wind
velocity. All these variables were recorded by
the meteorological stations of San Ramoén de
la Nueva Oran (23° 07° 60 S, 64° 19° 60’
W) and Aguas Blancas (22° 43° 60’ S, 64°
22700 W).

Processing and identification of Culicoides
specimens

The specimens collected were preserved in
70% ethanol and subsequently identified with
the taxonomic keys of Spinelli et al. (2005)
and Borkent and Spinelli (2007). Some
specimens were processed using microscopic

Veggiani Aybar et al.

techniques for the mounting of specimens
according to the phenol-balsam method of
Wirth and Marston (1968). The use of these
mounted specimens facilitated the correct
identification and/or verification of the
species. Voucher specimens were deposited in
the collection of the Miguel Lillo Foundation
Institute (Instituto-Fundacion Miguel Lillo-
IMLA).

Data analysis

The influence of the climatic variables on the
population abundance of the different species
of Culicoides was analyzed with a multilevel
Poisson regression (Statacorp 2005). The
analysis was performed with HLM6 software
using penalized quasi-likelihood. Generally,
this method is used for longitudinal studies in
which the observations are not mutually
independent because the response variable is
measured several times for the same
individual (Twisk 2004). In the present study,
the method was used to model the effect of the
climatic variables on the abundance of
Culicoides for a three-year sampling period.

The analysis considers two levels: level 1,
whose units were months, and level 2, whose
units were years. In level 1, the climatic
variables were expressed as values centered
on the annual mean (X ik,

The level 1 linear structural model was:
Log (ki) = Bo+ B1*(Xj; — X ) + B2 *(Xijp —

3V 0 _
Xijz)—'_ .- =Bot EBq(Xiiq_@)
q=1

where ;; is the event rate per period of time,
Xiiq 1s a level 1 predictor, By is the intercept,
B, represents the level 1 slope for the
independent predictor variable Xjjq, and Q is
the level 1 number of predictor variables.
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The model for level 2 was:

Bo=0a +ug

Bq=Bqtu, withgq=1,...,Q

where a and B are the fixed effects and uo and
u, the random effects. The random effects
indicate the wvariability of the Ilevel 2
coefficient B,

In this case, the model best suited for reliable
estimation was obtained with a random
intercept. Thus, the level 2 model was:

Bo=a +ug
By=By withq=1,...Q

The first level 2 equation indicates that the
incidence rate changes according to the year
independently of the values of the climatic
variables, whereas the second level 2 equation
indicates that the relationship between the
incidence rate and the climatic variables does
not change according to the year.

One of the results obtained with this analysis,
the incidence rate ratio (IRR), is extremely
important because it shows the degree of
influence of each variable on the number of
specimens collected. Additional statistical
parameters were obtained, including the
standard error, the value of p (p < 0.001) and
the confidence interval (95%).

Results
Abundance and seasonal variation of
Culicoides

A total of 918 Culicoides specimens were
collected in the subtropical mountainous
rainforest of Salta province. Of these

specimens, 65.5% belonged to C. paraensis,
followed by C. lahillei (14.6%), C.

Veggiani Aybar et al.

Table I. Absolute number (N) and percentage (%) of
Culicoides species collected from January 2003 through
December 2005 in Aguas Blancas, El Oculto and San Ramén de
la Nueva Oran, Salta province, Argentina.

Aguas San Ramén de
Species/Localities| Blancas IS la Nueva Oran ol
N| % [IN| % N % |[IN| %
C. debilipalpis | 51 [ 7.2% | 8 [13.3%| 11 7.4% | 70 [ 7.6%

C. insignis 3[04% (0] 0% 19 [12.8% | 22 [ 2.4%

C. lahillei 82 [11.6%26[43.3%| 26 [17.6% |134[14.6%

C. paraensis  |569 [80.1%|18[30.0%| 14 | 9.5% |601 [65.5%

C. venezuelensis | 1 [0.1% |1 [ 1.7% 4 27% | 6 | 0.7%

C. spp. 4 [06% |7 [11.7%| 74 [50.0% | 85 [ 9.2%

Total 7101100% |60 [100% | 148 | 100% |918|100%

Journal of Insect Science | www.insectscience.org

debilipalpis (7.6%), C. insignis (2.4%), and C.
venezuelensis (0.7%) (Table 1).

The abundance of Culicoides per sample site
showed that Aguas Blancas was the locality
with the greatest number of specimens
(77.4%), followed by San Ramoén de la Nueva
Oran (16.1%) and EI Oculto (6.5%).

The analysis of the seasonal distribution of the
specimens showed that a different pattern was
found for each of the Culicoides species in
each of the localities sampled. At Aguas
Blancas, C. paraensis was abundant during
the spring (October to November) and
summer (December), whereas both C.
debilipalpis and C. lahillei were abundant
during the summer (December to February).
At El Oculto, C. lahillei showed peaks of
abundance during the summer (December)
and fall (March), whereas C. paraensis
showed peaks during the spring (October) and
C. debilipalpis during the fall (March). At San
Ramon de la Nueva Oran, C. lahillei was
abundant during the summer (December to
January) and fall (March), C. paraensis during
the summer (January), and C. insignis during
the spring (September) (Figure 2).

Effects of the climatic variables

The effects of the climatic variables on the
population abundance of Culicoides showed a
characteristic pattern for each of the species
collected. In general, the mean maximum and
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(Table 2. Multilevel Poisson regression results for Culicoides debilipalpis, Culicoides paraensis, Culicoides insignis, and Culicoides lahillei ]
species collected from January 2003 through December 2005 in Salta province, Argentina.

Culicoides debilipalpis

Culicoides paraensis

Culicoides insignis Culicoides lahillei

IRR|SE | p CI95% |IRR|SE | p

CI95% |IRR|SE | p

C195% |IRR|SE | p CI 95%

MMaxT [1.12]0.02[0.001 |1.07£1.17[1.16[0.01[0.001 [ 1.13 £ 1.18 | —-- | - | -—- -- e e ---

MMaxH [1.190.04[0.001 | 1.09 £1.30[0.85]0.01 [0.001 |0.84 £ 0.86| === | === | === - e I = —

AT = = = ==

1.24[0.08 [0.011 [ 1.05 £ 1.46

0.88[0.02[0.001 |0.83+0.93| —- | == | -- --

MMaxT: Mean maximum temperature; MMaxH: Mean maximum humidity; MMinT: Mean minimum temperature; MMinH: Mean
minimum humidity (IRR: Incidence rate ratio; SE: Standard Error; value of p; Cl 95%: Confidence Interval)

minimum temperature and mean maximum
and minimum humidity were the variables
that exerted the greatest influence on the
abundances of the species. For C. debilipalpis,
both the mean maximum temperature and
mean maximum humidity were significant (p
< 0.0001 in each case). According to the IRR,
the abundance of this species increased 12%
for each 1° C increase in the mean maximum
temperature, whereas the abundance increased
19% for each 1% increase in the mean
maximum humidity (Table 2). For C.
paraensis, the mean maximum temperature
and mean maximum humidity were the
significant variables (p < 0.0001 in each case).
The IRR showed that the abundance of this
species increased 16% if the mean maximum
temperature increased 1° C, whereas it
decreased 0.8% if the mean maximum
humidity increased 1% (Table 2). C. insignis
was influenced only by the mean minimum
humidity (p < 0.0001). According to the IRR,
the abundance of this species decreases 0.9%
if the mean minimum humidity increases 1%
(Table 2). For C. lahillei, the mean minimum
temperature was the only significant variable
(p < 0.011). For each 1° C of increase in the
mean minimum temperature, the abundance of
this species increased 24% (Table 2). The low
number of specimens of C. venezuelensis
collected made statistical analysis impossible.

Discussion

A relatively detailed understanding of the
behavior of Culicoides species in nature is
necessary for the design and implementation
of vector control strategies. This study
presents the results of a preliminary survey of
the spatio-temporal distribution patterns of
several species of the genus Culicoides in
Salta province, northwestern Argentina. Five
species of Culicoides were identified. Three of
these species, C. debilipalpis, C. lahillei, and
C. paraensis, were previously reported from
the area (Romafia and Wigodzinsky 1950;
Shelley and Coscaron 2001), and two, C.
insignis and C. venezuelensis, were recently
reported from Salta province (Veggiani Aybar
et al. 2012). Note that the latter two species
were recently reported for Tucumdén, in
northwestern Argentina (Veggiani Aybar et al.
2010).

Although relatively few specimens were
collected during this study, the data suggest
that the most abundant species were C.
paraensis, C. lahillei, and C. debilipalpis.
Similar results were reported from Tucuman
province by Veggiani Aybaret al. (2010), who
found that C. paraensis was the most
abundant species. Ronderos et al. (2003), in a
study conducted in the area of the Yacyreta
Dam between Argentina and Paraguay,
reported C. paraensis as a very common and
widely distributed species and C. lahillei as a
species that was collected occasionally.
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Mercer et al. (2003) also reported that C.
paraensis was the most abundant species, both
in peri-urban and urban areas in Iquitos, Peru.
The presence and abundance of C. paraensis
in the study area could be consistent with the
suggestion of De Barros et al. (2007) that
because this species is anthropophilic, it
would show a substantial capacity to survive
and reproduce in human environments. This
characteristic of the species would explain its
broad geographical range, which extends from
the United States to Argentina. The relatively
high abundance of C. paraensis found in the
present study is of interest because this
species is a known secondary vector of
filariasis and was found naturally infected
with M. ozzardi in the subtropical
mountainous rainforest of northwestern
Argentina, where this disease is endemic
(Shelley and Coscaron 2001).

Two species whose abundance was less than
that of C. paraensis are of particular interest.
C. lahillei 1s considered to be of great
importance because it is the principal vector
involved in the transmission of M. ozzardi
(Shelley and Coscaron 2001). C. debilipalpis
has been identified as a secondary vector of
this nematode in northwestern Argentina
(Romafia and Wigodzinsky 1950).

During the present study, specimens of
Culicoides were collected in larger or smaller
numbers each month. They were found during
all four seasons in Aguas Blancas and San
Ramon de la Nueva Oran, but not in El
Oculto. These results agree with the findings
of Sabio (2005) and De Barros et al. (2007),
who found specimens in the USA and Brazil
during the entire year.

The greatest population peaks for C.
paraensis, C. debilipalpis, and C. lahillei
occurred during the spring and summer. The
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abundance of these species then gradually
decreased, and these species almost
disappeared during the winter. Our results are
consistent with the findings of Sabio (2005),
who found that the greatest abundance of C.
paraensis and C. debilipalpis in Louisiana
(USA) occurred during the spring. Both
species were also abundant during the fall,
and the former species was also abundant
during the winter. Our results are also
consistent with the findings of Veggiani
Aybaret al. (2010) that in Tucuméan province,
C. paraensis, C. lahillei, and C. insignis were
abundant in the summer, whereas C.
debilipalpis was abundant during the fall and
(to a lesser extent) during the spring.

The mean maximum and minimum
temperature and the mean maximum and
minimum humidity were the significant
climatic variables in this study. An increase in
the mean maximum humidity was associated
with an increase in the abundance of C.
debilipalpis, whereas an increase in the mean
maximum temperature was associated with an
increase in the abundance of C. debilipalpis
and C. paraensis. An increase in the mean
minimum temperature was associated with an
increase in the abundance of C. [ahillei,
whereas decreases in the abundance of C.
paraensis and C. insignis were associated with
increases in the mean maximum humidity and
mean minimum humidity, respectively.
Consequently, it could be inferred that the
influence of these variables may have created
an environment favorable for the species to
fluctuate in different ways and to be abundant
at different times of the year. This pattern of
influence was cited by Kay and Lennon
(1982), who found that temperature and
humidity were the most important climatic
variables in the determination of the
seasonality patterns of Culicoides species. In
addition, several authors have reported the
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direct relationship between temperature,
rainfall, and humidity on the population
abundance of Culicoides in Brazil, due to the
influence of these climatic variables on the
life cycles of the species or on alterations in
their breeding places (Sherlock and Guitton
1964; Santos da Silvaet al. 2001; De Barros et
al. 2007). In Argentina, Veggiani Aybar et al.
(2010) cited accumulated rainfall as the
climatic variable most strongly related to the
abundance of Culicoides species. They also
cited relative humidity, mean temperature, and
wind speed as significant factors.

Despite the substantial progress achieved by
the present research, much remains to be
learned about the biology and behavior of
Culicoides in the subtropical mountainous
rainforest of northwestern Argentina. Future
research will focus on specific collection
methods and methodologies (traps baited with
UV light and trapping hours from dusk to
dawn) that would contribute to a better
understanding of the population dynamics of
Culicoides in northwestern Argentina.

Acknowledgments

We thank M. Zaidenberg, F. Vianconi, N.
Vianconi, E. Laci, O. Carrizo, and C. Medina,
chief and technicians of the Base Operativa
Oran, Coordinacion Nacional de Control de
Vectores, Ministerio de Salud de la Nacion,
for their invaluable cooperation during the
collection of the specimens. We also thank the
personnel of Aero-Oran and Aguas Blancas
Weather Stations for the climatological data
corresponding to the sampling months. This
study was funded by the Agencia Nacional de

Promocion  Cientifica y  Tecnologica
(FONCyT), Consejo Nacional de
Investigaciones  Cientificas 'y  Técnicas

(CONICET), and Consejo de Investigaciones

Veggiani Aybar et al.

de la Universidad Nacional de Tucuman
(CIUNT).

References

Arroyo AR. 2004. Diagnostico productivo del
departamento Oran. INTA Oréan.

Biglieri R, Araoz JM. 1915. Casos de
Microfilaria observados por primera vez en

Tucuman. Anales del Departamento Nacional
de Higiene 22: 151-159.

Borkent A, Spinelli GR. 2007. Neotropical
Ceratopogonidae (Diptera: Insecta). In: Adis
J, Arias JR, Rueda-Delgado G, Wnatzen KM,
Editors. Aquatic Biodiversity in Latin
America. pp. 1-198. Pensoft.

Cabrera A. 1976. Regiones fitogeograficas
argentinas. In: Enciclopedia argentina de
agricultura y jardineria. pp. 1-85. ACME
S.A.C.L.

De Barros VLL, Marinho RM, Rebélo JMM.
2007. Ocorréncia de espécies de Culicoides
Latreille (Diptera: Ceratopogonidae) na area
metropolitana de Sao Luis, Maranhao, Brasil.
Caderno de Saude Publica 23: 2790-2798.

Kay BH, Lennon T. 1982. Seasonal
prevalence and bionomics of biting midges
(Ceratopogonidae) at Ocean Shores, New
South Wales. Journal of the Australian
Entomological Society 21: 207-216.

Kettle DS. 1995. Ceratopogonidae (Biting
midges). In: Kettle DS, Editor. Medical and
Veterinary Entomology. pp. 152-176. CAB
International.

Mellor PS, Boorman J, Baylis M. 2000.
Culicoides biting midges: their role as

Journal of Insect Science | www.insectscience.org

Downloaded From: https://complete.bioone.org/journals/Journal-of-Insect-Science on 25 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



Journal of Insect Science: Vol. 12 | Article 145

arbovirus vectors. Annual Review of
Entomology 45: 307-340.

Mercer DR, Spinelli GR, Watts DM, Tesh
RB. 2003. Biting rates and developmental
substrates for biting midges (Diptera:
Ceratopogonidae) in Iquitos, Pert. Journal of
Medical Entomology 40: 807-812.

Miihlens P, Dios RL, Petrocchi S, Zuccarini
JA. 1925. Las Filariosis Argentinas. La
microfilaria humana. Revista del Instituto de

Bacteriologia Departamento Nacional de
Higiene 4: 324-336.

Remondegui C, Zaforov G, Ripoll C, Arce de
Hamity M, Neder de Roman L, Esquivel O.
1988. Mansonella ozzardi: Estudio Clinico
Epidemiologico de un foco endémico en la
Provincia de Jujuy. Acta de Infectologia 4: 3-
13.

Romana C, Wygodzinsky P. 1950. Acerca de
la Transmision de Mansonella ozzardi
(Manson). Anales del Instituto de Medicina
Regional 3: 29-34.

Ronderos MM, Greco NM, Spinelli GR. 2003.

Diversity of Biting Midges of the Genus
Culicoides Latreille (Diptera:
Ceratopogonidae) in the Area of the Yacyreta
Dam Lake between Argentina and Paraguay.
Memorias do Instituto Oswaldo Cruz 98: 19-
24.

Sabio 1J. 2005. Seasonal abundance and
detection of West Nile virus in
Ceratopogonidae (Diptera: Ceratopogonidae)
in East Baton Rouge Parish, Louisiana.
Master of Science Thesis, Louisiana State
University.

Santos Da Silva C, Felipe-Bauer M, Almeida
E, Figueiredo L. 2001. Culicoides (Diptera:

Veggiani Aybar et al.

Ceratopogonidae) do Estado do Rio de
Janeiro, Brasil. I. Regiao Norte: Municipio de

campos dos Goytacazes. Entomologia y
Vectores 8: 349-358.

Shelley AJ, Coscaron S. 2001. Simuliid
Blackflies (Diptera: Simuliidae) and
Ceratopogonid Midges (Diptera:
Ceratopogonidae) as vectors of Mansonella
ozzardi (Nematoda: Onchocercidae) in
northern Argentina. Memorias do Instituto
Oswaldo Cruz 96: 451-458.

Sherlock IA, Guitton N. 1965.
Dermatozoonosis by Culicoides bite (Diptera:
Ceratopogonidae) in Salvador, State of Bahia,
Brazil. II. The Bionomics of the Culicoides.
Memorias do Instituto Oswaldo Cruz 62: 145-
159.

Spinelli GR, Ronderos MM, Diaz F. 2005.
The bloodsucking biting midges of Argentina
(Diptera: Ceratopogonidae). Memorias do
Instituto Oswaldo Cruz 100: 137-150.

Statacorp.2005. Statistical Software: Release
9.0 [computer program]. Stata Corporation.

Taranto NJ, Castelli E. 1988. Deteccion de un
foco de microfilariasis en el noroeste

argentino. Revista Argentina de Microbiologia
20: 49-51.

Twisk JWR. 2004. Longitudinal data analysis.
A comparison between generalized estimating
equations and random coefficient analysis.

European Journal of Epidemiology 19: 769-
776.

Veggiani Aybar CA, Dantur Juri MJ,
Lizarralde De Grosso MS, Spinelli GR. 2010.
Species diversity and seasonal abundance of
Culicoides biting midges in northwestern

Journal of Insect Science | www.insectscience.org

Downloaded From: https://complete.bioone.org/journals/Journal-of-Insect-Science on 25 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



Journal of Insect Science: Vol. 12 | Article 145

Argentina. Medical and Veterinary
Entomology 24: 95-98.

Veggiani Aybar CA, Dantur Juri MJ, Stein M,
Oria G, Lizarralde De Grosso MS, Spinelli
GR. 2012. New records of Culicoides
Latreille (Diptera: Ceratopogonidae) for the
Yungas and Chaco ecorregions of Argentina.
Florida Entomologist 95: 808-809.

Wirth WW, Marston N. 1968. A method for
mounting small insects on microscope slides
in Canada balsam. Annals of the
Entomological Society of America 61: 783-

Veggiani Aybar et al.

/i Tgcumén
l.‘-_Q:ﬂamarca L""." o
{ Thews o Santiago del
o8 L., % Estero

784.
e A I
o Bolivia Argentina
W S6°W
@~
% 24
= Brasil
<
@
/ g
o)
U
S
S o 328
. *
: ¢ o
S Fro e a S
. /. 3I6"S
(
T 7 T "
'.\ ./ A""‘l"\., P o / 40°S
\ A ¢ N b ¢
= Jupy* B
Northwestern o T
Argentina ' 0 e
g (oo Y Salta A
1! .~ : .~~._,.." '
{ s ; §
\ Yo / o
£

Yerererarrman

Argentina. High quality figures are available online.

1000Km
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Figure 2. Seasonal fluctuations of Culicoides debilipalpis, Culicoides insignis, Culicoides lahillei, Culicoides paraensis, and Culicoides
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\province, Argentina. High quality figures are available online. )
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