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ABSTRACT Five cohorts of 100 eggs of Rhodnius neglectus Lent 1954 (Hemiptera: Reduviidae) were
reared simultaneously in the laboratory under constant conditions (26 * 1°C and 60 = 10% RH), with
mortality and fecundity data recorded weekly. We calculated stage-specific developmental times, age-
specific mortality and fecundity, stage-specific and total preadult mortality, and the intrinsic rate of natural
increase (r, = 0.21), the finite population growth rate (A = 1.23), the net reproductive rate (R, = 314.24),
and the generation time (T = 21.45 wk). Elasticity analysis showed that the dominant life-history traits
determining A were the adult female survival, and the survival of instar V nymphs (molting into adult
females). Adult females dominated the stage-specific reproductive value, and the egg stage dominated the
stable stage distribution (SSD). The damping ratio (p = 1.11) suggests a relatively rapid period of recovery
to adisturbed SSD. Results were compared with previous values from the literature and conform relatively
well, considering that environmental conditions were not always the same. Compared with two other
species of the same genus, Rhodnius neivai Lent 1953 and Rhodnius prolixus Stal 1859, R. neglectus ranked
higher in fecundity (total eggs/ ¢ /life) and in female longevity, intermediate in the intrinsic rate of natural
increase (r,), and lower in developmental time and mortality. By fitting a logistic model of population
growth to the density field values of a spontaneous colonization of two field experimental chicken coops
we estimated the intrinsic rate of natural increase and carrying capacity parameters, and compared the
former with our laboratory results.

RESUMEN Cinco cohortes de 100 huevos de Rhodnius neglectus Lent 1954 (Hemiptera: Reduviidae) SE
criaron de manera simultinea en el laboratorio bajo condiciones constantes (26 + 1°C and 60 = 10% HR),
registrandose semanalmente la mortalidad y la fecundidad. Calculamos los tiempos de desarrollo por
estadios (tiempo de desarrollo total = 15 semanas), las estadisticas vitales (mortalidad y fecundidad
especifica por edades, mortalidad preadulta especifica por estadios), y los pardmetros de crecimiento
poblacional (la tasa intrinseca de crecimiento natural (1, = 0,21), la tasa finita de crecimiento poblacional
(A= 1,23),latasade reproduccion (R, = 314,24), y el tiempo generacional (T = 21,45 semanas) ). El analisis
de elasticidad indica que el rasgo dominante de la historia de vida que determina A es la supervivencia de
la hembra adulta, y el tiempo en que las ninfas V permanecen en ese estadio. Las hembras adultas
dominaron el valor reproductor especifico por estadios, y la fase del huevo dominé la distribucién estable
de estadios (SSD). La tasa de amortiguaciéon (p = 1,11) sugiere un periodo relativamente rdpido de
recuperaciéon a un SSD si la misma es perturbada. Se compararon las estadisticas vitales con valores de la
bibliografia y SE encontré una concordancia relativamente satisfactoria, tomando en consideracion que las
condiciones ambientales no siempre eran las mismas. En una comparacién con otras dos especies del mismo
género, Rhodnius neivai Lent 1953 y Rhodnius prolixus Stal 1859, R. neglectus evidencia valores mis altos
en la fecundidad (huevos totales/ @ /vida) y en la longevidad de la hembra, valores intermedios en la tasa
intrinseca de crecimiento natural (1), y valores mas bajos en el tiempo de desarrollo y en la mortalidad.
Se realiz6 un ajuste de los valores de densidad de una colonizacién espontinea de dos gallineros experi-
mentales en el campo a un modelo logistico de crecimiento poblacional y SE pudo estimar la tasa intrinseca
de crecimiento natural () y la capacidad de carga, y comparar lar, con nuestros resultados de laboratorio.
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This article forms part of a series of studies about the  articles dealt with Triatoma infestans Klug 1834 (Ra-
demographic features and population parameters of  binovich 1972) and Triatoma maculata Erichson 1848
Triatominae (Hemiptera: Reduviidae). The first two  (Feliciangeli and Rabinovich 1985), and here we pro-
vide results for Rhodnius neglectus Lent 1954, under
1 Corresponding author, e-mail: jorge.rabinovich@gmail.com. controlled laboratory conditions. Parameters such as
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developmental time, population growth rates, and
mortality are important in the analysis of the compe-
tition outcome between different triatomine species,
and they contribute to explaining triatomine species
coexistence and diversity in a given habitat. Such pa-
rameters also help to optimize the design of laboratory
rearing of triatomine colonies. The quantitative anal-
ysis of life-history traits, and particularly the popula-
tion growth parameters, also is related to the geo-
graphic dispersal of Triatominae, and so will find
application in the epidemiology of Chagas disease
because it is directly linked to their potential geo-
graphic ranges.

R. neglectus is part of the prolixus group (also called
the R. prolixus complex) (Barrett 1988; Chavez et al.
1999), together with Rhodnius prolixus, Rhodnius na-
sutus Stal 1859, and Rhodnius robustus Larrousse 1927,
which can be difficult to distinguish on morphological
features, a fact that has frequently led to misidentifi-
cation (Monteiro et al. 2000). In Brazil, R. neglectus
ranges between the latitudes of ~5 and 25°S and be-
tween 5 and 500 m above sea level, although occa-
sionally it can be found above that altitude (Lent and
Wygodzinsky 1979, Galindez Girén et al. 1996, Car-
cavallo et al. 1999, Schofield and Dujardin 1999,
Galvao et al. 2003, Silva de Paula et al. 2005, Abad-
Franch et al. 2009). The region of its occurrence is
characterized by mean annual temperatures ranging
between 19 and 30°C (average 23.3°C), and a mean
precipitation of 1,246 (SD = 429.4) mm/yr, repre-
senting Holdridge Dry Forest and Very Dry Forest or
Savannah life zones (Curto de Casas et al. 1999)

R. neglectus has been found in hollow trees or in the
crown of palm tree species of the genera Orbignya,
Acrocomia, Mauritia, Arecastrum, Syagrus, and Scheelea
(Diotaiuti and Dfas 1984, Rocha et al. 1999, Abad-
Franch et al. 2005, Gurgel-Gong¢alves and Cuba Cuba
2009), and it has occasionally been encountered in
Furnariidae bird nests (Lent and Wygodzinsky 1979).
Tt has also been found in peridomestic habitats such as
chicken houses and pigeon coops (Carcavallo et al.
1998; Dias 1968, Dias-Lima et al. 2003). Lent and Wy-
godzinsky (1979) considered this species a recent col-
onizer on the way to becoming a domestic species, and
this was confirmed by field investigations of Forattini
et al. (1984) and Silveira and de Rezende (1994). R.
neglectus has been found naturally infected by
Trypanosoma cruzi Chagas 1909 (Barretto and Carval-
heiro 1966, Forattini et al. 1977, Silveira and Vinhaes
1999, Teixeira et al. 2001), but due to its dominant
sylvatic condition is not considered an important vec-
tor species of Chagas disease transmission.

The main feeding sources of sylvatic R. neglectus are
marsupials, rodents, birds, and bats (Barretto 1967a,b,
1968, 1971; Pedreira de Freitas et al. 1960; Barretto and
Carvalheiro 1966; Barretto et al. 1966, 1969; Abad-
Franch et al. 2009); occasionally they have been found
to feed on amphibians and reptiles such as snakes
(Diotaiuti and Dias 1984) but Minter (1975) reports
that birds invariably supply most feeds (46-80%). In
peridomestic habitats, the main hosts of R. neglectus
are bovids, goats, cats and dogs, as well as humans
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(Forattini et al. 1971). However, in a study where R.
neglectus were collected in a mixture of sylvatic, do-
mestic, and peridomestic habitats, rodents in the diet
were dominant, followed by birds, canids, and humans
(Lorosa et al. 1999), although the number of insects
analyzed was small (N = 34).

Materials and Methods

Population Origin. The population of R. neglectus
used in this study was made available by Dr. Rodolfo
Carcavallo and came from the insectaria of the Insti-
tuto Oswaldo Cruz (Rio de Janeiro, Brazil), although
its exact geographical origin and the number of gen-
erations in the laboratory are not known. Taxonomic
identification was provided by Dr. Carcavallo.

Experimental Procedures

The experiment was carried out in Caracas, Vene-
zuela, in a climatic room with constant conditions of
temperature (26 = 1°C) and humidity (60 = 10% RH).
Photoperiod did not need to be controlled, for at the
latitude of Caracas its seasonal variation is very small
(daylength in December is 1129 hours and in June is
1242 hours). The experimental design involved the
follow-up of five independent cohorts initiated simul-
taneously. Each cohort was started with 100 recently
laid (0-48 h-old) eggs, kept in 150-cc glass containers
until all viable eggs hatched. The first instar nymphs
were transferred to 3.8-liter jars, covered with nylon
mesh, and with vertically placed strips of paper inside
that served both as resting places and for climbing to
the top at feeding time. The experimental work was
carried out while J.E.R. was a researcher at the Insti-
tuto Venezolano de Investigaciones Cientificas, Cara-
cas, Venezuela.

Each cohort was fed weekly using hens placed on a
wooden box with holes at the bottom, through which
the tops of the cohort jars could be tightly inserted.
The insects climbed to the top and fed through the
nylon mesh. Food was offered for 1 h, and during the
following hour the jars were horizontally exposed to
a fan, to avoid the accumulation of excessive moisture
in the glass containers, which is common after the
insects become engorged. The hens were sedated us-
ing an intramuscular dose of midazolam (0.25 mg/kg).
We allowed the hens to rest for 5-10 min after the
sedative application and then carefully plucked them
on one side on a surface not larger than a diameter of
7 cm (the mouth size of the jars). A towel was used to
restrain the hens to minimize stress from being re-
strained. This procedure was carried out by two peo-
ple who would gently wrap the towel around the hen,
letting the head and legs stick out for better freedom
of movement. This procedure was approved by the
Animal Use Institutional Review Board of Venezuelan
Institute for Scientific Research and is in conformity
with Venezuelan law.

After being exposed to the fan, each jar was opened
weekly to check the number of dead individuals (iden-
tified by instar), and number of eggs laid; identifica-
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tion by sex was made only as adults. In a few instances
the strict weekly feeding and counting schedule could
not be maintained (although they were never out of
phase for >3 d), and as the biodemographic methods
require a constant time unit for analysis, the recorded
information was subjected to linear interpolation to
keep 1 wk as the time unit for the calculation of
population statistics.

Statistical Analyses. The weekly death schedule of
the cohort follow-up provided the necessary informa-
tion to construct a life table (Deevey 1947). Calcula-
tions followed the method of Dublin et al. (1949);
definitions of the components of a life table, with the
formulae used, are given in the Appendix. As members
of the cohorts were not followed individually, a fre-
quency table of time in each instar was used to provide
an estimate of the average and standard deviation of
the developmental time of each instar. The frequency
tables were based on time and number of individuals
1) entering a particular instar, 2) dying in that instar,
and 3) molting to the following instar; from 1, 2, and
3, a table with the number of weeks (X) lived by
groups of individuals (N) could be calculated, and the
average and SD of this table produces results in an
estimation of female adult longevity. The result is the
same as calculating the expectation of life (or average
future lifetime, ¢,), where x represents the first age of
a female emerging from an instar V nymph, but easier
to carry out in a spreadsheet.

The weekly mortality data were used to calculate
survival as a function of age (L) which, coupled with
the weekly female age-specific fecundity [m(x), also
called the maternity curve], allowed the calculation of
such statistics as the intrinsic rate of natural increase
ro (using the Euler equation), the net reproductive
rate R, the instantaneous birth and death rate b and
d (Birch 1948), the generation time T, the age-specific
reproductive value V_ (Fisher 1930), and the stable
age distribution (SAD). Calculation of total nymph
mortality was carried out by converting age-specific
mortality to age-specific survival and then multiplying
those survival values and reconverting to its comple-
ment (mortality). All definitions and formulae are also
given in the Appendix. Age-specific mortality was not
included for it was already analyzed by Rabinovich et
al. (2010). Parameters were calculated based exclu-
sively upon the female population, so we converted all
eggs/ ? /wkvaluesto @ eggs/ ? /wk values multiplying
by 0.5 [a sex ratio expressed as /(3 + ?)]; as no
specific studies have been carried out on the sex ratio
of the eggs laid by R. neglectus females, we selected the
0.5 sex ratio value because unbiased sex ratios have
been found in other triatomine species (Ronderos
1972, Paz Rodriguez 1996).

The life table () and fecundity (m_) information
also was analyzed in the form of a Leslie matrix and the
population parameters A, (the largest positive real
eigenvalue), r, [asIn(A;) ], Ry, and T, were calculated
(Caswell 1989). The subdominant (second-largest)
eigenvalue (A,) produces oscillations which usually
decrease over time as the population approaches the
stable age distribution (Mollet and Cailliet 2002). The
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rate of convergence to the stable stage distribution is
governed by the other eigenvalues: the larger the
value of A, relative to A, the faster the recovery to the
stable stage distribution, which leads to the definition
of the damping ratio p = A;/ A, (Mollet and Cailliet
2002).

Calculations were carried out using a computer
program for PC developed by the authors for this
purpose in Delphi 2007 language (the program is avail-
able upon request to the first author). The Leslie
matrix, the sensitivity and elasticity analyses as well as
the damping ratio calculation were carried out with
PopTools, an Excel tool developed by Greg Hood
(http:/ /www.cse.csiro.au/poptools/). Although meth-
ods to convert age-structured matrices into stage-
structured matrices (called Lefkovitch matrices,
Lefkovitch 1965) exist, they were not used here to
calculate population growth parameters, due to the
bias that can result in the estimate of some population
parameters as aresult of information loss, mainly in the
grouping of all female adult ages into only one single
stage (Mollet and Cailliet 2002). However, we used
the “popbio” package developed by Stubben and Mil-
ligan (2007) for language R (R Development Core
Team 2007) to calculate the Lefkovitch matrix to es-
timate the probability of molting or remaining in each
stage, and the stable stage distribution. Differences in
mortality values between the five cohorts were tested
with a Friedman analysis of variance (ANOVA) and a
Kendall coefficient of concordance test (StatSoft, Inc.
2009). The confidence intervals of p (the probability
that the observed sex-ratio at emergence of the adults
was different from 0.5), was calculated using the
built-in binomial proportions test “prop.test” of lan-
guage R (R Development Core Team 2007).

Results

Vital Statistics. Although each cohort was analyzed
independently, we also present results by pooling
them because there was no significant difference be-
tween the mortality rates among cohorts (ANOVA:
X° = 5902, P = 0.21; coefficient of concordance =
0.0168, average rank r = 0.00547). The survival and
maternity curves of R. neglectus for the average of the
five cohorts, in terms of female individuals, is given in
Fig. 1.

Table 1 provides a statistical summary of life-cycle
statistics. Average time from oviposition to egg hatch-
ing was just >2 wk. Developmental times of all instars
were very similar, except for instar V, which took
almost as twice as long as the other instars to complete
development. However, instars I and IV show the most
variable developmental times. The average develop-
mental time from egg to adult was 15 wk (SD 1.5); the
average minimum and maximum developmental times
from instar I to the adult stage were 8.4 wk (SD 0.55)
and 23.8 wk (SD 8.5), respectively. The sex ratio
[(2/(3 + ?)] when entering the adult stage favored
males, but the average among cohorts (0.421) was not
statistically different from a 0.5 sex ratio (N = 342, P =
0.0461, 95% CI of p [ 0.0016-0.1563 |).
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Iy (proportion surviving from the egg stage)
m, (female eggs/female/week)
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Fig. 1. Weekly age-specific survival (proportion surviv-
ing from the beginning of the egg stage to age x) and age-
specific maternity curve (average ? eggs/ ?/wk) of R. ne-
glectus from the average among five cohorts.

Mortality per instar follows the usual pattern in
Triatominae of a high mortality in the younger stages;
in R. neglectus stages I and II account for ~50% of the
total mortality from egg to adult. Instars Ill and IV have
a lower mortality rate, but that rate is extremely vari-
able among cohorts. On average, ~70% of all initial
eggs of the cohorts arrive to the adult stage. In general
the [ curve shows a relatively steep slope up to the
instar I, a quite gentle decrease during the instars II,
III, and IV, and another abrupt drop during instar V
(Fig. 1); survival remained stable for a few weeks after
becoming adults, as if with the last molt a severe
mortality risk had been overcome; after those few
weeks adult females showed a fairly linear age-specific
schedule of survival. The average female adult lon-
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gevity was 45.16 wk, with a maximum of 65.8 wk.
Calculations based upon the Lefkovitch matrix re-
sulted in a probability of remaining alive in the same
stage of 0.502, 0.547, 0.551, 0.551, and 0.817 and a
probability of molting into the next stage of 0.347,
0.439, 0.449, 0.449, and 0.176, for instars I-V, respec-
tively.

Figure 1 also shows the age-specific schedule of
oviposition expressed as number of eggs/female/wk
for the average among cohorts. The general pattern
can be considered as unimodal, even if irregular, and
the bell-shape is similar among cohorts (data not
shown), peaking at about age 40 wk from the egg stage.

Table 1 also provides a statistical summary of the
reproductive characteristics of female R. neglectus.
The age of first reproduction of the cohort (repre-
senting the most precocious individual) is an impor-
tant parameter in population dynamics, and resulted
in 15.4 wk from the egg stage (SD 0.55 wk; coefficient
of variation = 3.56%). On average a female laid eggs
at a rate of 8.99 (SD 4.89) ? eggs/wk/?, and the
reproductive period of an average female was 45.37
(SD 4.34) wk after the start of reproduction.

It was of interest to determine if nymph mortality
was related to developmental time, but linear regres-
sion analysis (data not shown) showed no significant
relationship between total (all stages) nymph mortal-
ity and developmental time (R* = 0.074).

Population Growth Parameters. The main popula-
tion growth parameters and stage-specific demo-
graphic features for each cohort of R. neglectus are
given in Table 2. Population growth rates show very
little difference between cohorts (coefficient of vari-
ation is between 2 and 15%, depending on the param-
eter). The net reproductive rate (R,) indicates that,

Table 1. Average developmental time (weeks) and mortality by stages, reproductive features, and sex ratio (?/(3 + ?)) of R. neglectus
Cohort Cohort statistics
Pop parameter 1 9 3 4 5 Ave SD Coeffient of
variation. (%)
Developmental time
Egg 2.4 1.9 2.3 2.3 2.3 2.2 0.2 9.1
Instar [ 2.1 (0.4;86) 1.4 (0.795) 1.9 (0.8:92) z 7 (0.8:96) 1.5 (0.7:92) 19 05 258
Instar 1T 2.3 (0.5:72) 2.5 (0.791) 2 3(06:84) 4(0.6;88) 2.5 (0.6:84) 2.4 01 51
Instar IIT 2 (0.1:70) 2.1 (0.3:85) 2 (0.5:74) z 5 (0.6:80) 2.1 (0.3:76) 2.2 0.2 8.7
Instar IV 2 (0.2:70) 2.2 (0.5:85) 3 2 (12:72) 2.8 (L477) 2.2 (0.5:73) 255 05 19.7
Instar V 3.6 (0.8;70) 3.4 (0.6;83) 4.1 (0.8;72) 4.6 (1.4,74) 3.5 (0.8;72) 3.8 0.5 12.7
Egg to adult 14.4 135 159 17.2 141 15.0 15 100
Mortality (%)*
Egg 14.0 5.0 8.0 4.0 8.0 78 3.9 50.0
Instar I 16.3 42 8.7 8.3 8.7 9.2 44 472
Instar IT 2.8 6.6 119 9.1 9.5 8.0 3.5 43.4
Instar III 0 0 2.7 3.8 4.0 2.1 2.0 94.1
Instar IV 0 2.4 0 39 14 1.5 1.7 108.7
Instar V 2.9 2.4 9.7 21.6 2.8 79 8.3 105.0
Instar I to adult 20.9 14.7 29.4 39.6 23.9 25.7 9.4 36.5
Egg to adult 32 19 35 42 30 31.6 8.4 26.5
Reproduction
Age of first reproduction by cohort 16 15 16 15 15 15.4 0.6 3.6
Reproductive weeks by cohort 60 64 68 63 67 64.4 3.2 5.0
Total eggs laid by cohort 25,428 30,121 24,005 26,885 26,976 26,683 2,274.5 8.5
Reproductive weeks/ ? 38.6 (17.4) 164 (16.0) 447 (15.3) 505 (13.6) 46.7 (16.9) 454 43 9.6
Eges/ @ /wk 208 (7.9) 18.3 (9.9) 17.0 (9.8) 19.2 (11.6) 15.0 (8.6) 181 2.2 122
Sex ratio (at adult emergence) 0.44 (30,4) 0.40 (32,5) 0.45 (29.4) 0.38 (22,4) 0.44 (31.4) 0.42 0.03 7.45
? adult mean longevity 39.5 (15.2;8-58) 42.8 (14.9;3-60) 46.2 (17.4,1-70) 47.1 (15.2;5-701) 50.2 (15.5;10-71) 45.2 4.1 9.1

SDs and N are given in parentheses separated by a colon; numbers in parentheses separated by a dash represent the range.
“ Relative or stage-specific mortality (q; = I — (N;/N,_,)) for stage i, where N is the number of individuals entering each stage.
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Table 2. Demographic and population growth parameters of R. neglectus

Cohort Cohort statistics
1 2 3 4 5 Avg SD Coeffient of variation (%)
Finite rate of pop increase (1) 1.23 1.25 121 1.22 1.25 123 0.02 145
Intrinsic rate of natural increase (r;,) 0.20 0.22 0.19 0.20 0.22 0.21 0.01 6.99
Net reproductive rate (R,) 281.82 372.19 264.51 351.75 300.91 314.24 46.01 14.64
Generation time (T) 21.17 20.39 23.61 22.82 19.25 21.45 1.77 8.27
Instantaneous birth rate (b) —0.09 —0.07 —0.07 —0.07 —0.08 —0.08 0.01 —8.76
Instantaneous mortality rate (d) 0.29 0.29 0.26 0.27 0.30 0.29 0.02 5.75

All parameters were calculated from the age-structured life table and based upon a 1-wk time unit. See Appendix for the definitions and

the formulae for the calculations of parameters.

on average, 314.2 (+46.0 SD) females will replace
each female in the population in the course of one
generation, with generation time T = 21.4 = 1.8 wk.

Figure 2a and b shows the SSD and stage-specific
reproductive values (V) of R. neglectus, calculated
from the stage-structured matrix created from [, and
m, curves as averages of the five cohorts (thus, not
necessarily identical, although quite similar, to the
values presented in Table 2). Female adults have high-
est reproductive value, followed by instar V; the SSD
is dominated by eggs, followed by the other stages in

(a) 40 v - -
35 ‘
30}
25

20

Stable Stage Distribution (%)

Egg Instar IT
Instar I Instar 111

Instar IV Female adult
Instar V

Stage-specific reproductive value

Instar IV
Instar 11T

Female adult
Instar V

Egg Instar I

Tnstar T

Fig.2. (a) Stable stage distribution of a R. neglectus based
on the [, and m, average of five cohorts and calculated by
considering the average developmental time of each stage.
(b) Stage-specific reproductive value of R. neglectus, based
on the [, and m, average of five cohorts and calculated by
considering the average developmental time of each stage.
The scale represents the number of individuals that each
stage will, on average, contribute to the next generation.

the form of a classical age pyramid. The average damp-
ing ratio (p) was 1.11, indicating that, if perturbed
from the SSD, it would return to it rather rapidly.
Sensitivity and Elasticity Analysis. For the pool of
the five cohorts, the sensitivities and elasticities of the
finite rate of population growth (I) are shown for
age-specific (Fig. 3a) and stage-specific (Fig. 3b) fe-
cundity and survival. During the period when the
female is still not reproducing (prereproductive pe-
riod), sensitivity and elasticity show a clear domi-
nance of the survival of the instar V nymphs into
females in its influence upon A, whereas during the
period when the female is already laying eggs (repro-
ductive period) fecundity dominates the influence on A.

Discussion

Vital Statistics. Few of our results can be compared
with previously published information because most
of the work with R. neglectus was limited to develop-
mental times or mortality estimates. Furthermore,
previous work with R. neglectus was done under a
variety of laboratory conditions: temperature and hu-
midity (usually uncontrolled), size of jars, feeding
frequency and duration, density of insects per jar,
species of host offered for feeding, and other factors
were rarely similar to our experimental conditions,
and all of them have consequences on the population
parameters being estimated. In addition, in evaluating
our results, it is important that the following aspects of
this cohort study be taken into account.

First, in most cohort studies the individual history of
the insects is not known. In triatomines, because of the
intensive labor that individual rearing and feeding
demands, each cohort is usually followed as a group;
thus possible interactions between individuals of a
given cohort are not known. Ryckman (1951) notes
that in Triatoma phyllosoma pallidipennis Stél 1872,
older nymphs crowd up to the host to the exclusion of
younger members of the colony; and that the consid-
erable amount of warm blood ingested by older
nymphs stimulates a thermotrophic response in un-
engorged younger nymphs, elicits a probing reaction
that leads to a type of cannibalism he called “klepto-
hemodeipnonism.” We do not know to what degree, if
at all, these two phenomena might have affected our
experiments with R. neglectus; however, we think that
in our study it can be considered negligible because
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Fig. 3. (a) Sensitivities and elasticities of finite rate of population growth () to age-specific fecundity and survival

calculated for the pool of the five cohorts. To visualize the lines of each variable the x-axis (age in weeks) has been drawn
up to 50 wk because after that age values are negligible. Sensitivities and elasticities were calculated based on the Leslie matrix;
note that they have different scales and are represented on different axes. (b) Elasticities of finite rate of population growth
(1) to stage-specific fecundity and survival also calculated for the pool of the five cohorts but based on the Lefkovitch matrix.
The fecundity and survival elasticities have reversed their importance between a and b due to the information loss when

elasticities are calculated based on stage-specific data.

due to the progression of the development from egg to
adults, older nymphs do not coexist with the very
younger nymphs. Perlowagora-Szumlewicz (1953)
shows the importance of the time of the first meal, and
in general it is known that the volume of the blood-
meal in successive feedings in different instars dras-
tically affects the process of molting and of production
and viability of eggs (Goodchild 1955, Danilov 1968,
Perlowagora-Szumlewicz 1969); in our experimental
set-up feeding of each individual insect was not re-
corded, so if this factor also occurred with R. neglectus
it may have influenced the results of our cohort study.
Another disadvantage of treating the cohort as a group
is that the reproductive performance cannot be eval-
uated individually; some information is lost, such as
the average individual age of first reproduction and
the individual periodicity in oviposition.

Second, as individuals die the density (number of
individuals per jar) decreases during the development
of a cohort study. Perlowagora-Szumlewicz (1969)
demonstrates an apparent density effect upon longev-

ity and fecundity in T. infestans. In particular it was
shown that R. neglectus females which mated only
once and were regularly fed had a fertility rate lower
than the females that mated several times (Costa et al.
1967); as copulation (by direct observation or by the
presence of spermatophores) was not recorded in our
study, the consequences of this effect is unknown,
although at the initiation of adult life males were
abundantly available to females in the cohort jars,
particularly in the first half of their adult life when this
effect is most important.

Third, calendar age is not the same as physiological
age. As a result of the above-mentioned interactions,
as well as a result of biological variability, individual
triatomines do not molt synchronously even if they
developed from eggs laid at the same time. Conse-
quently, as the insects develop into more advanced
stages there is increasing overlap between stages, and
individuals with the same calendar age may belong to
several different instars. It is not known whether these
differences affected the results of this study. For ex-
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Fig. 4. Mean developmental time (weeks) of the eggs and the instars of R. neglectus from Freitas et al. (1967), Mello
(1977), Diotaiuti and Dias (1987), Garcia da Silva and da Silva (1988), Rocha et al. (2001), and this study. Vertical bars are
1SD; in the Garcia Silva and Silva (1988) data they are extremely small (0.000, 0.036, 0.000, 0.055, 0.071, and 0.103) and vertical
bars do not show clearly. Data values are shown slightly shifted to avoid symbol overlapping.

ample, the probability of dying may differ between a
fifth-instar nymph 25 d old and a fifth-instar nymph
40 d old.

With these reservations in mind, however, our re-
sults can be compared with results found in the liter-
ature and analyzed demographically. Mello (1977),
Diotaiuti and Dias (1987), and Rocha et al. (2001)
studied the developmental time of R. neglectus and
mortality by stages. Garcia da Silva and da Silva (1988)
also studied the developmental time for this species
but not mortality (except egg mortality). Figure 4
compares the results of those studies with our own
results. Differences with Mello (1977) were signifi-
cant (P = 0.01 for eggs and P = 0.000 for all instars,
t-test); the differences with Garcia da Silva and da
Silva (1988), although small, were also significant.
However, they proved to be consistent as a function
of the feeding conditions: although Garcia da Silva and
da Silva (1988) used environmental conditions similar
to ours (25 + 0.5°C and 70 = 5% RH), and also fed with
hens, the feeding was less frequent: every 12, 15, 20,
and 25 d for nymphs of instars II, III, IV, and V,
respectively. So, it is not surprising to find longer
developmental times in their results. The mean de-
velopmental times of all stages of R. neglectus obtained
by Diotaiuti and Dias (1987) show significant differ-
ences to our study; their developmental times are
longer than ours, although we would have expected a
shorter developmental time because although the
feeding conditions were similar, the rearing temper-
ature was higher (28 = 1°C). Similarly, the develop-
mental times obtained by Rocha et al. (2001) (with the
exception of instar I, P = 0.089) differed from those
observed here. But when comparing the total devel-
opmental times from egg to adults, our results (15 wk)
are larger than the 12.3 wk obtained by Freitas et al.
(1967), but shorter than the developmental time val-
ues of 17.1 wk of Mello (1977), 21.3 wk of Garcia da

Silva and da Silva (1988), 22 wk of Rocha et al. (2001),
and 19.5 wk of Diotaiuti and Dias (1987). Those stud-
ies did not provide variance estimates, so no statistical
comparison was possible.

Mortality by stages was compared in Fig. 5, and the
differences between studies are striking. For most
developmental stages few of the other studies com-
pared well with our results (most of the stage mortality
values of previous studies fall outside the 1 SD bars of
our results). This is also evident from the large dif-
ferences in the total (accumulated) mortality from
egg to instar V: 10.6% (Mello 1977), 68.2% (Rocha et
al. 2001), 40.2% (Diotaiuti and Dias 1987), at least
46.2% (Freitas et al. 1967; egg mortality was not esti-
mated by the authors), and 31.6% in this study. Either
stage mortality is more sensitive than developmental
time to small differences in environmental and feeding
experimental conditions, or differences in manipula-
tion of the bugs during the cohort experiments greatly
affect the chances of survival.

Of the five studies amenable to comparison with our
results, only Mello (1977) provided an estimate of the
sex ratio (expressed here as /%@ + &): 0.53, only
slightly larger than the sex ratio of our study (0.42) but
significantly different (P = 0.047). Nevertheless, as the
sexratio in R. neglectus does not differ statistically from
0.5, and because in other Triatominae the sex ratio is
assumed to be 0.5 at the egg stage (unbiased 0.5 sex
ratios have been found in other triatomine species; see
Ronderos 1972; Paz Rodriguez 1996), R. neglectus fe-
males seem to have the same intrinsic mortality risks
than males during development. In terms of fecundity
our result of 18.1 eggs/ ? /wk accords with the 17.1
eggs/ @ /wk values obtained by Costa et al. (1967); our
egg fertility value of 92.2% also accords with the 95.1%
hatching rate Costa et al. (1967), the 90.1% value of
Garcia da Silvaand da Silva (1988) and the 98.5% value
obtained by Mello (1977).
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Population Parameters. We compared our results
with those of two other Rhodnius species (R. neivai
and R. prolixus) reared under conditions similar to our
experimental settings (constant temperature between
26 and 28°C, relative humidity between 60 and 80%,
and fed with hens every 7 d). The instantaneous pop-
ulation growth rate (r,) of R. neglectus (0.209) was
smaller than that for R. neivai (0.267) and R. prolixus
(0.286); however, R. neglectus had a net reproductive
rate (R, = 311.8) more than twice that of R. neivai
(118.7) and of R. prolixus (133.3). Because there is no
important difference between these species in terms
of average total length (19, 19, and 19.5 mm for R.
neivai, R. neglectus, and R. prolixus, respectively), we
conclude that the smaller r, and the larger R,, values
of R. neglectus must be related to the large differences
in generation time (T = 21.1 wk) and fecundity (F =
18.1 eggs/ @ /wk) as compared with R. neivai (T = 14.0
wk and F = 10.1 eggs/ @ /wk) and R. prolixus (T = 14.3
wk and F = 10.0 eggs/ ? /wk). The high fecundity of
R. neglectus shows up in a high R, value because R, is
independent of T, but results in a smaller r, which is
very sensitive to the generation time.

Sensitivity and Elasticity Analysis. Sensitivity anal-
ysis provides information about how sensitive the fi-
nite population growth rate (A) is to changes in the
specific elements of a demographic transition matrix
(Emlen 1970); because A is an accepted measurement
of fitness (Caswell 2009), sensitivity analysis suggests
which life-history component should be the main tar-
get for population control (Ebert 1999). Because the
elements of the demographic transition matrix usually
have different units and scales, their contributions to
[ are better measured by their elasticity, which is a sort
of proportional sensitivity. Sensitivity and elasticity of
the life-history traits of R. neglectus are given in Fig. 3a
as a function of age. Table 3 shows that—in terms of
elasticity—there is a clear dominant contribution to A

by the survival of the adult females, followed by the
survival of instar V nymphs (molting into adult fe-
males). These dominant traits are on average ~3 and
2 times larger, respectively, than the other life-history
traits in their contributions to A; the difference is even
greater when comparing the fecundity term (=7 and
4 times larger, respectively). From the demographic
point of view, any control measure targeting adult
survival and/or instar V nymphs would by far be more
effective than any other control measure.

Damping Ratio and Stable Age and Stage Distribu-
tion. The damping ratio (p) is related to the period of
recovery to a stable age or stage distribution after a
population has been disturbed. It can be converted
into calendar value by specifying the time required
(t.) for the contribution of the second root (A,) of a
Leslie or Lefkovitch matrix to a reduction of a certain
multiple (x) of the dominant root (A;). A decline of,
say, 5% of that of the dominant root implies calculating
tyo (x = 1/0.05 = 20). t_ can be estimated by ¢, =

Table 3. Results of the elasticity analysis of the life history cycle
components of R. neglectus on their effect on its finite rate of
population growth (A) based upon the 88 by 88 age Leslie matrix
(on a weekly basis and from the pool of the five cohorts) and
expressed as stages by accumulating the elasticity values over each
stage by using the average developmental time of each instar in
weekly time units

Matrix Matrix

Matrix element description element element

value  elasticity
Adult female survival (per wk) 0.9779 0.344
Proportion of eggs hatched 0.922 0.104
Proportion molting alive from instar I to II 0.908 0.090
Proportion molting alive from instar II to III 0.920 0.113
Proportion molting alive from instar Il to IV~ 0.979 0.102
Proportion molting alive from instar IV to V 0.985 0.117
Proportion molting alive from instar V to @ 0.921 0.174
Fecundity (avg ?eggs/ @ /wk) 7.224 0.047
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Table 4. Stable stage distribution of field studies of R. neglectus and that predicted by our study for the dry and wet seasons

% nymphs Season Location Source
56 N/Ap* N/Ap This study (from vital statistics)
35 (23) N/Av* Sao Paulo state Forattini et al. (1977)
77 (51) Dry Brasilia Gurgel-Gongalves and Cuba Cuba (2007)
60 (245) Dry Belo Horizonte Diotaiuti and Dias (1984)
52 (1,734)" Dry Sao Paulo state Forattini et al. (1983a)
75 (1,675)" Wet Sao Paulo state Forattini et al. (1983a)
66 (65) Wet Curaci Das-Lima et al. (2003)
27 (218) Wet Belo Horizonte Diotaiuti and Dias (1984)
58 (33) Wet Brasilia Gurgel-Gongalves and Cuba Cuba (2007)

Values in parentheses are the total number of insects collected. Only the percentage of nymphs is presented because the complement (100 —

[% nymphs]) provides the percentage of adults.
a N/Ap, not applicable; N/Av, not available.

» These values are the result of pooling two chicken-coops and averaging for 2 yr of data given by trimesters.

In(x)/In(p) (Caswell 1989), so with p = 1.11 t,, be-
comes 24.5 wk (=172 d). Assuming a developmental
threshold of 16°C in the distribution area of R. neglec-
tus the t,, value represents ~1780 degree-days (DD),
a value within the 1,000-3,000 DD range of a normal
growing season for insects in temperate regions. This
is a relatively fast recovery period of a SSD, although
it depends on the assumption that the vital rates re-
main constant during that recovery period. Taylor
(1979) calculated the t,, value of 36 populations of 30
species of insects and mites, and concluded that the
time of convergence to the SSD was nearly indepen-
dent of survivorship and reproductive capacity, but
that the higher the age of first reproduction (a) and
the larger the variance in m, the faster the conver-
gence to the SSD.

It is of interest to compare the SSD estimated by the
laboratory vital statistics with the field values of the
SSD (Table 4). An extradomestic population of R.
neglectus in Sao Paulo state, Brazil (Forattini et al.
1977), showed that 35% of the insects collected were
nymphs; this is almost the reverse of what was ex-
pected from a stable stage distribution (our result is
~56% nymphs), indicating that this sylvatic popula-
tion of R. neglectus was either a recent colony or a
population that was recently altered and had no time
to recover to an SSD. The average proportion of R.
neglectus nymphs of the field studies was 55.6%
(*15.1% SD) which conforms well with the 54.5% of
nymphs from our calculations based on the Lefkovitch
stage matrix. However, the proportion of nymphs in
the field is quite variable in relation to season (Table
4): on average 54 and 75% of the insects were nymphs
in the dry and wet season, respectively, a difference
statistically significant using a t-test. Our result of
54.5% nymphs, although more similar to that of the dry
season, cannot be compared with any particular sea-
son, for it is the long-term projection of the proportion
of nymphs under stable environmental conditions.

The SSD in a field experiment with artificial chicken
coops in Minas Gerais, Brazil (Forattini et al. 1983),
was calculated after a period of ~2 yr after coloniza-
tion, but our estimation of the damping ratio for R.
neglectus (p = 1.11) resulted in a calendar time to
recover an SSD of ~25 wk, much shorter than the
chicken coop experiment, suggesting a very high or

permanent perturbation condition in the sylvatic en-
vironment that impedes R. neglectus populations to
reach an SSD. However, this interpretation has to be
taken with caution, for there are other possible factors
that may result in a non stable stage distribution (sam-
pling artifacts, because small nymphs have a lower
catchability than larger nymphs and adults (Rabinov-
ich et al. 1995); and the natural dispersal behavior of
individuals in a sylvatic population, with adults some-
times flying away from their natural habitat).

The average stage duration of R. neglectus nymphs
estimated under the field conditions of the experi-
mental chicken coops by Forattini et al. (1983) (be-
tween 8 and 11 wk) was much longer than our exper-
imental cohorts (between 2 and 4 wk) under constant
conditions. This important difference should not be
surprising for under the field conditions of Forattini et
al. (1983) hosts were occasional visitors and the tem-
perature fluctuated along the year.

The population growth of R. neglectus after the
spontaneous colonization of artificial chicken coops
near peridomestic habitats for seven consecutive tri-
mesters obtained by Forattini et al. (1983) in Sacra-
mento, Brazil, was used to fit the continuous logistic
model of population growth to estimate the intrinsic
rate of natural increase (r,) and the carrying capacity
of the chicken coops (K). Figure 6 shows the observed
and predicted values for two chicken coops; in
chicken coop f1 R. neglectus colonized by itself, while
in chicken coop a2 it developed a population co-
existing with T. sordida Stél 1859. In chicken coop a2
the R. neglectus population was growing a at a rate of
ro = 0.163 per wk and a carrying capacity (K) value of
226 individuals (r = 0.945, x> = 1049.7, df = 6, P =
0.000000). The r, value of 0.163 is lower than the
average laboratory value (0.19), indicating that R. ne-
glectus populations under natural conditions possibly
grow at a rate smaller than under optimal laboratory
conditions. In chicken coop fI the R. neglectus popu-
lation was growing at a rate of r, = 0.081 per wk (~50%
lower than in chicken coop a2) and with a carrying
capacity (K) of 368 individuals (r = 0.947, x* = 71.73,
df = 8, P = 0.000000). As both chicken coops were
sampled in the same years (1977-78) and simultane-
ously, the difference between the R. neglectus popu-
lation growth rates of chicken coops a2 and fI can
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Fig. 6. Fit of the logistic population growth model to
natural populations of R. neglectus that colonized spontane-
ously artificial chicken coops placed near peridomiciles in
Brazil (field data from Forattini et al. 1983). In chicken coop
a2 R. neglectus developed in competition with T. sordida; in
chicken coop fI R. neglectus developed without competition
with other triatomine species.

probably be explained by two compounded factors: 1)
chicken coop a2 received a smaller founder popula-
tion (1 ?) than chicken coop f1 (28 individuals: 22 N1,
five N2, and one ?), and 2) in chicken coop a2 there
was competition with T. sordida (founder population
of 33 individuals) that pressed for a higher population
growth rate of R. neglectus; on the contrary, in chicken
coop f1 an earlier arrival (third trimester as compared
with the fifth trimester in chicken coop a2) and larger
initial colonizing population lead to an earlier action
of the density-dependent population regulation
mechanisms, resulting in a lower population growth
rate. It is interesting to note that the estimated car-
rying capacity for R. neglectus in chicken coop fI was
63% larger (368 individuals) than in the chicken coop
a2 (226 individuals) where it had to compete with T.
sordida.

In conclusion, the population parameters estimated
here for R. neglectus will be useful for laboratory and
field applications. R. neglectus seems to be more effi-
cient than T. infestans as a vector of T. cruzi (Forattini
et al. 1976). In addition, Forattini et al. (1977) found
that 47% of 23 insects collected in extradomestic hab-
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itats were positive for T. cruzi and as R. neglectus is in
the process of becoming a domestic species (Lent and
Wygodzinsky 1979, Forattini et al. 1984, Gurgel-Gon-
calves and Cuba Cuba 2009) the application of the
population parameters here estimated is important in
anticipating control measures, as discussed by Chaves
et al. (2004) in relation to R. prolixus.

As an SSD implies a well established colony (syl-
vatic or domestic), it would be useful to evaluate the
damping ratio (p) of other triatomine species to com-
pare their relative times of convergence to SSD as an
indicator of the effectiveness of vector control mea-
sures. In view of the global climatic change taking
place, and its possible consequences in terms of new
geographic ranges of triatomine species, this kind of
study gains more importance for the epidemiology of
Chagas disease, so we encourage new studies to cal-
culate these parameters in other triatomine species.

Acknowledgments

Rodolfo Carcavallo (deceased) kindly provided the orig-
inal specimens for starting the colony of R. neglectus and its
taxonomic determination. Soledad Ceccarelli kindly helped
with the bibliography. We also thank three anonymous re-
viewers for many helpful comments. This work has been
supported by the French National Research Agency (grant
ANR-08-MIE-007), the Centre National de la Recherche
Scientifique (CNRS, UMR 5558), Agencia Nacional de
Promocién Cientifica y Tecnolégica of Argentina (grant
PICT2008-0035), and the Universit¢é Claude Bernard
Lyon 1.

References Cited

Abad-Franch, F., F. S. Palomeque, H. M. Aguilar, and M. A.
Miles. 2005. Field ecology of sylvatic Rhodnius popula-
tions (Heteroptera, Triatominae): risk factors for palm
tree infestation in western Ecuador. Trop. Med. Int.
Health 10: 1258-1266.

Abad-Franch, F., F. A. Monteiro, N. Jaramillo O., R. Gurgel-
Gongalves, F. Braga Stehling Dias, and L. Diotaiuti. 2009.
Ecology, evolution, and the long-term surveillance of vec-
tor-borne Chagas disease: a multi-scale appraisal of the tribe
Rhodniini (Triatominae). Acta Trop. 110: 159-177.

Barrett, T. B. 1988. Current research on Amazonian Triato-
minae. Mem. Inst. Oswaldo Cruz 83 (Suppl 1): 441-447.

Barretto, M. P. 1967a. Estudos sobre Reservatorios e Vec-
tores Silvestres do Trypanosoma cruzi. XIX-Inquerito Pre-
liminar sobre Triatomineos Silvestres no Sudeste do Es-
tado de Goias, Brasil (Hemiptera, Reduviidae). Rev. Inst.
Med. Trop. Sao Paulo 9: 313-320.

Barretto, M. P. 1967b. Estudos sobre Reservatorios e Ve-
tores Silvestres do Trypanosoma cruzi. XVIL Contribuc¢io
para o Estudo dos Focos Naturais da Tripanossomose
Americana, com Especial Referencia a Regiio Nordeste
do Estado de Sao Paulo, Brasil. Rev. Soc. Bras. Med. Trop.
1: 23-35.

Barretto, M. P. 1968. Estudos sobre Reservatorios e Vecto-
res Silvestres do Trypanosoma cruzi. XXXI-Observacoes
sobre a Associag¢dio entre reservatérios e vectores, com
especial referencia a regiao Nordeste do Estado de Sao
Paulo. Rev. Bras. Biol. 28: 481-494.

Barretto, M. P. 1971. Estudos sobre Reservatorios e Vecto-
res Silvestres do Trypanosoma cruzi. XLV: Inquerito Pre-
liminar sobre Triatomineos Silvestres no Sul do Estado de



July 2011

Mato Grosso, Brasil (Hemiptera, Reduviidae). Rev. Bras.
Biol. 31: 225-233.

Barretto, M. P., and J. R. Carvalheiro. 1966. Estudos sobre
Reservatorios e Vectores Silvestres do “Trypanosoma
cruzi”. XII: Inquerito Preliminar sobre Triatomineos Sil-
vestres no Municipio de Uberabd, Minas Gerais. Rev.
Bras. Biol. 26: 5-14.

Barretto, M. P., A. Ferraz de Siqueira, F. Ferriolli Filho, and
J. R. Carvalheiro. 1966. Estudos sobre Reservatorios e
Vectores Silvestres do Trypanosoma cruzi. XI. Observa-
coes sobre da tripanossomose americana no Municipio de
Ribeirao Preto, Sao Paulo. Rev. Inst. Med. Trop. Sao Paulo
8: 103-112.

Barretto, M. P., R.D.R. Albuquerque, and G. K. Funayama.
1969. Estudos sobre Reservatorios e Vectores Silvestres
do Trypanosoma cruzi. XXXVI: Investigacoes sobre Tri-
atomineos de Palmeiras no Municipio de Uberaba, Minas
Gerais, Brasil. Rev. Bras. Biol. 29: 577-588.

Birch, L. C. 1948. The Intrinsic rate of natural increase of an
insect population. J. Anim. Ecol. 17: 15-26.

Carcavallo, R. U., M. E. Franca Rodriguez, R. Salvatella, S. L.
Curto de Casas, I. A. Sherlock, C. Galvao, D. S. Rocha, 1.
Galindez Girén, M. A. Otero Arocha, A. Martinez, et al.
1998. Habitats and related fauna. A: General. Chapter 14,
pp. 561-600. In R. U. Carcavallo, I. Galindez Girén, J.
Jurberg, and H. Lent (eds.), Atlas of Chagas’ disease
vectors in the Americas, vol. 2. Editorial Fiocruz, Rio de
Janeiro, Brazil.

Carcavallo, R. U, S. I. Curto de Casas, I. A. Sherlock, 1.
Galindez Girén, J. Jurberg, C. Galvao, and C. A. Mena
Segura. 1999. Geographical distribution and alti-latitu-
dinal dispersion of Triatominae, Chapter 17, pp. 747-792.
In R. U. Carcavallo, I. Galindez Girén, J. Jurberg, and H.
Lent (eds.). Atlas of Chagas’ disease vectors in the Amer-
icas, vol. 3. Editorial Fiocruz, Rio de Janeiro, Brazil.

Caswell, H. 1989. Matrix population models: construction,
analysis, and interpretation. Sinauer, Inc., Sunderland, MA.

Caswell, H. 2009. Stage, age and individual stochasticity in
demography. Oikos 118: 1763-1782.

Chaves, L. F., M. J. Hernandez, T. A. Revilla, D. J. Rodriguez,
and J. E. Rabinovich. 2004. Mortality profiles of Rhod-
nius prolixus (Heteroptera: Reduviidae), vector of Cha-
gas disease. Acta Trop. 92: 119-125.

Chavez, T., J. Moreno, and J. P. Dujardin. 1999. Isoenzyme
electrophoresis of Rhodnius species: a phenetic approach
to relationships within the genus. Ann. Trop. Med. Para-
sitol. 93: 299-307.

Costa, HMLA,, ]J. O. Costa, and M. G. Freitas. 1967. Alguns
aspectos da biologia do Rhodnius neglectus Lent 1954,
(Hemiptera-Triatominae) em condicoes de laboratorio.
1L Influéncia do Acasalamento e da Alimentacio na Ovi-
posicio e Fertilidade dos Ovos. Arq. Esc. Vet. Sao Paulo
19: 107-116.

Curto de Casas, S. I, R. U. Carcavallo, I. Galindez Girén, and
J. J. Burgos. 1999. Bioclimatic factors and zones of life,
Chapter 18, pp. 793-838. In R. U. Carcavallo, I. Galindez
Girén, J. Jurberg, and H. Lent (eds.), Atlas of Chagas’
disease vectors in the Americas, vol. 3. Editorial Fiocruz,
Rio de Janeiro, Brazil.

Danilov, V. N. 1968. The effect of blood meal size taken in
the nymphal stage on moulting into imago in triatomid
bugs, Rhodnius prolixus and Triatoma infestans. Meds-
kaya. Parasitol. 46: 218 -223.

Deevey, E. S. 1947. Life tables for natural populations of
animals. Q. Rev. Biol. 22: 283-314.

Dias, J. C. 1968. Notas sobre a Biologia do Psammolestes
tertius Lent e Jurberg 1965, no Oeste de Minas Gerais.
Rev. Bras. Malariol. D Trop. 20: 171-187.

RABINOVICH AND NIEVES: VITAL STATISTICS OF R. neglectus

785

Dias-Lima, A. G., D. Menezes, I. Sherlock, and F. Noireau.
2003. Wild habitat and related fauna of Panstrongylus
lutzi (Reduviidae, Triatominae). J. Med. Entomol. 40:
989-990.

Diotaiuti, L., and J.C.P. Dias. 1984. Ecorrencia e biologia do
Rhodnius neglectus Lent 1954 em macaubeiras da periferia
de Belo Horizonte, Minas Gerais. Mem. Inst. Oswaldo
Cruz 79: 293-301.

Diotaiuti, L., and J.C.P. Dias. 1987. Estudo comparativo do
ciclo evolutivo de Rhodnius neglectus alimentados em
pombos ou camundongos. Rev. Soc. Bras. Med. Trop. 20:
95-100.

Dublin, L. L, A. J. Lotka, and M. Spiegelman. 1949. Length
of life. Ronald Press, New York.

Ebert, T. A. 1999. Plant and Animal populations methods in
demography. Academic, San Diego, CA.

Emlen, J. M. 1970. Age specificity and ecological theory.
Ecology 51: 588-601.

Feliciangeli, M. D., and J. E. Rabinovich. 1985. Vital statis-
tics of Triatominae (Hemiptera: Reduviidae) under lab-
oratory conditions. IL. Triatoma maculata. J. Med. Ento-
mol. 22: 43-48.

Fisher,R. A. 1930. The genetical theory o fnatural selection.
Claredon Press, Oxford, United Kingdom.

Forattini, O. P., O. A. Ferreira, E. O. da Rocha e Silva, E. X.
Rabello, and J. L. Ferreira dos Santos. 1971. Aspectos
Ecolégicos da Tripanossomose Americana. II. Distri-
bui¢do e dispersdo local de triatomineos em ecétopos
naturais e artificiais. Rev. Satide Publica 5: 163-191.

Forattini, O. P., M. Contrim, E. Bianchi, S. Branco, C. Ferez,
N. H. Sabbag, and S. L. Davidson. 1976. Estudo sobre a
Utilizagio de Rhodnius neglectus para Xenodiagnosticos
Realizados em Marsupiais (Didelphis). Rev. Saude Publ.
Sao Paulo 10: 335-343.

Forattini, O. P, E. O. daRocha, and Silva, O. A. Ferreira, E. X.
Rabello, J. L. Ferreira Santos, and A. Ribeiro de Lima.
1977. Aspectos ecolégicos da Tripanossomiase ameri-
cana. XI. Domiciliacdo de Panstrongylus megistus e po-
tencial enzoético. Rev. Saude Publ. Sao Paulo 11: 527-550.

Forattini, O. P., O. A. Ferreira, E. X. Rabello, J. M. Soares
BaratayJ. L. Ferreira Santos. 1983. Aspectos Ecolégicos
da Triapanossomiase Americana. XVIII Desenvolvimento
e Ciclos Anuais de Colonias de Triatoma infestans, T.
sordida e Rhodnius neglectus em Ecétopos Artificiais, no
Ambiente Peri e Extradomiciliar. Rev. Saude Publ. Sao
Paulo 17: 243-262.

Forattini, O. P., E. X. Rabello, O. A. Ferreira, E. O. da Rocha
e Silva, and J. L. Ferreira Santos. 1984. Aspectos
Ecol6gicos da Tripanossomiase Americana. XXI. Com-
portamiento de Especies Triatomineas Silvestres na Re-
infestacio do Intra e Peridomicilio. Rev. Saude Publ. Sao
Paulo 18: 185-208.

Freitas, M. G., J. O. Costa, and H.M.A. Costa. 1967. Alguns
aspectos da biologia do Rhodnius neglectus Lent 1954,
(Hemiptera-Triatominae) em condicoes de laboratorio.
1. Evolugio. Arq. Esc. Vet. 19: 81-87.

Galindez Girén, L, S. I. Curto de Casas, R. U. Carcavallo, J.
Jurberg, and C. A. Mena Segura. 1996. Geographical dis-
tribution and alti-latitudinal dispersion of the tribe Rho-
dniini (Hemiptera, Reduviidae, Triatominae). Entomol.
Vect. 3: 3-20.

Galvao, C., R. Carcavallo, D. da Rocha, and J. Jurberg. 2003.
A checklist of the current valid species of the subfamily
Triatominae Jeannel 1919 (Hemiptera, Reduviidae) and
their geographical distribution, with nomenclatural and
taxonomic notes. Zootaxa 202: 1-36.

Garcia da Silva, 1., and H. H. da Silva. 1988. Influencia da
temperatura na biologia de Triatomineos. Il. Rhodnius



786

neglectus Lent 1954 (Hemiptera, Reduviidae). Rev. Goi-
ana Med. 34: 29-37.

Goodchild, A.J.P. 1955. Some observations on growth and
egg production of the blood-sucking Reduviids, Rhodnius
prolixus and Triatoma infestans. Proc. R. Entomol. Soc.
Lond. Ser. A Gen. Entomol. 30: 137-144.

Gurgel-Gongalves, R.,and C. A. Cuba Cuba. 2007. Estrutura
de populacdes de Rhodnius neglectus Lent e Psammolestes
tertius Lent & Jurberg (Hemiptera, Reduviidae) em nin-
hos de pdssaros (Furnariidae) presentes na palmeira
Mauritia flexuosa no Distrito Federal, Brasil. Rev. Bras.
Zool. 24: 157-163.

Gurgel-Gongalves, R., and C. A. Cuba Cuba. 2009. Predict-
ing the potential geographical distribution of Rhodnius
neglectus (Hemiptera, Reduviidae) based on ecological
niche modeling. J. Med. Entomol. 46: 952-960.

Lefkovitch, L. P. 1965. The Study of population growth in
organisms grouped by stages. Biometrics 21: 1-18.

Lent, H., and P. Wygodzinsky. 1979. Revision of the Triato-
minae (Hemiptera, Reduviidae), and their significance as
vectors of Chagas’ disease. Bull. Am. Mus. Nat. Hist. 163:
123-520.

Lorosa, E. S., D. M. Bulhdes, V. Cunha, R. E. Andrade, J. F.
Figueredo, and J. Jurberg, 1999. Study on the feeding
behavior of Triatoma sordida (Stal 1859) (Hemiptera-
Reduviidae) captured in Mato Grosso state Brazil using
the precipitin technique and degree of infectivity. Mem.
Inst. Oswaldo Cruz 94 (Suppl. II): 250.

Mello, D. A. 1977. Biology of Triatominae (Reduviidae,
Hemiptera) from north of Formosa County (Goias-Bra-
zil) IL Length of life cycle of Rhodnius neglectus Lent
1954. Rev. Soc. Bras. Med. Trop. 11: 63-66.

Minter, D. M. 1975. Feeding patterns of some Triatomine
vector species, pp. 34-37. New Approaches in American
Trypanosomiasis Research. Proceedings of an Interna-
tional Symposium, Belo Horizonte, Minas Gerais, Brazil,
18-21 March 1975. Pan American Health Organization
Scientific Publications 318.

Mollet, H. F., and G. M. Cailliet. 2002. Comparative popu-
lation demography of elasmobranchs using life history
tables, Leslie matrices and stage-based matrix models.
Mar. Freshw. Res. 53: 503-516.

Monteiro, F. A., D. M. Wesson, E. M. Dotson, C. J. Schofield,
and C. B. Beard. 2000. Phylogeny and molecular taxon-
omy of the Rhodniini derived from mitochondrial and
nuclear DNA sequences. Am. J. Trop. Med. Hyg. 62:
460-465.

Paz Rodriguez, R. 1996. Ciclo de Vida y Datos Biométricos
de Triatoma longipennis (Usinger) (Hemiptera: Reduvi-
idae, Triatominae). Biologist’s thesis dissertation. School
of Sciences, Universidad Nacional Auténoma de Mexico,
Mexico.

Pedreira de Freitas, J. L., A. F. Siqueira, and O. Alves Fer-
reira. 1960. Investigacoes Epidemiolégicas sobre Tri-
atomineos de Habitos domésticos e Silvestres con Auxilio
da Reaciio de Precipitina. Rev. Inst. Med. Trop. Sao Paulo
2: 90-99.

Perlowagora-Szumlewicz, A. 1953. Ciclo evolutivo do Tria-
toma infestans em condicoes de laboratorio. Rev. Bras.
Malariol. D Trop. 5: 35-47.

Perlowagora-Szumlewicz, A. 1969. Estudos sobre labiologia
do Triatoma infestans, o principal vetor da doenca de
Chagas no Brasil. (Impor-tancia de algumas de suas

JOURNAL OF MEDICAL ENTOMOLOGY

Vol. 48, no. 4

caracteristicas biol6gicas no plenejamento de esquemas
de combate a esse vetor). Rev. Bras. Malariol. D Trop. 21:
117-159.

R Development Core Team. 2007. R: a language and envi-
ronment for statistical computing. R Foundation for Sta-
tistical Computing, Vienna, Austria. (http://www.R-
project.org/).

Rabinovich, J. E. 1972. Vital statistics of Triatominae
(Hemiptera: Reduviidae) under laboratory conditions. L.
Triatoma infestans Klug. J. Med. Entomol. 9: 351-370.

Rabinovich, J. E., R. E. Giirtler, J. A. Leal, and D. Feliciangeli
de Pifiero. 1995. Density estimates of the domestic vec-
tor of Chagas’ disease, Rhodnius prolixus Stil (Hemiptera:
Reduviidae), in rural houses in Venezuela. Bull. WHO 73:
347-357.

Rabinovich, J. E., E. L. Nieves, and L. F. Chaves. 2010. Age-
specific mortality analysis of the dry forest kissing bug,
Rhodnius neglectus. Entomol. Exp. Appl. 135: 252-262.

Rocha, D. S., C. Galvao, J. Jurberg, V. Cunha, and R. U.
Carcavallo. 1999. The influence of temperature and hu-
midity on the life cycle of Rhodnius neglectus Lent 1954
in Laboratory (Hemiptera, Reduviidae, Triatominae).
Summary. Mem. Inst. Oswaldo Cruz 94: 242.

Rocha, D., J. Jurberg, R. U. Carcavallo, V. Cunha, and C.
Galvao. 2001. Influéncia da temperatura e umidade na
biologia de Rhodnius neglectus Lent 1954 em laboratério
(Hemiptera, Reduviidae, Triatominae). Rev. Soc. Bras.
Med. Trop. 34: 357-363.

Ronderos, R. A. 1972. Biologia de Triatominos, pp. 321-326.
In Proceedings “Simposio Internacional sobre Enfer-
medad de Chagas,” 26 de Noviembre al 2 de Diciembre
1972, Sociedad Argentina de Parasitologia. Buenos Aires,
Argentina.

Ryckman, R. E. 1951. Recent observations of cannibalism in
Triatoma (Hemiptera: Reduviidae). J. Parasitol. 37: 433-434.

Schofield, C. J., and J. P. Dujardin. 1999. Theories on the evo-
lution of Rhodnius. Actual Biol. (Medellin). 21: 183-197.

Silva de Paula, A., L. Diotaiuti, and C. J. Schofield. 2005.
Testing the sister-group relationship of the Rhodniini and
Triatomini (Insecta: Hemiptera: Reduviidae: Triatomi-
nae). Mol. Phylogenet. Evol. 35: 712-718.

Silveira, A. C., and D. F. de Rezende. 1994. Epidemiology
and control of Chagas’” disease vectorial transmission in
Brazil. Rev. Soc. Bras. Med. Trop. 27 (Supp. III): 11-22.

Silveira, A. C., and M. C. Vinhaes. 1999. Elimination of vec-
tor-borne transmission of Chagas disease. Mem. Inst. Os-
waldo Cruz 94 (Supp. I): 405-411.

StatSoft, Inc. 2009. STATISTICA (data analysis software
system), version 9.0. StatSoft, Inc., Tulsa, OK. (www.
statsoft.com).

Stubben, C., and B. Milligan. 2007. Estimating and analyz-
ing demographic models using the popbio Package. R. J.
Stat. Soft. 22: 1-23.

Taylor, F. 1979. Convergence to the stable age distribution
in populations of insects. Am. Nat. 113: 511-530.

Teixeira, A.R.L., P. Sadi Monteiro, J. M. Rebelo, E. R. Arga-
naraz, D. Vieira, L. Lauria-Pirea, R. Nascimento, C. A.
Vexenat, A. R. Silva, S. K. Ault, et al. 2001. Emerging
Chagas disease: trophic network and cycle of transmis-
sion of Trypanosoma cruzi from Palm trees in the Amazon.
Emerg. Infect. Dis. 7: 100-112.

Received 20 December 2010; accepted 6 May 2011.




July 2011 RABINOVICH AND NIEVES: VITAL STATISTICS OF R. neglectus 787

Appendix. Definition of terms and formulae used in the calculation of vital statistics and population parameters of R. neglectus

Symbol Name and/or definition Calculation
b Instantaneous birth-rate (roB)/(e™™ — 1)
d Instantaneous death-rate B-ry
T, Number of weeks yet to live to females aged x 3L,
< Expectation of life or avg future lifetime T./L,

L, No. of weeks lived by the cohort between ages x and x+1 (Lo + Lyp)/2
I, Probability of an individual being alive at the end of age x N./N,
m Age-specific fecundity (eggs/ ? /wk) Observed value
M, Q age-specific fecundity (2 eggs/ ?/wk) m, p
N, Individuals alive at the end of age x Observed value
P Sex ratio R/ (2+3)
ro Intrinsic rate of natural in-crease Solving for r, from S:lx m'xe™™ = 1
R, Net reproduction rate Selx m'x
T Generation time log.(Ry) /1y
Uy Age-specific reproductive value e

7 Erae "l om,
x Age in weeks Observed value
a Female’s first age of egg laying Observed value
B Finite birth rate 1/3 et
A Finite rate of increase or reproduction rate e
) Female’s last age of egg laying Observed value




