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Container productivity, daily survival rates and dispersal of
Aedes aegypti mosquitoes in a high income dengue epidemic
neighbourhood of Rio de Janeiro: presumed influence of differential
urban structure on mosquito biology

Mariana Rocha David, Ricardo Lourenco-de-Oliveira, Rafael Maciel de Freitas/*

Laboratério de Transmissores de Hematozoarios, Instituto Oswaldo Cruz-Fiocruz, Rio de Janeiro, R}, Brazil

Different urban structures might affect the life history parameters of Aedes aegypti and, consequently, dengue
transmission. Container productivity, probability of daily survival (PDS) and dispersal rates were estimated for
mosquito populations in a high income neighbourhood of Rio de Janeiro. Results were contrasted with those previ-
ously found in a suburban district, as well as those recorded in a slum. After inspecting 1,041 premises, domestic
drains and discarded plastic pots were identified as the most productive containers, collectively holding up to 80%
of the total pupae. In addition, three cohorts of dust-marked Ae. aegypti females were released and recaptured daily
using BGS-Traps, sticky ovitraps and backpack aspirators in 50 randomly selected houses, recapture rate ranged
from 5-12.2% within cohorts. PDS was determined by two models and ranged from 0.607-0.704 (exponential model)
and 0.659-0.721 (non-linear model), respectively. Mean distance travelled varied from 57-122 m, with a maximum
dispersal of 263 m. Overall, lower infestation indexes and adult female survival were observed in the high income
neighbourhood, suggesting a lower dengue transmission risk in comparison to the suburban area and the slum.
Since results show that urban structure can influence mosquito biology, specific control strategies might be used in
order to achieve cost-effective Ae. aegypti control.
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The reduction of dengue transmission can be at-
tained primarily by controlling Aedes aegypti popula-
tion density by maintaining it below a critical threshold
in order to avoid epidemics (Focks 2003). This species,
Ae. aegypti, is highly associated with human dwellings
and most often breeds in man-made containers (Maciel-
de-Freitas et al. 2007c). Theoretically, targeting the most
productive containers, i.e., the ones that host high num-
bers of pupae might produce a focused and cost-effec-
tive control approach, which could result in reduction of
adult mosquito populations (Focks 2003).

As in other metropolitan areas throughout the world,
Rio de Janeiro (RJ) is a highly heterogeneous city, with
slums and luxurious houses sometimes in close proxim-
ity. One can view RJ as a complex urban mosaic, which
might have several implications on life history param-
eters of Ae. aegypti and, consequently, on dengue trans-
mission (Luz et al. 2003, Lourengo-de-Oliveira 2008).
This report aims to evaluate container productivity,
adult dispersal and daily survival rates of Ae. aegypti
in the high-standard and high-income neighbourhood of
RJ, named Urca, and compare results with data gathered
in similar reports of slums and suburban areas.
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Field experiments were conducted in an isolated
section of Urca (22°56°43”S 43°09°42”W) with 1,078
premises. Urca, a sparsely populated neighbourhood
(297.1 inhabitants/ha), occupies an area of 13.41 ha and
is located on the base of Sugar Loaf Mountain, which
is one of the country’s most important tourist sites. It
is characterised by regular blocks with high standard
dwellings, abundant vegetation coverage, a piped water
supply and garbage collection. Houses are most often
in the form of duplexes with at least three dorm rooms.
The houses generally have large and shaded perido-
mestic environments, the majority containing private
pools. The field site is enclosed by Guanabara Bay and
Sugar Loaf Mountain, where it is isolated from its sur-
roundings. Thus, we expected to minimise mosquito
losses by emigration during field experiments. In March
2007 and March 2008, a house index (HI) of 2.67 and
0.0, respectively, was observed in Urca neighbourhood
(SMS 2008). House-to-house surveys of 534 premises
(49.53%) were conducted during March 2007 and of 507
(47.03%) premises during March 2008 (summer). When
entry was permitted by the house owner, all containers
were inspected, and immature larvae were collected and
brought to the laboratory for identification by following
established identification keys.

Ae. aegypti used in the mark-release-recapture
(MRR) experiment were derived from a laboratory
colony that is constantly renewed with field-collected
eggs at least twice a year. Larvae were fed with fish food
(Tetramin®) and raised at 25 + 3°C with 60 + 5 relative
humidity. Adults were fed ad libitum with 10% sucrose
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solution until the day of release. MRR experiments were
performed during the dry season (September 2007)
when dengue cases are often reduced in RJ. During this
period, a north-western wind with an average speed of
1.4 Km/h was registered during mosquito release. Pri-
or to release, 2-3-day-old females were split into three
cohorts, each one with a different colour of fluorescent
dust (Day-Glo Color Corp, Cleveland) and released at a
specific point within the study area. Mated and unfed
Ae. aegypti females were released outdoors, less than
1 h after dust-marking, in reasonably equidistant points
(about 150 m from each other).

Captures started on the following day after release
and were performed daily for 10 days. Each day, 45
houses were randomly selected for aspiration (John W
Hock, Gainesville, FL), which was done for 15-20 min
per house, including the peridomestic arca. A BGS-Trap
(BioGents GmbH, Ragensburg), which preferentially
captures blood-seeking Ae. aegypti females (Maciel-
de-Freitas et al. 2006b), was installed in five houses, re-
mained there throughout the experiment and was moni-
tored daily. Eventually, aspiration was performed in a
house in which a BGS-Trap was installed. Finally, 15
sticky ovitraps were installed at the boundary of the field
site as an attempt to capture emigrating mosquitoes and
they were examined at the end of the MRR experiment.
Daily captures ended when no marked females were col-
lected over three consecutive days. The locations of the
release and collection points were geo-referenced using a
global positioning system (GPS; Garmin eTrex personal
navigator, Garmin International, Olathe) to calculate the
distance flown by Ade. aegypti females. Mosquito flight
behaviour was calculated after assessing mean distance
travelled (MDT), maximum distance travelled (MAX)
and flight ranges (FR) of marked individuals (Morris et
al. 1991). The MDT of the three cohorts released was
compared by a two-sample unpaired Student’s z-test
with Welch’s correction, due to the different standard
deviations measured between cohorts (Zar 1999). The
probability of daily survival (PDS) was estimated by
fitting the exponential and nonlinear models to data us-
ing the R.2.8.0 (R Development Core Team 2008) soft-
ware, despite some evidence that de. aegypti mortality
varies with increasing age (Gillies 1961, Buonaccorsi
et al. 2003, Styer et al. 2007). PDS values of the three
cohorts released were compared by a two sample #-test
(Zar 1999). From the lower and upper 95% limits of the
confidence interval of nonlinear PDS estimation, we
derived the following: (i) the average life expectancy
(ALE), defined as 1/-log, PDS (Niebylski & Craig 1994)
and (ii) the expected proportion of mosquitoes surviving
long enough to transmit dengue virus, defined as PDS!
(where 10 is the duration of the extrinsic incubation pe-
riod for dengue) (Salazar et al. 2007).

Container productivity, dispersal and PDS in Urca
were compared to data gathered in two other dengue-
endemic neighbourhoods in RJ with contrasting urban
characteristics: a slum (Favela do Amorim) and a sub-
urban area (Tubiacanga) (Table I) (Maciel-de-Freitas et
al. 2007a, ¢). MDT values of Urca, the slum area and
the suburban neighbourhoods were log-transformed be-

cause this variable presented non-normal distribution
and they were compared by one-way ANOVA, followed
by Tukey-Kramer multiple comparisons post-test. We
also used a generalised estimation equation (GEEs) to
evaluate the effect of the study area (categorical variable:
Tubiacanga/Amorim/Urca), season (categorical variable:
dry/wet) and days after release (continuous variable) on
mosquito dispersal. GEEs are linear regression models
with a correction of variance caused by the blocking
design (cohorts), which was fitted to our data assuming
an exchangeable correlation structure (Quinn & Keough
2002). The PDS values obtained in the three settlements
were contrasted by comparing the point estimates of sur-
vival rates by a two-sample unpaired #-test (Zar 1999).
Since there were no differences within cohorts survival
in suburban and slum neighbourhoods (Maciel-de-Frei-
tas et al. 2007a), we used the mean number of dust-
marked mosquitoes collected per day to create a mean
cohort, which was analysed using the R.2.8.0 (R Devel-
opment Core Team 2008) software.

In March 2007, 507 premises (47.03%) and 3,495
water-holding containers were inspected. A total of 105
pupae and 2,148 larvae of Ae. aegypti were collected in
41 positive houses, resulting in an HI of 8.08% and a
mean of 0.056 pupae per person. The most productive
containers were domestic drains and discarded plastic
pots, with 59.04% e 22.85% of collected pupae, respec-
tively (Table II). In March 2008, 534 (49.53%) premises
were inspected. A total of 60 pupae and 439 larvae of Ae.
aegypti were collected in 2,848 water-holding contain-
ers, resulting in an HI of 6.74% and a mean pupae to per-
son ratio of 0.032. The most productive containers were
domestic drains and plastic pots (Table II). During this
survey, 14 Aedes albopictus larvae were collected.

A total of 1,750 marked Ae. aegypti females were re-
leased. Capturing efforts lasted 10 days and an overall
recapture rate of 9.77% was observed, varying from 5%
(Cohort 3) to 12.2% (Cohort 1) between cohorts. Females
released in cohort 1 showed lower survival than females
released in cohort 3 (t=3.43, df= 12, p <0.05). However,
no significant differences were observed in PDS values
between cohorts 1 and 2 (t = 1.63, df = 13, p > 0.05) and
between cohorts 2 and 3 (t=1.66, df =13, p > 0.05). ALE
varied from 1.93-4.88 days, with a maximum of around
13% of Ae. aegypti females surviving long enough to
transmit dengue (Table III).

The PDS of Ade. aegypti females varied significantly
between neighbourhoods. The three cohorts released in
the high income area (Urca) had a lower PDS in compari-
son to the slum (Favela do Amorim): cohort 1: t = 20.31,
df = 18, p < 0.05; cohort 2: t = 8.22, df = 18, p < 0.05;
cohort 3: t =5.83, df = 19, p < 0.05. When compared with
the suburban neighbourhood (Tubiacanga), two cohorts
from Urca had lower survival rates (cohort 1: t = 9.16,
df = 15, p < 0.05; cohort 2: t = 2.87, df = 15, p < 0.05),
and one cohort was statistically similar (cohort 3: t = 0.73,
df =16, p > 0.05). PDS in the slum was higher than in the
suburban neighbourhood (Maciel-de-Freitas et al. 2007a).

Ae. aegypti females had an overall displacement of
82.5 m. Higher displacement was observed for seven
females, which travelled more than 260 m from their re-
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TABLE I

Total number of dengue cases from 2000-2008 in the three neighborhoods in Rio de Janeiro where mark-release-recapture
experiments were performed

2000 2001 2002 2003 2004 2005 2006 2007 2008 Total
High income 1 17 69 3 0 1 13 46 74 224
Suburban 25 71 755 9 1 3 24 42 607 1,537
Slum 12 216 907 14 4 7 27 47 861 2,095

lease point (Table IV). Cohort 3 flew longer distances
than cohort 1 (t = 4.25, df = 75, p < 0.001) and cohort
2 (t =591, df = 88, p < 0.001). No significant differ-
ences were found between distances travelled by cohorts
I and 2 (t = 1.72, df = 125, p > 0.05). Sticky ovitraps
installed in the boundary of field site captured three fe-
males from cohort 2 and 11 females from cohort 3. Over-
all, Ae. aegypti females displaced similar distances in
comparison with those in the suburban area (p > 0.05),
but they presented higher displacement than those in the
slum (p < 0.001). The multivariate linear model fitted
to data points for “time after release”, “area (suburban)”
and “area (high income)” showed significant effects on
dispersal (Table V). The MDT observed in Urca was in-
termediary when compared with the suburban (higher)
and the slum (lower) areas. Assuming that cohort cor-
relation was negligible (p = 0.033), we may use the R? to
measure the goodness-of-fit. We found R* = 0.40.

These results reinforce the notion that urban charac-
teristics may influence mosquito biology and, probably,
dengue transmission. Differences observed in mosquito
parameters, such as infestation levels and PDS between
areas suggest a higher probability of dengue transmission
in the slum area and a lower risk in the high income area.
This scenario is reinforced by taking into account the re-
cent history of dengue notifications (2000-2008) in these
three neighbourhoods (Table I). Remarkably, almost 10
times more dengue cases were registered in the slum area
than in the high income area during 2000-2008.

In house-to-house surveys performed in the high
income area, domestic drains and abandoned plastic
pots were the most productive containers, which to-
gether accounted for up to 82% of the total pupae col-
lected. Meanwhile, the most productive container types
found in slum and suburban areas were water tanks and
metal drums (Maciel-de-Freitas et al. 2007c), which
was expected due to the irregularity of the water sup-
ply (Barrera et al. 1993). In field studies conducted in
the United States, higher infestation, measured by HI,
was observed in substandard areas as compared to that
in standard areas (Tinker 1964, Von Windeguth et al.
1969). The major achievement of this report is to show
that, in unplanned metropolitan areas, such as RJ and
several other cities throughout the world, governments
may want to adopt specific control activities regarding
aspects of mosquito biology in each neighbourhood, in-
stead of a uniform control approach for the whole city
(Lourengo-de-Oliveira 2008).

The pupal surveys indicated two small-sized con-
tainers that are often susceptible to the rainfall regime,
domestic drains and abandoned plastic pots, as the most
productive containers. These findings are in agreement
with a similar pattern observed in Trinidad (Focks &
Chadee 1997). This observation suggests that the adult
mosquito population may have high fluctuations during
the year, a different scenario than was observed in the
slum and suburban areas, where permanent and large-
sized containers were more productive during dry and
wet seasons (Maciel-de-Freitas et al. 2007c). In the high-
income area, an educational campaign to alert the public
of the importance of private pools and plastic containers
(buckets and pots) may result in a decrease of 35% on
the adult mosquito population. On the other hand, educa-
tional campaigns might not achieve positive results easily
in the slum and suburban neighbourhoods, where house-
holds have a deficient supply of piped water and, conse-
quently, have a habit of storing large containers of water.

The vectorial capacity formula represents the daily
rate of potentially infective contacts between mosqui-
toes and human beings (Garret-Jones 1964). In the Ae.
aegypti-dengue virus system, the daily survival rate of
adult females is one of the most important parameters
in dengue transmission models, since small increases in
survival may exponentially increase the vectorial capac-
ity of mosquitoes (Garret-Jones 1964, Kuno 1995, Luz
et al. 2003). The survival rate of Ae. aegypti females
was higher in the slum when compared to the subur-
ban site (Maciel-de-Freitas et al. 2007a). The lower PDS
observed in the high-income neighbourhood, in com-
parison with the slum and suburban sites, is probably
the end result of several components. The most obvi-
ous aspect would be the lower human density in Urca.
Maciel-de-Freitas et al. (2007b) observed a tendency
towards higher Ae. aegypti survival in areas with a high
human density. In more crowded areas, such as slums,
mosquitoes would not have to displace far to find blood
meals, which would reduce their likelihood of mortality
by environmental factors, such as wind and daily varia-
tions of temperature and rainfall (Clements & Paterson
1981). Container productivity profiles may also be im-
portant to determine adult mosquito daily survival. The
higher productivity of small, non-permanent containers
in Urca and of large, permanent containers in the slums
and suburban areas may influence larval competition.
This could possibly produce adults of different sizes
and affect several aspects of mosquito biology, includ-
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TABLE II

Container abundance, frequency and productivity during Adedes aegypti pupal surveys conducted in March 2007 in the high income neighborhood of Urca, Rio de Janeiro
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March 2008

March 2007

Total Mean Relative
of pupae productivity

Proportion

Positive

Total Mean Relative
of pupae productivity

Proportion

Positive

pupae

of larvae

containers

n

1

217

pupae
0.000
0.000
0.000
0.000
3.100
0.875

of larvae

containers

n

Container type

0.00
0.067

0

0.000
0.036

0.000
0.000
0.000
0.000
0.590
0.067

0
0
0
0
62

0.000
0.007
0.000
0.000
0.827

Bottle

124

Bromeliaceous

Bucket

0.100

0.67

0.296

6
107

0.00
0.417

0
25

0.000
0.287

140

Cistern
Drain

1.92
3.33

13

1,404
68

20

1,772
309
205

0.100

10

0.057

7

11

0.034

Others

0.00
0.017

0.000
0.045

145

0.105
0.010

2.750

0.032

Plant vase

0.2

11

0.5

1
11

594

0.100
8.000
0.000
0.000

1
24

0.033

676 10

Plastic plate
Plastic pots

Pool

0.183
0.083

0.232

6
28

0.229
0.000
0.000
1.000

0.067

10

0.014

0
0
105

0.000
0. 000

0.033

0.5

0.032

272

245

Water tank
Total

1.00

1.00 60

36

2,848

1.000

49

3,495

ing survival and virus susceptibility (Nasci 1986, Nasci
& Mitchell 1994, Alto et al. 2005, Maciel-de-Freitas et
al. 2007b). A last explanation may depend on the habits,
education and socioeconomic level of Urca households
in contrast with residents of slums and suburban neigh-
bourhoods. During pupal surveys and adult mosquito
collections, health agents frequently observed commer-
cial insecticides inside houses. Estimating the impact
of this finding on mosquito survival rates seems pro-
hibitive, but this uncontrolled variable obviously has a
negative effect on Ae. aegypti longevity.

Traditionally, Ae. aegypti is regarded as a mosqui-
to with limited FR (Harrington et al. 2005). MDT and
MAX obtained in Urca reinforce this assumption and
agree with previous reports (Muir & Kay 1998, Tsuda et
al. 2001, Harrington et al. 2005). Mosquitoes presented
similar dispersal ratios in the high-income and subur-
ban areas and a lower dispersal in the slum. Ae. aegypti
dispersal might be influenced by the availability of ovi-
position sites and/or blood sources (Edman et al. 1998,
Maciel-de-Freitas et al. 2006a). In fact, human density
in the slum (901.2 hab/ha) was higher than in the high-
income (297.1 hab/ha) and suburban neighbourhoods
(337.4 hab/ha). The mean number and availability of
water-holding containers per house was similar among
the three neighbourhoods, but the most productive con-
tainers varied within sites, especially in Urca in com-
parison to suburban and slum areas. The influence of the
availability and spatial distribution of specific container
types on mosquito dispersal is still underestimated.

Ae. aegypti dispersal has important consequences for
dengue control. In Brazil, the identification of a dengue
case is followed by source reduction, insecticide spray-
ing and larvicide application in a ring area centred at the
identified dengue case (Macoris et al. 2007). It is likely
that Ae. aegypti control may be improved if each neigh-
bourhood has particular radius and ring sizes in which to
focus mosquito control efforts, which may be dependent
of the number of oviposition sites per area and human
population density. However, further investigations are
needed to evaluate this hypothesis. Ae. aegypti dispersal
was significantly influenced by area but not by season.
The assumption that mosquito dispersal is constant over
the year is surprising, since RJ experiences important
seasonal trends in climate, especially in rainfall. Theo-
retically, the number of water-holding containers might
be higher during wet seasons, resulting in lower dis-
persal rates (Edman et al. 1998, Lourengo-de-Oliveira
et al. 2004). However, an extensive analysis of Ae. ae-
gypti dispersal by MRR techniques also found that mos-
quito displacement was not influenced by seasonality
(Harrington et al. 2005).

Taken together, these results strongly suggest a low-
er risk of dengue transmission in high-income neigh-
bourhoods and a higher risk in slum areas. However,
further investigations might address if poor neighbour-
hoods have higher risks of dengue transmission in met-
ropolitan areas. Extrapolation from our conclusions
must be done with caution, since we evaluated mos-
quito biology in only three neighbourhoods in a city
with more than six million inhabitants. However, our
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TABLE III

Survival analysis for three Aedes aegypti cohorts released in Urca, Rio de Janeiro, and captured with backpack battery -
powered aspirators and BGS-Traps during 10 consecutive days

Alive after 10 days®

Cohort Exponential Buonaccorsi ALE (Buonaccorsi) %

1 0.607 0.659 (0.621-0.702) 2.09-2.82 0.85-2.90
2 0.645 0.677 (0.597-0.743) 1.93-3.36 0.57-5.13
3 0.704 0.721 (0.642-0.815) 2.25-4.88 1.19-12.93

a: 10 days, dengue extrinsic incubation period; ALE: average life expectancy.

TABLE IV

Distances in meters travelled by dust-marked dedes aegypti

females captured with backpack aspirators and BGS-Trap in

a high-income neighborhood of Urca, Rio de Janeiro, during
September 2007

Cohort 1 Cohort2 Cohort 3

Mean distance travelled 67.48 57.75 122.31

Flight range | 65.6 46.81 88.45

Flight range ,, 118.7 81.22 262.3

Maximum distanced travelled 167.59 197.52 263.75
TABLE V

Generalized estimating equations model for log (dispersal) of
Aedes aegypti females in mark-release-recapture experiments
conducted in the high income, suburban and slum districts

Variable Effect SE Wald p

Intercept 3.026 0.237 0.016  <0.001
Area (Tubiacanga“) 0.651 0.124 0.274  <0.001
Area (Urcab) 0.853 0.310 7.594  <0.001
Season (wet) 0.018 0.215 0.007 0.934
Time after release 0.154 0.031 0.245  <0.001
Correlation® 0.106 0.050 4.522 0.033

a: suburban district; b: high income urban district; ¢: correla-
tion structure used was the “exchangeable”; SE: standard erro.

study identified that urban landscape has several im-
plications for the life history parameters of Ae. aegypti
females in the three study areas. As many other met-
ropolitan urban areas in the tropics, RJ has unplanned
urbanisation, producing an urban mosaic with slums
and high-income areas in close proximity to each other.
The major achievement of our report is to suggest that
governments adopt specific control activities in each
neighbourhood regarding aspects of mosquito biology,
instead of a uniform control approach for an entire city
(Lourengo-de-Oliveira 2008).
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