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ABSTRACT Population parameters of Triatoma spinolai Porter were studied using specimens
collected in the north and central region of Chile. Two cohorts of 17 and 44 first instars were
maintained at a constant temperature of 28°C and 70% RH. Two similar cohorts of bugs were exposed
to 16-24°C and 55-75% RH and maintained under a photoperiod of 14:10 (L:D) h for 16 mo. The
preimaginal period ranged between 285 and 372 d under constant conditions. The lower-density
cohort required 9.5 mo to reach the adult stage compared with 12.4 mo for the high-density cohort.
Bugs placed under variable temperature and relative humidity conditions did not survive long.
Cohorts with higher densities had similar mortality rates with greater mortality occuring in cohorts
that had lower numbers of bugs. Cohorts under constant temperature and relative humidity repro-
duced and basic reproduction rates (R,, intrinsic growth rate [r], and generation time [G|) were
estimated. Cohorts with higher numbers of bugs had higher R, and r, whereas values of G were similar
for both groups. Apparently, 25°C was a critical temperature threshold for T. spinolai and there

appeared to be a minimal population density that allowed reproduction.
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THERE ARE TWO vectors of Chagas disease in Chile:
Triatoma infestans Klug and T. spinolai Porter. T. in-
festans is considered to be a domiciliary vector and is
the most important species. The sylvatic vector T.
spinolai has historically been considered as a low-risk
species relative to human health. However, an average
of 7-11% of wild individuals hasbeen determined to be
infected with Trypanosoma cruzi in 1980. Ordenes et
al. (1996) reported that 26% of the bugs were infected.
Furthermore, T. spinolai has been detected in periur-
ban areas (Schenone et al. 1980) and occasionally in
human dwellings (Apt and Reyes 1986). Human pop-
ulations in rural areas increase the probability of in-
teraction between domiciliary and sylvatic bug-Cha-
gas disease. Our objectives were to clarify the
importance and vector potential for humans and to
identify vulnerable points in the biology of the bugs
that could be used in a pest management program.
Previous studies on temperature preference and
activity cycle of T. spinolai (Canals et al. 1997) and on
survival (Canals et al. 1994) suggested that this species
has the capacity to colonize domiciliary environments
in Chile. However, we do not know of any cohort
studies that yield useful population parameters. The
goals of the current work were to study the cohort
dynamics of T. spinolai under different experimental
conditions and to characterize the effect of temper-

The experimental procedures using chickens were in agreement
with the International Guiding Prineiples for Biomedical Research
involving Animals (NIH) and comply with the “Principles of Animal
Care” publication No. 86-23 (1995) of the National Institutes of
Health.

ature and relative humidity on life cycle stages, re-
production, and survival,

Materials and Methods

Four cohorts of T. spinolai were used: 2 cohorts of
44 first instars were designated Al and Bl, and 2
cohorts of 17 first instars were called A2 and B2. The
bugs were obtained from the insectary in the ecology
laboratory at the Veterinary College, University of
Chile. Each cohort was placed in a 1-liter glass jar, with
absorbent paper used as a refuge. The top of the jar
was covered with a fine mesh net. The cohorts were
exposed to selected environmental conditions as fol-
lows: the Al and A2 cohorts were mantained at 28°C
and 70% RH throughout the experiment. The jar was
place in a computer-controlled climatic chamber. The
Bl and B2 cohorts were mantained on shelves and
exposed to ambient conditions that were comparable
to those of human dwellings in Santiago, Chile (16-
24°C and 55-75% RH). A photoperiod of 14:10 (L:D)
h was maintained for all cohorts. The bugs were fed
weekly on adult chickens.

The cohorts were observed for a period of 16 mo
during which time egg counts, dead bugs, and survi-
vors of each instar were recorded twice each month.
At each observation, all the bugs, cast skins, and eggs
were removed,

Preimaginal periods and duration of each instar
were determined. By using Probito’s method (Canals
etal. 1994), we determined the mean time required for
50% (MTs,) of the bugs to reach each instar. The
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Table 1. Mean time (MT;,) in which T. spinolai reached each instar
Al A2 Bl B2

Instar

MTs5, sD MTy, sD MT5, SD MT5, sD
2 1.7 0.54 1.6 0.4 19 0.25 1.0 0.25
3 3.1 0.99 2.9 0.6 22 0.39 25 0.78
4 4.8 1.29 3.9 0.6 3.5 0.41 10.5 423
5 88 315 82 24 8.8 2.50 — —
Adult 12.4 1.31 9.5 0.4 -~ — — —

Mean time and standard deviation were obtained with Probito’s method (Pike and Thompson 1986).

MT,,s were compared using Friedman test wherein
cohorts Al, A2, Bl, and B2 were considered as treat-
ments and 2nd, 3rd, and 4th instars were considered as
blocks.

Life tables were constructed that included survival
(1,), fecundity (m,), mortality (g,), life span (e,), and
reproductive values (v,). Also, we estimated basic
reproductive rates (R, = Zl,m,), generation time (G
= 3Zxlom, /Elm.), and intrinsic growth rate (r =
LnR,/G). By using mortality (g, ), fecundity (m,) and
previous reported data of viability of eggs, we con-
structed a Leslie matrix and estimated the stable age
vector as described by Pielou (1969).

To estimate mortality rates (p), exponential models
were fit to survival curves by means of regression
analysis. Survival curves were compared with 2 meth-
ods: the Logrank Peto and Peto’s method that uses
modified chi-square tests to interpret survival data
(Pike and Thompson 1986), and the homogeneity of
slopes (mortality rates) with analysis of covariance
(ANCOVA) analysis, considering cohorts Al, A2, Bl,
and B2 as treatments; survival as response variable; and
time as a covariate. Multiple comparisons with Tukey
test were performed (Zar 1996).

Results

Life Cycle. The preimaginal period of T. spinolai
ranged between 285 and 372 d under constant tem-
perature and relative humidity. The individuals re-
mained as 1st instars for 28-59 d, 2nd instars for
40-67 d, 3rd instars for 32-49 d, 4th instars for 120-159
d, and 5th instars for 36-108 d. The lower-density
cohort (A2) maintained under constant temperature
and relative humidity took 9.5 mo to reach the adult
stage, whereas cohort Al took 12.4 mo. Cohorts main-
tained under variable temperature and relative hu-
midity conditions were unable to reach the adult stage.
The Bl cohort took 8.8 mo to reach the 5th instar and
remained at that stage until the end of the 16-mo study.
The B2 cohort reach the 4th instar in 10.5 mo.

Development. The MTj, necessary to reach each
instar is shown in Table 1. No differences were found
in MT;, when considering A1, A2, B1, and B2 as treat-
ments and instars 2, 3, and 4 as blocks (Friedman test:
1.8, P = 0.64). Under the variable temperature and
relative humidity the developmental process was in-
terrupted at the 5th and 4th instar in cohorts Bl and
B2, respectively.

Survival. Differences in survival curves were found
(Logrank: 789, P < 0.01). All curves were fitted to

exponential decay (Fig. 1). Mortality rates were dif-
ferent (F = 17.04, df= 3, 35; P < 0.01) and the mean
number that died ranged between 0.0038 and 0.0049
individuals per day. From the Tukey multiple com-
parisons we found that mortality rates of cohorts with
the same density were similar (Table 2). In contrast,
cohorts with lower densities had higher mortality
rates.

Life Tables. The life tables of cohorts under con-
stant conditions (Al and A2) provided more infor-
mation compared with fluctuating-temperature co-
horts because these individuals were able to
reproduce. We estimated R,, r, and G. Furthermore,
V, was estimated for the Al cohort. In the Al cohort,
reproduction started at month 11, which is 4 mo earlier
than was observed for the A2 cohort. In Al cohort, R,
and r were higher (R, = 2295, r = 0.24) than A2
cohort (R, = 3.29, r = 0.08). However the generation
times were similar in both A1 and A2 cohorts (13.2 and
15.8 mo, respectively). Individuals from cohorts that
had lower densities also had shorter life spans after
birth (e,), which was consistent with our mortality
data (Tables 3 and 4).

The stable vector factor showed that a greater pro-
portion of the individual bugs was in a lower age class.
Considering 27.7% of eggs as being fertile (Canals et
al. 1994) at 24 = 2.7°C and 73 + 7% RH and 1 mo as
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Fig. 1. Survival curves for cohorts of T. spinolai exposed

to different environmental conditions and densities.
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Table 2. Mortality rates of different cohorts of T. spinolai
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Table 4. Life table of cohorts of T. spinolai under variable

Source of variation F P
Covariate (time) 86.64 <0.001
Main effect (cohorts) 17.32 =0.001
Cohort m r Tukey
Al 0.0041 94.1 a(*)
A2 0.0049 64.7 b
BI 0.0038 89.0 a
B2 0.0049 66.4 b

Analysis of covariance of survival considering the coherts as treal-
ments and lime as a covariate. The slope of survival exponential decay
represents the mortality rate () of each cohorl. The Tukey multiple
comparisons of mortality rates.

the eclosion time, we found that a stable vector was
reached. The observed proportions of 43.3% of eggs
and 56.7% of bugs were stable (Table 5).

Discussion

When considering 1 mo as the time of bug eclosion,
the life cycle of T. spinolai ranged between 315 and
402 d, similar to the 299-492 d reported by Lent and
Jurberg (1967). The life cycle of this species was
longer than that of other triatomines maintained un-
der similar temperature and relative humidity condi-
tions. Under constant temperatures of 25°C, the long-
est life cycles recorded for Triatoma infestans Klug,
Triatoma rubrovaria Blanchard, and Triatoma sordida
Stal were 167, 197, and 264 d, respectively. Variable
temperature and relative humidity affected develop-
ment. In contrast, bugs maintained under constant
conditions and higher temperature reached the adult
stage and several bugs reproduced. When nymphs
were held under variable conditions and lower tem-
perature, development stopped at the 4th or 5thinstar.
Individuals in the Bl cohort stopped development at
the 5th instar. Bugs in the B2 cohort showed delayed
MT,,s and further development was detained at the

tal conditions (16-24°C; 55-75% RH)

Envir

Month Bl (44) B2 (17)

I! dl’ e:: Il' d}' gl
0 1.00 0.02 86 1.00 0.53 44

1 0.98 027 7.8 047 0.24 7.
2 0.70 0.02 95 024 0.00 12,0
3 0.68 0.05 87 0.24 0.00 11.0
4 0.64 0.18 82 0.24 0.00 10.0
5 0.45 0.05 102 0.24 0.06 9.1
6 0.41 0.00 101 0.18 0.00 11.0
7 041 0.00 9.1 0.18 0.00 9.8
8 0.41 0.00 82 0.18 0.00 88
9 0.41 0.00 72 018 0.00 7.8
10 0.41 0.00 62 0.18 0.00 6.9
1 041 0.00 52 0.18 0.00 5.9
12 041 0.00 42 0.18 0.00 49
13 0.41 011 32 0.18 0.00 39
14 0.30 0.00 30 0.18 0.00 29
15 0.30 0.00 2.0 0.18 0.00 2.0

16 0.30 — — 0.18 — —

4th nymphal instar. These responses to variable and
restrictive environmental conditions were similar to
those of T. infestans. Canals et al. (1992) found that
under temperatures from 15 to 32°C and 40 to 90% RH,
T. infestans delayed its development because of a
longer preimaginal period (14.3 mo), increasing its
generation time to 14,7 mo and reducing its fecundity
and R, to 1.9 and 1.36 eggs per female, respectively.
The climatic effects were evident when these values
were compared with a preimaginal period of 6.1 mo;
generation time of 7.1 mo; fecundity of 5.4 eggs per
female-week; and R, of 25.04 at 26°C and 70% RH
reported by Rabinovich (1972).

Previous work showed that at 24 + 2.7°C and 73 =
7% RH, T. infestans and T. spinolai delayed develop-
ment. Under these conditions, the preimaginal period
of T. spinolai lasted =541 d. Nevertheless, reproduc-
tion by newly developed adults was observed by Ca-
nals et al.(1994). In the current study, the lower tem-

Table 3. Life table of cohorts of T. spinolai under t envir tal conditions (28°C, 70% RH)
Month Al (44) A2 (17)
L d, e, m, Oy L d, e, m,
0 1.00 0.02 9.4 0 23.0 1.00 0.24 55 0
1 0.98 0.05 86 0 234 0.76 0.29 5.9 0
2 0.93 0.07 8.0 0 247 0.47 024 8.0 0
3 0.86 0.11 75 0 26.7 0.24 0.00 137 0
4 075 007 75 0 30.6 0.24 0.00 128 0
5 0.68 0.11 71 0 338 0.24 0.00 128 0
6 057 0.16 73 0 403 0.24 0.00 108 0
7 0.41 0,02 88 0 56.0 0.24 0.00 9.8 0
8 0.39 0.00 8.2 0 58.9 0.24 0.00 8.8 0
9 0.39 0.00 7.2 0 58.9 0.24 0.00 78 0
10 0.39 0.00 62 0 589 0.24 0.00 6.9 0
11 0.39 0.02 5.3 9 589 024 0.00 5.9 0
12 0.36 0.00 46 20 51.3 0.24 0.00 49 0
13 0.36 0.05 36 7 339 0.24 0.00 39 0
14 0.32 0.00 29 8 302 0.24 0.00 2.9 0
15 032 0.02 19 14 222 0.24 0.00 2.0 3
16 0.30 — — 9 89 0.24 — - 11
R, 22,05 3.29
G (month) 13.20 15.80
r 0.24 0.08
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Table 5. Stable age vector of T. spinolai under constant
2 tal 1its.
Stage Month % %" % Instar
Egg 0 433 —_
1 10.8 19.1
2 9.3 16.5
3 78 138 49.4 =2
4 6.4 11.3
5 5.0 8.8 20.1 3
[ 4.0 7.0
7 3.0 5.3
8 19 34
9 1.6 28 185 4
10 14 25
11 12 21
Nymph 12 1.1 1.9 6.5 5
13 0.9 16
14 0.8 14
15 0.6 1.1
16 0.5 0.9
17 0.4 0.7
Adult 18 0.4 0.6 57

¢ Nymphs + adults.
b Accumulated percentage.

perature rather than the relative humidity appeared to
be the parameter responsible for delayed develop-
ment in variable environments (cohorts Bl and B2)
because relative humidity was similar to that of the
cohorts maintained under a constant environment
(Al and A2). In contrast, temperatures that ranged
from 16 to 24°C were lower than the constant envi-
ronment temperature of 28°C and of those reported in
previous studies (24 = 2.7°C) (Canals et al. 1994). T.
infestans and related species showed a decrease in
developmental rate at lower temperatures and stop
growth at 16°C (Schofield 1994). Jorg (1989) showed
that hematophagous activity decreased at tempera-
tures between 10 and 20°C, which limits development.

Under variable temperatures, T. spinolai showed a
capacity to delay its development for a long time
without causing morphological changes. This diapause
phenomenon could be useful during period of unfa-
vorable climatic conditions (Jorg 1962). Working with
T, infestans maintained at 32°C and 52-78% RH, Jorg
(1962) found that after 400 d, 10% of individuals had
remained in the nymphal stage. Canals et al. (1992)
showed that 15% of T. infestans remained as 1st instars
after 6 mo when held under variable temperatures of
15-32°C and 40-90% RH. Diapause could be repre-
sentative of an adaptative response that permitted
survival until more optimum environmental condi-
tions occurred.

In our study, reproduction occurred only in cohorts
maintained under constant temperature and relative
humidity. However, it is possible that the other co-
horts could have completed development and repro-
duced if held for a longer time.

The mortality rates observed in our study for T.
spinolai were comparable to the 0.0055 (24°C and 73%
RH) reported by Canals et al. (1993) for T. spinolai,
0.0083 (25°C and 75% RH) reported by Rabinovich
(1972), and 0.0070 (15-32°C and 40-90% RH) shown
by Canals et al.(1992) for T. infestans.

EHRENFELD ET AL.: POPULATION PARAMETERS OF T. spinolai

743

In our study, the initial density of cohorts affected
bug survival. Higher mortality rates at lower densities
were observed. This insect density-dependent effect
was not expected. Density probably affects develop-
mental time and reproduction more than it affects
mortality (Gorla and Schofield 1989). In our study no
effects of density on the developmental process were
found, probably due to having population sizes under
the threshold necessary to provoke density-depen-
dent effects.

A possible explanation for density-dependent mor-
tality is that a positive social effect occurs in the access
to the alimentary source. This could be mediated by
the movement of individuals toward the alimentary
source, determining that at higher numbers of indi-
viduals there was a higher probability of obtaining a
food source. Consequently, obtaining a good nutri-
tional basis would lower the mortality level. However,
it must be considered that the effect would probably
be limited by interference among individuals. Further
study is necessary to test such a hypothesis.

R, of 22.95 obtained for the Al cohort represented
an increasing population with high reproductive ca-
pacity. Each female would produce a mean of 22.95
females in her lifetime. This value is similar to that
reported for T. infestans (R, = 25) under 26°C and 70%
RH (Rabinovich 1972). The R, of 3.29 for A2 cohort
also represents a growing population. This value is
higher than the R, of one proposed for the majority of
the domiciliary populations of T. infestans by Rabi-
novich (1972).

In the A2 cohort, although adults were obtained 3
mo before they were found in the Al cohort, the
reproductive process started 4 mo later than that ofthe
Al cohort, The A2 cohort, with its lower density of
bugs, took longer to reach the minimum number of
adults necessary for reproduction. Social factors may
be involved in the reproductive event and they prob-
ably would be triggered under a certain density
threshold.

The stable age vector that was obtained showed that
778% of the population was =4 mo old (including
eggs). This was similar to 79% age factor reported for
T. infestans (Canals et al. 1992).

Environmental conditions of 28°C and 70% RH for
Al and A2 cohorts were almost equal to the 25°C and
70% RH that is considered optimum for populations of
T. infestans that have been manitained for >30yrin the
University of Chile (Canals et al. 1992). However, the
same acclimatization of the T. spinolai populations that
have been exposed for 3 yr to these conditions was not
expected. The food provided to support these bugs in
our laboratory (chicken blood) could have been a
limiting factor if it was of poor quality or lacked nu-
tritive compounds that are essential for triatomine
development. Reports of T. spinolai diet are scarce, but
what is known reveals that the bugs are euryphagous
and feed preferently on mammals (Knierim et al. 1976,
Durén et al. 1989). Lent and Wygodzinsky (1979) did
not mantain T. spinolai colonies for >2 generations
when the colony was fed on pigeon blood. The effect
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of the species used to provide blood meals for labo-
ratory colonies must be tested in more detail.
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