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Inter-specific and Developmental Differences on the
Array of Antennal Chemoreceptors in Four Species of
Triatominae (Hemiptera: Reduviidae)

M Gracco, S Catala™
CRILAR, Mendoza y Entre Rios, Anillaco, 5301 La Rioja, Argentina

The aim of the work was to investigate the pattern of chemoreceptor sensilla in adults and fifth
stage nymphs oRhodnius prolixus, R. neglectus, Triatoma infestam3T. sordidain order to study
differences and similarities between genera and species. Three types of sensilla were analyzed by ligh
microscopy: thin-walled trichoidea, thick-walled trichoidea and basiconica. The number of sensilla of
each three types were counted. The length of the antennal segments were also used as a variable for tt
analysis. The statistical analysis showed that the number of these antennal chemoreceptors had signifi
cant differences between species and between adults and nymphs of each species. Discriminant analys
separates incompletely the fifth stage nymphs of the four species and showed similarity between then
Discriminant analysis performed with 12 variables of the antennae, allowed a complete separation of
the adults of the four species.
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- Triatoma sordida

Triatominae are widely distributed in the Ameri-onstrated inter-specific differences in sensilla den-
cas. All of them are obligate bloodfeeders and marsjty and pattern of distribution. Developmental dif-
are important as vectors dfypanosoma cruz- ferences had been observedTimatoma sordida
the causative agent of Chagas disease or AmeandRhodnius pictipedut only sexual differences
can trypanosomiasis (Schofield 1994). Their meché@ T. sordida.Developmental and sexual changes
nism of host finding and orientation is not underare related to basiconica and trichoidea thin- and
stood in detail, but involves detection of 6O thick-walled sensilla, which are considered as
warmth (probably as radiant heat) and a series ohemoreceptors.
odour stimuli including ammonia, and lactic, bu- Complete morphometric data of the antennae
tyric and pyruvic acids (Bernard 1974, Lazzari 1990and its sensilla are of paramount importance to the
Lorenzo Figueiras et al. 1994, Taneja & Guerin 1997understanding of the specificity thresholds and
The antenna is the main organ devoted to the degansduction processes of an antennal sensory
tection of such stimuli. system (Zacharuk 1985). Former works about

The Triatominae are equipped with a pair ofriatomine sensilla pattern (Catala & Schofield 1994,
four-segmented antennae bearing a variety of se@atala 1996, 1997) used density of sensilla and were
sillaincluding several types of chemoreceptors arlthsed on numerous photographs of scanning elec-
mechanoreceptors, as well as putative thermdron microscopy, a rather expensive approach. In
hygroreceptors (Wigglesworth an& Gillet 1934,the present paper, the use of light microscopy al-
Bernard 1974, Catala 1994, 1997, Catala & Schofieldwed the study of the sensilla pattern from the
1994, Catala et al. 1998). A recent study of thvhole antennae and the estimation of the total
antennal sensilla of five triatomine genera usingopulation of chemoreceptors.
scanning electron microscopy (Catala 1997) dem- The multiporous thin-walled trichoidea sensilla

were first described in. infestan®y Bernard (1974).
Electrophysiological studies showed that they re-
spond to direct breathing (Mayer 1968) a range of
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1997) and fatty acid molecules. They also resporSEM photomicrographs from those works pro-
to changes in temperature and humidity (Type Fjided by S Catala (cf. Fig. 1). The three main
Bernard 1974) and are similar to the C receptors types of chemoreceptor (basiconica, thin and
C. lectulariugresponding to fatty acids (Steinbrechtthick walled trichoidea) were counted from the
& Muller 1976). In the case of the single-poredvhole antennal preparations, excluding the
thick-walled trichoidea sensilla however, we neiscape, as neither adults nor nymphs hold
ther have a clear indication of function nor the&hemoreceptors on this proximal segment. The
stimuli to which they respond in Triatominae.length of each of the three distal antennal seg-
Morphologically, they are similar to the trichoideaments was also measured.

sensilla described for other insects (Steinbrecht & Differences between means were compared by
Muller 1976, Schaller 1978). From the general deynifactorial ANOVA and Tuckey’s test (Sokal &
scription of these sensilla given by ZacharuclRohlif 1979). Discriminant analysis allowed study-
(1985) we can suppose them to be gustatory @g the multivariate relationships between species
contact chemoreceptors, primarily detecting molang Mahalanobis distances were used for mea-
ecules in liquid phase. sure the distance between two points in the space

The aim of this work was to investigate the patyefined by two or more correlated variables.
tern of chemoreceptor sensilla in adults and fifth

stage nymphs oR. prolixus, R. neglectys. RESULTS
infestansand T. sordidain order to study differ- Table | shows segment length and total
ences and similarities between genera and specieBemoreceptors from the four species. The second
The four species of Triatominae selected for thgnd more distal flagellar segment was the most
study have primitive silvatic habitats, but all of thenpopulated area iRhodniusspecies but not ifiri-
can invade domestic and peridomestic habitts. atomawhere the first flagellar segment holds more
prolixusis considered the primary domestic vectothan one thousand of chemoreceptors, in both spe-
of T. cruziin Venezuela, Colombia and parts of Cencies. The chemoreceptors number on pedicel var-
tral America, whileR. neglectusccurs mainly in the ied from zero inRhodniusto several hundreds in
cerrado region of central Brazil and invades housdsiatoma The total number of antennal chemore-
less frequently (Barret 1991J. sordidais known ceptors showed no correlation with the length of
from a wide range of silvatic habitats in Brazil, Parathe antenna (n=40, r = 0.36, p > 0.05).
guay, Bolivia and Argentina, where it frequently oc-  Fig. 1 shows details of the three types of
cupies peridomestic habitats and occasionally fornfiemoreceptors studied here. The total number of
domestic coloniesT. infestanss believed to origi- Sensilla trichoidea and basiconica showed signifi-
nate from silvatic populations amongst rockpiles ifant differences between species and between
central Bolivia, but it has been transported as a dgdults and nymphs, with nymphs always showing
mestic species over a wide area of southern Latiwer receptors than the adults (TableRhodnius
America where it is the primary vectorbfcruzi tadutljtslthadfl'c'ortlSideerly fﬁwe][rrecegté)rshcomgared
0 adults offriatoma Nymphs ofT. sordidashowe
MATERIALS AND METHODS fewer sensilla than nymphs of the other species,
The insects We examined the antennae of 80wvhereas adulf. sordidashowed many more than
specimens: 10 males and 10 fifth stage nymphs aflults of the other species.
each four species of TriatomingR: prolixus, R. The thick-walled trichoidea were the most abun-
neglectusT. infestanandT. sordida All had been dant sensilla in adults and nymphs. The two spe-
reared at approximately 28°C and 60% RH in labazies of Triatomashowed similar number of thick-
ratory colonies at the Servicio Nacional de Chagawjalled sensilla, but. sordidahad a significantly
Punilla (Cordoba), where they were fed fortnightlyhigher population of thin-walled sensilla (P<0.001).
on chickens. The two species oRhodniushad significantly
Microscopical preparations Antennae from fewer trichoidea sensilla compared Togatoma
nymphs and adult bugs were cut from the head Bfata from the 40 adult specimens (four species)
the level of the antennal tubercle, and prepared fehowed a strong correlation between total thick
gross morphological studies. Antennae werwalled and total thin walled sensilla (r=0.82, t=8.95,
diaphanised in 3% NaOH (Lazzari 1990) mounted ip<0.001). No additional correlationships had been
glycerine and examined under oil immersion usingetected.
an ocular micrometer for measurements. The fifth stage nymphs showed chemorecep-
Sensilla analysis Recognition of the differ- tors only on the distal end of the second segment
ent sensilla by light microscopy was made wittof the flagellum. Using four variables from this seg-
reference to the classification of Catala andnent (number of basiconica, trichoidea thin and
Schofield (1994), Catala (1997) and unpublishethick walled and length of flagellum 2) a discrimi-
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Fig. 1: (A) Triatoma sordida.Scanning electron micrograph of the tip of second flagellar segment showing the different
types of chemo-sensilla. b: basiconic; t: thin walled, k: thick walled x 500; Tr{Bjoma infestansThin walled trichoidea,

detalil of the wall showing pores. x 8000; (®hodnius prolixusthick walled trichoidea, detail of the wall. x 20000; (D)
Rhodnius neglectusSensillum basiconica: grooved wall and terminal pore (x 13000).

TABLE |

Lenght (L) (mm) of the segment and total number (N) of chemoreceptors on the three distal segments of
Rhodnius prolixus, R. neglectdsiatoma infestanandT. sordidaantenna. Mean (standard deviation)

Triatoma sordida T. infestans Rhodnius neglectus R. prolixus
Segment L N L N L N L N
Pedicel 2.66 896 3.72 229 3.25 0* 2.88 0*
adult (0.12) (217) (0.19) (40) (0.12) - (0.112) -
Flagel | 2.02 11594 3.47 1286"* 1.26 5728 1.56 7208
adult (0.2) (168) (0.22) (166) (0.05) (92) (0.07) (161)
Flagel Il 1.56 76% 2.51 93& 1.64 90% 1.65 954
adult (0.12) (62) (0.17) (142) (0.06) (78) (0.10) (211)
Flagel Il 0.87 453 1.38 609 1.05 524 0.97 639
nymph (0.05) (43) (0.09) (93) (0.03) (40) (0.05) (112)

A differs with B; C and D differ with * and between them;difer with F. All at p<0.001.
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TABLE Il

Number of three types of chemoreceptor sensilla on the antenRaedrius prolixus, R. neglectdsiatoma
infestansandT. sordida

Triatoma sordida T. infestans Rhodnius neglectus R. prolixus
Adult  Nymph Adult Nymph Adult Nymph Adult Nymph
Thin 756 44 524 48 275 69 226 44
walled (75) (10.8) (95.3) 11.7) (43) (10.7) (67) (22)
Thick 1851 358 1762 497 1074 406 1273 539
walled (303) (37) (180) (81) (91.4) (31.6) (267) (84.4)
Basiconica 220 51 146 64 124 49 185 56
(53.7) 4.7) (45) (16.6) (39.1) (5.3) (51) (16)
Total 2827 453 2432 609 1473 524 1684 639

nant analysis did not separate completely the fiftgenera for thick-walled trichoidea sensilla, and be-
stage nymphs of the four species. When the analiween species ofriatoma for the thin-walled
sis was performed excluding the variable: “lengtlrichoidea (Table Il1).
of flagellum 2", the Mahalanobis distances showed Discriminant analysis using variables from
that nymphs of. sordidaare similar tdR. neglectus adults (Fig. 3) demonstrates a short distance be-
(Mahalanobis distance: 4.7d)d,T. infestanstay tween Rhodniusspecies (Mahalanobis dis-
very close toR. prolixus(Mahalanobis distance: tance=54.24) compared wiffriatoma species
1.74)(Fig. 2) GroupingT. infestanandR. prolixus (Mahalanobis distance=409). Comparing genera,
and T. sordidaandR. neglectus the number of the Mahalanobis distance was 359.25 (F=202.07,
thick walled trichoidea differed significantly be- p<0.00001). In order to check the relative impor-
tween groups (mean [T.i+R.p]= 518, SD=83.5; meatance of the three antennal segments to separate
[T.s+R.n]= 382, SD= 41; p<0.00001). Data from théhe four species, the discriminant analysis was re-
40 fifth nymphal stage specimens (four specieg)eated using alternatively, variables from the dif-
showed no correlation between total thick wallederent segments. Fig. 4 shows that variables from
and total thin walled sensilla. the pedicel, were very important in order to sepa-
Comparison of chemoreceptor number betweerate Triatomaspecies. Also, the two genera will
nymphs and adults indicates a much higher trandse easily separated by pedicel, as the Rhodniiini
tional increment for the thin walled trichoidea inhas not these chemo-sensilla. On the other hand,
the two species dfriatomawhere this population variables of the second flagellar segment were the
rises 11 times . infestansand 17 times iM.  best to separat@hodniusspecies.
sordida The transitional increment is not signifi-  As in the fifth nymphal stage, variables from
cantly different between genera or species fdhe distal segment of flagellum revealed that
basiconica sensilla; it differs significantly betweersordidais similar toR. neglectugMahalanobis dis-
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Fig. 2: discriminant analysis performed with four variables

of the nymphs antennae. Nymphs Triatoma sordida Fig. 3: discriminant analysis performed with 12 variables
are similar toRhodnius neglectuand, T. infestansstay  of the adults antennae. The four species were completely
very close toR. prolixus. separated.
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TABLE 11l total sensilla number. Within Triatominae, the mor-
Transitional increment: nymphs to adults, of three phological types of sensilla are similar in all spe-
types of chemoreceptor sensilla on the antennae ofcies so far studied, although their relative abun-
Rhodnius prolixus, R. neglectTsiatoma infestans ~ dance and distribution vary between species and
andT. sordida.Each number shows how many times petween nymphs and adults (Catala & Schofield
the sensilla number increment from nymphs to adults) 994, Catala 1997, Catala et al. 1998). This paper
Triatoma T. Rhodnius R. confirms previous work using not density but total
sordida infestans neglectuprolixus number and distribution of chemoreceptors on the
Thinwalled ~ 17.14 11 398 514 INsectantennae. o
Thick walled 6.11 354 264 236  Theuseof multivariate linear discriminant analy-
Basiconic 4.31 228 253 3.3 sis (Morrison 1976) had been demonstrated to be
potentially useful irRhodniusspecies classifica-
tion and to agree with results from previous bio-
chemical and morphometric studies of these species
Triatoma Rhodnius (Catala & Schofield 1994). Our present results, ap-
plying discriminant analysis to four species of
Rhodniusand Triatomg confirm that the antennal
sensilla pattern is specific and can show very well
differences between genera, species, and develop-
mental stages. First, species differentiation is par-
ticularly evident in the sensilla pattern of pedicel in
Triatomasp. but not irRhodniussp., whose main
Fig. 4: contribution of each antenna segment to specigfifferences are from the second flagelar segment.
differentiation inRhodniusand Triatoma The figure rep-  The shortest Mahalanobis distances obtained for
resent the Mahalanobis distances between species, obtai El . . o .
from discriminant analysis of the sensilla pattern, segmeﬂff2 odnlusspec[es compared_ wiffriatomaspecies, .
by segment. support Schofield’'s (1988) idea of a monophyletic
origin of the Rhodniini and their similitude in habitat
and hosts. On the other hand, both specidsiof
atoma very well known for their differences in habi-
tance: 3.04and,T. infestanstay very close t&.  tats and behaviour (Lent & Wygodzinsky 1979, Gorla
prolixus(Mahalanobis distance: 1.88roupingT.  etal. 1993, Schofield 199ghowed important differ-
infestansplusR. prolixus and T. sordida plusR.  ences in the sensilla pattern.
neglectus the number of thick walled trichoidea  Zacharuk (1985) points out that in insect anten-
differed significatively between groups (meamae, the scape and pedicel bear primarily
[T.i+R.p]= 749, SD=138; mean [T.s+R.n]=612, SD-mechanosensilla and that the greatest number of
71; p<0.00001). antennal sensilla, particularly chemosensilla and
DISCUSSION thermo-hygroreceptors, occurs on the flagellum. In
, . adult insects, the density of sensilla tends to be
Blood feeding has evolved independently &ijgnificantly higher on the more distal than on the
number of times in the insects (Mclver 1987). Th'?)roximal segments. This is true f@hodniusspe-
has resulted in a great variety of morpholpglcaéies whose distal flagellar segment bears many more
types of sensilla amongst haematophagous insed{gemoreceptors than the proximal segments. How-
In general, the morphology of sensilla reflects taxoéver,Triatomaspecies show two important differ-
nomic relationships rather than feeding behaviougpces tcRhodniusspecies. First, the most popu-
Consequently, blood-feeders have sensilla mojgieq segment is the proximal segment of the flagel-
similar in structure to their phytophagous ofjym and second, the pedicel can hold one to three
saprophagous close relatlve§ than to dlstantl_y r&pes of chemosensilla (Catala 1997). These char-
lated haematophagous species. However, diffécieristics could be an evidence of a different evo-
ences in sensitivities and numbers of sensilla, Pafitionary way forTriatomaandRhodniuspecies.
ticularly on chemosensn!a, become apparentwhen  gjnce nymphs and adults occupy the same habi-
blood feeders and other insects are compared. Stygr angd feed on the same hosts, the chemo-sensilla
ies from two hemipteraC. lectularius,an (ansitional difference between nymphs and adults
haematophagous Cimicidae (Steinbrecht & Mullepesymably reflects the sexual maturity of adults
1976), and.igus lineolarisa phytophagous Miridae gng/or their dispersive capacity. There are few evi-
(Chinta et al. 1997) showed morphological types Qences of sexual dimorphism in the antennal arrays
antennal sensilla very similar to triatomine. But dif-s Triatominae, probably because it had been poorly
ferences are present regarding the distribution aré@(plored, but Catala (1997) demonstrated that in
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sordidg the thin walled trichoidea are more abunfunction of this sensillum is unknown.
dant in males than in females. On the other hand, On the other hand, the adults Rf prolixus
the thick walled trichoidea dominate on the femalandT. infestanshowed less thin walled trichoidea
antenna. These differences were not observedtimanR. neglectusandT. sordida The function of
T. infestans As all the specimens studied here ar¢his sensilla may be associated with reproductive
males, this may be a good explanation for the higlactivities (Catala 1997). They respond to a range of
est transitional increment of thin walled trichoidedatty acids, particularly pyruvic and lactic, and to
in T. sordida amyl acetate (Bernard 1974). The reduction of the

The differences in number and distribution osensorial array devoted to reproduction had been
chemosensilla from nymphs to adults may be ipredicted by Schofield (1988), as a consequence of
some way associated with the dispersive activitiedomiciliation. He postulated a diminished neces-
of the adult bugs. This idea is supported by comsity of seeking a sexual mate in the more stable
parison ofT. sordidawith T. infestansthe former domestic environment.
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