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Life cycle, feeding and defecation patterns of Rhodnius ecuadoriensis 
(Lent & León 1958) (Hemiptera: Reduviidae: Triatominae)  

under laboratory conditions
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Rhodnius ecuadoriensis is the second most important vector of Chagas Disease (CD) in Ecuador. The objective 
of this study was to describe (and compare) the life cycle, the feeding and defecation patterns under laboratory con-
ditions of two populations of this specie [from the provinces of Manabí (Coastal region) and Loja (Andean region)]. 
Egg-to-adult (n = 57) development took an average of 189.9 ± 20 (Manabí) and 181.3 ± 6.4 days (Loja). Mortality 
rates were high among Lojan nymphs. Pre-feeding time (from contact with host to feeding initiation) ranged from 4 
min 42 s [nymph I (NI)] to 8 min 30 s (male); feeding time ranged from 14 min 45 s (NI)-28 min 25 s (male) (Manabí) 
and from 15 min 25 s (NI)-28 min 57 s (nymph V) (Loja). The amount of blood ingested increased significantly with 
instar and was larger for Manabí specimens (p < 0.001). Defecation while feeding was observed in Manabí speci-
mens from stage nymph III and in Lojan bugs from stage nymph IV. There was a gradual, age-related increase in the 
frequency of this behaviour in both populations. Our results suggest that R. ecuadoriensis has the bionomic traits 
of an efficient vector of Trypanosoma cruzi. Together with previous data on the capacity of this species to infest 
rural households, these results indicate that control of synanthropic R. ecuadoriensis populations in the coastal and 
Andean regions may have a significant impact for CD control in Ecuador and Northern Peru. 
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Chagas Disease (CD) is one of the most serious health 
problems in Latin America (Schofield et al. 2006) where 
it affects an estimated eight million people with 108 mil-
lion at risk of contracting its causative agent, Trypano-
soma cruzi (Chagas 1909) (PAHO 2006). In Ecuador, an 
estimated 230,000 people are infected and 6.2 million 
are at risk of infection (PAHO 2006). Members of the 
subfamily Triatomine (Hemiptera: Reduviidae) serve 
as vectors and are responsible for 80-90% of new hu-
man infections in endemic areas (WHO 2002). Female 
Triatomines deposit eggs which after eclosion develop 
through five nymphal stages (NI-NV) and then later 
proceed to adults. Recent research has documented high 
domiciliary and peridomiciliary infestation with tri-
atomines (Grijalva et al. 2005) and high anti-T. cruzi se-
roprevalence among the population (Grijalva et al. 2003, 
Black et al. 2007) prompting the initiation of a National 
Chagas Control Program in Ecuador, within the context 
of the Initiative of the Andean Countries for Chagas dis-
ease control (Schofield et al. 2006).
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Rhodnius ecuadoriensis is considered the second most 
important vector of CD in Ecuador (Aguilar et al. 1999, 
Abad-Franch et al. 2001b, 2002, Grijalva et al. 2005). 
Populations of R. ecuadoriensis are widely distributed in 
the Ecuadorian Central and Southern coastal regions and 
the Southern Andean region of Ecuador and Northern 
Peru (Abad-Franch et al. 2002). In the coastal region, it 
is usually found in association with Phytelephas aequa-
torialis (Spruce 1869), an endemic palm species. These 
palms are very abundant in Manabí and Santo Domin-
go de los Tsachilas province, where the leaves are used 
widely for the construction of thatch roofs and the nuts for 
handcrafts and button manufacturing (Henderson et al. 
1995, Southgate 1997, Abad-Franch et al. 2005b). In this 
region there are frequent invasions and colonizations by 
R. ecuadoriensis in the peridomicile and domicile areas. 
R. ecuadoriensis is also frequently found in domiciliary 
and peridomiciliary habitats in El Oro, province where 
palm trees are less abundant, and also in Loja Province 
and Northern Peru, where palm trees are absent (Abad-
Franch et al. 2001a, b, Cuba Cuba et al. 2002). There 
are morphological differences among R. ecuadoriensis 
populations from different regions, especially regarding 
color and size (AG Villacis et al. unpublished observa-
tions), however molecular studies indicate that they are 
all one species (Abad-Franch & Monteiro 2005a).

Despite its abundance, there have been few studies 
of R. ecuadoriensis and its epidemiologic significance 
in Ecuador and Peru. The first description of this spe-
cies was made by Lent and León, in 1958 (Cuba Cuba 
et al. 2002). This was followed by a series of studies on 
its geographical distribution and synanthropic behaviour 
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(Carcavallo et al. 1999, Abad-Franch et al. 2001b, Cuba 
Cuba et al. 2003, Grijalva et al. 2005, Chavez 2006). The 
objective of this study was to describe the life cycle, 
feeding and defecation pattern of R. ecuadoriensis in the 
laboratory and to examine possible differences between 
populations from Manabí and Loja provinces, as this in-
formation is needed to determine the organism’s vecto-
rial capacity (Perlowagora-Szumlewicz 1969, Soares et 
al. 2000) and priorize control activities.

MATeRiALs And MeTHods

Study area - Specimens were collected from two 
rural localities in Manabí (San Gabriel) [S01.0127°, 
W80.3792°, 56 m above sea level (masl)] and Quebrada 
de Maconta (S01.0448°, W80.3587°,87 masl) and two 
localities in Loja [Algarrobillo (S4.160°, W80.080°, 730 
to 850 masl)] and Naranjo Dulce (S4.0788°, W79.7009°, 
1.121-1.683 masl), which are located in two different  
regions in Ecuador. In fact, Manabí Province lies in the 
coastal plains of Western Ecuador and has an average 
annual rainfall of 563 mm/year, whereas Loja Province 
comprises an area of inter-Andean temperate valleys and 
has an average rainfall of 400 mm/year (INAMHI 2008).

Triatomine collection, maintenance and size mea-
surement - Triatomines were collected in domiciliary and 
peridomiciliary habitats for 1 man/h as previously de-
scribed (Grijalva et al. 2005). Microhabitat temperature 
and relative humidity (RH) were measured (EXTECH 
Model 45320, Washington, USA). Collected insects were 
maintained under appropriate conditions (Liebert 2003, 
Richmond 2003) in the insectary at the Center for In-
fectious Disease Research, Catholic University in Quito. 
This facility is equipped with a “dual chamber incuba-
tor” where the original microhabitat temperature and 
humidity conditions of each province were replicated 
(Manabí, 27 ± 5ºC, 75 ± 5% RH; Loja, 24 ± 6ºC, 70 ± 
5% RH, 12 h photoperiod in both chambers). Measure-
ments of body size of adult individuals were made with 
a digital caliper (Didimatic Caliper, Model CD-6”C, Mi-
tutoyo, Kanagawa, Japan).

Life cycle - Eggs laid in the laboratory were grouped 
by the oviposition date to initiate a cohort of 57 indi-
viduals per province. After eclosion, the insects from NI 
were separated individually into ventilated screw cap vi-
als containing folded filter paper for support as well as a 
dead adult as source for endosymbionts  (Huerta-Nuñez 
et al. 2006). Nymphs were offered the blood of anesthe-
tized laboratory mice (Swiss) as a meal every day after 
eclosion and weekly after their first meal. Vials were 
checked daily for the presence of exuviae which are in-
dicative of a molt. The number of days to complete each 
instar was recorded.

Feeding and defecation patterns - For each prov-
ince, 240 individuals of R. ecuadorensis in different 
stages were observed. Respectively, 20 female and 20 
male adults were analyzed as well as 40 R. ecuadoren-
sis nymphs in each of the five stages. The triatomines 
were fed on restrained and anesthetized Swiss mice. 
Blood was offered daily to NI until they took their first 
meal; afterwards, blood was offered on a weekly basis 

for a period of 15 min. We measured: (a) pre-feeding 
time (from contact with the host to insertion of the bug 
mouthparts into the host skin); (b) feeding interval (from 
feeding initiation to withdrawal of mouthparts from the 
host); and (c) defecation interval (from feeding initiation 
to first defecation. The triatomines were weighted (mg) 
individually with an analytical balance (Mettler Toledo 
AB54-S, Switzerland) before and after each meal. 

Statistical analyses - Descriptive statistics were cal-
culated for all variables. Percent mortality was calcu-
lated based on insect deaths per stage/initial number of 
individuals in the cohort. Binomial tests were used to 
compare the defecation interval between the individuals 
from the two provinces. Spearman correlation coeffi-
cient was used to determine the relationship between the 
size of the body and blood meal in each of the adult and 
nymph stages so that the relationship between the length 
of the body in comparison with the duration of the life 
cycle in each province can be analyzed. The Mann Whit-
ney U test was used to compare the size of the blood 
meal (mg) in each stage and between both provinces. Fi-
nally, the independent t test was used to analyze relation-
ships in the total body length between females and males 
of both provinces.

ResuLTs

Total body length - Measurements of body length 
in adult individuals from Loja and Manabí showed sta-
tistically significant differences (Manabí: male 13.82  
± 0.36 mm, female 16.59 ± 0.32 mm; Loja: male 12.53  
± 0.33 mm, females 14.72 ± 0.39 mm, p < 0.05).

Life cycle - Twenty six of 57 individuals from the 
Manabí cohort completed their development, in contrast 
to only three of the 57 individuals from the Loja cohort. 
The reasons for the high mortality in the later group are 
unknown. The average time it took an egg to develop 
into an adult in Manabí and Loja were 189.9 ± 20 and 
181.3 ± 6.4 days, respectively (Table I). There was no 
statistical difference in times of development within 
each stage between Manabí and Loja cohorts (p > 0.05). 
There was no correlation in either province between the 
total body length of the individuals and with their time 
of development (p > 0.05). 

 

Feeding required for molting - In individuals from 
both provinces, at least one blood meal was needed for 
each stage to molt to the next. However, some individu-
als from Manabí (NI = 12.3%; NII = 4.2%) and from 
Loja (NI = 19.3%; NII = 3.6%; NIII = 28.6%; NV = 10%) 
required more than one blood meal to molt. In all indi-
viduals that required more than one blood meal, the ini-
tial blood meal was markedly smaller than the average 
for that stage (data not shown). These individuals (that 
had smaller blood meals) did not defecate within one and 
a half hours after initiation of the feeding. 

Feeding habits - Fourty individuals of each NI and 
20 for adult males and females were studied. The time 
it took for the insects to insert their mouth parts and 
start feeding ranged from 4 min 42 s (NI)-8 min 30 s 
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(adult male) (Table II and III). This behavior was similar 
in individuals from both provinces. The feeding inter-
val ranged from 14 min 45 s (NI)-28 min 25 s (male) in 
Manabí and from 15 min 25 s (NI)-28 min 57 s (NV) 
in Loja. The size of the blood meal varied considerably 
from stage to stage, being the highest in NV (Table II 
and III). There was a significant difference in blood meal 

size between each NI and between both provinces (p < 
0.01), being higher in Manabí, which correlated with the 
larger body size at each stage (p < 0.05) presented by in-
dividuals from this province. The exception to this were 
3rd instar and adult female individuals from Loja and 
Manabí which took blood meals of similar size (p = 0. 419  
and p = 0.213, respectively).

TABLE I
Duration of life cycle and mortality rates of Rhodnius ecuadoriensis from Manabí and Loja provinces 

maintained under laboratory conditions

                                                                  Manabí                                                                                   Loja

Developmental                  Range (days)                    Mortality                  Range (days)                 Mortality 
stages N Min Max Mean  ±  SD Median % N Min Max Mean  ±  SD Median  %

Egg - NI 57 12 19 15.1  ±  1.3 15 - 57 10 22 13.1  ±  1.7 13 -
NI - NII 48 24 55 28.3  ±  6.7 26 15.8 28 10 61 26.4  ±  13.1 20 50.9
NII - NIII 34 25 71 34.9  ±  11.3 31 24.6 14 20 55 33.6  ±  10.6 33 24.6
NIII - NIV 28 23 73 41.6  ±  14.5   39.5 10.5 10 21 54 34.0  ±  11.9 31 7.0
NIV - NV 26 19 59 36.4  ±  11.4  34.5 3.5 6 17 48 36.3  ±  10.7 38 7.0
NV- Adult 26 33 48 37.2  ±  4.9 36 0 3 24 51 37.7  ±  13.5 38 5.3

Total 26 156 225 189.9  ±  20 195 54.4 3 181 193 181.3  ±  6.4 191 98.7

N: number of individuals; mortality expressed as number of individuals dead divided by initial number of individuals in the cohort.

TABLE II
Feeding patterns of Rhodnius ecuadoriensis specimens from Manabí under laboratory conditions

        

         Time to insert
  Weight before  Weight after  Times its weight the rostrumt
Stages N feedinga (mg)  Feeding time (min) feedingb (mg) Size of ingestc (mg) incrementd (min)       
NI 40 0.2 ± 0.08 14’45” ± 3’33”  3.1 ± 0.78 2.8 ± 0.70 16.04 ± 8.30 4’42” ± 2’55”
NII 40 1.79 ± 0.34 19’50” ± 5’30” 12.49 ± 1.15 10.69 ± 0.81 7.23 ± 1.66 6’25” ± 3’59”
NIII 40 3.85 ± 0.82 22’48” ± 4’12” 26.25 ± 6.34 22.40 ± 5.81 6.91 ± 1.28 7’05” ± 2’87”
NIV 40 9.97 ± 1.57 23’51” ± 3’15” 78.86 ± 16.29 68.89 ± 16.12 8.06 ± 1.89 7’17” ± 2’81”
NV 40 24.31 ± 3.21 24’19” ± 1’57” 154.19 ± 46.30 129.88 ± 46.32 6.43 ± 2.04 7’35” ± 2’97”
Adult ♀ 20 58.64 ± 5.44 24’02” ± 5’26” 124.01 ± 21.63 65.37 ± 19.35 2.11 ± 0.32 6’37” ± 3’22”
Adult ♂ 20 41.63 ± 4.89 28’25” ± 6’17” 85.30 ± 11.99 43.68 ± 14.50 2.09 ± 0.44 8’30” ± 2’38”

a: average of the weight of each stage before the blood meal; b: average of the weight of each stage after the blood meal; c: size of 
the blood meal; d: how much the weight increased comparing with the initial weight.

TABLE III
Feeding patterns of Rhodnius ecuadoriensis specimens from Loja under laboratory conditions

       Time to insert
  Weight before  Weight after  Times its weight the rostrumt
Stages N feedinga (mg)  Feeding time (min) feedingb (mg) Size of ingestc (mg) incrementd (min)

NI 40  0.11 ± 0.08 15’25” ± 4’28”  2.32 ± 0.40 2.22 ± 0.40 22.64 ± 4.63 4’52” ± 2’05”
NII 40 1.25 ± 0.26 21’50” ± 4’39” 7.81 ± 1.49 6.50 ± 1.48 6.50 ± 1.83 7’42” ± 3’05”
NIII 40 3.92 ± 0.88 25’30” ± 4’31” 25.04 ± 6.20 21.12 ± 6.29 6.75 ± 2.27 9’16” ± 2’48”
NIV 40 9.47 ± 1.43 26’41” ± 4’11” 66.36 ± 17.60 56.90 ± 17.53 7.15 ± 2.11 8’07” ± 2’13”
NV 40 22.92 ± 2.64 28’57” ± 4’41” 143.19 ± 38.42 120.59 ± 30.29 6.33 ± 1.84 7’28” ± 2’49”
Adult ♀ 20 32.57 ± 6.92 25’12” ± 4’56” 88.15 ± 15.42 55.73 ± 16.38 2.84 ± 0.81 7’46” ± 3’18”
Adult ♂ 20 21.58 ± 4.34 26’23” ± 5’27” 54.49 ± 6.89 32.92 ± 7.42 2.60 ± 0.51 8’00” ± 3’43”

a: average of the weight of each stage before the blood meal; b: average of the weight of each stage after the blood meal; c: size 
of the blood; d: how much the weight increased comparing with the initial weight. 
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Defecation patterns - All NI from both provinces 
failed to defecate during feeding or 15 min after the 
meal. The average defecation time from the initiation of 
feeding ranged from 22 min 10 s in female adults to over 
1 h in NI (Table IV). Nevertheless, in Manabí and Loja, 
the proportion of nymphs that defecated within 15 min 
from the initiation of feeding increased with develop-
mental stage (Table IV). Importantly, defecation while 
feeding was observed in Manabí specimens starting in 
NIII and in Loja in NIV, and increased with develop-
mental stage to reach 75% in adults from Manabí and 
55% of adults from Loja. There were no significant dif-
ferences in the time taken to feed or to defecate between 
individuals from both provinces (p > 0.05). 

discussion

The understanding of the life cycle, feeding and def-
ecation patterns of R. ecuadoriensis is critical to assess 
its vectorial capacity and to refine interventions aimed 
to eliminate domiciliary populations and control peri-
domiciliary populations in Ecuador. 

Total body length - Individuals from Manabí were 
found to be longer than those from Loja. Although the 
two populations are from two geographically and climat-
ically different regions of Ecuador, the size difference 
could be a consequence of the adaptation to life in the 
domiciliary/peridomiciliary (Loja) versus sylvatic and 
domiciliary/peridomiciliary (Manabí) habitats. Studies 
are underway using morphometric and molecular tech-
niques to clarify this issue. 

Life cycle - Since development and survival depends 
on meal availability, blood source and environmen-
tal conditions, the situation might be different in the 
wild (Zarate 1983, Schofield 1985, Cabello et al. 1987, 
Guarneri et al. 2000a, b, Martinez-Ibarra et al. 2003, 
Arévalo et al. 2007). In our study the use of laboratory 
mice facilitated the standardization of the conditions, but 
in the field R. ecuadoriensis is frequently found in high 
densities infesting chicken nests in the peridomicile in 
Loja and Manabí (Grijalva et al. 2005) and in lower den-

sities in palm trees in Manabí where they feed mainly in 
rodent and bird nests (MJ Grijalva et al. unpublished ob-
servations). Previous studies about other Rhodnius spe-
cies, such as Rhodnius colombiensis, and Rhodnius pro-
lixus (Arévalo et al. 2007), have found shorter duration 
of the life cycle than shown in our data. These studies 
also found the highest mortality in the progression from 
the NI-NII instar (Guarneri et al. 2000a, b, Martinez-
Ibarra et al. 2003). Although this mortality is consistent 
with our Manabí data, we found significant mortality 
in the all developmental stages of the Loja cohort. The 
fact that in this cohort more individuals had incomplete 
meals and required a second blood meal to progress to 
the next stage could be an indication of problems in the 
adaptation of this cohort to the feeding conditions in the 
laboratory, such as humidity and temperature, which 
could have caused the increased mortality. Da Silva and 
Da Silva (1989) demonstrated wide fluctuations on the 
duration of life cycles based on temperature changes for 
many species (Arévalo et al. 2007). One of these studies 
reports life cycle durations for R. ecuadoriensis of 141 
days at 25°C and 120 days at 30°C (Silva & Silva 1990) 
which is considerable shorter than our results (189.9 ± 20 
and 181.3 ± 6.4 days for Manabí and Loja, respectively). 
While we do not have an explanation for these differ-
ences, variability of life cycle duration depending on dif-
ferent laboratory conditions has been documented [101, 
127 and 209 days from Rhodnius nasutus (Da Silva & 
Da Silva 1989, Soares et al. 1995), 212 and 126 days for 
Rhodnius pallescens (Juberg & Rangel 1984) and 144,4 
days for R. colombiensis (Arévalo et al. 2007)].

Feeding patterns - Zeledon et al. (1977) indicated that 
prior to feeding the insects were in intimate contact with 
their prey for 5-10 min. This is consistent with our observa-
tions of the relatively long time it took for the bugs to start 
feeding after being placed on the host. Feeding interval 
ranged from 14-28 min, which is consistent with findings 
in other species (Almeida et al. 2003). Most individuals 
in our study required only one blood meal to molt as has 
been reported for other species (Guarneri et al. 2000a). 

TABLE IV
Defecation dynamics of Rhodnius ecuadoriensis from Manabí and Loja under laboratory conditions (Mus musculus blood)

                                                Manabí                                                                                   Loja   

   Defecation Defecation  Defecation Defecation
  First defecation (min) during feeding after feedinga First defecation (min) during feeding after feedinga

Stage N Mean ± SD % % mean ± SD % %

NI 40 59’11” ± 11’04” 0 0 01h07’ ± 10’55” 0 0
NII 40 46’28” ± 9’19” 0 37.5 46’12” ± 7’09” 0 15
NIII 40 41’33” ± 8’15” 5 45 40’38” ± 7’07” 0 52.5
NIV 40 37’23” ± 5’32” 27.5 85 36’33” ± 7’19” 12.5 80
NV 40 36’25” ± 4’08” 45 92.5 31’37” ± 7’53” 42.5 82.5
Adult ♀ 20 22’10” ± 5’25” 75 100 24’27” ± 4’49” 55 100
Adult ♂ 20 29’04” ± 5’25” 70 90 30’59” ± 8’27” 55 85

Total 240      

a: defecation during 15 min after completion of feeding.
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In all cases, the requirement for second blood meal was 
associated with a small blood meal ingested during the 
first feeding. As expected, size of the meal increased with 
developmental stage and was found to be the highest in 
NV. The size of the meal was larger in the Manabí cohort 
than in the Loja cohort, which correlated with the larger 
body size found in individuals from Manabí. 

Defecation patters - Initial stages (NI and NII) of R. 
ecuadoriensis from both regions failed to defecate dur-
ing feeding. However, prandial (during feeding) defeca-
tion increased with development reaching 75% and 55% 
in individuals from Manabí and Loja, respectively. Tri-
atomines that defecate during that period, such as Tria-
toma infestans and R. prolixus are considered effective 
vectors of T. cruzi to humans (Pippin 1970, Zeledon et 
al. 1977, Bar et al. 2003, Salazar et al. 2005). Based on 
this, it could be hypothesized that R. ecuadoriensis is an 
effective T. cruzi vector. Moreover, since postprandial 
defecation started earlier in individuals from Manabí the 
vector competence of those might be higher than those 
from Loja. Similarly, a higher percentage of females 
than males from both provinces defecated during feed-
ing or soon thereafter, with the feces being deposited on 
the skin, suggesting a higher vectorial competence of 
females over males as previously suggested (Rabinovich 
et al. 1979, Crocco & Catalá 1996, Nogueda-Torres et al. 
2000, Nattero et al. 2002).

R. ecuadoriensis is widely distributed in Manabí and 
Loja provinces. Rural communities in Loja present high 
domiciliary and peridomiciliary infestation, coloniza-
tion and crowding indexes with R. ecuadoriensis (MJ 
Grijalva et al. 2005), and it is associated primarily with 
human habitats. On the other hand, there seems to be a 
high level of domiciliary and peridomiciliary infestation/
reinfestation with R. ecuadoriensis in Manabí province 
(MJ Grijalva et al. unpublished observatios), most likely 
from sylvatic habitats. These observations, coupled with 
the results from this study, which indicate a high vector 
capacity, suggest that control of this specie should be re-
garded as a priority in Ecuador.
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