Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 99(1): 25-30, February 2004 25

Changes Associated with Laboratory Rearing in Antennal Sensilla
Patterns of Triatoma infestans, Rhodnius prolixus, and
Rhodnius pallescens (Hemiptera, Reduviidae, Triatominae)

SS Catala/*, DM Maida, H Caro-Riano*, N Jaramillo*, ] Moreno*

Centro Regional de Investigacién Cientificay Transferencia Tecnol 6gicade LaRioja, Anillaco, 5301, Argentina
*Grupo de Morfometria Biolégica, Instituto de Biologia, Universidad de Antioquia, Medellin, Colombia

We examined changes in the array of antennal sensilla of three species of Triatominae (Triatoma infestans,
Rhodnius prolixus, and R. pallescens) following their establishment for different periodsin laboratory culture. In
each case, the laboratory colonies were compared with conspecific samples taken directly from the field, by quan-
titative analysis of the sensilla arrays on the three distal segments of the antenna in terms of the densities of three
types of chemor eceptor s (basi conics and thick and thin walled trichoids) and one type of mechanoreceptor (bristles).
Sensilla densities were compared by ANOVA or non-parametric tests, and by multivariate discriminant analysis.
Strains of the same species reared in different laboratories showed significant differences in their sensilla arrays,
especially when compared to field-collected material from the same geographic origin. A Bolivian strain of T.
infestans reared in the laboratory for 15 years and fed at monthly intervals, showed greatest differences from its
conspecific wild forms, especially in terms of reductionsin the number of chemoreceptors. By contrast, an Argentine
strain of T. infestansreared for 25 yearsin the laboratory and fed weekly, showed a relative increase in the density
of mechanoreceptors. A Colombian strain of R. prolixus reared for 20 years and fed weekly or fortnightly, showed
only modest differences in the sensilla array when compared to its wild populations from the same area. However,
a Colombian strain of R. pallescensreared for 12 years and fed fortnightly, did show highly significant reductions
in one form of chemoreceptor compared to its conspecific wild populations.

For all populations, multivariate analysis clearly discriminated between laboratory and field collected speci-
mens, suggesting that artificial rearing can lead to modifications in the sensory array. This not only supports the
idea of morphological plasticity in these species, but also suggests caution in the use of long-established laboratory
material for experimental studies designed to extrapolate the natural behaviour and physiology of these species.
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The Triatominae (Hemiptera, Reduviidae) represent a
well-characterized subfamily defined on the basis of their
blood-sucking habit and associated morphological char-
acteristics. Over 130 speciesare now recognized, custom-
arily grouped into 19 generaand 5 tribes, many of which
have epidemiological importance as domestic vectors of
Trypanosoma cruz, causative agent of Chagasdiseasein
LatinAmerica.

Invarious species of Triatominae, aseriesof morpho-
logical and genetic changes has been observed associ-
ated with their adaptation from silvatic to domestic habi-
tats. These changesgenerally involve morphological and
genetic simplification, together with reductions in aver-
agesizeand in degree of sexual dimorphism, and arelax-
ation of bilateral symmetry (Schofield 1994, Schofield et
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al. 1999, Dujardin et al. 1997 a,b, 1998, 1999 a,b, 2000).
Similar changes can be observed in some laboratory popu-
lations, especially in terms of reductions in average size
and volume of blood ingested whilefeeding (Szumlewicz
1976), and in some cases reduction in wing size, thoracic
musculature, and flight capacity (Soares 1997).

As part of a wider study on the adaptive trends in
Triatominae, we have been examining changesin the an-
tennal sensillaarraysin anumber of species. According
to the number, type, and distribution of antennal sensilla,
it has been possible to distinguish genera, species, and
sex, and the sensilla arrays are now being used to com-
pare adaptations of different populationsin terms of their
habitat and geographical distribution (Catala 1996, 1997,
1998, Gracco & Catala2000, Dujardin et al. 2000, Noireau
etal. 2000, Catad&& Dujardin 2001, Catala& Torres 2001,
Carbgjal delaFuente & Catal42002).

In the present work, we wished to determine possible
changes in sensilla arrays associated with adaptation to
laboratory culture. We compared various strains of three
species, two of which recognized as primarily domestic
species (Triatoma infestans and Rhodnius prolixus) are
the main vectors of Chagas diseasein South Américaand
a third (R. pallescens) which is primarily sylvatic but
known to form small domestic and peridomestic colonies
in partsof Colombia.
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MATERIALSAND METHODS

The insects - Details of their origin are given below,
with full maintenance conditionsfor thelaboratory strains
summarizedin Tablel.

T. infestans

Domestic strains- We examined 5 malesand 5 females
from each of two samplesof T. infestans collected directly
from housesin Cochabamba, Bolivia(strain BD) and from
LaRioja, Argentina(strain AD).

Laboratory strains - We examined 8 males and 8 fe-
malesof T. infestans originating from acolony maintained
for 18 years (9 generations) in an Argentine laboratory
(Lab. A) (strain BL). This colony had originally been
founded in 1984 from parental bugs collected in houses
near SantaCruz, Bolivia. InLab. A, the maintenance con-
ditions were very variable. When there had been no de-
mand for these insects, they had been maintained at am-
bient temperature (12-24°C) and offered a bloodmeal at
monthly intervals. However, on occasions when it was
required to increase the size of the colony, the tempera-
ture was increased to 27°C and bloodmeal s were offered
at intervalsof 7-10 days.

We also examined 5 males and 5 femal es originating
from another Argentine laboratory (Lab. B) (strain AL).
Thisstrain had been founded from insects collected from
houses in central Argentinain 1975, and maintained un-
der controlled conditions at 28-30°C with a weekly
bloodmeal feeding regime.

R. prolixus

Domestic strain - Weexamined 5 malesand 5 females of
R. prolixus collected directly from houses in the depart-
mentsof Tolimaand Cundinamarca, Colombia(strain RPD).

Laboratory strain - We examined 5 males and 5 fe-
malesof R. prolixus originating from a 20 year-old labora-
tory colony at the University of Santander, Colombia, but
maintainedin Lab. B in Argentinasince March 1998 (strain
RPL) under conditionsidentical to those described for T.
infestans strain AL.

R. pallescens

Slvatic strain - We examined 4 males collected directly
from palm tree crowns (Attal ea butyracea) in the Depart-
ment of Antioquia, Colombia (strain P).

Laboratory strain - We examined 7 males and 3 fe-
malesof R. pallescens originating from the Department of
Antioquia, Colombia, and maintained in laboratory cul-
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ture at the University of Antioquia since 1989 (approxi-
mately 20 generations) (strain P20). We also examined 5
males from the first generation of laboratory offspring
fromstrain P (P1).

Analysis of sensilla patterns - For the analysis of an-
tennal sensilla patterns, one antenna was cut from each
individual at the level of the scape (segment 1). The an-
tenna was cleared in 4% potassium hydroxide, neutral-
ized with 5% acetic acid, and slide-mounted in glycerine.
By optical microscopy at 400x, the number of sensilla of
different types was counted over the whole ventral sur-
face of the three distal segments of the antenna (pedicel,
P; flagellar segment 1, F1; and flagellar segment 2, F2).
For this study, we considered three types of chemorecep-
tors(thin-walled trichoids, TH; thick-walled trichoids, TK;
basiconics, BA) and one type of mechanoreceptor
(bristles, BR) (hnomenclaturefollowing Catald& Schofield
1999).

Means and variances of the number of each sensilla
type on each segment (Table I1) were checked for homo-
geneity of variance (Levene'stest) followed by ANOVA
to compare means between groups. Those showing sig-
nificant heteroscedasticity were compared using non-para-
metric tests after log-transformation (Mann-Whitney,
Kolmogorov-Smirnov, Wald-Wolfowitz). Differenceswith
avalue of p 0.015 were considered significant, while dif-
ferences with a value of p between 0.016 and 0.05 were
considered as tendencies. A multivariate discriminant
analysis was made using log-transformed data and the
software STATISTICA. Thesignificance of Mahalanobis
distances was aso tested by non-parametric procedures
(500 permutations) using PADWIN (JPDujardin, software
available at the http://life.bio.sunysh.edu/morph).

RESULTS

T. infestans - Females of the laboratory strain of T.
infestans from Bolivia (BL) showed a significant reduc-
tion in the numbers of thick-walled trichoids on the first
flagellar segment (F1TK) compared to recently collected
femalesfrom Bolivia (p 0.002), together with atendency
to reduced numbers of basiconica on the second flagellar
segment (F2BA) (p 0.029) and reduced thin-walled
trichoids on the pedicel (PTH) (p 0.045). Malesfromthe
Bolivian laboratory strain also showed significant reduc-
tionsinthe F2BA (p 0.011) compared to recently collected
males, but showed significant increases in the F1TH (p
0.007) and F2BR (p 0.009). Laboratory reared malesfrom

TABLE |
Laboratory rearing conditions for the laboratory strains of Triatoma infestans, Rhodnius prolixus, and R. pallescens

Temperature ~ Humidity Fotofase Feeding Years Flask Individuas
Species Strain °C % Hs frequency inlab sizecmd @ per flask
T.infestans  BL 12-27 50-70 8  Monthly to weekly 18 101 30
T.infestans AL 28-30 50-60 12 Weekly +25 39 300-400
R. prolixus RPL 25-27 75-80 12 Fortnightly +20 20 150
R pallescens P20 22-28 75-85 12 Fortnightly +13 53 80
R pallescens P1 22-28 75-85 12 Fortnightly 1 53 80

a: relativeflask size calculated as: volume of flask/number of individualsper flask; BL: T. infestans Bolivialaboratory; AL: T. infestans
Argentinalaboratory; RPL: R. prolixus |aboratory; P20: R. pallescens|aboratory 20 generations; P1: R. pallescens |aboratory, first

generation
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TABLE Il
Mean (standard deviation) of the number of sensillaon each antennal segment of the populations examined

Ped F1 F 2 Sensllla

Species Sx BR TH BA BR TH TK BA BR TH TK BA  totas
Triatoma F 146,8 65,2 1,8 14 534 2456 38,6 7,2 22,2 213 40,6 8484
infestans (BD) (11,2) (11,3) (13) (35 (156) (364) (188 (18 (10,1) (88) (136) (89,1)
M 1408 1224 04 138 696 252 37 , 298 218 468 9378
(122) (362) (05 (36 (11,8 (57.1) (192) (14 (50 (123 (179 (1213

Triatoma F 161 48,3 0,12 20 1445 14,6 10,1 29,2 2147 243 7191
infestans (BL) (11.6) (124 (03 (59 (272 (7.,7) (56) (7.7) (57 (186) (7.8) (859)
M 148,7 1128 0 16 97,7 201 20,8 9,7 357 2298 26,3 899
(73) (228 (00 (39 (148 (566) (7.6) (12) (58 (148 (49 (1051)

Triatoma F 143,6 140,2 14 15 430,2 304 74 30,6 2818 384 1184
infestans (AD) (11,2) (198 (08 (1.6) (09 (534) (168 (08 (7.7) (192) (66) (60,1)
M 1454 2424 04 11 97,8 4696 412 , 38 2814 346 13674

(93 (327 (04 (08 (11,1 (565 (1000 (1.3) (46) (254) (55 (644)

Triatoma F 1626 1506 1,2 162 838 4818 53 102 364 260 42,8 12986
infestans (AL ) (104) (17,00 (1.4 (471 (125) (99,1) (138) (19 (42 (27.3) (12,7) (1136)
M 1524 2228 1 134 96,4 4954 48,6 8,8 37,8 263 36,8 13804

(12,3) (36,5 (1,1) (@10 (1300 (700 (17,7 (19 (3) (27,1) (143 (1332

Rhodnius F 1494 0 0 41,8 116,3 159,7 25 15,2 70,8 169,1 308 7784
prolixus (RPD) (35,9) ©) ©) (5,6) (40,70 (304) (10,80 (56) (364 (22,6) (10,0) (157,3
M 120,3 0 0 338 558 138 191 131 716 1645 326 6826

(235 (0 O (96 (255 (409 (B8 (27 (227) (214 (65 (5998

Rhodnius F 101 0 0 27,2 1472 21,2 12,2 322 1946 338 6524
prolixus (RPL) (63 (0 © (56 (112 (243) (86 (L9 (1L6) (366) (54 (749
M 102,8 0 0 26,8 1776 29,2 112 446 185 354 6826

61 (0 © G2 @179 @31y @7 @7 (95 G4 49 (598

Rhodnius M 82,2 0 0 19,8 74,6 89,6 19,2 8,2 46,6 87,0 23,4 450,6
pallescens (P) (137 (0 o @3 @7 (74 A5 GO (200 G0 @4 (733
Rhodnius M 80,2 0 0 215 825 109,7 230 8,2 455 920 252 488
pallescens (P1) 29 (O @ G4 64 O (29 (@8 (63 (281 @115 (67.7)
Rhodnius F 79,0 0 0 206 673 936 203 103 400 101,0 180 4503
pallescens (P20) (75 (O © @y @151y (120 64 @Y (10 (121 (500 (646
M 72,5 0 0 20,5 58,5 94,1 19,2 9,2 40,8 85,8 20,1 4213

(53 (0 9O @2 @8 (196 (@9 (@1 (T4 (@156 @7 (679

Ped: pedicel; F 1: first flagellar segment; F 2: second flagellar segment. BR: bristles; TH: thin walled trichoids; TK: thick walled
trichoids, BA: basiconics. T. infestans: BD: Bolivian domestic population; BL: Bolivian laboratory strain; AD: Argentine domestic
population; AL: Argentine laboratory population. R. prolixus: RPD: Colombian domestic population; RPL: Colombian laboratory
population. R. pallescens: P: Colombian sylvatic population; P1: first generation laboratory offspring from population P, P20:

Colombian laboratory population

Argentina(AL) a so showed increased numbersof FIBR
(p 0.008) and atendency to increase PBR (p 0.038) and
F2BR (p0.027), compared to thedomestic Argentine speci-
mens (AD).

Discriminant analysis to compare the domestic and
[aboratory strainswashighly significant (F 11.74, p 0.0000)
with thefour most significant variablesbeing FITK, F1TH,
F1BR, F2BA. Ninety four percent of Bolivian laboratory
specimens (BL) were correctly reclassified, together with
90% of domestic Bolivian (BD), 70% of domestic Argen-
tine specimens (AD) , and 50% of the laboratory Argen-
tinespecimens (AL). Thefirstdiscriminant function (FD1)
separated the two Argentine popul ations from those from
Bolivia(geographical separation), whilethe second (FD2)
separated the two Bolivian populations from each other
(separation by habitat). Neither function separated the

two Argentine populations (Fig. 1). Variables presenting
highest coefficientswithin FD1 (geographical separation)
were F1TH and FATK, while those with highest coeffi-
cientswithin FD2 (separation by habitat) were F2BA and
F1BR. Mahalanobisdistances calculated asthe distance
between group centroids were significantly different be-
tween the two domestic groups, and between the Boliv-
ian domestic and laboratory strains, but not between the
domestic and laboratory Argentine strains.

R. prolixus sensillaof thetwo Colombian strainsof R.
prolixus showed no significant differences, although there
was a trend for laboratory reared females to have are-
duced number of F2BR (p 0.048) and anincreasein F2BA
(p 0.021). Laboratory reared males also showed a ten-
dency for reduced numbers of F2TH (p 0.041) and in-
creased numbersof F1BA (p 0.044).



28

35

Triatominae Sensilla and Laboratory Rearing * SS Catala et al.

3.0
25
2.0
15 -
1.0

0.5

Root 2

0.0

-0.5

-1.0

-1.5

-2.0

-2.5

-3.0

® BD
m AD
o BL
o AL

N
Xm

b
|
N

oo

-6

'
[N

N

3 4 5

Root 1
Fig. 1: discriminant analysis of domestic (BD, Bolivia and AD, Argentina) and laboratory strains (BL, Bolivia and AL, Argentina) of

Triatoma infestans from Bolivia and Argentina

The discriminant analysis clearly separated the labo-
ratory and domestic strains (F 18.69, p 0.0000), and all
individuals were correctly reclassified to group (Fig. 2).
The variables presenting highest discriminant coefficients
were F2TH and F2BA.

R. pallescens By ANOVA and Mann-Whitney U-test,
therewere no significant differences between sexeswithin
each group, so that sexes were combined for the subse-
guent analyses. Comparison of the three strains showed
atendency for reductioninnumbersof PBR, F1TH, F2TH,
and F2BA inthe P20 strain that had been in colony for 20
generations. However, these differences were not statis-
tically significant (p 0.015) except in the case of thethin-
walled trichoids on flagellar segment 1 (FLTH) (p 0.001).

Discriminant analysisusing F1TH, F2BR, and F2BA
wassignificant (F 6.93, p 0.001) with F2BR, and F2BA
showing the highest coefficients (p 0.001). Mahalanobis

Root 1 canonical scores
A O N B O PR N W A O
+ e -4

-,

RPL RPD

Strain

Fig. 2: canonical scores (from discriminant analysis root 1) for
Rhodnius prolixus domestic strain (RPD) and laboratory strain
(RPL)

distanceswere significant (p 0.001) between P20 and the
other two groups (P 16.2 and P1 = 24.8) (Fig. 3).

DISCUSSION

Considering the laboratory as a new habitat for
Triatominae, various authors have reported changes in
the phenotype associated with different rearing condi-
tions. These have included reduction in average body
size, reduced bilateral symmetry and sexual dimorphism,
and changes in size and shape of the head and pronotum
(eg. GOmez-Nufiez & Fernandez 1963, Szumlewicz 1976,
Dujardinet al. 1998, Galindez Giron et al. 1999). Accord-
ing to Dujardin (1998), the reduction in body size may
reflect the higher population density of bugs maintained
in the laboratory, and corresponding reductions in aver-
age bloodmeal size. In natural populations, adults of T.
infestans can feed at intervals of 2-3 days (Catala 1991,
1994, Catalaeta. 1992, Lépez et d. 1999), whereasinlabo-
ratory culture the interval between available bloodmeals
is invariably greater. In the present work, bloodmeals
were offered to the various | aboratory cultures of bugs at
intervals of 1 to 4 weeks, and we observed reductionsin
body size of the laboratory strains of T. infestans (AL)
and R. pallescens (P20) compared to their recently col-
lected wild forms, as well as a reduction in the average
wing length of the BL laboratory strain of T. infestans.
These observations|end support to theideathat the avail-
ability of nutritional resources can affect the phenotype
of the bugs, and aso suggests that there may be corre-
sponding changes in the physiology and behaviour of
the insects.

The antennal sensilla of Triatominae are known to
show adegree of morphological plasticity between popu-
lations that seems associated with adaptations to senso-
rial requirements of different habitats (Catald 1997). It
thus seemed logical to expect that by placing a popula-
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Fig. 3: discriminant analysis of the silvatic parental strain of Rhodnius pallescens (P) and its first generation laboratory offspring (P1)
compared to the strain maintained for 20 generations in the laboratory (P20)

tioninlaboratory culture, which undoubtedly differsfrom
itsnatural habitat, there may be some changesin the num-
ber of the sensory receptors. Our results confirm that
laboratory rearing can lead to changesin the sensilla pat-
tern, but that these changes may not be directly corre-
lated to the time in laboratory culture. Greatest changes
were seeninthe BL strain of T. infestans that was reared
under very variable conditions with longest intervals be-
tween bloodmeals. By contrast, the laboratory strains of
T. infestans (AL), R. prolixus (RPL), and R. pallescens
(P20) that were offered bloodmesal sat weekly or fortnightly
interval s showed | ess significant changes when compared
to their wild populations, supporting the idea that
bloodmeal availability may be akey factor influencing the
array of antennal sensilla.

In the specific case of T. infestans, it may not be coin-
cidental that the Mahalanobis distances between groups
reflect the geographic distances between their origins,
even when comparing samples from Bolivia and Argen-
tinathat were both collected directly from domestic habi-
tats. It may be that the domestic habitats in the two re-
gionsdiffer in terms of factorsthat influence the sensilla
arrays. Further evidence to support such an ideais given
by the results of Catald and Dujardin (2001) who found
that the Mahalonobis distance between neighbouring
silvatic and domestic samplesof T. infestansfrom Bolivia
(based on antennal sensillavariables) was comparableto
the distance between domestic specimens from Bolivia
and Argentina, suggesting that genetic drift was stronger
between ecotopes than between distant geographical
domestic populations. The differences observed here be-
tween domestic and laboratory strains may bein part due
to the geografic origin of the strains. However, the dis-
tance between origins of the two samples from Bolivia
was similar to the distance between origins of the two
populationsfrom Argentinaand only the Bolivian |abora-

tory colony showed significant modifications of the an-
tennal sensilla pattern.

We would emphasise however, that the observed
changes in sensilla patterns tended to be in particular
sensillatypes, rather than a genera characteristic of the
array. Moreover, the changes tended to be more marked
in males than in females, so that laboratory culture can
appear to establish a new form of sexual dimorphism at
the level of antennal sensilla pattern. Thiswould appear
to show high specificity of the changes, most marked in
the thin-walled trichoids (TH) that seem primarily to act
as generalised chemoreceptors (Bernard 1974, Tangja &
Guerin 1995, 1997, Steinbrecht 1999) and the basiconics
(BA\) that seem primarily involved in detection of presumed
pheromonesin conspecific faeces (Tangja& Guerin 1995,
1997).

Overall, the results presented here seem to support
the conclusions of other authors (eg. Gémez-NUfiez &
Fernadndez 1963, Szumlewicz 1976, Galindez-Giron et a.
1999) that laboratory rearing can lead to morphological
changes in Triatominae. The more stable conditions of
laboratory culture may impose fewer demands on sensilla
complexity, although we cannot generalise about increases
or decreases in sensilla density associated with labora-
tory rearing, since both trends occurred in the species
studied here. Moreover, theArgentinestrain of T. infestans
AL, rearedinthelaboratory for 25 years, showed changes
only in the density of mechanoreceptors (BR) that are
believed to sensetactileinformation regarding theinsect’'s
immediate surroundings, including vibrations, variations
inair current, and contact stimuli (Wigglesworth & Gillett
1934, Mclver & Siemicki 1984, Lazzari & Nufiez 1989). The
fact that both sexes of this strain showed an increase in
numbers of these sensilla may be related to the higher
density of the bugsin thelaboratory culture (see Tablel).
It would appear from our results that significant changes
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in the sensilla arrays can occur after relatively few gen-
erationsin laboratory culture, but that the precise nature
of these changes cannot yet be predicted in relation to
specific rearing conditions. Nevertheless, since such
changes may also reflect changes in underlying physiol-
ogy and behaviour, we would caution against the use of
laboratory-reared bugs for experiments that seek to ex-
trapolate the natural behaviour of these insects.
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