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Abstract 

Background:  The implementation of anti-larval strategies in the fight against malaria vectors requires fundamen‑
tal knowledge of their oviposition sites. The aim of this study was to assess the spatial and temporal distribution of 
Anopheles breeding sites as well as the influence of abiotic and biotic factors on the proliferation of larvae in urban 
and non-urban areas of Benin.

Methods:  Sampling of Anopheles larvae was carried out during the rainy and dry seasons in urbanized and non-
urbanized areas of the cities of Cotonou, Bohicon, Parakou, and Natitingou in Benin. The Anopheles larval breeding 
sites were georeferenced and characterized by their nature, type, physicochemical (pH, temperature, dissolved oxy‑
gen, conductivity, turbidity, salinity) and biological attributes (larval density and coliform density).

Results:  A total of 198 positive breeding sites for Anopheles larvae were identified, comprising 163 (82.3%) in the 
rainy season and 35 (17.7%) in the dry season. Out of these larval habitats, 61.9% were located in urbanized areas, and 
were predominantly puddles. Principal component analysis revealed a high positive correlation of larval density with 
temperature and dissolved oxygen, and with salinity in the coastal zone. In addition, cross-sectional analysis of the 
microbiological results with larval density showed a significant negative correlation between larval productivity and 
faecal coliform load.

Conclusions:  This study indicated the presence of  multiple larval habitats of Anopheles in the urban areas which 
were created through human activities, and associations between larval density and intrinsic factors of the habitats 
such as temperature, dissolved oxygen and faecal coliform load. This type of information may be useful for the imple‑
mentation of appropriate control strategies in urban areas, including regulation of the human activities that lead to 
the creation of breeding sites, proper environmental management and targeted larvicidal use.
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Background
In recent years there has been renewed interest in 
urban malaria, particularly in sub-Saharan Africa. It is 
estimated that 24.8–103.2 million clinical episodes of  
malaria occur annually in urban areas that are endemic 
for malaria [1]. Other studies have estimated that nearly 
150 million city dwellers are currently at risk of malaria 
and that 6–28% of annual malaria cases in Africa occur in 
urban areas [2, 3]. Urbanization is thought to lead to the 
improvement of infrastructure, better-quality ‘mosquito-
proof ’ housing, an increase in access to healthcare, and 
a reduction in vector breeding sites. Malaria vector spe-
cies are known to prefer clean water for breeding, which 
is difficult to access in polluted urban areas; a higher 
ratio of humans to mosquitoes is also thought to lead 
to a decreased human biting rate [4]. However, despite 
these encouraging factors, malaria transmission persists 
in African cities and, in some cases, at even higher levels 
than in surrounding areas [5]. Indeed, some African cit-
ies presently experience entomological inoculation rates 
exceeding 80 infective bites per person per year [6].

In Cotonou, the economic capital of Benin, malaria 
transmission is perennial, and the spleen rates are 
between 40 and 60%, indicating that this is a meso- to 
hyperendemic area where malaria infection and disease 
represent substantial burdens for the local population [7]. 
These figures might be revised upwards due to the gal-
loping demographic growth of the continent of Africa 
and mass migration to urban centres. According to 
recent projections, more than 60% of the African popula-
tion will live in urban areas by 2050 [8]. In addition, the 
rapid urbanization in large cities is often  anarchic and 
thus beyond political control. This type of urbanization 
leads to the emergence of new types of lifestyles, which in 
turn lead to an increase in mosquito larval habitats, spe-
cifically those of Anopheles species, making these cities 
important reservoirs of potential vectors [9].

In Benin, as in most sub-Saharan countries, malaria 
remains a major public health problem, with an increase 
in malaria incidence and associated mortality, which 
doubled between 2010 and 2017 [10]. Currently, the 
two main vector control methods used by the National 
Malaria Control Program are based on the use of insec-
ticides and target adult mosquitoes through indoor 
residual spraying (IRS) [11–13] and the use of long-
lasting insecticidal nets (LLINs) [14, 15]. However, the 
development of resistance of Anopheles to insecticides, 
the increasingly exophagous behaviour of Anopheles, 
and the existence of residual transmission when people 

are not protected by IRS or LLINs, underline the impor-
tance of developing complementary methods [15, 16]. 
Among these, larval control, particularly in urban areas 
where larval habitats are limited and easily identifiable, 
has recently been recommended by the World Health 
Organization [17]. In many countries around the world, 
larval control through the systematic application of lar-
vicides has been used to complement IRS and LLINs in 
malaria vector control [18]. Controlling mosquito larval 
populations is often beneficial because the larvae are 
usually concentrated, relatively immobile and often eas-
ily accessed [19]. The appropriate management of lar-
val habitats could help to suppress vector densities and 
therefore the transmission of malaria; however, appro-
priate management requires in-depth and up-to-date 
knowledge of the spatiotemporal distribution and type of 
breeding sites colonized by malaria vectors.

Many studies have shown that the establishment of 
an effective vector control method for mosquitoes must 
take into account ecoclimatic factors, the bioecology of 
the vector, the spatiotemporal distribution and physico-
chemical characteristics of the oviposition sites, and the 
level of sensitivity of the adult mosquitoes to insecticides 
[20–22]. Indeed, various factors influence the density and 
distribution of these mosquito species and their resist-
ance to insecticides. These include climatic factors, plant 
cover, breeding site types and anthropogenic factors [23]. 
In addition, the physicochemical (temperature, salinity, 
hydrogen potential, nitrate levels, etc.) and bacteriologi-
cal parameters of the breeding sites can also influence 
the distribution of mosquito species [21, 24]. Such data 
on mosquito bioecology are lacking for Benin, and this 
constitutes a serious handicap for the evaluation of vec-
tor control strategies there.

The aim of this study was to investigate the distribution 
of Anopheles larvae in four cities of Benin as well as the 
biotic and abiotic habitat characteristics favourable for 
their development.

Methods
Study areas
The study took place in four major cities, Coto-
nou (6°21′55.3″N, 2°25′6″E), Bohicon (7°10′41.7″N, 
2°4′0.1″E), Parakou (9°20′13.8″N, 2°37′49.1″E) and 
Natitingou (10°18′15″N, 1°22′46.6″E), selected along a 
transect from north to south Benin in order to cover 
the different ecological zones of the country. Four dis-
tricts, two urban and two non-urban,  were selected in 
each city (Fig. 1). The urban districts are characterized 
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by planned modern urbanization with houses built on 
well-demarcated plots. The streets are well laid out 
and clean. In the non-urban districts, there is no plan 
of urbanization and the houses are built anarchically, 
often grouped together, and are often highly insalubri-
ous. These districts have not been divided into demar-
cated plots and the majority of the people who live 
in them have poor health and experience low social 
conditions.

Cotonou is situated within the coastal strip that 
stretches between Lake Nokoué and the Atlantic Ocean, 
and is characterized by a typical equatorial climate with 
two rainy seasons extending from March to June and 
from September to November. The city of Cotonou cov-
ers an area of 79  km2 and has a population of around 
1,300,000 inhabitants [25]. Rainfall there varies between 
900 and 1200  mm, while the average temperature fluc-
tuates between 18 and 35 °C. The landscape of Cotonou 
is not very rugged and includes swamps and lowlands 

which are suitable for vegetable gardening. The city has 
a large number of processing and storage facilities [26].

Bohicon is located in central Benin and is character-
ized by a transitional subequatorial climate with two 
rainy seasons (April–June and September–November). It 
covers an area of 44 km2 and has a population of 171,781 
inhabitants [25]. The average rainfall is 1025  mm/year 
and the temperature varies between 25 and 34  °C. The 
main economic activities are commerce, crafts and agri-
culture [27].

Parakou is situated in the north-eastern part of the 
country; it has an average altitude of 350  m above sea 
level and covers an area of 441 km2. Parakou has a popu-
lation of 254,254 inhabitants [25], and is characterized by 
the south Sudanese climate (tropical and humid) and one 
rainy season from May to October. The average annual 
rainfall is 1200  mm, with most of the rainfall occurring 
between July and September. The lowest temperatures 
are recorded in December–January. Manufacturing, 

Fig. 1  Map of Benin showing the different cities and districts surveyed (insets)
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commerce and urban agriculture are the main economic 
activities in Parakou [28].

Natitingou is located in north-western Benin at an alti-
tude of 500 m above sea level, and has a rugged terrain. 
It covers an area of 3045  km2 and has a population of 
103,843 inhabitants [25]. The climate is Sudano-Guinean, 
which is characterized by one rainy season from May to 
October. The city of Natitingou has high annual rainfall, 
with up to 1400 mm rainfall in some years. The average 
temperature is around 27  °C with a range of 17–35  °C 
during the harmattan. The main economic activities are 
agriculture, tourism, crafts and commerce [29].

Larval collection and habitat characterization
Mosquito larvae were collected  in the cities of Cotonou, 
Bohicon, Parakou and Natitingou from August to Sep-
tember 2020 in the rainy season and from January to Feb-
ruary 2021 in the dry season  to assess the distribution of 
their breeding sites. The surveys were carrying out from 
10 a.m. to 5 p.m. on 3 consecutive days in all the areas of 
the selected districts.

All open water bodies were considered potential breed-
ing sites and investigated. The presence or absence of 
larvae was determined after visual inspection of the 
breeding habitats. Only anopheline larvae and pupae 
were collected, using the standard dipping techniques 
as described by Service and Silver [30]. In each breeding 
site, three to ten dips were carried out, depending on the 
size of the larval habitat, using a standard 350-mL dipper. 
After each dip, the contents were transferred to a plas-
tic container and the larval count was estimated [31]. The 
larvae were then stored in well-labelled plastic containers 
and transported to the insectarium of the Ecole Normale 
Supérieure de Natitingou for rearing and morphological 
identification [32]. Emerging adults from the field larval 
collections were placed in cages, fed 10% honey solution 
and kept at 27 ± 2 °C and 72 ± 5% relative humidity.

The breeding sites were categorized as follows: 
swamps, gutters, pits, puddles or vegetable farms, hoof 
imprints, tyre tracks, and others. Physical characteristics 
of the open water collection sites were recorded by the 
same person in order to maintain consistency in the vis-
ual classification. Breeding sites were also classified into 
two categories after visual inspection: permanent and 
temporary rain-filled breeding sites.

Measurements of the physicochemical characteristics 
of the breeding sites were recorded in situ using a Hanna 
HI 991001 pH meter, a VWR CO300 multiparametric 
conductivity meter, a WTW OXI 3205 oximeter and a 
Hanna HI 93703 Turbidity Meter. The following param-
eters were measured: turbidity [nephelometric turbidity 
units (NTU)]; pH; temperature (degrees Celsius); con-
ductivity (microsiemens per centimetre); salinity (grams 

per litre); dissolved oxygen (milligrams per litre); and 
total dissolved solids (parts per million).

After the measurements had been made, at least 
200 mL of water was sampled from each sample breed-
ing site and placed into a sterile flask. The flask was then 
placed in an icebox and brought back to the laboratory 
for microbiological analysis of the water.

Microbiological analysis of water from the breeding sites
The level of microbiological pollution of the breeding 
sites was evaluated by isolation and then culture of total 
coliforms and Escherichia coli at 37  °C and faecal coli-
forms at 44 °C. The water was filtered through a 0.45-μm 
nitrocellulose membrane and the microorganisms cul-
tured on Chromogenic Coliform Agar according to the 
protocol described by Nonfodji et al. [33].

Statistical analysis
Pearson’s chi-square test was used to compare the pro-
portions of breeding sites and habitat types between 
seasons and districts. One-way ANOVA was used to 
compare larval densities between breeding sites, season 
and districts. Correlations between the recorded phys-
icochemical variables and larval densities were assessed 
using Pearson’s correlation analysis and principal compo-
nent analysis. All the statistical analyses were performed 
using R software version 4.0.3 (R Development Core 
Team 2020).

Results
Type and distribution of Anopheles larval habitats
Overall, 198 breeding sites positive for Anopheles lar-
vae were identified and characterized during the surveys 
in the four cities; these comprised 163 breeding sites 
(82.3%) in the rainy season (Fig. 2) and 35 breeding sites 
(17.7%) in the dry season (Fig. 3). A significant difference 
was observed in the distribution of Anopheles breed-
ing sites according to the seasons (χ2 = 58.093, df = 1, 
P < 0.0001) (Table 1). During the rainy season, out of 163 
breeding sites, 101 (61.9%) were found in urban districts 
compared to 62 (38.1%) in non-urban districts. In the dry 
season, 20 (57.1%) and 15 (42.9%) breeding habitats were 
found in urban and non-urban districts, respectively. No 
difference was observed in the distribution of breeding 
sites between urban and non-urban districts according 
to the collection period. The 198 breeding sites were cat-
egorized into 17 types, including puddles (45.9%, n = 91), 
tyres (14.6%, n = 29) and gutters (11.1%, n = 22), which 
had the highest frequencies of larvae (Table  2). During 
the rainy season, puddles were the most frequent habitat 
type encountered in Natitingou (40%, n = 14), Bohicon 
(67.5%, n = 27) and Cotonou (77.8%, n = 35), while tyres 
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(32.6%, n = 14) and puddles (20.9%, n = 9) were the most 
frequent habitat types encountered in Parakou.

In Natitingou, Bohicon and Cotonou, puddles were 
mostly encountered in urban districts (71.1%, 62.1% and 
60%, respectively) rather than in non-urban districts 
(28.1%, 37.1% and 40%, respectively) during the rainy sea-
son (Table 2).

Larval densities in the breeding sites
The densities of Anopheles larvae in each collec-
tion period and in the different districts are shown in 
Table  2. In Parakou, the most productive breeding sites 
for Anopheles larvae were located in the urban districts 
and included gutters (18.5 ± 23.3 larvae/dip), tyre tracks 
(12 ± 12.1 larvae/dip) and ponds (7.2 ± 5.3 larvae/dip). 
Similar observations were made in Natitingou, with tyre 
tracks (6.5 ± 2.1 larvae/dip) and ponds (5.3 ± 8.3 larvae/
dip) the most productive habitats in urban districts. In 

Bohicon and Cotonou the highest densities of larvae 
were respectively found in gutters (11.4 ± 12.0 larvae/
dip) and vegetable farms (6.5 ± 4.9 larvae/dip) in the 
urban districts. In the non-urban districts, the highest 
larval densities were found in vegetable farms in Parakou 
(7 ± 4.2 larvae/dip) and Cotonou (6.5 ± 4.9 larvae/dip). 
In Natitingou and Bohicon, the highest larval densities 
of Anopheles were found in tyre tracks in the rainy sea-
son (6.5 ± 2.1 larvae/dip) and gutters in the  dry season 
(4 ± 4.2 larvae/dip).

The highest larval densities of Anopheles mosquitoes 
were observed during the rainy season in several dis-
tricts, but there were no significant differences in the lar-
val densities between the different seasons and between 
the different districts.

Nature and types of breeding sites
During the collection period, mosquito larval breeding 
sites were classified as either temporary or permanent. 

Fig. 2  a–d Spatial distribution of the breeding sites surveyed in the four cities in the rainy season. a Parakou, b Natitingou, c Bohicon, d Cotonou
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Temporary sites were mainly rain dependent and dried 
up when it had not rained for a while. Permanent sites, 
on the other hand, had a regular source of water, either 

from a clean water source, or from underground, as was 
the case for certain low-lying and marshy areas, or from 
rivers/streams, or from broken pipes.

Fig. 3  a–d Spatial distribution of the breeding sites surveyed in the four cities in the dry season. a Parakou, b Natitingou, c Bohicon, d Cotonou

Table 1  Distribution of breeding sites  in the study sites in the rainy and dry seasons according to the level of urbanization of the 
districts

Cities Rainy season Dry season

Urban districts Non-urban districts Total Urban districts Non-urban districts Total

n % n % n (%) n % n % n (%)

Parakou 20 46.5 23 53.5 43 (100) 3 30 7 70 10 (100)

Natitingou 26 74.3 9 25.7 35 (100) 5 100 0 0 5 (100)

Bohicon 27 67.5 13 32.5 40 (100) 6 75 2 25 8 (100)

Cotonou 28 62.2 17 37.8 45 (100) 6 50 6 50 12 (100)

Total 101 61.9 62 38.1 163 (100) 20 57.1 15 42.9 35 (100)
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In the two collection periods, the majority of breeding 
sites in the four cities  were temporary ones. During the 
rainy season, 81.4% (χ2 = 11.881, df = 1, P = 0.0006), 83.3% 
(χ2 = 10.742, df = 1, P = 0.001), 97.5% (χ2 = 18.501, df = 1, 
P < 0.0001)  and 93.3% (χ2 = 18.807, df = 1, P < 0.0001) 
of the habitats were temporary in Parakou, Natitingou, 
Bohicon and Cotonou, respectively (Table 3). During the 
dry season, the percentages of breeding sites identified 
as temporary were as follows: 50% in Parakou (χ2 = 0.0, 

df = 1, P = 1.0), 60% in Natitingou (χ2 = 0.154, df = 1, 
P = 0.6949), 100% in Bohicon (χ2 = 0.0, df = 1, P = 1.0) 
and 75% in Cotonou (χ2 = 2.200, df = 1, P = 0.1380).

The breeding sites were considered to be either natu-
ral or artificial. The natural sites included puddles, ponds 
and swamps. Habitats such as gutters, tyres, construction 
sites, tips, cans, and vegetable farms, which were man-
made or resulted from human activity, were classified as 
artificial. In Natitingou, Bohicon and Cotonou, natural 

Table 2  Types of breeding sites and their mean larval densities  in the rainy and dry season according to the level of urbanization of 
the districts

Seasons Habitat types Parakou Natitingou Bohicon Cotonou

Urban 
districts, n 
(mean larval 
density/dip)

Non-urban 
districts, n 
(mean larval 
density/dip)

Urban 
districts, n 
(mean larval 
density/dip)

Non-urban 
districts, n 
(mean larval 
density/dip)

Urban 
districts, n 
(mean larval 
density/dip)

Non-urban 
districts, n 
(mean larval 
density/dip)

Urban 
districts, n 
(mean larval 
density/dip)

Non-urban 
districts, n 
(mean larval 
density/dip)

Rainy season Gutters 2 
(18.5 ± 23.3)

3 (4.3 ± 4.9) 0 1 (5) 5 
(11.4 ± 12.0)

1 (1) 0 0

Tyres 5 (1.5 ± 0.8) 9 (1.9 ± 1.6) 5 (2.5 ± 2.1) 0 4 (2.7 ± 1.7) 2 (3.5 ± 2.1) 1 (2) 0

Vegetable 
farms

0 2 (7 ± 4.2) 0 0 0 0 2 (6.5 ± 4.9) 0

Puddles 2 (1.2 ± 0.3) 7 (4.5 ± 3.5) 10 (3.7 ± 3.1) 4 (5.2 ± 6.5) 17 (3 ± 2.1) 10 (3.4 ± 4.4) 21 (4.3 ± 4.5) 14 (2.5 ± 1.5)

Tyre tracks 3 (12 ± 12.1) 0 2 (6.5 ± 2.1) 3 (6.3 ± 3.0) 0 0 0 3 (4 ± 3.6)

Swamps 1 (3) 0 1 (3) 0 0 0 0 0

Pits 0 0 1 (3) 0 0 0 3 (1.3 ± 0.6) 0

Water con‑
tainers for 
animals

0 1 (1) 0 0 0 0 0 0

Hoof 
imprints

1 (2) 0 0 1(2) 0 0 0 0

Tin can 0 1 (1) 0 0 0 0 0 0

Ponds 6 (7.2 ± 5.3) 0 5 (6.3 ± 8.3) 0 1 (2) 0 0 0

Abandoned 
cans

0 0 1(4) 0 0 0 0 0

Wells 0 0 1(0.5) 0 0 0 0 0

Construction 
sites

0 0 0 0 0 0 1 (6) 0

Total 20 (8.7 ± 8.9) 23 (3.4 ± 3.2) 26 (3.9 ± 4.3) 9 (5.2 ± 4.9) 27 (4.5 ± 6.0) 13 (3.3 ± 3.9) 28 (4.1 ± 4.2) 17 (2.8 ± 1.9)

Dry season Gutters 1 (3) 2 (4.5 ± 3.5) 1 (2) 0 2 (4.5 ± 0.7) 2 (4 ± 4.2) 2 (2 ± 1.4) 0

Tyres 1 (5) 0 0 0 1(2) 0 1(0.5) 0

Vegetable 
farms

0 0 2 (4 ± 4.2) 0 1 (5) 0 2 (2.5 ± 0.7) 0

Puddles 0 2 (2.5 ± 2.1) 2 (1.5 ± 0.70) 0 1(0.1) 0 0 1(2)

Tyre tracks 0 1 (2) 0 0 0 0 0 1(2)

Hollow bricks 0 0 0 0 0 0 0 1(0.5)

Flowerpots 0 0 0 0 0 0 1(1) 0

Under 
bridges

0 2 (3.5 ± 3.5) 0 0 1 (2) 0 0 0

Swamps 0 0 0 0 0 0 0 2 (1 ± 0)

Pits 1 (0.5) 0 0 0 0 0 0 1 (7)

Total 3 (2.8 ± 2.2) 7 (3.3 ± 2.4) 5 (2.6 ± 2.1) 0 6 (3.0 ± 1.9) 2 (4 ± 4.2) 6 (1.7 ± 1.1) 6 (2.3 ± 2.4)

P-value 0.2667 0.9399 0.5180 – 0.5535 0.8180 0.1789 0.1347
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sites were more abundant than artificial ones during the 
rainy season, and accounted for 58.1%, 70% and 77.1% 
of sites, respectively. However, in Parakou, artificial sites 
(60.1%) were more numerous than natural sites (39.1%) 
during the same season. In the dry season, the cities sur-
veyed had high proportions of artificial sites (Table 3).

Physicochemical parameters and their effects on the larval 
productivity of the breeding sites
Tables  4 and 5 show the mean physicochemical char-
acteristics of the different types of breeding sites in the 
rainy and dry season. During the rainy season, the high-
est (39.9  °C) and lowest (24.1  °C) temperatures were 
recorded in a pond and in a tyre, respectively, in Parakou. 
The pH ranged from 2.88 to 10.44. The lowest pH was 
recorded on a vegetable farm and the highest in a puddle 
during the rainy season in the city of Parakou. Dissolved 
oxygen was highest (8.23 mg/L) in a swamp in Natitingou 
and lowest in a gutter in Bohicon. The highest salinity 
(0.8 g/L) and conductivity (1435 μS/cm) were measured 
during the rainy season in tyre tracks at Parakou. The 
lowest salinity (0.1  g/L) was recorded in a large habitat 
while the lowest conductivity (43.2 μS/cm) was recorded 
in a tyre during the rainy season in Bohicon. The high-
est turbidity, 970 NTU, was recorded in a gutter, while 
the lowest turbidity, 1.35 NTU, was recorded in a tyre in 
Bohicon during the rainy season.

Principal component analysis was used to determine 
the relationships between the investigated physicochemi-
cal variables and Anopheles larval productivity. The pro-
jections showed that larval productivity was linked to the 
variation of some physicochemical parameters (Fig.  4). 
Indeed, in the city of Parakou, larval density was related 
to the 2nd PC axis and showed positive correlations with 
dissolved oxygen, pH and temperature. These positive 
correlations with dissolved oxygen (r = 0.26, P = 0.038) 
and temperature (r = 0.23 P = 0.047) were statistically 
significant. In the city of Natitingou, there was no signifi-
cant correlation between any physicochemical parameter 
and the abundance of Anopheles larvae. In Bohicon, dis-
solved oxygen was related to larval density on the first PC 
axis, but this relationship was not statistically significant 
(r = 0.16, P = 0.862). In the city of Cotonou, temperature 
(r = 0.23, P = 0.048) and salinity (r = 0.44, P = 0.002) were 
positively correlated with the density of Anopheles larvae.

Microbiological parameters and their effects on the larval 
productivity of the breeding sites
To determine whether bacterial composition could influ-
ence larval density, microbiological analysis of water 
samples from some of the habitats encountered in 
the study sites was performed. This allowed the isola-
tion, identification and count of faecal coliforms, total 

coliforms and E. coli present in the samples. There were 
high loads of these bacteria in several water samples from 
the larval habitats. The  average loads of faecal coliforms, 
total coliforms and E. coli were 2.18 × 105 UFC/100 mL, 
1.80 × 104 UFC/100 mL, 2.20 × 104 UFC/100 mL in Par-
akou; 6.60 × 105 UFC/100 mL, 3.30 × 104 UFC/100 mL, 
9.40  ×  104 UFC/100  mL in Natitingou; 3.90  ×  105 
UFC/100  mL, 4.40  ×  104 UFC/100  mL, 5.95  ×  104 
UFC/100  mL in Bohicon; and 6.76 ×  105 UFC/100 mL, 
9.90  ×  104 UFC/100  mL, 1.26  ×  105 UFC/100  mL in 
Cotonou, respectively.

Figure 5 shows the results of the cross-sectional anal-
ysis between bacteriological load and larval densities 
of the water samples in the different cities. A signifi-
cant negative correlation was observed between larval 
density and the concentration of coliforms (r = − 0.72, 
P = 0.0024). However, no significant correlation was 
observed between larval density of the breeding sites and 
total coliform load (r = − 0.22, P = 0.215) or E. coli load 
(r = 0.06, P = 0.419).

Discussion
The present study was carried out to assess the spati-
otemporal distribution of larval habitats as well as the 
physicochemical and microbiological variables favoura-
ble for Anopheles larval development in four major cities 
of Benin. Most of the Anopheles breeding sites encoun-
tered in the different districts resulted from human 
activities and their characteristics were related to fac-
tors associated with urbanization. Seventeen different 
types of larval habitats were identified, including pud-
dles, abandoned tyres, construction sites and vegetable 
farms. A high diversity of Anopheles larval habitats was 
also reported by Djegbe et  al. [34] for southern Benin, 
and by many other authors for Africa [35–38]. Puddles 
were the most numerous breeding sites recorded in the 
different study sites. These were generally found in alleys 
or on the edges of streets, and essentially indicated a lack 
of sanitation provided by public authorities and a poorly 
controlled urbanization process [39, 40]. In addition, the 
neglect of the local population and practices associated 
with economic activities could be responsible for the 
presence of many of the types of larval habitats [37, 41]. 
In Parakou, the abundance of tyres, which serve as larval 
habitats for Anopheles, could be due to increasing trans-
portation by large trucks which serve other cities in the 
north and neighbouring countries, and transit the city. 
This leads to tyres being abandoned in the city’s many 
garages and tyre centres.

The classification of breeding sites as ‘natural’ or 
‘artificial’ allowed us to highlight the role of humans in 
maintaining the transmission of malaria in the dry sea-
son  through their routine activities. Indeed, though the 
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number of larval habitats was considerably reduced dur-
ing this season, those that were found were mainly man-
made. Therefore, it is important to draw the attention of 
the population to their role in reducing the transmission 
of malaria through better sanitation and elimination of 
these habitats [38].

The larval habitats were also classified as ‘permanent’ 
or ‘temporary’. This classification of habitats helped us 

to understand their persistence and the extent to which 
they contributed to the abundance of Anopheles popula-
tions during seasonal changes in the study areas [42]. A 
high number of temporary habitat types were observed 
in the four cities during the two collection periods. As 
the temporary breeding sites depend mainly on rainfall, 
and dry out quite quickly with a drop in precipitation, 
the high proportions of them observed in the dry season 

Fig. 4  Projection of physicochemical parameters and larval density of Anopheles in the same plane [Dim1 × Dim2 of the principal component 
analysis (PCA)]
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could have been due to human activities. Several types of 
human activities that take place in the cities were found 
to create suitable oviposition sites in the dry season. In 
particular, the colonization of lowland areas for hous-
ing, agriculture, public works, or domestic and industrial 

activities was one of the important factors responsible 
for the creation of potential breeding sites for anopheline 
mosquitoes.

In three of the four cities surveyed, Natitingou, Bohi-
con and Cotonou, the majority of Anopheles breeding 
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sites were found in urban districts. This could be 
explained by the fact that, in urban districts, breeding 
sites are accessible and easily spotted, unlike in dis-
tricts with low urban potential [34]. In addition, urban 
districts offer a multiplicity of typical breeding sites 
(temporary, sunny and clear of debris) favourable to 
Anopheles, in contrast to non-urban districts, which 
are characterized by unsanitary conditions, and where 
potential breeding sites are often highly polluted and 
thus less favourable for Anopheles development [43, 44]. 
These results are interesting because they may explain 
the existence of a fairly high urban rate of transmission 
of malaria, which a few years ago was still considered 
controversial [45]. A high rate of malaria transmission 
in urban areas was recently reported by Nahum et  al.  
[7], who found that Cotonou could classify as a hyper-
endemic area, with perennial malaria transmission, and 
spleen rates between 40 and 60%. Yadouleton et al. [46] 
also observed a high biting rate and sporozoïte infec-
tion of Anopheles in urban districts of Cotonou, Porto-
Novo and Parakou.

In Cotonou and Bohicon, tyre tracks were the most 
productive habitat types. This can be explained by the 
fact that tyre tracks constitute ideal sites for oviposition 
by Anopheles females due to their small surface area, 
adequate exposure to sunlight and absence of surface 
plant debris [47, 48]. Other than tyre tracks, puddles, 
vegetable farms and gutters were among the habitat types 
with the highest larval densities in the four cities. Mat-
tah et al. [39] reported similar results, with puddles (13.7 
larvae/dip), gutters (12.9/dip) and urban farm sites (11.6/
dip) the most productive larval habitats for Anopheles in 
southern Ghana.

It is also important to note that the larval abundances 
of the different types of habitats were mainly influenced 
by season and physicochemical parameters. There was 
seasonal variation in larval densities, with higher densi-
ties in the rainy season compared to the dry season in all 
types of breeding sites. It is therefore appropriate that the 
various control strategies used to reduce malaria trans-
mission should be intensified during the dry seasons [49]. 
The physicochemical characterization of the habitats 
made it possible to identify positive correlations between 
the density of Anopheles larvae and certain parameters, 
including temperature, oxygen level and pH. A positive 
relationship between Anopheles larval density and tem-
perature has been reported previously by several authors 
[50–52]. According to Muturi et al. [52], low water tem-
peratures cause a decline in the growth of microorgan-
isms on which mosquito larvae feed. In addition, higher 
temperatures can be detrimental to many aquatic arthro-
pods, including predators of larvae, and thus increase 
the chance of survival of Anopheles larvae [18]. Higher 

temperatures may therefore favour the development of 
larval stages.

As in the present study, Mahamane et  al. [9] and 
Mbidda et  al. [53] found a positive correlation between 
Anopheles larval density and dissolved oxygen concentra-
tion. As Anopheles larvae do not have a siphon, dissolved 
oxygen in the water could theoretically be an important 
factor for their survival. Other authors have reported that 
anopheline larvae prefer fresh, well-oxygenated water 
with a low mineral content [24]. However, it should be 
noted that the Anopheles larvae showed a preference for 
water of higher salinity in the city of Cotonou. This posi-
tive correlation of the density of Anopheles larvae with 
salinity suggests an adaptation of this species to unusual 
breeding sites. The proximity of  Cotonou, which is a 
coastal city, to the sea is believed to explain the, at times, 
high salt levels of the breeding sites. In addition, anthro-
pogenic factors, which are more accentuated in Cotonou 
due to the large population and development of indus-
trial activities there, could have an effect on the quality 
of water in the larval habitats. These observations agree 
with the findings of many authors [41, 54] who found that 
the Anopheles larvae in brackish roosts in Cape Coast 
(Ghana) were mainly of the species Anopheles coluzzii. 
Subsequent work, including molecular identification, will 
be carried out in order to analyse the distributions of the 
species of the Anopheles gambiae complex within the dif-
ferent types of breeding sites identified here.

The microbiological analysis indicated the presence 
of faecal and total coliforms at various concentrations 
in the water samples from the breeding sites. The pres-
ence of these bacteria indicates faecal contamination of 
the breeding sites, which may be of human or animal 
origin. Furthermore, a negative correlation was observed 
between the density of Anopheles larvae and the concen-
trations of faecal coliforms, which suggests that these 
coliforms inhibit the growth of the larvae [24]. While 
bacteria are known to be a source of nutrients for the 
growth of mosquito larvae, they may also be indicative 
of environmental conditions favourable to the presence, 
or absence, of larvae in breeding sites [55]. For example, 
Dada et al. [56] showed that the abundance of E. coli in 
breeding sites was significantly negatively correlated with 
the density of Aedes aegypti larvae. Experimental work 
in the laboratory will be carried out to better understand 
the mechanisms associated with the anti-larval activity of 
faecal coliforms.

The results of this study are important for the design 
of a larval control strategy for the cities of Benin. They 
indicated that the most productive Anopheles breed-
ing sites were in specific man-made habitats. The find-
ings of this study provide support for the consideration 
of environmental management for malaria control in 
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urban settings. In terms of priorities, urban malaria 
is most efficiently controlled through highly focused, 
community-level interventions. The emphasis here 
should be on eliminating vector breeding sites through 
larvicidal and other measures. While LLINs and IRS are 
the gold standard for vector control in rural areas, there 
is great potential for the identification and hence elimi-
nation of mosquito breeding sites in urban settings by 
paying attention to both natural and artificial habitats.

Conclusions
This study shows that many factors, such as climatic 
conditions and human activities, affect larval prolif-
eration because they support the presence of artificial 
breeding sites throughout the year. The abundance of 
Anopheles larvae was positively associated with phys-
icochemical determinants including high temperatures 
and dissolved oxygen levels, and negatively with fae-
cal coliform concentrations, which likely inhibit lar-
val growth. The present study provides a great deal of 
important information that should be taken into con-
sideration by the National Malaria Control Program for 
the development of future malaria control strategies. 
Nowadays, vector control strategies cannot only rely 
on the promotion of LLINs and IRS, as is presently the 
case in Benin. Programmes that employ a combination 
of larvicidal treatments and environmental measures 
designed to reduce the number of breeding sites should 
be a central feature of urban malaria control.
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