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ABSTRACT

We examined mosquito diversity in the surroundings of San Juan del Flumen, a village of
Sarifiena municipality (“Los Monegros”, Huesca, Spain). The diversity, the abundance, and
the distribution of the mosquito species varied during the study period. The real diversity
(Shannon index) of the six species encountered during the study period (Culiseta annulata,
Culiseta longiareolata, Ochlerotatus caspius, Culex pipiens, Culex modestus and Anopheles
atroparvus) represented 63.8% of the maximal diversity of a community of six species which
would have the same abundance (H=1.14; In(S)=1.79). The specific diversity was high at
the beginning of spring (H=0.23) and low at the end of the study period. The differences
between the larval densities of the four species encountered in spring were highest in March
(In(E)= -1.16). Site 3 (maize) registered the maximum number of species but diversity was
higher at site 1 (maize, rice, alfalfa).
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RESUMEN

Diversidad de los mosquitos en un ambiente semiiarido de San Juan del Flumen (Los
Monegros, Huesca, Espafia) (Diptera, Culicidae)

Se examind la diversidad de los mosquitos en los alrededores de de San Juan del Flumen,
un pueblo del municipio de Sarifiena (Los Monegros, Huesca, Espafa). La diversidad,
abundancia y distribucion de las especies de mosquitos varian durante el afo. La diversidad
real (indice de Shannon) de las seis especies de mosquitos encontrados en la zona durante
el estudio (Culiseta annulata, Culiseta longiareolata, Ochlerotatus caspius, Culex pipiens,
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Culex modestus y Anopheles atroparvus) se acerca a 63,8 % de la diversidad maxima de
una comunidad de seis especies que tuviesen la misma abundancia (H=1,14; In(S)=1,79). La
diversidad especifica fué grande al principio de la primavera (H=0,23) y baja al final de la
misma. Las diferencias entre las densidades de las larvas de las cuatro especies encontradas
en primavera fueron grandes en Marzo (In(E)= -1,16). La zona 3 (maiz) registra el numero
maximo de especies pero la diversidad es mas alta en la 1 (arroz, maiz, alfalfa).

Palabras claves: Culicidae, diversidad, ambientes semiaridos.

INTRODUCTION

Mosquitoes are dipterous insects, which present a life cycle with com-
plete metamorphosis, composed by four phases (adults, eggs, larvae and
nymphs). Factors affecting larval densities are diverse and species don’t
resist the same environmental conditions; because of this, diversity varies
among mosquito species. Among these factors we have the climatic changes
and precipitations which may cause an increase of mosquito’s larval den-
sity populations (KARL et al., 1993; HOUGHTON et al., 1996; PATZ et
al., 1998; ROBERT et al., 1998; MINAKAWA et al., 2002), the predation
by some fishes and larval insects (SUNISH et REUBEN, 2002; LESTER
et PIKE, 2003; LUNDKVIST et al., 2003), the desiccation of inbreeding
(CASANOVA et DO PADRO, 2002), the competition between mosquito’s
larvae (LOPES, 2002), food (BEEHLER et MULLA, 1995; SUNISH et
REUBEN, 2001; WORKMAN et WALTON, 2003) and chemical components
(ISHIT et SOHN, 1987; REISEN et al., 1989; ROBERT et al., 1998; SUN-
ISH et REUBEN, 2001).

In the area of “Los Monegros”, the intensive crops have also involved
the massive presence of mosquitoes, although, for the moment, there was
no human or animal infection. However, conditions such as African popula-
tion and bird immigration and the fact that the climatic change supports the
dispersion of insects like mosquitoes make these zones considerably risky.
Therefore, the studied area is the object of a great interest for the practical
application of advance-warning systems of mosquito-mediated diseases. The
increase in the production of fodder, maize and rice is accompanied by the
use of insecticides and weed killers which are less and less accepted for
their incidences on wild and domestic fauna and, ultimately, on humans
that live in these zones.

In the region of Aragon, VIDAL (2002) recapitulated at least 14 fami-
lies of dipterous insects, among which Culicidae is represented by less
than 1%, and Muscidae forms the majority, with 29% of all the families.
LUCIENTES et al. (2000) published only 25 species of mosquitoes from
Aragon (Province of Zaragoza, Spain) which are distributed in five genera
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and two subfamilies, Anophelinae and Culicinae: Anopheles atroparvus, An.
claviger, An. petragnani, An. plumbeus, An. hyrcanus pseudopictus; Aedes
aegypti, Ae. punctor, Ae. vexans, Ae. geniculatus, Ae. berlandi, Ae. caspius,
Ae. refiki; Culex mimeticus, Cx. modestus, Cx. pipiens, Cx. theileri, Cx.
hortensis, Cx. deserticola, Cx. impudicus, Cx. territans; Culiseta annulata,
Cs. subochrea, Cs. fumipennis, Cs. longiareolata and Orthopodomyia pul-
chripalpis.

Our objective was to study the diversity of the mosquitoes existing in
the surroundings of the village of San Juan del Flumen, during spring and
summer.

MATERIAL AND METHODS

Origin and sampling of species: This study was carried out around the
locality of San Juan del Fumen, a village of Sarifiena municipality (Huesca,
Spain). Larvae were sampled through the technique of “complete submersion”
(O’MALLEY, 1995), between Mach and May (2003) in three sites around
the village, in pools and irrigation aqueducts (Site 1: rice, maize, alfalfa;
Site 2: maize, alfalfa; Site 3: maize). Because some species appeared with
the cultures of summer (Culex modestus and Anopheles atroparvus), other
samples were collected in the rice fields in order to complete the species
conspectus during spring and summer. Larvae were filtered and transported
to the laboratory for their fixation. For each species, we selected only
the fourth larval stages for identification (ENCINAS-GRANDES, 1982;
SCHAFFNER et al., 2001; REINERT et al., 2004) and counted their number
under a binocular magnifying glass. To estimate the density, the volume of
collection was measured by 70 ml vessel. Densities for each species were
then represented per the number of fourth larvae per liter.

Data analysis: We estimated the monthly averages of larval densities
from March to May. Diversity was represented through species richness (S),
SHANNON Index (H) and SHANNON evenness or relative diversity (Es).
The Shannon index formula is H = - £ pi In pi where pi — decimal frac-
tion of i™ species abundance. Using the value of H, one can calculate the
species abundance equitability, or evenness, which reveals how different the
studied community is, compared to an ideal, equitable one. The evenness
formula is Es=H/Hmax (Es value is between 0 — 1) where Hmax =In(S) or
the value of H calculated with the same number of species, but equal pi
values. Another way to assess diversity was by performing the SHE analysis
(SHE S = species richness, H = Shannon index diversity, E = evenness).
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This technique (BUZAS & HAYEK (1996) and HAYEK & BUZAS (1997,
1998)) allows the independent and yet simultaneous evaluation of the spe-
cies richness and evenness contributions to the community diversity. The
diversity measures used in SHE analysis are the above-mentioned S and H
together with Buzas and Gibson’s evenness — E. This time E was calculated
with the equation E = eH/S (0<E<1) where e is the natural logarithm base.
The advantage of this formula is that H can be decomposed as the sum of
In(S)+In(E) (e"=S E so H=In(S)+In(E)). Furthermore, because E<I, In(E)
will be a negative number. Therefore, H diversity equals its maximum value,
In(S), less the amount of evenness, In(E).

RESULTS AND DISCUSSION
Mosquito assemblage diversity from March to May

Comparison of sites: In site 1, we identified two species, Culiseta an-
nulata and Ochlerotatus caspius. The diversity of that community (H=0,51)
approached at 78,3% (Es) of the maximal diversity (In(S)=0,69) of a com-
munity of two species which would have the same abundance (Figure 1,
Table I). This means that this two species had relatively close abundances
(Table II). But in site 3 where we identified three species (Culiseta an-
nulata, Culiseta longiareolata and Culex pipiens), the diversity was lower
than in site 1 because the evenness of the species was very low (In(E)=
-1,01); this means that there was a highly abundant species compared to the
others. That species was Culex pipiens (Density =10092,49 larvae/l; Table
I). In site 2 we identified only Culiseta annulata and, for this reason, the
diversity was null.

Table I: Species diversity in the three sites (Es - Shannon evenness or relative diversity, the
rest of the symbols are the same as in Figure 1).

Tabla I: Diversidad de especies de las tres zonas de muestreo (Es — la diversidad relativa,
los otros simbolos son como en la Figura 1).

Samples H Es E S In(E) In(S)
1 0,543 0,783 0,860581 2 -0,15015 0,693147
2 0 0 1 1 0 0
3 0,092 0,084 0,365455 3 —-1,00661 1,098612

Comparison of months: The species number in March (Culiseta an-
nulata, Culiseta longiareolata, Ochlerotatus caspius and Culex pipiens)
decreased in April and May to two species (Culiseta annulata and Culex
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Figure 1: Species diversity in the three sites (1 — 3 — site number, S — number of species,
In(S) — maximum diversity, H — Shannon index, E - Buzas and Gibson evenness).

Figura 1: La diversidad especifica en las zonas de muestreo (1 — 3 — numero asignado a
la zona, S — numero de especies, In(S) —diversidad maxima, H — indice de Shannon, E — la
equitabilidad de Buzas y Gibson).

Table II: Mosquitoes densities (larvae/l) in the three sites.
Tabla II. La densidad de los mosquitos (larvas/l) en las tres zonas de muestreo.

Species Sites

1 2 3
Culiseta annulata Schrank 1776 12,05 6,30 32,57
Ochlerotatus® caspius Pallas 1771 3,55 0 0
Culiseta longiareolata Macquart 1838 0 0 14,83
Culex pipiens Linnaeus 1758 0 0 1727,45

Ochlerotatus*: generic rank transferred from Aedes to Ochlerotatus genus according to the
classification of Reinert er al. (2004).

Ochlerotatus™®: género transferido de Adedes a Ochlerotatus segun la clasificacion de Reinert
et al. (2004).

pipiens) (Figure 2, Table IV). The reduction of the number of species from
March to April was due to the desiccation of the pools that contained
Ochlerotatus caspius and to the desiccation of the irrigation aqueducts that
contained Culiseta longiareolata. The specific diversity was great at the
beginning of the spring and low at the end of the study period. Species
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Figure 2: Species diversity from March to May (S — number of species, In(S) — maximum
diversity, H — Shannon index, E - Buzas and Gibson evenness).

Figura 2: La diversidad especifica desde Marzo hasta Mayo (S — numero de especies, In(S)
— la diversidad maxima, H — el indice de Shannon, E — uniformidad de Buzas y Gibson).

evenness in March was low (In(E)= -1,15), this means that the abundances
of the four species were very different (Table III and IV) and that is why
the real diversity of the community (H=0,23) represented 16,6% (Es) of the
maximal diversity (In(S)=1,39).

In April and May, the evenness of the species increased but their diver-
sity approached at 4% ad 9,3% respectively (Es) of the maximal diversity
of a community of two species which would have the same abundances;
this means that the species’ densities were very different. The decrease of

Table III: Species diversity from March to May (Es - Shannon evenness or relative diversity,
the rest of the symbols are the same as in Figure 2).

Tabla III: La diversidad especifica desde Marzo hasta Mayo (Es — la diversidad relativa,
los otros simbolos son como en la Figura 2).

Samples H Es E S In(E) In(S)
March 0,23 0,166 0,31465 4 —-1,15629 1,386294
April 0,028 0,04 0,514198 2 —0,66515 0,693147
May 0,065 0,093 0,53358 2 -0,62815 0,693147
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Table IV: Mosquitoes density (larvae/l) from March to May.
Tabla IV: La densidad de los mosquitos (larvas/l) desde Marzo hasta Mayo.

Species Months
March April May
Culiseta annulata Schrank 1776 41,26 8,57 1,09
Ochlerotatus® caspius Pallas 1771 3,55 + +
Culiseta longiareolata Macquart 1838 14,83 + +
Culex pipiens Linnaeus 1758 695,51 941,20 | 90,74

+: No sample. (No hay muestra).

Ochlerotatus™®: generic rank transferred from Aedes to Ochlerotatus genus accor-

ding to the classification of Reinert et al. (2004).

Ochlerotatus™®: género transferido de Aedes a Ochlerotatus segun la clasificacion

de Reinert et al. (2004).
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Figure 3: Species diversity for the whole study period (S — number of species, In(S) — maxi-
mum diversity, H — Shannon index, E - Buzas and Gibson evenness).
Figura 3: La diversidad especifica para todo el periodo de investigacion (S — numero de
especies, In(S) — la diversidad maxima, H — el indice de Shannon, E — uniformidad de

Buzas y Gibson).
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Table V: Mosquitoes density during the study period.
Tabla V: La densidad de los mosquitos durante el periodo de investigacion.

Species Density (larvae/l)
Culex pipiens Linnaeus 1758 10092,49
Culex modestus Ficalbi 1889 9089,37
Ochlerotatus® caspius Pallas 1771 8893,86
Culiseta annulata Schrank 1776 187,74
Culiseta longiareolata Macquart 1838 44,49
Anopheles atroparvus Van Thiel 1927 15,21

Ochlerotatus*: generic rank transferred from Aedes to Ochlerotatus genus according
to the classification of Reinert et al. (2004).

Ochlerotatus™®: género transferido de Aedes a Ochlerotatus segun la clasificacion
de Reinert er al. (2004).

Table VI: Species diversity for the whole study period (Es - Shannon evenness or relative
diversity, the rest of the symbols are the same as in Figure 3).

Tabla VI: La diversidad especifica para el todo el periodo de investigacion (Es — la diver-
sidad relativa, los otros simbolos son como en la Figura 3).

H Es E S In(E) In(S)
1,144 0,638 0,523217 6 -0,64776 1,791759

larval abundance of Culiseta annulata from March to May was due to the
fact that, on one hand, the adults began to take refuge in the forests and
within the houses (ENCINAS-GRANDES, 1982) and on the other hand due
to the irrigation water that carried away a part of these larvae.

Mosquito assemblage diversity during the whole study period:

We encountered six species during the study period (Culiseta annu-
lata, Culiseta longiareolata, Ochlerotatus caspius, Culex pipiens, Culex
modestus and Anopheles atroparvus), Culex pipiens, Culex modestus and
Ochlerotatus caspius were the most abundant species compared to Culiseta
annulata, Culiseta longiareolata and Anopheles atroparvus. Cx pipiens was
the most abundant species whereas Anopheles atroparvus was rare in the
area. This was due to the fact that this Anopheles species do not tolerate
contaminated environments as it was notified by the authors (SCHAFFNER
et al., 2001). Culex modestus and Anopheles atroparvus appeared during
the summer crops.
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The real diversity of that community was 63,8% (Es) of the maximal
diversity of a community of six species which would have the same abun-
dance. Thus, we may conclude that in the study area, the assemblage of
mosquitoes presents a relatively high diversity.

CONCLUSIONS

The diversity, the abundance and the distribution of mosquitoes varied
during the study period. The real diversity of the six species encountered
in area during the study period (Culiseta annulata, Culiseta longiareolata,
Ochlerotatus caspius, Culex pipiens, Culex modestus and Anopheles at-
roparvus) represented 63,8% of the maximal diversity of a community of
six species which would have the same abundance (H=1,14; In(S)=1,79).
The specific diversity was great at the beginning of the spring (H=0,23)
and low at the end of the study period. The differences between the den-
sities of the four recorded species were the highest in March, when the
evenness was the lowest (In(E)= —1,15629). Culex modestus and Anopheles
atroparvus appeared during the summer crops but Culex pipiens was the
most abundant species during the whole period of the study. Site 3 (maize)
registered the maximum number of species but the diversity was higher in
site 1 (rice, maize, alfalfa).

BIBLIOGRAPHY

BEEHLER, J. W. & MULLA, M. S. (1995). Effects of organic enrichment on temporal
distribution and abundance of culicine egg rafts. J Am. Mosq. Control Assoc., 11(2
Pt 1): 167-71.

BUZAS, M. A. & L. C. HAYEK, 1996. Biodiversity resolution: an integrated approach.
Biodiversity Letters 3: 40-43.

CASANOVA, C. & A. P. DO PRADO, 2002. Key-factor analysis of immature stages of
Aedes scapularis (Diptera: Culicidae) populations in southeastern Brazil. Bulletin of
Entomological Research, 92(4): 271-277.

ENCINAS-GRANDES, A., 1982. Taxonomia y Biologia de los mosquitos del area salamantina
(Diptera: Culicidae). CSIC - Ediciéon Universidad de Salamanca. 437 pp.

HAYEK, L. C. & M. A. BUZAS, 1997. Surveying Natural Populations. Columbia University
Press, New York, 563 pp.

HAYEK, L.C. & M.A. BUZAS, 1998. SHE Analysis: an integrated approach to the analysis
of forest biodiversity. In: Dallmeier F. and Comiskey J.A. (Eds): Forest Biodiversity
Research, Monitoring, and Modelling: Conceptual Background and Old-World Case
Studies: 311-321. Smithsonian Institution, Washington, D.C., USA.

HOUGHTON, J. T., L. G. MEIRA FILHO, B. A. CALLANDER, N. HARRIS, A. KATTEN-

Boln. Asoc. esp. Ent., 29 (3-4): 23-33, 2005



32 MAMADOU DEMBA, STEFAN REMUS, NDIAGA THIAM & ANTONIO PALANCA

BERG & K. MASKELL, 1996. Climate Change 1995. Published for the Intergovern-
mental Panel on Climate Change. 572 pp. Cambridge University Press.

ISHII, T. & S. R. SOHN, 1987. Highly polluted larval habitats of the Culex pipiens complex
in central Sweden. J. Am. Mosq. Control Assoc., 3(2): 276-81.

KARL, T. R., P. D. JONES, R. W. KNIGHT, G. KUKLA, N. PLUMMER, V. RAZUVAYEYV,
K. P. GALLO, J. LINDSEAY, R. J. CHARLSON & T. C PETERSON, 1993. A new
perspective on global warming: Asymmetric trends of daily maximum and minimum
temperatures. Bulletin of American Meteorology Society, 74: 1007-1023.

LESTER, P. J. & A. J. PIKE, 2003. Container surface area and water depth influence the
population dynamics of the mosquito Culex pervigilans (Diptera: Culicidae) and its
associated predators in New Zealand. J. Vector Ecol., 28(2): 267-74.

LOPES, J., 2002. The occurrence of Aedes (Stegomyia) aegypti (Linnaeus) and Aedes
(Stegomyia) albopictus (Skuse) in an area in Northern Parana, Brazil and the associated
Culicidae fauna. Revta bras. Zool. 19 (4): 1075-1079.

LUCIENTES, J., M. ESCUDERO, G. SANZ, J. . ZARATE, J. I. ARBEA, E. LATORRE, J.
A. CASTILLO, M. J. GRACIA-SALINAS & M. A PERIBANEZ, 2000. Contribucién
al conocimiento de los mosquitos (Diptera: Culicidae) de Aragon. IX Congreso Iberico
de Entomologia, Zaragoza, Panel BB28, Biodiversidad - Biogeografia, 136 pp.

LUNDKVIST, E., LANDIN, J.,, JACKSON, M. & C. SVENSSON, 2003. Diving beetles
(Dytiscidae) as predators of mosquito larvae (Culicidae) in field experiments and in
laboratory tests of prey preference. Bull. Entomol. Res., 93(3): 219-26.

MINAKAWA, N., SONYE, G., MOGI, M., GITHEKO, A. & G. YAN, 2002. The Effects of
Climatic Factors on the Distribution and Abundance of Malaria Vector in Kenya. Journal
of Medicinal Entomology, 39 (6): 833-841.

O’MALLEY, C., 1995. Seven ways to a successful dipping career. Wing Beats, 6(4): 23-24.

PATZ, J. A., W. J. M. MARTENS, D. A. FOCKS & T. H. JETTEN, 1998. Dengue fever
epidemic potential as projected by general circulation models of global climate change.
Environmental Health Perspectives, 106 (3): 147-153.

REINERT, J. E, HARBACH, R. E. & 1. J. KITCHING, 2004. Phylogeny and classification
of Aedini (Diptera: Culicidae), based on morphological characters of all life stages.
Zoological Journal of the Linnean Society, 142, 289-368. 146, 81-85.

REISEN, W. K., MEYER, R. P, SHIELDS, J. & C. ARBOLANTE, 1989. Population ecol-
ogy of preimaginal Culex tarsalis (Diptera: Culicidae) in Kern County, California. J.
Med. Entomol., 26(1): 10-22.

ROBERT, V., AWONO-AMBENE, H. P. & J. THIOULOUSE, 1998. Ecology of larval mos-
quitoes, with special reference to Anopheles arabiensis (Diptera: Culcidae) in market-
garden wells in urban Dakar, Senegal. J Med. Entomol., 35(6): 948-955.

SCHAFFNER, F., G. ANGEL, B. GEOFFROY, J.-P. HERVY, A. RHAIEM & J. BRUNHES,
2001. Les moustiques d’Europe. Les logiciels d’identification et d’enseignement. Lo-
giciel collectif du Laboratoire de taxonomie des vecteurs de I’Institut de Recherche
pour le Développement (IRD), Montpellier et du Laboratoire/Cellule Entomologie de
I’Entité Interdépartementale pour la Démoustication du littoral méditerranéen (EID),
Montpellier; IRD, Editions 2001.

SUNISH, I. P. & R. REUBEN, 2001. Factors influencing the abundance of Japanese encepha-
litis vectors in rice fields in India- 1. Abiotic. Med. Vet. Entomol., 15(4): 381-92.
VIDAL, J.-O. M., 2002. Analisis comparativo de las poblaciones de Diptera en las zonas
de cultivo de secano y regadio de Los Monegros, Huesca. Memoria par la Suficiencia

Investigadora, Universidad de Vigo, 10 pp.

Boln. Asoc. esp. Ent., 29 (3-4): 23-33, 2005



DIVERSITY OF MOSQUITOES IN A SEMIARID ENVIRONMENT... 33

WORKMAN, P. D. & W. E. WALTON, 2003. Larval behaviour of four Culex (Diptera:
Culicidae) associated with treatment wetlands in the south-western United States. J.
Vector Ecol., 28(2): 213-28.

APENDICE
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Ochlerotatus*: generic rank transferred from Aedes to Ochlerotatus genus according
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