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Summary

Triatomine species influenced volume of feces produced; Triatoma dimidiata

produced the largest volume of feces followed by Panstrongylus megistus.
Rhodnius prolixus. and Triatoma infestans. Moreover, stage and sex affected
fecal production: 5th-stage female nymphs excreted the largest volume of feces.

The amount of blood ingested was significantly correlated with the volume of
feces produced in 10 out of 11 experimental groups. Triatome size and volume
of feces produced were less closely correlated. Indeed, a "threshold" minimum
amount of blood must be ingested before bugs are stimulated to defecate. The
defecation habits of triatomines probably influence the vectorial capacity of a
triatomine species to a lesser degree than do the density of domestic infestations,

host affinity, and the degree of adaptation to the domestic habitat.

Key words: triatomines; defecation; Trypanosoma cruzi; Chagas' disease.

Introduction

Since transmission of Trypanosoma cruzi generally involves contact with
triatomine feces, the defecation habits of triatomines play a role in regulating
transmission. Early observers suggested that certain species were likely to transmit

T. cruzi because they defecated soon after feeding (Wood. 1951; Dias.
1956). More recent workers have attempted to quantify the defecation habits of
important vector species, suggesting that vector "efficiency" may be based on a

"defecation index" (Pipkin. 1968; Pippin. 1970; Zeledón et al. 1977a).

Correspondence: Joseph Piesman. Department of Tropical Public Health. Harvard School
of Public Health. 665 Huntington Avenue. Boston. Massachusetts 02115. USA
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Attempts to quantify the defecation patterns of triatomines have focused

on the percentage of bugs defecating within specific time intervals and the
number of times bugs defecate. Observations of the actual volume of feces

produced have been approximations (Petana. 1967; Neal and Miles, 1977). In
this study, we measured the volume of feces produced by triatomines during
and immediately after feeding. In addition, we determined whether bug
species, stage, weight, and amount of blood ingested affect the volume of feces

triatomines produce.

Materials and Methods

Triatomine colonies

Triatomine colonies have been maintained for up to 10 years at the Centro de pesquisas Concaio
Muniz (Salvador. Bahia) as previously described (Szumlewicz. 1969: Szumlewicz et al.. 1973). The

origins of colonies used in this study were: Panstrongylus megistus. states of Bahia and Sào Paulo.
Brazil: Triatoma infestans. states of Bahia and Sao Paulo. Brazil; Rhodnius prolixus. Venezuela:
Triatoma dimidiata. Belize. We used the method described by Szumlewicz and Cruz (1972) to

separate male and female 5th-stage nymphs. Colonies were generally maintained at room temperature

(25-30°C: 70-90$ RH). Bugs were separated from their respective colonies on the day of
molting. Subsequently, they were starved for 10-30 days before being used in these experiments.

Collection offeces

Triatomines were allowed to feed on laboratory mice (males and females weighing 15—20 g) as

previously described (Zeledón et al.. 1977a). Briefly, mice were restrained with masking tape
applied to a plastic tray 35 x 32 cm. Individual triatomines were placed into contact with mice: the
time feeding was commenced, of termination of feeding, and of each defecation during the 30 min
following feeding were recorded. Every drop of feces deposited onto the plastic tray surface were
aspirated into Clay Adams (Parsippany. N. J.. USA) micropipettes calibrated at 1 5 pl. The volume
of feces contained in each drop was determined to the nearest 0.1 pl.

Amount ofbloeid ingested

In order to calculate the amount of blood ingested, we weighed insects before feeding and at
the end of the 30 min observation period following feeding. Triatomines were weighed on an H80
Mettler balance accurate to 0.1 mg. The total amount of blood ingested was computed as follows:
[Weight after feeding (mg) - Weight before feeding (mg)] + [Volume feces produced (fd) x
Specific gravity of bug feces (mg//d)] Amount of blood ingested (mg).

Specific gravity efffeces

We determined the specific gravity of bug feces. Fecal droplets produced by 73 P. megistus
were aspirated into micropipettes and the volume of feces estimated to the nearest 0.1 pl. Each

micropipette was weighed to the nearest 0.1 mg before aspiration of feces and subsequently weighed
with the fecal sample present. The specific gravity of each fecal droplet was computed as follows:
[Weight of micropipette with feces (mg) — Weight of micropipette (mg)] -f- Volume of fecal drop
Cul) Specific gravity of droplet (mg/,ul). Triatomines produced 3 types of defecatory material:
dark (feces), clear (urine), and mixed. Although the specific gravity of feces was slightly higher than
urine, this difference was not significant (Table 1). The overall specific gravity of triatomine defecatory

material was 1.04. This value was subsequently used in the formula to determine the amount of
blood ingested by triatomines.
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Table I. Specific gravity of feces produced by Panstrongylus megistus

Type of No. of bugs Specific gravity
defecation examined (wt. feces/vol. feces)

(mg//d)

Dark 32 1.05 ±0.32*
Mixed 18 1.05 ±0.35
Clear 23 1.01 ±0.37

Total 73 1.04 ±0.34

* x±S.D.

Results

We compared the volume of feces produced by 4 species of triatomines.
Fifty 4th-stage nymphs of T. infestans. R. prolixus. P. megistus. and T. dimidiata
were allowed to feed on mice and the volume of feces these bugs produced was
measured. Triatoma dimidiata produced the largest volume of feces at all times

during and up to 30 min postfeeding. followed by P. megistus and R. prolixus
(Table 2). Triatoma infestans produced the least amount of feces. The amount of
blood ingested was directly related to the volume of feces produced, being
highest in T dimidiata and lowest in T. infestans. The size of the insects before
feeding was not directly related to the volume of feces produced, since R. prolixus

weighed less than T. infestans but produced more feces. Thus, triatomine
species influences the volume of feces produced by bugs.

The influence of stage of development on habits of triatomine defecation
was studied by allowing nymphal and adult P. megistus to feed on mice. Adults
and 5th-stage nymphs were separated as to sex. Fifth-stage nymphs produced
the largest volume of feces, followed by adults and 4th-stage nymphs; the first
through third stages produced much smaller volumes of feces (Table 3). As in
the comparison between species, volume of feces was more closely related to the

amount of blood ingested than was the size of the insect. Fifth-stage nymphs
were smaller than adults, but these nymphs ingested more blood and produced
more feces than did adults. Moreover, female triatomines produced significantly

more feces than did males (student "t" 2.4. df 48. p <0.25). Thus, insect

stage and sex affected the volume of feces produced by triatomines. Female 5th-

stage nymphs produced the largest volume of feces.

The amount of blood ingested was significantly correlated with the volume
of feces produced in 10 of 11 groups of insects studied (Table 4). Only Ist-stage
nymphs did not show such a correlation, since they produced a very small
volume of feces (x 0.2 pl). In contrast, insect size was correlated with volume
of feces in only 7 ofthe 11 groups studied. The correlation coefficient between

amount of blood ingested and volume of feces was higher than the correlation
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Table 4. Correlation between amount of blood ingested and volume of feces produced

Species Stage No. bugs
examined

Correlation
coefficient
between
insect size (mg)
and volume
feces (//1)
(r)

Correlation
coefficient
between
amount blood
ingested (mg)
and volume
feces (pl)
(r)

Proportion
blood meal
excreted
(%)**

T. infestans
R prolixus
T dimidiata
P. megistus
P. megistus
P. megistus
P. megistus
P. megistus
P. megistus
P. megistus
P megistus

4th
4th
4th
1st

2nd

3rd
4th
5th/Female
5th/Male
Female
Male

50

50

50
2 S

2?

25

50
25

25

25

25

0.01

0.44*
0.25

-0.01
0.13

0.59*
0.64*
0.43*
0.45*
0.48*
0.74*

0.69*
0.46*
0.30*
0.15

0.59*
0.78*
0.65*
0.63*
0.82*
0.54*
0.59*

9.0 ±5.6
10.2±4.3
12.8±7.9
6.0 ±7.6

11.3 ±11.5
8.9±3.4

10.4±4.8
13.9±6.5
13.9 ±8.6
12.2 ± 11.6

9.0 ±10.4

* p<0.05: ** [Volume feces produced (pl) x 1.04 mg/pl] -f- Amount blood ingested (mg)

Table 5. Defecation behavior of 4th-stage P. megistus allowed to feed during specific time intervals.
A. Duration of feeding

Duration of No. of bugs Percent of bugs
feeding examined defecating
(min)

2.5 15 53.6

5.0 15 46.9
7.5 15 66.7

10.0 15 87.1

coefficient between insect size and volume of feces in 10 out of 11 experiments.
Moreover, the proportion ofthe blood-meal excreted was generally about 10%,

varying from a low of 6% (lst-stage P. megistus) to a high of 13.9% (5th-stage
nymphs). Thus, the amount of blood ingested was significantly correlated with
the volume of feces produced, while insect size was often not related.

The volume of feces contained in fecal drops produced by triatomines was
highly variable. Ofthe 934 fecal drops produced by the 200 4th-stage insects of
the 4 species studied, the volume of individual fecal deposits ranged from 0.1 pl
to 50.4 pl. with a mean 4.7/tl (±6.1 pl S.D.). T. dimidiata fecal droplets averaged

14.3 pl ± 10.0pl). P. megistus 3.3 pl ±2.3 pl). T infestans 2.3 pl(±l.5 pl)
and R. prolixus 1.8 pl ± 2.3 //1).
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Table 6. Defecation behavior of 4th-stage P. megistus allowed to feed during specific time intervals.
B. Amount of blood ingested

Amount of blood No. of bugs Percent of bugs
ingested examined defecating
(mg)*

0-10 13 0

10.1-30 18 61

30.1-50 14 86

>50 15 100

* Computed as in Table 2

To determine whether triatomines must feed for a minimum time period or
ingest a minimum amount of blood before being stimulated to defecate, we
allowed 4th-stage P. megistus to feed on mice for 2.5. 5. 7.5. or 10 min. Bugs
were removed from contact with mice after the specified duration of feeding
and observed for 30 min. Defecation was not closely related to the duration of
feeding (Table 5). The majority of insects allowed to feed for only 2.5 min
defecated. In contrast, the amount of blood ingested directly controlled defecation
behavior (Table 6). While none of the bugs which ingested =Sl0 mg blood
defecated. 80% of bugs ingesting > 10 mg blood defecated. Apparently, a minimum

quantity of blood must be ingested by triatomines before they are stimulated

to defecate.

Discussion

Previous attempts to measure the volume of feces produced by triatomines
have not yielded definitive information. Petana (1967) suggested that the

amount of feces deposited by T dimidiata depended upon the age and "hunger"
of the insects: hungry bugs produced more feces. Neal and Miles (1977)
attempted to measure the amount of blood and T cruzi parasites ingested by
R. prolixus. These authors weighed bugs before and after feeding, calculating
the difference as the amount of blood ingested. However, they noted that the
calculated weight of ingested blood should be increased by the weight of fecal

deposits, which they estimated as approximately 10 pl or about 10 mg. During
our experiments we found that the volume of feces contained in fecal drops
produced by triatomines varied from 0.1 pl to 50.4/d. Fecal drops of T dimidiata

were much larger than the other 3 species studied, while R. prolixus produced
the smallest fecal deposits. Zeledón et al. (1977b) reported that 1000-1500 pl of
excretion could be collected from the largest of triatomines. Dipetalogaster
maximus. Generally, smaller triatomines such as R. prolixus tend to defecate

more often than larger species (e.g.. T dimidiata and D. maximus). while the
fecal deposits of larger species are greater in volume.
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The pioneering work of Wood 1951 and Dias 1956) suggested that South
American triatomines are more efficient vectors of Chagas' disease than are
North American triatomines. due to the tendency of North American triatomines

to delay defecation. Several subsequent workers have confirmed this
tendency (Pipkin. 1968; Pippin 1970: Zeledón et al.. 1977a: Silva et al. 1979).
Indeed. Zeledón et al. (1977a) suggested that defecation patterns are probably
one of the principal factors influencing the epidemiology of Chagas' disease.
Moreover. Zeledón et al. (1977a) proposed a "defecation index" in which
R. prolixus scored much higher than T. dimidiata. These workers suggested that
defecation habits of these two vectors may explain the greater incidence of
Chagas' disease in R. prolixus endemic areas. In our study. T. dimidiata
produced a much greater volume of feces than did R. prolixus. In addition. T dimidiata

produced more feces during feeding, when in direct contact with the host,
than did all other triatomines. These observations suggest that defecation behavior

is not the key factor regulating the vectorial capacity "vector efficiency")

of triatomine vectors of T cruzi. Other factors such as household density of
domestic triatomines (Zeledón et al.. 1977a: Mott et al.. 1978: Schofield. 1980).
host affinity (Minter. 1976). and the degree of ecological adaptation to human
dwellings (Zeledón. 1974: Mott et al.. 1978: Barretto. 1979) appear to play a

more important role in establishing vectorial capacity of triatomines.
The amount of blood ingested appears to be closely correlated with the

volume of feces produced by triatomines. Indeed, a minimum quantity of
blood, in the case of 4th-stage P. megistus equal to 10 mg. must be ingested
before bugs are stimulated to defecate. Despite the detailed studies of Wigglesworth

(1931a. b. c), the stimulus for triatomine defecation is not known. The
signal for triatomines to defecate once the "threshold" volume of blood has
been ingested may be under hormonal control (Maddrell. 1963). nervous control

(i.e.. stretch receptors), or the result of direct mechanical pressure.
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