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Analysis of antenal sensilla patterns of Rhodnius prolixus from
Colombia and Venezuela
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Antennal sensilla patterns were used to analyze population variation of domestic Rhodnius prolixus from six
departments and states representing three biogeographical regions of Colombia and Venezuela. Discriminant
analysis of the patterns of mechanoreceptors and of three types of chemoreceptors on the pedicel and flagellar
segments showed clear differentiation between R. prolixus populations east and west of the Andean Cordillera. The
distribution of thick and thin-walled trichoids on the second flagellar segment also showed correlation with lati-
tude, but thiswas not seen in the patterns of other sensilla. The results of the sensilla patterns appear to bereflecting
biogeographic features or population isolation rather than characters associated with different habitats and lend
support to the idea that domestic R. prolixus originated in the eastern region of the Andes
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Triatominae (Hemiptera, Reduviidae), theinsect vec-
tors of Chagas disease (American trypanosomiasis) have
been recorded from 30 of the 32 departments of Colombia,
fromthe coast to 2000 m.a.s.l. (Molinaet al. 2000). Over 20
species have been reported, of which Rhodnius prolixus
(Stal) isthe most frequently encountered in domestic habi-
tats, representing 95.4% of domestic Triatominae collected,
with house infestation rates above 20% in many munici-
palities(Corredor et d. 1990, Anguloet a. 1997). R. prolixus
isalso widespread in Venezuelawhere, in spite of exten-
sive control campaigns since 1966, it continuesto be the
most important domestic vector of Chagas disease (Aché
& Matos2001, Feliciangeli et al. 2003).

Historical reconstruction, combined with biogeo-
graphical studiesand available genetic comparisons, sug-
gests that R. prolixus may have been first domesticated
in the savanna-like areas (Ilanos) of Venezuela, and sub-
sequently spread by accidental human intervention
(Dujardinet al. 1998, Schofield & Dujardin 1999, Zeleddn
2004). In general however, populationsof R. prolixustend
to show low levels of genetic or allozyme variability
(Dujardineta. 1998, Monteiro et a. 2000, 2003, Jaramillo
et al. 2001), and the aim of the present study wasto exam-
ine phenetic variability between Colombian and Venezu-
elan populations using antennal sensilla patterns, which
have been shown to be informative characters in studies
of population structuring in other species of Triatominae
(Gracco & Catd&a2000, Catala& Dujardin 2001, Carbgja et
a. 2002).
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MATERIALS AND METHODS

Areasof study - AdultsR. prolixuswere collected from
domestic habitats in six departments from three biogeo-
graphical regions of Colombia selected on the basis of
previous reports and the national entomological survey
(Anguloeta. 1997, Molinaet a. 2000, Ministerio de Salud
2000). These represented the Andean zone (departments
of Santander and Tolima), the SierraNevada (departments
of Magdalenaand Gugjira), and the llanos (department of
Arauca). R. prolixus was aso collected from houses in
the Venezuelan state of Barinas, which neighbours the
department of Arauca (Fig. 1) and from where acute cases
of Chagas disease have recently been reported (Afiéz et
al. 1999).

Santander and Tolimain the Andean zone west of the
Cordillera are mountainous woodland regions with alti-
tudesfrom 1000 to 5500 m.a.s.I. The average annual tem-
peraturein Santander is 18°C, compared to 28°C in Tolima.
Magdalena and Gugjira in the Sierra Nevada de Santa
Marta, mountain at the Caribbean coast in the North of
Colombia, isolated from therest of the Andean range, with
awidediversity of habitats. Thelower slopesare used for
agriculture, cattle-ranching and tourism and the upper
slopes are inhabited by the indiginous Arhuaco and Kogi
cultures. Thellanos of Araucaand Barinas are part of an
extensive savanna-like plain extending east of the Andes
in Colombiaand Venezuela. The climate is humid-tropi-
cal, with average temperatures of 22-28°C and extensive
woodlands with numerous stands of palm trees.

The majority of rural houses in the studied areas are
of adobe or * bahareque’ (woven stick and mud) with roofs
of palm thatch or corrugated metal or fibre-cement sheets.
R. prolixus was collected from infested houses during
2003-2005, by timed manual collection (using forcepsand
atorch to seeinto crevicesin the house structure) (Table
). The collected insects were maintained live or placed
into 70% ethanol for transportation to our laboratory. From
each collection, adults were selected at random until at
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least 10 with complete antennae could be included from
each of the departments. Magdal enaand Guajirawere tak-
ing asthe same department and included in the same bio-
geographical regions(Fig. 1).

Analysisof antennal sensilla- Antennae were cut from
the head using fine forceps, and stored in 70% ethanol
prior to diaphanisation in 4% NaOH. After clearing, they
were individually slide-mounted in glycerine and exam-
ined at 40x. Sensillawere classified according to Catala
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and Schofield (1994), and counted along the entire length
of the pedicel (P) and the two flagellar segments (F1 and
F2). Only one antennawas examined from each specimen.
Four sensilla types were used for analysis. BR, mechan-
oreceptive bristles, BA, basiconics, TH, thin walled
trichoids, TK, thick-walled trichoids; these sensilla have
showns to be significant in differentiating Triatominae
populations (Catala& Dujardin 2001, Catal4 et al. 2004,

TABLE |
Source of Rhodnius prolixus populations used in the analysis
Municipalities Department/State Latitude (deg/min) Longitude (deg/min) Altitude (masl)
Santa Marta Magdaena 11°09’ 73018 300
Dibulla Gugjira 11°09' 73718 297
Albania Santander 545’ 7355’ 1900
Sucre Santander 5955’ 73°47 1640
Jess Maria Santander 5952 7348 1950
Coyaima Tolima 347 75°12 350
Arauca Arauca 6°98' 71012 130
Bolivar Barinas 8°47 70°30° 990
Barinas Barinas 7°51 71°15 460
Ezequiel Zamora Barinas 7°52 71°14 160
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Fig. 1: map of Colombia and Venezuela showing the collection places of Rhodnius prolixus in Tolima, Santander, Magdalena, Gugjira, and

Arauca in Colombia and Barinas in Venezuela
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A total of 53 insects (27 males and 26 females) was
included inthe analysis. For each population, mean sen-
silladensity (+SD) was cal cul ated for each segment (Table
I1). Logs of these variableswere compared by ANOVA or
Kruskal-Wallis, with significance of differencesestimated
by Newman-Keuls with Bonferroni correction for conti-
nuity (Sokal & Rohlf 1997) using STATISTICA v6. Dis
criminant analysis were made between the five popula-
tions, and also between populations from the three bio-
geographical regions, using PADWIN v65 (http://
www.mpl.ird.fr/morphometrics). Latitudinal variation,
which has been observed in populations of Triatoma
dimidiata (Catal et al. 2005), was a so examined by linear
correlationwith TH and TK densities on theflagellar seg-
ments.

RESULTS

ANOVA between sexes showed no significant differ-
ences between sexesfor any sensillapattern in any of the
departments studied (data not shown) so that subsequent
analysis were made on groups of 10 (5 males and 5 fe-
males) or 11 insects (5 males and 6 females) for each de-
partment (Tablell).

Univariate analysis showed significant differencesin
densities of pedicel mechanoreceptors (PBR) and flagel-
lar chemoreceptors (F1BA, F1TK, F2TK, F1TH, F2TH),
especially those of thefirst flagellar segment (F1) (Table
[11). Insectsfrom the Andean region differed from those
of the SierraNevadaonly in numbers of F2TH. However,
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insects from the Ilanos differed significantly from those
of the Andes and those from la Sierra Nevada by densi-
ties of five receptor types (Tablelll).

Multivariate discriminant analysisusing all variables
except F2BA and F1BR (dueto heteroscedascity) correctly
reclassified 86% of all individualsto their respective de-
partment. The population from Magdalena-Guajira was
100% correctly reclassified, followed by those of Barinas
(90%), Arauca(88%), Santander (80%), and Tolima (72%).
Of the four discriminant functions obtained, the first two
contributed 94% of the observed variation (63% for the
first, and 31% for the second), and the two variableswith
highest contribution to variability were PBR and F1TH.
Plotting individual swithin the discriminant space defined
by the first two discriminant functions revealed clear
groupings according to biogeographical region (Fig. 2).
Similar levels of significance were shown for the
Mahalanaobis distances between these biogeographical
groupings, but with insignificant differences between
those of Tolima-Santander or Arauca-Barinas; the
Magdalena-Guagjira population showed no significant
grouping with either of these two.

Regression analysis of sensilla density on latitude
showed significant increasein TH of the second flagellar
segment in accordance with increasing north latitude (Fig.
3A) withasimilar decreasein TK (Fig. 3B). However, no
such correlation was found for other sensillatypes or for
TH and TK onthefirst flagellar ssgment (datanot shown).

TABLE I
Mean (standard deviation) of antennal sensilla of domestic Rhodnius prolixus from Colombiaand Venezuela

Segment Sensillatype@ MagdaenaGugjira  Santander Tolima Arauca Barinas
Number of specimens
(11) (10) (11) (11) (10
Pedicel PBR 137 128 135 176 166
(13,36) (15,68) (20,27) (20,51) (24,14)
1st flagellar segment F1BR 30 27 27 38 36
(4,85) (5,10) (2,16) (22,62) (5,32
F1TH 104 77 92 133 131
(18,95) (15,74) (20,62) (18,64) (23,10)
F1TK 155 173 163 212 178
(21,13) (30,86) (21,14) (42,78) (34,41)
F1BA 26 31 31 39 35
(6,50) (7,81) (7,59) (7,60) (10,83)
2ndflagellar segment F2BR 14 11 11 21 15
(8,09) (2,01) (2,02) (2,60) (3,06)
F2TH 81 47 43 57 66
(12,55) (12,74) (12,27) (12,45) (13,59)
F2TK 203 225 242 265 210
(33,38) (27,87) (39,44) (42,02 (30,89)
F2BA 34 38 38 46 35
(8,98) (5,65) (6,80) (19,78) (12,52)

a: mecanoreceptors: PBR, F1BR and F2BR; chemoreceptors: thin-walled trichoids (TH), thick-walled trichoids (TK), basiconics

(BA). Following Cataldand Schofield (1994).
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TABLE Il
Univariate analysis of Rhodnius prolixus sensilla patterns

Pedicd 1st flagellar segment 2nd flagellar segment
ANOVA2 PBR F1BR F1TH F1TK F1BA F2BR F2TH F2TK F2BA
Between departments 0,000* 0,0318 0,000* 0,002* 0,004* 0,134 0,000* 0,003* 0,563
LlanosvsAndes 0,000* 0,000* 0,000* 0,031 0,041 0,003* 0,000* 0,784 0,705
Andesvs SierraNevada 0,249 0,130 0,038 0,170 0,073 0,307 0,000* 0,019 0,176
SierraNevadavsllanos  0,000* 0,028 0,001* 0,003* 0,000* 0,330 0,001* 0,072 0,396
a: significant value after being examined with Bonferroni, were marked with *.
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DISCUSSION

Thelack of overt sexual dimorphism in Rhodnius, and
therelatively simple sensillapatterns, for example shown
by the absence of chemoreceptors on the pedicel has been
suggested to relate to the abundance of these insects in
stable habitats such as domestic environments and palm
tree crowns (Schofield 1988, Catal4 1997, Carbgjal dela
Fuente 2002). As shown by Dujardin et al. (1999),
Triatominae tend to show reduced sexual dimorphismin
domestic populations, compared to those occupying
silvatic habitats. Inthe case of R. prolixus, the high den-
sitiesattained in domestic habitats (Rabinovich et al. 1995,
Sandoval et al. 2000) presumably facilitate encounters
between sexes, reducing any necessity for sexual dimor-
phism or for specific means of sexual identity.

Populations of Triatominae occupying similar biogeo-
graphical regionswill presumably evolvesimilarly, sothat
their antennal sensilla patterns can be expected to show
similar features (Catala& Dujardin 2001, Carbgjal & Catdéa
2002, Jaramillo et a. 2002). Inthe present study, the high
degree of correct reclassification of R. prolixus popula-

° North Latitude

Fig. 3: latitudinal variation of the thin walled trichoids TH (A) and
the thick walled trichoids (TK) (B) of the flagellum 2 in both sexes
of populations of Rhodnius prolixus from Colombia and Venezuela
(for Barinas, the highest latitude was taken from Table I).

tionsin accordance with their biogeographical origin sup-
ports the idea that sensilla patterns can act as specific
indicators for particular populations. However, since all
popul ations examined were taken from similar domestic
habitats, the sensilla patterns appear to be reflecting bio-
geographic features or population isolation rather than
characters associated with different habitats.
Theanalysis of sensillapatternsindicates clear differ-
entiation between R. prolixus populations to the east
(Araucaand Barinas) and west (Santander and Tolima) of
theAndean Cordillera, as has al so been indicated by com-
parative head morphometrics (Esteban et al. 2000). Popu-
lationsfrom Magdalena-Guajirado not group directly with
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either the west or eastern forms, but appear to be more
similar to the western forms in the sense that they are
differentiated from the western forms only by the distri-
bution of TH on the second flagellar segment (F2TH).
These groupings lend support to the idea that the origi-
nal forms of domestic R. prolixus developed to the east
of the Andes, in theregion of the llanos of Venezuelaand
Colombia, being subsequently spread westwards presum-
ably by accidental human intervention along aroutefol-
lowing the pass between the SierraNevada and the north-
ern tip of the Andean Cordillera (Schofield & Dujardin
1999). Thedirection of thispresumed dispersal isfurther
supported by the fact that for all sensilla types on all
segments (except for the F2TH of the Magdalena-Gugjira
populations); density is reduced from east to west.

Thelatitudinal variation in the number of F2TK and
F2TH, reported for thefirst timeby R. prolixus, wasalso
observed in first flagellar segment in populations of T.
dimidiata, and explained by the authorsin relation to the
greater housing capacity to Ecuador (Catala et al. 2005)

If this interpretation is correct, that domestic R.
prolixus has been dispersed westwards into Colombia
presumably by accidental human intervention and that
the Andean Cordilleraremains as abiogeographical bar-
rier between the eastern populations of the Ilanos and
the western populations of the Magdalena valley, then
this could suggest that control interventions would be
more successful against the western populations, since
these are no longer within the original biogeographical
region of the species. Thereis evidence that R. prolixus
populations in Central America were also carried there
from aVenezuelan source (Dujardin et al. 1998, Zeledon
2004). By contrast, in the [lanos of Venezuelaand eastern
Colombiawhich are characterized by extensive palm tree
stands where silvatic forms of R. prolixus have been
reported (Gamboa 1963) the biology of domestic R.
prolixus may require additional studies to reorientate
binational control interventions.
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