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Abstract

Triatoma infestans, the main vector of Chagas disease in Southern Cone countries, frequently infests peridomestic structures
housing domestic animals. A total of 814T. infestanscollected from 35 different peridomestic sites in rural northwestern
Argentina over 1–4 consecutive seasons was examined for recent blood meals and nutritional status. Bugs from goat or pig
corrals had lower qualitative nutritional status and mean weight to length ratios (W/L) than those captured in chicken coops.
Males systematically had lower qualitative nutritional status andW/L than females. Using logistic multiple regression, the daily
feeding rates ofT. infestanswere significantly associated with season and stage but not ecotope, whereas the proportion of well-
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fed bugs varied significantly with all three factors. The seasonal trends in feeding rates and nutritional status were
with the local availability and breeding timing of domestic animals. The observed data fed into an empirical model pred
the probability of flight initiation would peak in summer from pig or goat corrals, not chicken coops, and be insignifica
ecotopes in spring and fall. MaleT. infestansoutnumbered females as potential fliers. This is the first study conducted in
defined habitat units that shows significant heterogeneities in the feeding rates and nutritional status of triatomine p
linked to host demographics and management, and how these affect flight dispersal potential over seasons. Perido
populations are of great relevance as a source of domestic reinfestation and for the elimination ofT. infestans.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

The nutritional status of insect populations affe
their vital parameters and flight dispersal. In
atominae (Heteroptera, Reduviidae), the regula
of population size is mediated by density-depen
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host irritation due to triatomine bites (Rodŕıguez and
Rabinovich, 1980; Schofield, 1980a). These determine
the interruption of blood-feeding and a reduced blood
intake which translates into lower vital rates, and
possibly, an increased probability of dispersal. The
probability of flight initiation of Triatoma infestans
Klug, the main vector of Chagas disease in Southern
Cone countries, was found to be significantly asso-
ciated with low nutritional status (measured by the
weight to length ratio,W/L) and high temperatures
(Schofield et al., 1992; Lehane et al., 1992). The phys-
ical features of domestic or peridomestic structures
modified microsite temperatures (Vazquez-Prokopec
et al., 2002b) and the population growth rate ofT.
infestansin experimental huts (Cecere et al., 2003).
The joint effects of triatomine density per host, type
of habitat, and host species (Guarneri et al., 2000)
determine the population size ofT. infestansand
therefore affect our ability to control infestations.

Triatoma infestansis highly adapted to human-
made or modified domestic or peridomestic ecotopes.
In semiarid rural Argentina, goat or sheep corrals and
other structures housing chickens sustain abundant
populations of T. infestansand other triatomines
both before and after the residual application of
pyrethroid insecticides (Canale et al., 2000; Gürtler
et al., 2004). Peridomestic sites are of great relevance
to the elimination ofT. infestansbecause they are
the first to be recolonized after insecticide spraying,
sustain more abundant populations ofT. infestansthan
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flight initiation of bugs from different ecotopes over
seasons. These results are relevant to understanding
and modeling (Cohen and G̈urtler, 2001) the disper-
sal and recolonization dynamics of a major vector
species.

2. Materials and methods

2.1. Study area

Field studies were carried out in the rural vil-
lages of Amaḿa, Trinidad and Mercedes (27◦12′33′′S,
63◦02′10′′W), Santiago del Estero, Argentina. The vil-
lages, which are situated within 9 km of each other
in semiarid hardwood, thorny forest habitat (Gürtler
et al., 1999), had 114 houses with some 500 inhabi-
tants in May 2000. Most houses had adobe walls and
thatched roofs, and the peridomestic area consisted
of a patio and 3–8 peridomestic structures separated
from human habitations (Canale et al., 2000). Goat
or sheep corrals (mean size, 35 m2; range 6–79 m2)
usually had a fence made with piled thorny shrubs
and vertical posts, and a small thatched enclosure. Pig
corrals (mean size, 7 m2; range, 2–23 m2) usually had
solid walls and roofs made of wooden planks, some-
times thatched roofs, and were more closed than goat
corrals. In the peridomicile, chickens mainly nested
in storerooms with mud-brick or mud-stick unplas-
tered walls and thick thatched roofs, and more rarely
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omestic sites, and increase the risk of domicil
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cs of peridomestic populations ofT. infestansis very
imited.T. infestansfrom chicken coops had high fee
ng rates and nutritional status during spring-summ
nd were predicted to have a low potential for fli
ispersal (López et al., 1999), but this study neithe

ncluded other ecotopes or seasons nor exam
ariations among sites. As part of a wider study
he spatial and temporal patterns of reinfestation
. infestansin northwestern Argentina, we sought
etermine the joint effects of ecotope-host, season
ug stage on the feeding rates and nutritional stat
eridomestic bug populations using each peridom
ite as the unit of analysis. We fitted the observedW/L
atios and field temperatures into the empirical mo
y Lehane et al. (1992)to predict the probability o
n kitchens (of similar structure) or under mud ove
ll of these structures hereafter will be referred
s chicken coops. After a community-wide spray
ith pyrethroids in 1992, villagers conducted se

ive insecticide sprays since 1996 (Cecere et al., 2002)
ut the study sites herein reported were not spr
ith insecticides or space sprayers neither by

or control staff nor by villagers during the curre
tudy.

. Study design

All 74 (65%) houses that had peridomestic sites
tive forT. infestansin 1999 or March 2000 or both we
isited in October 2000, and all its peridomestic s
ere searched for triatomines by two skilled bug col

ors using 0.2% tetramethrin dislodgant (Icona, Bue
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Aires, Argentina) (Gürtler et al., 1999). Searches were
conducted for 30 min per peridomestic compound (1
person-hour) usually between 8:00 and 14:00 h on non-
rainy days, but sometimes searches had to start later
because householders were not available. Follow-up
surveys restricted to peridomestic sites positive forT.
infestansin October 2000 were conducted in February,
May and August 2001 by the same bug collectors. To
increase bug sample size, two peridomestic sampling
boxes were installed at each study site in October 2000
and inspected for the presence of triatomine bugs in
each survey as described byVazquez-Prokopec et al.
(2002a).

In each survey householders were asked about the
numbers of fowls and corral animals (goats, sheep,
cows, horses and mules) they owned; the breeding sea-
son of these animals and when they were enclosed;
recent construction changes in peridomestic structures;
the use of insecticides, and the place where chickens
usually nested. Here we report domestic animal cen-
sus data from 29 (25%) households that had complete
data for all surveys and include all of the study sites.
Temperature and relative humidity were recorded in a
pig corral, a goat corral, a chicken coop, and a store-
room located in Amaḿa using data loggers (HOBO®

H08, Onset Computer Corporation, Bourne, MA) for
4–7 consecutive days in each survey, and the results
have been reported elsewhere (Vazquez-Prokopec et
al., 2002b). Mean ambient temperatures during the sur-
veys were 21.7◦C in October, 28.5◦C in February,
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the catch time, instead of using ambient temperatures
as in the original calibration.

The qualitative nutritional status of adultT. infestans
was determined by direct observation of the volume
and shape of the anterior midgut against a flashlight
and classified as starved, or with scarce, good, or large
blood contents as described byMontenegro (1983). A
similar classification of fourth and fifth instar nymphs
into four categories of nutritional status was based
on a cross-sectional view of the abdomen and the
degree of cuticle distension followingRossell Reyes
(1984), modified by pooling the original categories
4 and 5. This rather subjective categorization into a
scale of appearances proved consistent among several
observers (Rossell Reyes, 1984). All triatomines were
weighed individually in an electronic balance (preci-
sion, 0.1 mg, OHAUS, Pine Brooks, NJ) and measured
from clypeus to abdominal tip with a hand-held vernier
caliber accurate to 0.02 mm within 8 days of capture.
The fresh weight of all eggs laid by each individual
female during this period was added to the females’
weight. AdultW/L and the maximum temperature (T)
between 20:00 and 6:00 h of the night preceding cap-
ture were used to estimate an individual (unadjusted)
probability of flight initiation of peridomestic bugs
from a given site (Pb) (Lehane et al., 1992):

Logit(Pb)= −A + B
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0◦C in May and 23◦C in August; microsite temper
ures in goat corrals were the most variable.

All the triatomine bugs collected were kept in
ooler at 10–12◦C to depress their metabolism d
ng the observation period, and identified to spe
nd counted by stage at the field laboratory (Canale
t al., 2000). Each bug was individually examin

or the presence of colorless urine, and the local
ortion of T. infestansthat fed during the precedin
ight was estimated as the number of bugs with co

ess urine relative to the number of triatomines ex
ned, as described byCataĺa (1991). The observe
roportion of fourth and fifth instar nymphs with c
rless urine was multiplied by a correction factoc
c= 0.0533t− 0.585) to give an adjusted proportion
olorless urine (Cataĺa, 1991), where temperaturest)
ere calculated from the mean recorded in each
f ecotope from 20:30 h of the day preceding captu
here Logit(Pb) =x; Pb = ex/(1 + ex); A= 18.37;
= 1.97;C= 0.18;D= 0.43. AdultT. infestanswith a
robability of flight initiation greater than 0.05 we

aken as fliers.

. Data analysis

Sites were classified into three types of eco
goat corral, pig corral, and chicken coop) acco
ng to the main local host, although in rare case
hicken was nesting in a corral. All sites were assu
ndependent. As bugs collected by timed collect
nd sampling boxes did not display significant dif
nces in feeding frequency and nutritional status,
ere pooled to increase sample size. The relation
etween daily feeding rates or qualitative nutritio
tatus (well-fed bugs, after pooling bugs with la
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blood content and good reserves for creating a binomial
variable) and potential predictors was studied by max-
imum likelihood logistic multiple regression analysis.
Because triatomine bugs were clustered at each individ-
ual peridomestic site, the data might violate the stan-
dard regression assumption of independent response
probabilities across observations and underestimate
standard errors. To avoid this, we used the logistic-
binomial random effects model from EGRET soft-
ware (Egret, 1993), which includes a random effects
parameter that measures a residual site effect on the
response probability. The explanatory variables were
type of ecotope (goat corral, pig corral, chicken coop),
season (spring, summer, fall and winter), and stage
(fourth and fifth instars, males, females); goat corrals,
spring and fourth instars were taken as reference lev-
els for each variable, respectively. Interaction terms
were added to this model and tested for significance
at the 5% nominal level. TheW/L ratios ofT. infes-
tansmales and females were normally distributed and
were tested separately by two-way ANOVA for eco-
tope and season; a posteriori comparisons for samples
with unequal size were made using the Tukey–Kramer
test (Zar, 1996). As fourth and fifth instar nymphs
showed a bimodal distribution ofW/L within each sea-
son and ecotope, data for each instar are shown sepa-
rately for unfed and fed groups followingRabinovich et
al. (1979)andSchofield (1980b). Ecotope and season
effects onW/L were examined using Kruskal–Wallis
test and a posteriori comparisons using Dunn’s test
(
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Fig. 1. Stage structure ofT. infestanspopulations according to type
of ecotope and season. Amamá, Trinidad and Mercedes, October
2000 (spring), February (summer), May (fall) and August (winter)
2001.

5.2. Feeding rates and nutritional status

A total of 814 fourth or fifth instars and adult
T. infestanswas examined for recent blood meals
and nutritional status (Table 1). Mean daily feeding
rates decreased significantly from 34% in spring to
23% in summer to 14% and 18% in fall and winter,
respectively; mean feeding intervals were 2.9, 4.3, 7.0
and 5.6 days, respectively. Overall feeding rates were
much less variable in goat corrals (range 18–28%) than
in pig corrals (8–41%) or chicken coops (0–53%), and
decreased markedly from spring to fall-winter in pig
corrals. AdultT. infestanstended to have larger feeding
rates than fourth or fifth instar nymphs, and females
significantly larger rates than males in practically all
surveys and ecotopes. Using logistic multiple regres-
Zar, 1996).

. Results

.1. Population abundance and structure

Of 939 T. infestans(all stages) collected from 3
ifferent sites between spring (October) and wi
August), 60% were from goat corrals and 34% fr
ig corrals (Fig. 1). Total catches increased from spr
195) to fall (315) and fell in late winter (222). Mal
utnumbered femaleT. infestans(2:1) over most sea
ons in corrals, but less so in chicken coops (1.7:1)
ercentage of males significantly differed between
orrals (range 61–67%) and pig corrals (54–77%) w
tratified by season (Mantel–Haenszel test,χ2 = 5.0;
.f. = 1;P= 0.03).
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Table 1
Stage-specific daily feeding rate ofT. infestansaccording to type of ecotope and season

Ecotope Season Number of sites Percentage of daily feeding rate (N)

IV–V Males Females Total

Goat corrals Spring 9 17 (32) 35 (52) 25 (25) 28 (109)
Summer 9 26 (30) 19 (43) 32 (28) 25 (101)
Fall 12 11 (58) 17 (75) 28 (43) 18 (176)
Winter 10 14 (30) 18 (56) 30 (30) 20 (116)

Pig corrals Spring 5 4 (11) 45 (11) 73 (11) 41 (33)
Summer 7 39 (16) 25 (36) 10 (21) 24 (73)
Fall 2 6 (31) 10 (41) 77 (13) 8 (85)
Winter 3 12 (37) 11 (38) 36 (11) 14 (86)

Chicken coopsa Spring 4 40 (11) 100 (3) −(0) 53 (14)
Summer 4 0 (3) 0 (2) 0 (1) 0 (6)
Fall 3 10 (5) 0 (4) 0 (4) 4 (13)
Winter 2 0 (1) −(0) 100 (1) 50 (2)

Total Spring 18 23 (54) 39 (66) 42 (36) 34 (156)
Summer 20 28 (49) 21 (81) 22 (50) 23 (180)
Fall 17 10 (94) 14 (120) 22 (60) 14 (274)
Winter 15 13 (68) 16 (94) 31 (42) 18 (204)

Amamá, Trinidad and Mercedes; October 2000 (spring)–August 2001 (winter).N, number of bugs examined.
a Mainly includes storerooms where chickens nested.

sion analysis, the daily feeding rates ofT. infestans
were significantly associated with season and stage, but
not ecotope (Table 2). The random effects parameter
was highly significant, whereas the interaction between
season and stage was not significant (P= 0.086).

5.3. Nutritional status

The qualitative nutritional status (bars) ofT. infes-
tans according to ecotope, season and bug stage is
shown inFig. 2. Bugs captured in goat or pig corrals
always had a significantly lower qualitative nutritional
status than bugs associated with chickens at every bug
stage. The overall percentage of well-fed bugs (not
shown inFig. 2) from goat corrals varied very little from
spring to fall (24–27%), to increase slightly in winter
(34%). In contrast, well-fed bugs decreased steadily
in pig corrals from spring to winter (56–12%) and
in chicken coops from spring to fall (79–43%). Male
T. infestansnearly always displayed the lowest qual-
itative nutritional status across ecotopes and seasons.
Using logistic multiple regression analysis, the propor-
tion of well-fedT. infestanswas significantly modified
by season, ecotope, and stage (Table 2). The ran-
dom effects parameter was highly significant, thereby
suggesting a residual cluster effect specific to each

peridomestic site. The interaction between season and
stage was highly significant (P< 0.001), with fourth
instar nymphs showing a significantly better qualita-
tive nutritional status than every other stage in the fall in
corrals.

The quantitative nutritional status ofT. infestans
indexed byW/L (lines) is also shown inFig. 2for com-
parative purposes. FemaleW/L ratios differed signif-
icantly among seasons (F= 10.0; d.f. = 3;P< 0.0001)
depending on the type of ecotope (P= 0.001); in goat
corrals femaleW/L ratios were significantly lower in
spring, summer or fall than in winter, but in pig corrals
they were significantly higher in spring or winter than
summer or fall (P< 0.05). Male bugs had significantly
largerW/L in fall or winter than in spring or summer
both in goat and pig corrals (P< 0.05). TheW/L ratios of
fifth instars only differed significantly among ecotopes
in spring (H= 6.4; d.f. = 2;P= 0.042), when bugs from
pig corrals and chicken coops had a better nutritional
status. TheW/L ratios of fourth instars differed signifi-
cantly between seasons both in goat (H= 15.4; d.f. = 3;
P= 0.001) and pig corrals (H= 7.8; d.f. = 3;P= 0.050).
Within each season and pooling over ecotopes and
stages, both nutritional indices and the feeding rate of
T. infestanswere significantly associated byχ2-tests
(not shown in tables).
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Table 2
Logistic multiple regression analysis of the daily feeding rate and proportion of well-fedT. infestans(response variables) on season (summer,
fall and winter in reference to spring); type of ecotope (pig corrals and chicken coops in reference to goat corrals); stage (fifth instar nymph,
female and male in reference to fourth instars) (explanatory variables), and the random effects parameter

Response variable Terms in model Deviance d.f. LRS P Adjusted odds
ratio (95% CI)

Daily feeding rate Constant 274.30 0
+Random effects 264.17 1 10.13 <0.001
+Ecotope 262.62 2 1.55 0.462

Pig corrals 1.17 (0.57–2.38)
Chicken coops 1.52 (0.58–4.01)

+Season 240.94 3 21.68 <0.001
Summer 0.55 (0.32–0.92)
Fall 0.29 (0.17–0.49)
Winter 0.40 (0.23–0.69)

+Stage 232.30 3 8.65 0.034
V 1.05 (0.50–2.18)
Female 2.16 (1.06–4.39)
Male 1.63 (0.83–3.20)

Well-fed bugs Constant 378.75 0
+Random effects 343.97 1 34.78 <0.001
+Ecotope 336.14 2 7.83 0.02

Pig corrals 1.30 (0.79–2.13)
Chicken coops 3.69 (1.28–10.62)

+Season 317.67 3 18.47 <0.001
Summer 0.91 (0.53–1.56)
Fall 0.51 (0.30–0.85)
Winter 0.42 (0.24–0.74)

+Stage 262.44 3 55.23 <0.001
V 1.15 (0.65–2.04)
Female 0.83 (0.46–1.48)
Male 0.25 (0.14–0.44)

d.f.: degrees of freedom; LRS: likelihood ratio statistic; CI: 95% confidence interval; Spring, goat corrals and fourth instars were taken as
reference levels for each variable, respectively. Amamá, Trinidad and Mercedes, October 2000 (spring)–August 2001 (winter).

5.4. Host abundance

Host abundance per house differed by species across
seasons (Fig. 3). The median number of goats per
house increased steadily from 15 in spring to 27 in
winter, whereas pigs decreased from 2.5 in spring to
1 per house in summer, to increase thereafter. Chick-
ens averaged 15 per house throughout the year, and
all households had chickens. Although goats delivered
all year-round, peaks were reported in May (fall) and
December (summer). Kids were always kept in small,
thatched enclosures (very frequently found infested)
up to 2–3 months old. Pigs were seen or reported to
be enclosed at night only exceptionally. Chickens were
allowed to roam freely, nesting either inside houses,
storerooms or in shrubbery at various distances from

human habitations. Nesting peaked in spring (in 83%
of houses) and was minimal in the fall (38%).

5.5. Flight initiation probabilities

The unadjusted probability of flight initiation,
according to the model ofLehane et al. (1992), peaked
in summer both in goat and pig corrals, tended to zero in
all ecotopes in spring and fall, and showed a moderate
increase in late winter (Fig. 4). None of the few adult
bugs from chicken coops were predicted to fly. MaleT.
infestansoutnumbered females as potential fliers from
goat or pig corrals across seasons.

Because of the time period elapsed from field col-
lection toW/L measurements, the actual fresh weight
of T. infestanswas almost certainly underestimated,
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Fig. 2. Qualitative (histogram bars) and quantitative (lines, showing
95% confidence interval of the mean of weight to length) nutritional
status ofT. infestansfourth or fifth instar nymphs and adults accord-
ing to type of ecotope and season. Amamá, Trinidad and Mercedes,
October 2000 (spring), February (summer), May (fall) and August
(winter) 2001.

and this would affect the estimated probabilities of
flight initiation. In support of the above, the mean
fresh weights of male and femaleT. infestanscollected
in February 2001 (mean± S.D., 200.8± 45.5 mg,
n= 90; 255.3± 84.3 mg, n= 50, respectively) were
significantly lower (t-test, P< 0.001) than those
determined on the same day of capture at the same
village in March 2003 (259.6± 41.0 mg, n= 67;
320.6± 88.4 mg, n= 35, respectively) (Vazquez-
Prokopec et al., 2004). In contrast, the mean length
of male and femaleT. infestansin February 2001

Fig. 3. Reported numbers of goats, chickens and pigs per house (bars,
median; lines, first and third quartiles). Amamá, Trinidad and Mer-
cedes, October 2000 (spring), February (summer), May (fall) and
August (winter) 2001.

(24.6± 1.9 mm,n= 90; 26.2± 1.6 mm,n= 50, respec-
tively) did not differ significantly from measurements
in March 2003 (24.6± 0.7 mm,n= 67; 26.1± 0.6 mm,
n= 35, respectively). On the assumption of similar
distributions of weight by sex over different years in
Amamá, the mean weight ratios between 2003 and
2001 (1.293 and 1.256 for males and females, respec-
tively) were used to adjust individualW/L ratios in
February 2001 and to calculate an adjusted probability
of flight initiation. Relative to the unadjusted summer
estimates inFig. 4, the adjusted proportion of fliers
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Fig. 4. Unadjusted probability of flight initiation ofT. infestansper site a
Mercedes, October 2000 (spring), February (summer), May (fall) and
ccording to type of ecotope, season and sex. Amamá, Trinidad and
August (winter) 2001.
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was reduced by 24% among males but only by 8%
among females. In summer, the adjusted proportion of
male fliers from pig corrals (55%, 22 of 40) was 2.75
times larger than from goat corrals (20%, 9 of 45);
female fliers would originate from pig corrals (43%, 9
of 21) twice as likely as from goat corrals (21%, 6 of
28).

6. Discussion

Our longitudinal study shows for the first time sig-
nificant heterogeneities in the feeding rates and nutri-
tional status of peridomesticT. infestanspopulations
linked to host demographics and management, and
how these heterogeneities translate into variable flight
dispersal probabilities from different source sites over
seasons. Our data fed into the model byLehane et al.
(1992)predict that fliers were more likely to be males
and originate from pig or goat corrals in summer.
Subsequent light-trap surveys validated these predic-
tions to a large extent (Vazquez-Prokopec et al., 2004;
unpublished data).

Goat corrals provided most of the peridomesticT.
infestanscollected and maintained abundant popula-
tions of bugs and hosts year-round, whereas pig corrals
had similar bug abundance per site although less persis-
tent populations with more variable nutritional status.
These variations may balance the relative contribution
of each ecotope to the pool of potential fliers. Perido-
mesticT. infestansfrom goat or pig corrals had lower
feeding rates and nutritional status as well as smaller
wing size (Schachter-Broide et al., 2004) than bugs
associated with chickens in spring-summer in our study
area and elsewhere (López et al., 1999). However, in
our study area permanent chicken coops were rare,
nesting sites were relatively unstable, and nesting activ-
ity varied seasonally. These factors determined small
peridomestic bug populations associated with chickens
that did not persist year-round. As chickens left its tran-
sient nesting sites after a few months, in the absence of
hosts the starved bugs presumably dispersed elsewhere.

Host species and age affect bug feeding success
through host defensive behavior (Lehane, 1991). Our
study also shows that the feeding rate and nutritional
status ofT. infestansis also modified by management
practices of domestic animals and the timing of breed-
ing seasons, which affect host availability locally. For
example, in goat corrals the feeding rates and nutri-

tional status of adultT. infestanswere the least variable
and peaked by late winter, coinciding with the increas-
ing abundance and availability of goats (especially
kids) from spring to late winter. In winter, all goats
usually were enclosed at night for protection against
cold weather and kids were kept enclosed permanently,
whereas in summer goats were allowed to roam freely
and forage the scarce grass available. The abundance
of pigs decreased sharply by mid-summer because of
increased sales prior to end-of-year feasts, and this
reflected in a sharp decrease in bug feeding rates and
W/L. In consequence, most female fliers were predicted
to originate from pig corrals than from other ecotopes
in summer. This result is consistent with pig corrals
being the ecotope most frequently found infested and
the most productive ofT. infestansin Amamá dur-
ing 1993–1997, with one particular large pig corral
being the recurrent source that propagated most infes-
tations after insecticide spraying (Cecere et al., 2004).
Chicken numbers were high and stable year-round, but
they usually nested in human habitations in spring and
early summer (Cecere et al., 1997) when they were bit-
ten preferentially by domesticT. infestans(Gürtler et
al., 1997). When not nesting, most chickens roosted in
uninfested peridomestic trees and thus were less avail-
able forT. infestans. We conclude that domestic animal
availability in the peridomestic environment varies sea-
sonally and asynchronically depending on host species
and local management practices. These heterogeneities
are a major driver of triatomine population dynamics
and reinfestation patterns.

The feeding rate and nutritional status ofT. infes-
tanspeaked in spring and dropped to a minimum in the
fall rather than in late winter because of the prevail-
ing temperatures during the surveys and the relatively
lower availability of pigs and goats. Local temperatures
in fall and winter surpassed the threshold forT. infes-
tanslocomotory activity (18–20◦C) on 25% of the days
(Vazquez-Prokopec et al., 2002b), and would allow the
bugs to feed sporadically on such nights despite the
fact that developmental and fecundity rates are largely
reduced in fall-winter (Cecere et al., 2003). Sporadic
blood meals and low metabolic rates explain the high
W/L ratios in late winter. On average, peridomesticT.
infestansfed very frequently; every 2.9 and 4.3 days in
spring and summer, and every 7 and 5.6 days in fall and
late winter, respectively. These feeding intervals should
be taken as approximands to the actual values because
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a fraction of actual adult blood meals is not detectable
experimentally at summer temperatures within the rec-
ommended time window for bug examination (Marcet
et al., unpublished results), and operational constraints
sometimes determined delays in processing the bugs.
The large feeding rates estimated suggest that bugs tend
to feed small meals rather than at repletion.

The predicted probability of flight initiation from
pig or goat corrals peaked in summer and was nil
from chicken coops in spring-summer, in agreement
with more extensive chicken coop data (López et al.,
1999). These qualitative predictions are robust to small
sample sizes in chicken coops and errors inW/L esti-
mates. HadW/L ratios in spring, fall or winter been
adjusted for weight loss, the very low flight proba-
bilities during these seasons (Fig. 4) would become
trivial. Conversely, because the model ofLehane et al.
(1992)tended to underestimate the actual flight initi-
ation probabilities of field populations ofT. infestans
during summer (Vazquez-Prokopec et al., 2004), the
predicted flight chances most likely underestimate the
actual values.

Most fliers were predicted to be males because
of their lowerW/L and because males outnumbered
female T. infestansin corrals throughout the year.
This unexpected pattern agrees fully with subsequent
light-trap collections nearby infested peridomestic
sites (Vazquez-Prokopec et al., 2004, unpublished
data). Field surveys recorded skewed sex ratios toward
maleT. infestanswhereas laboratory or experimental
h
e ay
n hrin,
w ly
t in
a ,
a er
n l of
d tion
t ed
b ent,
m tries
i ute
t

als
c how-
i bug
a mong

households jointly with variations in host density
reflected in significant cluster effects of individual sites
on bug feeding rates and nutritional status. Host and
bug density-dependent effects on feeding rates and
nutritional status will be reported separately. These het-
erogeneities make broad generalizations from chicken
coops (López et al., 1999) to all peridomestic habi-
tats, or from one ecologic region to another proba-
bly misleading. Store-rooms and other structures with
chickens nesting for limited periods may also become
relevant source sites for reinfestation. Goat and pig
corrals made of wood or shrubs are key sites forT.
infestansbecause they sustain persistent bug popula-
tions with a variable nutritional status that triggers bug
dispersal under adequate conditions, and because resid-
ual insecticide spraying there is less effective than in
domestic sites (Gürtler et al., 2004). This problem is
further compounded by the insensitivity of timed man-
ual collections with dislodgant sprays in peridomestic
structures (Gürtler et al., 2001). Targeted surveillance
of key peridomestic sites is needed for the elimination
of T. infestansin the Gran Chaco.

Acknowledgements

We thank Silvana Ferreyra for assisting field and
laboratory work; Uriel Kitron, Richard Reithinger,
Heinrich Zu Dohna, and members from the European
Community-Latin American Network for Research on
t or
h ants
f o-
g ses,
t nal
d o
R sti-
t ded
b nal
I riel
K ers
o
T

R

C .
ut studies recorded the reverse (reviewed byCecere
t al., 2003). In principle, such skewed sex ratios m
ot be attributed to the dislodgant agent tetramet
hich flushed outT. infestansfemales more easi

han males and exerted no additional mortality
laboratory setting (Wood et al., 1993). However

s peridomesticT. infestansfemales had a bett
utritional status than males and most were ful
eveloping eggs, their motivation status and reac

oward tetramethrin may differ from those display
y laboratory-reared triatomines under a differ
ore homogeneous physiologic status. Asymme

n flight dispersal patterns by sex may also contrib
o skewed sex ratios in manual timed samples.

Peridomestic structures housing domestic anim
ompose a heterogeneous physical environment s
ng site-specific seasonal variations in host and
bundance. Variable host management practices a
he Biology and Control of Triatominae (ECLAT) f
elpful discussions. This study was supported by gr

rom UNDP/World Bank/WHO (TDR) Special Pr
ram for Research and Training in Tropical Disea

he University of Buenos Aires, and Agencia Nacio
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