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Abstract

Malaria is a public health priority in Niger. We carried out an entomological study in 10
neighborhoods of the city of Niamey. We collected mosquitoes every three days, from each site,
for 15 days at the end of the dry season and 15 days during the mid-rainy season in 2011,
2013, and 2014. A single collection of larvae was carried out at a drainage ditch and a pond
during the rainy season of 2016. We sought pre-imaginal stages at 16 breeding sites, 38% of
which were open-air ditches for the drainage of domestic waste water and rainwater. Anopheline
larvae were raised until adult emergence. In addition to harvesting larvae, adult mosquitoes were
captured using light traps and knock-down insecticide sprays. We harvested a total of 10,551
Culicidae larvae, composed of Anopheles sp., Culex sp. and Mansonia sp. Twelve percent (12%) of
the larvae collected were Anopheles sp. Anopheline larvae were found at four of the six surveyed
open ditches, accounting for 12.7% of collected larvae. The search for adults yielded 20,274
Culicidae females (35.2% Anopheles sp.). This survey reveals that the open ditches of Niamey,
despite being severely polluted are productive breeding grounds for Anopheles gambiae sensu
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INTRODUCTION

Mosquitoes, like all Diptera, are insects that undergo
complete metamorphosis, i.e. larvae and adults have a very
different appearance and lifestyle. Immature stages live in an
aquatic environment and adults in the open air. Mosquitoes
have colonized diverse natural environments and adapt too
many lifestyles due to their morphological variety and ecological
plasticity. They exploit almost all types of aquatic habitats for
breeding. Female mosquitoes lay eggs either on the surface of the
water or on a wet substrate that may subsequently be flooded;
the eggs hatch as soon as the embryo is fully developed.

Malaria is the deadliest of the parasitic diseases transmitted
by mosquitoes. According to the WHO (2015), the number of
malaria cases worldwide declined from 262 million in 2000
(range: 205-316 million) to 214 million in 2015 (range: 149-
303 million), a reduction of 18%. The number of deaths due
to malaria has dropped from approximately 839,000 in 2000
(range: 653,000-1.1 million) to 438,000 in 2015 (range: 236,000-
635,000), a reduction of 48%. Most cases and deaths in 2015
were in Africa (88%).

The prevalence of malaria parasites in cities is generally
lower than that observed in neighboring villages [1,2]. (Studies
on the effects of urbanization on malaria transmission in sub-

Saharan Africa showed different transmission rates in urban,
peri-urban, and rural areas [3,4]. Urban malaria transmission
rates vary and are affected by a number of factors, such as
location (altitude, proximity to the sea, rivers, etc.), climate,
land use, socio-economic factors, the local vector species,
waste management, and more. Factors associated with urban
landscapes and the behavior of urban dwellers strongly influence
the fate of anopheline populations and affect the reservoir of the
parasite. Overall, the process of urbanization tends to reduce
anopheline breeding sites [2,5] and is therefore expected to
reduce malaria transmission. The inventory of urban breeding
sites by [6], indicated that most are artificial, including urban
agriculture, tires, and ditches; note however, that urbanization is
a process and the vectors continuously adapt.

Malaria is transmitted by An. gambiae sensu stricto (s.s.)
and/or An. arabiensis in most large modern African cities [5,7].
The breeding sites for these two species of the An. gambiae s.L
complex are small pools of fresh, shallow, calm, clear, sunny
water. However, studies in both rural and urban areas in Africa
have revealed the presence of Anopheles larvae, vectors of
malaria, in waste water [8,9].

Malaria is a public health priority in Niger. It accounted for
28.3% of all morbidity recorded in 2014. Specific mortality due
to malaria was 52.1%, and is higher in children under 5 years of
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age with a rate of 62.3% (Directory of Health Statistics of Niger,
2015) [10]. The urban community of Niamey alone accounts for
10% of all malaria cases reported in Niger and the incidence has
increased steadily in recent years. In the 1970s, there were few
mosquito breeding sites in Niamey [11,12], and the transmission
of malaria was higher in the neighborhoods near the river
[13], than in other neighborhoods [14], except for unsanitary
areas with standing water in pools and ponds. There are few
entomological data for Niamey, and they are outdated, and from
single surveys. This lack of knowledge is further exacerbated by
the climatic changes of recent years, in particular the substantial
decline in rainfall (20-30%) over the last 40 years and successive
droughts [15]. Although attenuated by interventions of the
National Program for the Fight against Malaria (PNLP), invasions
of Anopheles throughout Niamey have not diminished. The speed
and scale of population growth of Niamey has prevented the public
authorities from providing adequate infrastructure, including an
effective system of sanitation and rainwater drainage.

We report work to update knowledge about the inventory
and geographical distribution of mosquitoes, and to evaluate the
contribution of poorly maintained open ditches that surround
the city of Niamey in the development of Anopheles larvae.

MATERIALS AND METHODS
Study site

Niger is a landlocked Sahelian country with an area of
1,267,000 km?2 It has environmental problems due to an
imbalance between the human population, available resources,
and economic development. In 1956, at the end of the colonial
era, Niger was little urbanized: the urban population was 100,000
(3.6% of the total population), and Niamey had only 23,000
inhabitants [16]. Niamey, has been the capital of Niger from its
independence to the present day, and was chosen because it was
a healthy site, as well as for political reasons. It has witnessed
spectacular population growth and expansion, leading to
problems of urban development in the growing agglomerations
because of insufficient technical and financial resources. The city
is located in the south-west of the country between 13° 28’and
13°35’ north latitude and meridians 02° 03’ and 02° 12’ longitude
and covers an area of approximately 239 km? [17]. The Niger
River flows through the city in a north-west-south-east direction
and has a bed width of 300-750 m [18]. Niamey is also crossed by
temporary tributaries (koris) of the river, which flow only during
the rainy season (from June to September). The largest of these
is the Gounti Yéna, which cuts across and drains the plateau of
the left bank.

The climate is Sahelo-Sudanian with a rainy season of four
months (June to September). Total rainfall averages 550 mm
per season, with 76% of the precipitation between July and
August. The average annual temperature is 29°C and maximum
daytime temperatures 45°C in the shade, at the end of the dry
season in April. Parallel to the increase in population, roughly
organized agricultural activities have developed in urban and
peri-urban areas (market gardening, rice cultivation). These
activities ensure the supply of fresh produce to the capital, but
also create favorable conditions for the formation of persistent
pools and puddles, in which mosquitoes can breed, in addition to

the banks of the Niger River [19]. The amount of both solid and
liquid waste in the city has grown, and there are only 150 km of
sewers for an urbanized area of more than 11,000 ha with more
than one million inhabitants. This network is poorly distributed
and mostly serves the city center and neighboring districts; some
districts only have large, East-West oriented open drainage
ditches. This network is ineffective because of poor design and
maintenance. The urban community of Niamey is divided into 99
administrative districts (Law n° 2002-012 of 11 June 2002) and
five public health districts with 234 health facilities [20].

Choice of sites

Entomological surveys were carried out in 10 districts of
Niamey, selected to represent or conform to the following criteria
(Figure 1)

Homogeneous distribution to cover the entire urban area,
and the five public health districts of Niamey;

Central or peripheral location of the neighborhood;

Development of organized or informal agricultural activities
in the neighborhood;

Presence of breeding sites for vectors (ponds, river, drainage
channels, etc.);

Various distances of the neighborhood from the river;

Health status of the neighborhood around the Integrated
Health Centers (ISC);
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Figure 1 Distribution of the study sites in 10 districts of Niamey
where mosquitoes were collected.
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Population density of the neighborhood
Capture of mosquitoes

We collected mosquito at each site, every three days for
15 days, at the end of the dry season (June) and for 15 days in
the middle of the rainy season (September) of 2011, 2013, and
2014. We followed a total of 16 breeding sites in the 10 surveyed
districts, including six open ditches, six ponds, one garden pit, and
three sites at the river. A single collection of larvae was carried
out at one of the open ditches for two consecutive days during
the rainy season of 2016. Adult mosquitoes were identified with
determination keys [21]. After morphological identification, the
specimens were stored between -20° and -30°C until further
analysis.

Aquatic stages collection and specimen processing: A
semi-standardized protocol was used to search for larvae and
pupae. The technique consisted of manually collecting aquatic
stages of the mosquitoes by dipping a ladle into the water during
the daytime [22]. The volume of the ladle was 350 mL (Bioquip,
Gardena, CA, USA) as described by « Clarke Mosquito Control
Products, Roselle, IL ». Ten (10) “scoops” were made per site and
per pass and fifteen (15) “scoops” to the last passage of the rainy
seasons. Mosquito larvae and pupae were immediately stored in
a suitable jar containing water from the site and transported to
the laboratory within three hours of collection. The larvae were
morphologically identified and cultured, and the pupae identified
up to the imaginal stage for confirmation.

Biological parameters of the early generations of
Anopheles: We carried out a comparative study of pupal
development, larval production, and adult production on larvae
and pupae collected at an open ditch and those collected at
a permanent pond during the 2016 rainy season (August).
These pre-imaginal stages were followed under near-natural
conditions at the insectarium of the CERMES (in a room without
air conditioning, resulting in a temperature of the insectarium
essentially identical to that outside). We evaluated three
parameters:

Pupal development: the pupation rate was calculated as the
ratio of the number of pupae obtained relative to the number of
stage-1V larvae collected;

Larval production: the larval survival rate was calculated,
relative to the number of larvae reaching stage 1V, for each stage
of larval development;

Attaining adulthood: The rate of emergence was calculated
as the ratio of the number of adults to the number of pupae
collected.

Adult mosquito collection: Two sampling methods for adult
mosquitoes were used for each neighborhood and at each pass:

Capture of mosquitoes at rest after spraying with a knock-
down insecticide (Spray Catch technique). Two rooms used as
bedrooms were sampled in the early morning. Closed rooms
were sprayed using commercial (Mobil®) aerosols containing
pyrethroids to harvest residual fauna (endophilic fauna).

Mosquito capture using light traps. Two light traps (CDC mini

trap light, Model 512, John W. Hock Co., Gainesville, FL, USA)
were used from 7:00 pm to 7:00 am outside bedrooms.

Geographic information system

All mosquito capture sites were geo-referenced using a Hand-
held Global Positioning System (GPS). Characteristics, including
the type of neighborhood and breeding site, the presence of
vegetation, the presence of landfill, the nature of the water,
the distance of the breeding site from the river, and the type of
nearby crop were recorded. The number of people who spent the
night in the room, the presence of insecticide-treated mosquito
nets in the huts, and the presence of animals in the yard were
recorded for adult mosquito sample collections.

Physicochemical quality analysis of surface water

Physicochemical measures and the presence or absence of
aquatic organisms and micro-organisms were determined as
approximate indicators of surface water quality.

Larval breeding sites were characterized using the following
criteria for each site: the presence of predators, water acidity
(pH), salinity, electrical conductivity (EC) and turbidity, and
whether the location was anthropogenic or natural. A portable
pH meter (HI 98130 HANNA instruments; USA) was used to
measure pH, salinity, and EC.

RESULTS AND DISCUSSION

Abundance of Culicidae and Anopheles sp. in the
neighborhoods of Niamey

We collected 10,551 Culicidae larvae during the monitoring
of the breeding sites. Of these, 12% (1,255) were Anopheles sp.
The Culicidae larvae were collected in 842 positive ladles cops
of the 4,577 carried out. Anopheles sp. larvae accounted for 53%
of Culicidae harvested in the central districts, but only 12 and
7% in peripheral and intermediate neighborhoods, respectively.
During the same period, we captured 20,274 Culicidae adults, of
which 35.2% (7,141) were Anopheles sp. Unlike the larvae, the
proportion Culicidae adults that were Anopheles sp. was very low
(5%) in the most urbanized central neighborhoods but high in
peripheral (46%) and intermediate (28%) neighborhoods (Table
1). The Anopheles species found were An. gambiae sl. (94.8%),
An. pharoensis (2.8%), An. rufipes (1.5%), An. funestus (0.5%), An.
ziemanni (0.3%) and An. nili (0.1%). The other Culicidae included
Culex sp. (59.8%), Mansonia sp.(2.5%) and Aedes sp. (2.5%).

Physicochemical characteristics of the water

We tested water at four types of breeding sites: permanent,
semi-permanent, or temporary pools (or ponds); the river; a
garden pit; and open ditches.

The maximum pH (8.2) was recorded in the river; the other
water collection sites were less alkaline. The open ditches were
well oxygenated (5.86 mg/L), whereas oxygen content was very
low in the river (1.81 mg/L) and garden pit (1.57 mg/L). The EC
of the water was high in the open ditches (1179.1us/cm) and low
in the garden pit (320.3ps/cm). The mean water temperature of
the study sites ranged from 25.9°C (temporary pools) to 28.5°C
(open ditches) (Table 2).
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Table 1: Density of Culicidae and Anopheles sp. in neighborhoods of Niamey.
Immature Adult
Neighborhood . Culicidae sp. | Anophéles sp. Culicidae sp.  Anopheles sp.
location Neighborhoods Total Total % Total Total %
Bangabana 4078 375 9% 3507 485 14%
Banigoungou 1763 152 9% 5248 3669 70%
Periphery Tondibia 62 53 85% 2581 1363 53%
Foulan kouara 302 186 62% 953 91 10%
Total 1 6205 766 12% 12289 5608 46%
Gambkalé 60 52 87% 1308 160 12%
Karadjé 1192 219 18% 1194 359 30%
Intermediate Lamordé 1 1 100% 1923 818 43%
Madina 2717 17 1% 505 50 10%
Total 2 3970 289 7% 4930 1387 28%
Boukoki 367 197 54% 1136 31 3%
Center Wadata 9 3 33% 1919 115 6%
Total 3 376 200 53% 3055 146 5%
TOTAL 10551 1255 12% 20274 7141 35%
Table 2: Principal physicochemical measures of the water of the breeding sites.
Larval breeding sites
Measure River Pools/Ponds
Permanent Semi-permanent Temporary Open Ditches Garden pit
pH 8.2 7.9 7.8 7.9 7.6 7.8
Dissolved oxygen (mg/L) 1.81 3.98 3.23 2.58 5.86 1.57
Conductivity (ps/cm) 378.2 743.8 667.8 645.5 1179.1 320.3
Water temperature (°C) 27.5 28.1 28.4 259 28.5 26.6

Abundance of Anopheles sp. at the larval breeding
sites

During the survey, a total of 4,607 ladle scoops were made,
resulting in the collection of 1,255 malaria vector larvae.
The surveys of the breeding sites showed that the diverse
environments tested were all exploited by both Culex sp. and
Anopheles sp. The mean number of Anopheles sp. larvae per ladle
scoop was 0.27, (range 0.01 in the temporary pools to 0.72 in
the permanent pools). Larval abundance varied widely in time
and space. During the dry season, the abundance of Anopheles
sp. Larvae was very low at all surveyed sites, except permanent
ponds; indeed, more than half (52%) of the larvae collected during
the study were from such ponds. Only three Anopheles sp. larvae
were collected from temporary pools during the survey and thus
these pools appear to play a negligible role in the transmission of
malaria (Table 3).

Abundance of Anopheles sp. in ditches

Culicidae larvae were present in 387 of the 1,724 ladle scoops
from ditches (Table 4). We found Anopheles sp. larvae in four
of the six open ditches surveyed, and they made up 2.3% of the
Culicidaelarvae collected. There were, on average, 0.41 Anopheles
sp. larvae per positive ladle scoop. Anopheles sp. larvae were most
abundant in the ditches of the Foulan Kouara district and were
not observed in the ditches in the districts Boukoki and Gamkalé.

Biological characteristics of the early generations of
Anophéles sp.

Anopheles sp. larvae collected from an open ditch and a
permanent pond were reared and the first generation studied.
We collected 2,311 larvae from a pond and 79 from a ditch during
two collections during the rainy season of 2016. We followed
the pre-imaginal development cycle in the laboratory for 10
days. Pupation and larval survival rates were higher for larvae
collected from the ditches (31.4 and 44.3%), respectively) than for
those collected from the pond (27.3% and 37.9%, respectively).
In contrast, the emergence rate was higher for pupae from the
ponds (40.6%) than those from the ditches (36.4%) (Table 5).

CONCLUSION

We report an inventory of the mosquitoes in the capital of
Niger (Niamey): we describe their geographical distribution,
abundance, seasonal variation and relationship with the
environment and in particular the involvement of open ditches in
the life cycle of Anopheles gambiae sl, the principal malaria vector.
The two genera of Culicidae collected in the largest numbers in
Niamey were Culex sp. and Anopheles sp. The biological ecology
of malaria vectors in urban areas in Niamey is characterized
by low Anophelian density in the most highly urbanized areas
and high heterogeneity. These features are consequences of the
diversity of local ecology in each neighborhood in Niamey, as we
had already observed in 2002 and 2008 [19]. In 1997, Julvez et al.
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Table 3: Larval breeding sites and seasonal variation of malaria vectors.
Number of Anopheles sp. larvae
Larval breeding sites
Year Season Number of Pool d Per ladl
ladle scoops = Dol Total ?r adle
River Permanent S Tempora open Eaniy dip
permanent POTaTY  gitches pit
2011 Rainy 1387 74 174 94 0 98 8 448 0.32
Dry 515 0 26 0 0 0 26 0.05
2013 Rainy 770 27 243 2 3 60 95 430 0.56
Dry 640 131 0 0 0 131 0.20
2014 Rainy 825 81 83 0 49 220 0.27
Dry 470 0 0 0 0 0 0 0
Total 4607 106 | 655 179 3 160 152 1255 0.27
Percentage 8% 52% 14% 0% 13% 12%
Total ladle scoops 807 | 1052 247 527 1724 250 4607
Larvae per ladle scoop 0.13 1 0.62 0.72 0.01 0.09 0.61 0.27
Table 4: Density of Culicidae and Anopheles sp. in the ditches.
Number of ladl Number of ladl Anopheles sp.
. umber of ladle umber of ladle ..
Neighborhood T s el Number of Culicidae —_— Per positive ladle
scoop
Bangabana 315 158 3183 2 0.01
Boukoki 336 0 0 0 0
Foulan Kouara 167 49 195 101 2.06
Gamkalé 276 0 0 0 0
Karadjé 350 74 836 40 0.54
Madina 280 106 2691 17 0.16
Total 1724 387 6905 160 0.41
Table 5: Pre-imaginal development of Anopheles sp. in the laboratory. malaria transmission in Niamey, each neighborhood probably
constituting a particular case. This notion of heterogeneous
. . Rate of . oy . . )
Origin of Larval survival Rate of N transmission within a relatively small-urbanized area (250 km?)
larvae rate (%) pupation (%) (%) is consistent with the clinical data, showing high heterogeneity
in the number of cases reported annually in the 60 ICS of Niamey
Ch 1 44.3 (35/79 31.4 (11/35 36.4 (4/11
anne (35/79) (11/35) (4/11) (MSP, PAA2017).
37.9
Pool (876/2311) 27.3 (239/876)  40.6(97/239) The open ditches in Niamey are productive breeding sites

[14], observed that malaria transmission in Niamey was higher
in neighborhoods near the river than in other neighborhoods.
Labbo et al., 2016 [19], observed that the hydrological situation
in Niamey has not changed much over the last decade. But the
author noted the change in malaria transmission. The main
reason is that the data of julvez et al,, are old (1992-1995). In
addition, climate change in recent years has seen a dramatic
decline in precipitation (20-30%) and subsequent drought. [23]

During the survey, we monitored 16 breeding sites. Although
very different, these environments are exploited by both Culex
sp. and Anopheles sp. We found most Anopheles sp. larvae in
permanent pools, consistent with our observations in 2002
[19]. Fluctuations in mosquito densities were very marked
during the periods of heavy rain, whereas their numbers were
relatively constant before this period. The emergence of adult
vectors is abrupt and relatively asynchronous between sites,
probably due to the pressure of human and environmental
factors specific to each site. The consequence is heterogeneous

for Anopheles: larvae from these breeding sites were productive
and pre imaginal development was observed in the laboratory.
We found no species of Anopheles, other than Anopheles
gambiae sl. (the principal vector of malaria), in these ditches.
The physicochemical measures of the water in which we found
Anopheles were similar to those found by [24], in the polluted
waters of Lagos. Anopheline larvae were present in two thirds
(2/3) of the open channels surveyed. Entomological studies
of the ditches in Niamey have not been performed for 40 years
[11,12]. Anopheline larvae generally develop in relatively clean
water, unlike the larvae of Culex quinquefasciatus, which can
grow in water, contaminated with organic matter and are readily
found in urban areas where hygiene is poor [25]. However, larvae
of An. gambiae sl. Are found in various sources of polluted water
in urban environments in sub-Saharan Africa [9,26,27], although
rarely. Nevertheless, some studies [4,28,29] have concluded
that water pollution in cities is the main factor limiting the
development of anophelines.

Our study updates knowledge about mosquitoes in general
and, in particular, the ecology of the principal vectors of malaria
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in Niamey. The presence of An. gambiae sl. larvae in open ditches
has serious implications for the epidemiology of urban malaria.
Changes in the behavior of anopheles and their opportunism in
the face of environmental changes must be considered before
planning, executing, and evaluating vector control measures
in general, and in particular those implemented by the Malaria
Control Program in Niger [30].

ACKNOWLEDGEMENTS

We would like to thank the International Development
Research Center (IDRC) of Canada that funded the study through
the project “Facing Change Together (FACE): Adapting to climate
change in Canada and West Africa through better use of water
resources.” We would also like to thank Dr. Jean Testa and
Sani Haladou for critical reading of the manuscript, as well as
students of the Faculty of Sciences and Techniques of the Abdoul
Moumouni University of Niamey who, during internships at
CERMES, actively participated in the field and laboratory.

REFERENCES

1. Gazin P, Robert V, Carnevale P. The Anophelinae of Africa south of the
Sahara (Ethiopian Zoogeographical Region). Publ South Afr Inst Med
Res. 1987; 54: 1-343.

2. Manga L, RobertV, Messi ], Desfontain ME, Carneva LPE. Le paludisme
urbain a Yaoundé (Cameroun). Etude entomologique dans deux
quartiers centraux. Mém Soc Roy Belge Ent. 1992; 35: 155-162.

3. Hay SI, Guerra CA, Tatem A], Atkinson PM, Snow RW. Urbanization,
malaria transmission and disease burden in Africa. Nat Rev Microbiol.
2005; 3: 81-90.

4. Keating], Macintyre K, Mbogo CM, Githure ]I, Beier JC. Characterization
of potential larval habitats for Anopheles mosquitoes in relation to
urban land-use in Malindi, Kenya. Int ] Health Geogr. 2004; 3: 9.

5. Mouchet ], Carnevale P. Impact des transformations de
I'environnement sur les maladies a transmission vectorielle. Cahiers
Santé. 1997; 7: 263-269.

6. De Silva PM, Marshall JM. Factors contributing to urban malaria
transmission in sub-saharan Africa: a systematic review. ] trop med.
2012.

7. Carnevale P, Robert V, Le Goff G, Fondjo E, Manga L, Akogbeto M,
et al. Données entomologiques sur le paludisme urbain en Afrique
tropicale. Cahiers Santé. 1993; 3: 239-245.

8. Chinery WA. Impact of rapid urbanization on mosquitoes and their
disease transmission potential in Accra and Tema, Ghana. Afr ] Med
Med Sci. 1995; 24: 179-188.

9. Sattler MA, Mtasiwa D, Kiama M, Premji Z, Tanner M, Killeen GF, et
al. Habitat characterization and spatial distribution of Anopheles sp.
mosquito larvae in Dar es Salaam (Tanzania) during an extended dry
period. Malar J. 2005; 4: 4.

10.Direction des statistiques de la surveillance et de la riposte aux
épidémies /Ministére de la Santé / République du Niger. Annuaire des
statistiques sanitaires du Niger. Mars 2015. 309.

11.Sales S, Ochoumare J. Etude des moustiques vecteurs de maladies ou
constituant des nuisances dans la ville de Niamey (Niger). enquéte du
19 au 29 avril 1971. Eut Med. 1971.

Cite this article

12.Chauvet G, Dyemkouma A. Enquéte sur les insectes vecteurs de
maladies ou de nuisances dans la ville de Niamey et ses environs
(Niger). Enquéte du 23 juillet au 6 aotit 1973. OCCGE, 1973.

13.Barennes H. Morbidité palustre infanto-juvénile en milieu urbain sud-
sahélien, Niamey-Santé publique et pays en voie de développement.
Université de Paris. 1994.

14.Julvez J, Mouchet J. Eco-épidémiologie du paludisme a Niamey et dans
la vallée du fleuve, République du Niger, 1992-1995. Bull soc path.
1997; 90: 94-100.

15.Elfatih EAB, Gong C. Dynamics of wet and dry years in West Africa. ]
Climate. 1996; 9: 1030-1042.

16.Bridel L, Morel A, Ousseini I. (dir.) ‘Au contact Sahara-Sahel. Milieux
et société du Niger’, Revue de la Géographie Alpine, HS (Ascendances).
1994; 2: 186.

17.Motcho KH. La réforme de la communauté urbaine de Niamey. Revue
de geographie alpine. 2004; 92: 111-124.

18.Bechler C, Mietton M, Lamotte M. Le risque d’inondation fluviale a
Niamey (Niger). Aléa, vulnérabilité et cartographie River flood risks
in Niamey (Niger). Annales de Géographie Année. 2000. 109: 176-187.

19.Labbo R, Fandeur T, Jeanne I, Czeher C, Williams E, Arzika I, et al.
Ecology of urban malaria vectors in Niamey, Republic of Niger. Malar
J. 2016; 15: 314.

20.Ministére de la Santé Publique du Niger. Revue Annuelle 2016. In:
Publique DGAIS, editor. 2017.

21.Gillies MT, Coetzee M. A supplement to the Anophelinae of Africa South
of the Sahara. Publ South Afr Inst Med Res. 1987; 55: 1-48.

22.Service MW. Mosquito ecology field sampling methods. 2nd edn.
London: Elsevier Applied Science. 1993.

23.Leduc C, Favreau G, Schroeter P. Long-term rise in a Sahelian water-
table: the continental Terminal in South-West Niger. ] Hydrol. 2001;
243: 43-54.

24.Awolola TS, Oduola AO, Obansa ]B, Chukwurar NJ, Unyimadu ]JP.
Anopheles gambiae s.s. breeding in polluted water bodies in urban
Lagos, southwestern Nigeria. ] Vector Borne Dis. 2007; 44: 241-244.

25.Mireji PO, Keating ], Hassanali A, Mbogo CM, Muturi MN, Githure JI,
et al. Biological cost of tolerance to heavy metals in the mosquito
Anopheles gambiae. Med Vet Entomol. 2010; 24: 101-107.

26.Gardiner C, Biggar R, Colling W, Nkrumah F. Malaria in urban and rural
areas of southern Ghana: a survey of parasitaemia, antibodies and anti
malarial practices. Bull World Health Organ. 1984; 62: 607-613.

27.Chinery WA. Effects of ecological changes on the malaria vector
Anopheles funestus and the Anopheles gambiae complex of
mosquitoes in Accra, Ghana. ] Trop Med Hyg. 1984; 87: 75-81.

28.Coene ]. Malaria in urban and rural Kinshasa: the entomological input.
Med Vet Entomol. 1993; 7: 127-137.

29.Robert V, Macintyre K, Keating ], Trape JF, Duchemin JB, Warren M, et
al. Malaria transmission in urban sub-Saharan Africa. Am ] Trop Med
Hyg. 2003; 68: 169-176.

30.Gazin P, Robert V, Carnevale P. Le paludisme urbain a Bobo-Dioulasso
(Burkina Faso). Les indices paludologiques. Cah ORSTOM. Sér Ent Méd
et Parasitol. 1987; 25: 27-31.

Labbo R, Fatouma AD, Amadou S, Ibrahim A, 1zamné M, et al. (2017) Productivity of Malaria Vectors from Drainage Ditches in Niamey, Republic of Niger. JSM

Environ Sci Ecol 5(3): 1052.

JSM Environ Sci Ecol 5(3): 1052 (2017)

6/6


http://horizon.documentation.ird.fr/exl-doc/pleins_textes/pleins_textes_6/b_fdi_33-34/38261.pdf
http://horizon.documentation.ird.fr/exl-doc/pleins_textes/pleins_textes_6/b_fdi_33-34/38261.pdf
http://horizon.documentation.ird.fr/exl-doc/pleins_textes/pleins_textes_6/b_fdi_33-34/38261.pdf
https://www.ncbi.nlm.nih.gov/pubmed/15608702
https://www.ncbi.nlm.nih.gov/pubmed/15608702
https://www.ncbi.nlm.nih.gov/pubmed/15608702
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC419712/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC419712/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC419712/
http://horizon.documentation.ird.fr/exl-doc/pleins_textes/pleins_textes_6/b_fdi_47-48/010011693.pdf
http://horizon.documentation.ird.fr/exl-doc/pleins_textes/pleins_textes_6/b_fdi_47-48/010011693.pdf
http://horizon.documentation.ird.fr/exl-doc/pleins_textes/pleins_textes_6/b_fdi_47-48/010011693.pdf
https://www.hindawi.com/journals/jtm/2012/819563/
https://www.hindawi.com/journals/jtm/2012/819563/
https://www.hindawi.com/journals/jtm/2012/819563/
http://horizon.documentation.ird.fr/exl-doc/pleins_textes/pleins_textes_6/b_fdi_33-34/38788.pdf
http://horizon.documentation.ird.fr/exl-doc/pleins_textes/pleins_textes_6/b_fdi_33-34/38788.pdf
http://horizon.documentation.ird.fr/exl-doc/pleins_textes/pleins_textes_6/b_fdi_33-34/38788.pdf
https://www.ncbi.nlm.nih.gov/pubmed/8669399
https://www.ncbi.nlm.nih.gov/pubmed/8669399
https://www.ncbi.nlm.nih.gov/pubmed/8669399
https://malariajournal.biomedcentral.com/articles/10.1186/1475-2875-4-4
https://malariajournal.biomedcentral.com/articles/10.1186/1475-2875-4-4
https://malariajournal.biomedcentral.com/articles/10.1186/1475-2875-4-4
https://malariajournal.biomedcentral.com/articles/10.1186/1475-2875-4-4
http://horizon.documentation.ird.fr/exl-doc/pleins_textes/pleins_textes_5/b_fdi_04-05/04970.pdf
http://horizon.documentation.ird.fr/exl-doc/pleins_textes/pleins_textes_5/b_fdi_04-05/04970.pdf
http://horizon.documentation.ird.fr/exl-doc/pleins_textes/pleins_textes_5/b_fdi_04-05/04970.pdf
http://horizon.documentation.ird.fr/exl-doc/pleins_textes/pleins_textes_6/b_fdi_47-48/010010881.pdf
http://horizon.documentation.ird.fr/exl-doc/pleins_textes/pleins_textes_6/b_fdi_47-48/010010881.pdf
http://horizon.documentation.ird.fr/exl-doc/pleins_textes/pleins_textes_6/b_fdi_47-48/010010881.pdf
http://journals.ametsoc.org/doi/abs/10.1175/1520-0442%281996%29009%3C1030%3ADOWADY%3E2.0.CO%3B2
http://journals.ametsoc.org/doi/abs/10.1175/1520-0442%281996%29009%3C1030%3ADOWADY%3E2.0.CO%3B2
http://www.persee.fr/doc/rga_0035-1121_2004_num_92_1_2283
http://www.persee.fr/doc/rga_0035-1121_2004_num_92_1_2283
http://www.persee.fr/doc/geo_0003-4010_2000_num_109_612_1888
http://www.persee.fr/doc/geo_0003-4010_2000_num_109_612_1888
http://www.persee.fr/doc/geo_0003-4010_2000_num_109_612_1888
https://malariajournal.biomedcentral.com/articles/10.1186/s12936-016-1352-0
https://malariajournal.biomedcentral.com/articles/10.1186/s12936-016-1352-0
https://malariajournal.biomedcentral.com/articles/10.1186/s12936-016-1352-0
http://ihi.eprints.org/1274/
http://ihi.eprints.org/1274/
https://link.springer.com/content/pdf/bfm%3A978-94-011-1868-2%2F1.pdf
https://link.springer.com/content/pdf/bfm%3A978-94-011-1868-2%2F1.pdf
http://www.sciencedirect.com/science/article/pii/S0022169400004030
http://www.sciencedirect.com/science/article/pii/S0022169400004030
http://www.sciencedirect.com/science/article/pii/S0022169400004030
https://www.ncbi.nlm.nih.gov/pubmed/18092529
https://www.ncbi.nlm.nih.gov/pubmed/18092529
https://www.ncbi.nlm.nih.gov/pubmed/18092529
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2921613/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2921613/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2921613/
https://www.ncbi.nlm.nih.gov/pubmed/6386208
https://www.ncbi.nlm.nih.gov/pubmed/6386208
https://www.ncbi.nlm.nih.gov/pubmed/6386208
https://www.ncbi.nlm.nih.gov/pubmed/6748132
https://www.ncbi.nlm.nih.gov/pubmed/6748132
https://www.ncbi.nlm.nih.gov/pubmed/6748132
https://www.ncbi.nlm.nih.gov/pubmed/8481529
https://www.ncbi.nlm.nih.gov/pubmed/8481529
https://www.ncbi.nlm.nih.gov/pubmed/12641407
https://www.ncbi.nlm.nih.gov/pubmed/12641407
https://www.ncbi.nlm.nih.gov/pubmed/12641407
http://horizon.documentation.ird.fr/exl-doc/pleins_textes/cahiers/entomo/25632.pdf
http://horizon.documentation.ird.fr/exl-doc/pleins_textes/cahiers/entomo/25632.pdf
http://horizon.documentation.ird.fr/exl-doc/pleins_textes/cahiers/entomo/25632.pdf

	Productivity of Malaria Vectors from Drainage Ditches in Niamey, Republic of Niger
	Abstract
	Introduction
	Materials and Methods 
	Study site
	Choice of sites
	Capture of mosquitoes 
	Geographic information system 
	Physicochemical quality analysis of surface water 

	Results and Discussion 
	Abundance of Culicidae and Anopheles sp. in the neighborhoods of Niamey 
	Physicochemical characteristics of the water  
	Abundance of Anopheles sp. at the larval breeding sites 
	Abundance of Anopheles sp. in ditches 

	Conclusion
	Acknowledgements
	References
	Fgiure 1
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

