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ABSTRACT

Anopheles pseudopunctipennis is a New World species extending from about 30°S in central
Argentina to about 40°N in the USA. It is considered one of the most important malaria vec-
tors in South America and its implication in malaria transmission varies along its distribu-
tion. We evaluated the effect of ecoregion and geographical distances on the traits or
morphological characters of An. pseudopunctipennis females from 15 localities in Argentina
and Bolivia using cladistic and morphometric analyses. The cladistic analysis (Maximum
Parsimony) demonstrated that the effect of ecoregion characterization in distinguishing be-
tween Bolivian and Argentinean populations was stronger than the effect of geographical
distances. Morphometric analysis (Discriminant analysis) did not reveal a pattern between
Bolivian and Argentinean populations based on geographical distances. Ecoregional charac-
terization of An. pseudopunctipennis populations throughout is range, caused us to conclude
that studies of morphological traits characteristics are necessary in differentiating between
populations. Moreover, molecular studies are required to determine whether geographical
distances influence population differentiation in An. pseudopunctipennis from Argentina
and Bolivia, in the extreme south of South America.

Key Words: Anopheles pseudopunctipennis, malaria, cladistics, morphometrics, Argentina,
Bolivia

RESUMEN

Anopheles pseudopunctipennis es una especie Neotropical con una amplia distribucién geo-
grafica desde los Estados Unidos hasta el centro de Argentina. Es considerado uno de los
mas importantes vectores de malaria en América del Sur, variando su implicancia en la
transmision de la enfermedad a lo largo de su distribucién. En el presente trabajo evaluamos
el efecto de las caracteristicas de las ecoregiones y de las distancias geograficas sobre los ras-
gos o caracteres morfolégicos de las hembras de An. pseudopunctipennis de 15 localidades de
Argentina y Bolivia utilizando analisis cladisticos y morfométricos. El andlisis cladistico
(Méxima Parsimonia) demostré que el efecto de las caracteristicas de las ecoregiones fue ma-
yor que el efecto de las distancias geograficas, diferenciando entre las poblaciones de Bolivia
y de Argentina. El analisis morfométrico (Analisis Discriminante) basado en las distancias
geograficas fue incapaz de mostrar un patrén entre ambas poblaciones. Concluimos que los
estudios sobre los rasgos o caracteristicas morfolégicas como resultado de la caracterizacién
ecoregional de las poblaciones de An. pseudopunctipennis son necesarias. Ademas, se requie-
ren de estudios moleculares para determinar si las distancias geograficas influyen sobre la
diferenciacion de las poblaciones de An. pseudopunctipennis de Argentina y Bolivia, en el ex-
tremo sur de América del Sur.

Anopheline mosquitoes transmit the malaria the health of more than 40% people in 90 coun-
parasites Plasmodium vivax, P. falciparum, P.  tries. The World Health Organization estimates
ovale, P. malariae and P. knowlesi, which affect malaria incidence at 300-500 million clinical
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cases, with 1.5-2.7 million deaths per year (Col-
lins & Paskewitz 1995; Sallum et al. 2000).

Species of Anopheles Meigen reported to be im-
portant malaria vectors include An. (Nyssorhyn-
chus) albimanus Wiedeman, An. (Nyssorhynchus)
aquasalis Curry, An. (Nyssorhynchus) darlingi
Root and An. (Anopheles) pseudopunctipennis
Theobald (Forattini 1962). Some species of the
Nyssorhynchus subgenus involved in malaria
transmission share the same geographical distri-
bution and posses a high degree of morphological
similarity (Faran 1980). For example, An. (Nysso-
rhynchus) evansae Bréthes was misidentified as
An. (Nyssorhynchus) benarrochi Gabaldén, Cova
Garcia and Lépez and, furthermore, An. benarro-
chi females were misidentified as An. (Nyssorhyn-
chus) oswaldoi Peryassu, confirmed later as An.
benarrochi species (Quinones et al. 2001; Calle et
al. 2002).

The present study was focused on An.
pseudopunctipennis, a species with a wide distri-
bution that has distinctive populations defined
by allozymes and restriction fragment length
polymorphisms (RFLPs) (Estrada-Franco et al.
1993). A more extensive study revealed the ex-
istence of three clusters within An. pseudopunc-
tipennis: one comprising specimens from the
United States, Mexico and Guatemala, a second
cluster including samples from Colombia, Ecua-
dor, Peru, Chile and Argentina, and a third clus-
ter comprising Grenada specimens (Manguin et
al. 1995). Rueda et al. (2004), describing the neo-
type of An. pseudopunctipennis, suggested the
need for morphological, molecular and biochem-
ical studies for a better definition of the species
limit.

Within the morphological context, morphom-
etry (Rohlf & Marcus 1993; Adams et al. 2004)
appears as an important taxonomic tool for spe-
cies discrimination and species variations (Du-
jardin et al. 1997, 1998; Calle et al. 2002;
Jaramillo et al. 2002; Monroy et al. 2003; Belen
et al. 2004; Lehmann et al. 2005; Yurtas et al.
2005; Feliciangeli et al. 2007). Delgado & Rubio-
Palis (1993) examined the morphometric varia-
tion of Anopheles (Nyssorhynchus) nuneztovari
Gabaldén and detected variability within Vene-
zuelan populations. Later, Rubio-Palis (1998,
2000), using measurements of larval and adult
characters of An. darlingi populations from Ven-
ezuela, confirmed the separation of this species
from Anopheles (Nyssorhynchus) marajoara
Galvao and Damasceno, Anopheles (Nyssorhyn-
chus) braziliensis (Chagas) and Anopheles (Nys-
sorhynchus) argyritarsis Robineau-Desvoidy,
and found biological and morphological varia-
tions of this species, suggesting it may represent
a species complex. Most of these studies were fo-
cused on the molecular or morphological charac-
terization of Anopheles species to probe similar-
ity or variability between them or within each,

sharing the same geographical areas, and trying
to differentiate these populations and their im-
plications as malaria vectors.

In the present paper we used cladistics and
morphometric analysis to test whether either
ecoregional characterization or geographical dis-
tance has a greater effect in differentiating An.
pseudopunctipennis populations found in the
Transitional and Yungas ecoregions of Argentina
and Convergence ecoregion of Bolivia.

MATERIALS AND METHODS

Sample Area Characterization

Adult mosquitoes were collected in 15 locali-
ties, 13 in Argentina and two in Bolivia. In Argen-
tina, Jujuy and Salta localities were from the
Yungas ecoregion, while the Tucuman localities
were from the transitional area between Yungas
and Chaco ecoregiones (Cabrera & Willink 1973;
Dinerstein et al. 1995). Parque Nacional Carrasco
(Cochabamba, Bolivia) is in the convergence of
three ecoregions: Cloud Forests (Yungas), Dry
Forests (Dry Chaco) and Tropical Amazon Rain-
forest (The Nature Conservancy 2008). In
Taruma (Santa Cruz, Bolivia), the ecoregion is
called Transitional Amazon Forest of Chiquitana
(IBIF 2006) (Fig. 1).

The Yungas has a large geographical distri-
bution in South America, from Venezuela
through northwestern Argentina. It is fre-
quently fragmented by either natural events
(flooding rivers) or human activities (agricul-
ture, pastures and wood production). The typi-
cal piedmont vegetation consists of two types of
vegetation with a north-south orientation in re-
sponse to temperature gradient: one is the for-
est of “palo blanco” (Calycophyllum multiflorum
Griseb. (Castelo)) and “palo amarillo” (Phyllo-
stylon rhamnoides (J. Poiss) Taub), and the sec-
ond is the forest of “tipa” (Tipuana tipu (Benth.)
Kuntze) and “pacara” (Enterolobium contorti-
siliquum (Vell.) Morong.). Both vegetation
types are under anthropic pressure, that in the
impoverished south is nearly completely de-
stroyed, and that in the north is more diverse
(Prado 1995; Brown et al. 2001).

The Chaco ecoregion extends from southern
Bolivia through western Paraguay, southern
Brazil and north-central Argentina. It is com-
posed of deciduous xeric forests with grasses,
cacti and terrestrial bromeliads, and, also, the
savannas and the halophytic steppes (Cabrera &
Willink 1973; Cabrera 1976; Dinerstein et al.
1995). In western Chaco province, there is a
transitional area (with the Yungas) (Ayarde
1995). The Chaco province is threatened by cat-
tle grazing, seasonal fires and the conversion of
natural habitats for agriculture (Dinerstein et
al. 1995).
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Fig. 1. Localities of An. pseudopunctipennis collection in the Argentinean provinces of Salta (ll), Tucumén (* )
and Jujuy (®) and in the Bolivian provinces of Cochabamba (4) and Santa Cruz (A), within three ecoregions (after

Dinerstein et al. 1996).

Parque Nacional Carrasco near Cochabamba,
Bolivia lies in the Sub-Andean range. This park
has vegetation typical of the semihumid Puna,
the perennial wet to semi-wet forest, the Ama-
zonic Sub-Andean forest, the pre-Andean forest,
the inter-Andean dry forest and the Tucumanian-
Bolivian subtropical mountainous forest, also
known as Yungas. The main problems in this area
are deforestation to allow cultivation, commer-
cialization of tree species of economic value, and
highway construction (boliviaenlared.com 2005-
2006).

At Tarumé (Santa Cruz Department in east-
ern Bolivia), the climate in the region largely de-

termines the predominant vegetation known as
the Transitional Amazon Forest of Chiquitana
(IBIF 2006). This is a characteristic forest with
Amazonian humid weather alternating with
Chaco dry weather. Thus two well-marked seasons
exist, a dry and a wet one. During the wet season
(Apr-Nov) most of the rainfall occurs, and during
the dry season (May-Jul) rainfall decreases consid-
erably. In recent years the environment has
changed and the weather has become drier. The for-
est is mostly dry tropical, with some interspersed
savanna. To the north is the humid part of the forest
and the savannas. The pastures present the most
important problem because of soil degradation, but
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recently sustainable agriculture has started to be
used in an effort to try to conserve the environ-
ment (IBIF 2006).

Specimen sources

In Argentina, the adult specimens were col-
lected as described by Dantur et al. (2003, 2005,
2009). In Bolivia, specimens were collected indi-
vidually as larvae and reared to adults. They were
subsequently sacrificed and identified using the
taxonomic key of Wilkerson & Strickman (1990).
To carry out the morphometric measurements (in
mm), the specimens were mounted on entomolog-
ical pins, labeled, and examined with a stereo-
scopic microscope.

One hundred and seventy-three An.
pseudopunctipennis female specimens were ana-
lyzed: 24 from Salta (localities: Parque Nacional
El Rey, El Oculto and Aguas Blancas), 41 from Ju-
juy (INTA Yuto and Lagunita Yuto), 51 from Tu-
cuman (Iltico, Dique El Molino, Quebrada de
Lules, Potrero Las Tablas, El Cadillal, Arroyo
Molle Yaco, Arroyo Hornillo and La Sala) and 57
from Bolivia (Parque Nacional Carrasco and
Taruma) (Table 1). The following characters were
measured: length of proboscis and length of pal-

pomeres 1-5, pale and dark scale spots on the cos-
tal vein. For wing spots, we adopted the nomen-
clature proposed by Wilkerson & Peyton (1990):
length of the basal pale (BP), sectoral dark (SD),
subcostal pale (SCP), preapical dark (PD), preapi-
cal pale (PP).

Data analysis

Cladistics. Parsimony analysis was conducted
with the software TNT 1.0 (Goloboff et al. 2005),
which allows the use of continuous characters to ob-
tain a phylogenetic hypothesis. Once the confidence
intervals were calculated (CI = Mean = Z_, -SWVN)
with o = 0.05 (Norman & Streiner 1996) for each lo-
cality of An. pseudopunctipennis (Table 2), the algo-
rithm proposed by Goloboff et al. (2006) was used,
where the morphometric characters were treated as
additive, and the ranges were optimized directly on
the most parsimonious cladograms. The neotype re-
description of An. pseudopunctipennis was used
(Rueda et al. 2004) as the outgroup and for rooting
cladograms. Finally, the exact algorithm of implicit
enumeration for the search of the most parsimoni-
ous solution was followed.

Morphometrics: The logarithmic transforma-
tion (Log,, (X + 1)) was carried out on the complete

TABLE 1. ANOPHELES PSEUDOPUNCTIPENNIS COLLECTION LOCALITIES IN ARGENTINA AND BOLIVIA.

Localities Dates Geographical coordinates N' Collectors®
Argentina
Tucuman Province
Iltico 13/12/2000 27°20°05”S 65°38'55”W 10 LMA
E1 Molino 14/12/1999 27°19’48”S 65°42'W 10 LMA
Quebrada de Lules 12/12/1998 26°50’S 65°40'W 1 LMA
Potrero Las Tablas 19/04/1999 26°51’S 65°2TW 10 LMA and MJDJ
El Cadillal 08/04/2000 26°36°36”S 65°12'W 4 LMA, MJDJ and GM
Arroyo Molle Yaco 30/04/1999 26°17°00”S 65°16'45"W 3 LMA
Arroyo Hornillos 22/04/1999 26°13’S 65°25'48"W 5 LMA
La Sala 29/04/1999 26°45’S 65 °23'W 10 LMA and MJDJ
Salta Province
Parque Nacional El Rey 22/02/2000 24°42’S 64°3748"W 4 LMA
El Oculto 05/01/2002 23°06’S 51°48'W 10 MJDN, NV and EL
Aguas Blancas 07/01/2002 22°43’48”S 64°21’36"W 10 MJDJ, NV and EL
Jujuy Province
INTA Yuto 26/10/2005 23°3760”S 64°28'W 30 MJDJ, NV and EL
Lagunita Yuto 26/10/2005 23°38'22”S 64°2711'W 11 MJDJ, NV and EL
Bolivia
Cochabamba Department
Parque Nacional Carrasco 03/01/1995 16°58’60”S 65°7°60”W 31 GNF and RR
Santa Cruz Department
Taruma 09/12/1991 18°33’S 63°4’60"W 26 GNF and JEC

'N: number of specimens.

*LMA: Lucrecia Ménica Augier, MJDJ: Maria Julia Dantur Juri, GM: Gustavo Molina, NV: Neri Vianconi, EL: Enrique Laci,
GNF: Gary Fritz, RR: Roberto Rodriguez and JEC: Jan E. Conn.
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data set to minimize intrapopulation variation
due to static allometry. Subsequently, the size ef-
fects were corrected following Klingenberg (1996)
based on the common model of linear growth
(Common Principal Components Analysis or
CPCA). The CPC scores were considered as an es-
timate of within-group variation and were used
as variables in a canonical discriminate analysis
(CDA) except for CPC1, which is an estimate of
the common allometric pattern (Klingenberg
1996; Dujardin 2000). The variables were intro-
duced in the PAD 0.81 program (Dujardin 2006)
to carry out a Discriminant Analysis (DA). The re-
sults were graphically represented in a scatter
plot using the first two canonical discriminant
functions as axes. To examine the morphological
similarity between the populations, the Mahal-
anobis distances obtained in CDA and the Cluster
Analysis with Unweighted Pair Group Method
Analysis (UPGMA) NEIGHBOR 3.6 (Felsenstein
2004) were used, and the resulting dendrogam
was visualized in TREEVIEW 1.6.6 (Page 2001).
To test for significant differences among popula-
tions, size variables were analyzed with the
Kruskal-Wallis test (o = 0.05).

RESULTS

In the cladistic analysis six equally parsimoni-
ous trees were obtained of 4,608 steps in length,
with consistency and retention indices of 0.91 and
0.82, respectively. The strict consensus of these
trees (Fig. 2) depicts the Bolivian populations
(Taruma and Parque Nacional Carrasco) as more
basal (ancestral), sister of the node that includes
all the Argentinean populations (Salta, Jujuy and
Tucuman) consisting of a polytomy that includes
7/8 of the Tucuman localities (Arroyo Mole Yaco,
El Cadillal, Quebrada de Lules, E1 Molino, Iltico,
Arroyo Hornillo and La Sala), a clade that in-
cludes a mixture of Jujuy (INTA Yuto and La-
gunita Yuto) and Tucuman (Potrero Las Tablas)
localities and finally a clade that contains the
Salta localities (El Oculto, Parque Nacional El
Rey and Aguas Blancas).

Grenada

Parque Nacional Carrasco- Cochabamba
Taruma- Santa Cruz

El Molino

Tltico

Arroyo Molle Yaco

El Cadillal

Quebrada de Lules
Arroyo Hornillo

La Sala

Potrero Las Tablas
INTA Yuto
Lagunita Yuto

El Oculto

Parque Nacional El Rey
Aguas Blancas

} BOLIVIA

TUCUMAN

ARGENTINA
} Y
} SALTA

Fig. 2. Strict consensus tree of An. pseudopunctipen-
nis from localities in Argentina (Salta, Jujuy and Tu-
cumaén) and Bolivia.
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The node that separates Argentinean and Boliv-
ian populations is supported by the following syna-
pomorphies: length of palpomere 1 (character O:
0.109-0.116 — 0.127), length of palpomere 5 (char-
acter 4: 0.208-0.222 — 0.237-0.253), length of the
basal pale (character 5: 0.092-0.093 — 0.018-0.033)
and proboscis length (character 10: 1.905-1.958 —
1.990-2.195). The Salta clade (El Oculto+Parque
Nacional El Rey+Aguas Blancas) is characterized
by the length of palpomere 1 (character 0: 0.127 —
0.245-0.255), and Parque Nacional El Rey and
Aguas Blancas clustered together by the length of
the basal pale spot (character 5:0.033 — 0.063). The
clade comprising Potrero Las Tablas, INTA Yuto
and Lagunita Yuto populations is supported by the
length of the basal pale spot (character 5: 0.022-
0.033 — 0.090-0.091). Populations of An.
pseudopunctipennis in some localities can be de-
fined by autapomorphies: Aguas Blancas by the
length of the basal pale spot (character 5: 0.063 —
0.106), Potrero Las Tablas by the length of pal-
pomere 1 (character 0: 0.127 — 0.0148-0.206), Iltico
by the length of palpomere 1 (character 0: 0.127 —
0.129-0.159), Quebrada de Lules by the length of
sector dark spot (character 7: 0,388-0,443 — 0.506)
and Lagunita Yuto by proboscis length (character
10: 2.303-0.2305 — 2.181-2.277).

In contrast, the DA factorial map, starting
from the first nine conformation components (rep-
resenting 98% of the variation of the conforma-
tion), showed partial separation of the Salta pop-
ulation and overlap between Tucuman and Jujuy,
Cochabamba and Santa Cruz populations
(Fig. 3A). The reclassification of the five popula-
tions was as follows: Salta 23/24 (95%) and Jujuy
35/41 (85%) and Cochabamba 27/31 (87%), and it
was reduced in Tucumén 38/51 (74%) and Santa
Cruz 17/26 (65%).

The cluster analysis UPGMA (Fig. 3B) shows
the differentiation of Salta from the other four.
Tucumén population differs from the cluster
formed by Cochabamba, Santa Cruz and Jujuy.
The size variable (Fig. 3C) showed significant dif-
ferences (p < 0.05), from the smallest to the larg-
est, for three groups of populations: Cochabamba,
< Salta, Tucumén and Santa Cruz < Jujuy.

DiscussioN

The geographical distribution of An.
pseudopunctipennis is a sympatric with other
species, such as An. abimanus and An. argyritar-
sis; but each of these species occupies a somewhat
different typical environment.

As reported by Patz et al. (2000) and Alencar et
al. (2009), it is known that environmental
changes will modify vector-borne disease trans-
mission patterns. Accordingly in Argentina, Bur-
gos et al. (1994) reported that malaria and An.
pseudopunctipennis distributions acquire differ-
ent patterns when moving from the foothills to
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Fig. 3. A) Factorial map generated by Discriminant Analysis for the conformational variables of An. pseudopunc-
tipennis in populations of Salta (1: n = 24), Tucuman (2: n = 51), Jujuy (3: n = 41), Cochabamba (4: n = 31) and Santa
Cruz (5: n = 26). B) Dendrogram of the UPGMA from Mahalanobis distance in populations of An. pseudopunctipen-
nis from Bolivia (Cochabamba and Santa Cruz) and Argentina (Jujuy, Tucuman and Salta). C) Isometric size de-
rived from the PCA.

the central region of the country where climatic in relation to modifications in the climatic condi-
conditions are more favorable for the develop- tions and eventually would be restricted to the ex-
ment of both. Curto et al. (2003) disagreed with treme northwest of the country.

these authors, and asserted that An. pseudopunc- Environmental changes will directly affect
tipennis and malaria distribution would change vector populations by causing modification within
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each population of traits including morphological
characters that evolve under ecological pressure
(Rundle & Nosil 2005; Alencar et al. 2009). Differ-
ent studies have concluded that morphometry is
useful because it is focused on morphological
traits and modifications in them, and is a good
tool for the discrimination of vector species as
well as for studies of intraspecific population vari-
ability (Dujardin et al. 1997, 1998; Rubio-Palis
1998; Calle et al. 2002: Yurtas et al. 2005). Just as
in Haemagogus capricornii Lutz and Haemago-
gus janthinomys Dyar populations in Brazil, the
molecular and morphological diversity of An.
pseudopunctipennis populations can be expected
to evolve under different types of ecological pres-
sure (ecoregional characteristics) (McKinnon et
al. 2004; Alencar et al. 2009).

There are several works dealing with An.
pseudopunctipennis populations in America. By
analyses of specimens from various localities, Es-
trada-Franco et al. (1993) and Manguin et al.
(1995) recognized the existence of three An.
pseudopunctipennis population groups: one from
the southern USA, Mexico and Guatemala, an-
other from South America through Central Amer-
ica including Belize, and a third on Grenada Is-
land. Previous to the present study, there had been
no examination of external morphological charac-
ters of An. pseudopunctipennis populations in rela-
tion to ecoregional characteristics. This is the first
report that deals with the morphological traits of
specimens that have been affected by the ecologi-
cal conditions that characterize each ecoregion.

In view of the risk of malaria re-emergence in
the extreme northwest of Argentina, where until
now only a few cases were reported, the behavior
of this species becomes very important. Because
there is active transmission of the disease in cer-
tain areas of Bolivia near Argentina, the need to
differentiate  between the various An.
pseudopunctipennis populations in relation to
transmission patterns is critical. The cladistic
analyses described here accurately differentiated
between Argentinean and Bolivian populations
by proboscis and palpomere lengths. Similarly,
Manguin et al. (1999) found that proboscis length
and the forefemur differentiated populations of
An. darlingi.

Morphometric analyses did not reveal any pop-
ulation differentiation of An. pseudopunctipennis
based on geographical distances. Bolivian and
Tucuman populations should be the most differ-
entiated, but the results of the Discriminant
Analysis showed that Salta populations have the
least overlap. The UPGMA separated the Salta
group of specimens from the remaining four pop-
ulation groups, and PCA detected the greatest
difference between Jujuy and Cochabamba.

We conclude that the methods used were use-
ful for the analysis of An. Pseudopunctipennis
populations, allowing us (1) to differentiate be-
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tween two An. pseudopunctipennis populations
(Bolivian and Argentinean), and (2) to discover
that the characteristics of the ecoregion, i.e., the
local environment, cause such differentiation be-
tween populations to occur. Finally, it is necessary
to consider the effect of the changing global
weather and in particular, the consequent in-
crease in average global temperatures and accu-
mulated rainfall (Magnuson 2001; Moreno 2006;
Alencar et al. 2009) that will affect not only ma-
laria transmission patterns, but also cause the
vector populations involved to evolve further (Mc-
Michael 2001; Alencar et al. 2009). For this rea-
son it is necessary to acquire further knowledge
about the possible existence of An. pseudopuncti-
pennis populations in the extreme south of South
America.
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