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Abstract  Studies on the abundance and preferred
breeding sites of mosquitoes in different larval
micro-habitats of refuse disposal dumps in Owerri were
carried out between April and December 2016. Mosquito
larvae were collected twice a week using standard dipping
method and reared to adult stage. Two thousand, nine
hundred and eighty seven adult mosquitoes were harvested.
They were identified morpho-metrically into different
species using binocular stereomicroscopes and taxonomic
identification keys. Eight species of mosquitoes were
identified: Aedes aegypti (28%), Aedes albopictus (18.1%),
Anopheles species (4.0%), Culex trigripes (16.0%), Culex
quinquefasciatus  (19.9%), Culex vittatus  (5.3%),
Eretampodite spp (4.8%) and Toxorhynchites spp (3.7%).
The findings showed that blocked gutters, empty cans and
ground pools favoured the breeding of mosquitoes. Highest
abundance of mosquitoes in the study sites were recorded in
Relief Market and Concord Area. The presence of
mosquitoes in the refuse dump sites was observed
throughout the year. This suggests why mosquito borne
diseases like malaria are prevalent in the study area
throughout the year. The implication of the findings and
recommendations for implementation of proper and regular
disposal of refuse are discussed.
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1. Introduction

Insect vectors are the largest group of disease transmitting
agents [1]. In most cases, the widest diseases - spreading,
mosquitoes are the commonest vectors of insect borne
diseases [2]. Among a wide range of vector - borne disease,
malaria and lymphatic filariasis stand out as serious health

hazards in the contest of poor drainage.

The principal vector of filariasis (Culex quinquefasciatus)
breeds in polluted water in ditches like tins and any kind of
water accumulated in containers while anopheles mosquitoes
are adapted to life in polluted water in urban environments
[3]. In recent years the species have been found breeding in
highly polluted water with high concentration of metal and
human faces [4]. The mutual beneficial relationship between
Culex quinquefasciatus, a non-malaria vector and Anopheles
gambiae can lead to elevated malaria vector densities in
urban environments [4]. Culex quinquefasciatus breeds
efficiently in artificial sites like drainage facilities. Once they
inhabit these sites, they create an environment in which
Aedes gambiense were discovered in gutters blocked by
refuse and sewage already inhabited by Culex species [4].

As a result of improved health facilities and increased
awareness, urbanization is generally expected to reduce
malaria transmission but on the contrary, the disease still
persists in African cities. In some cases, the prevalence is
higher than in rural areas, [2, 5]. There is presently a rapid
growth in population of Owerri due to rural/urban migration.
This has given rise to a high generation of solid wastes from
industries, homes, schools and markets. Many African cities
like Owerri do not have efficient waste collection and
disposal services [6]. In Nigeria, the sources of solid wastes
are commercial centres, industries, households, agricultural
and educational establishments. Effective disposal program
for these solid wastes is lacking. This poor disposal habit is
associated with spread of vector - borne diseases like malaria
and dengue fever in the country [5]. Often times, solid wastes
that are improperly disposed become breeding sites for
mosquitoes due to pools of rain water collected in discarded
solid wastes such as cans, bottles and used car tires.

The present study was undertaken to determine the
relative abundance of various mosquito — vectors and their
distribution in undisposed refuse dumps existing in different
parts of Owerri. This will help to determine the impact of
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man-made ecosystem on the abundance and occurrence of
disease vectors. The study will also help to highlight the
effects of delays in disposal of refuse / wastes on the
prevalence of disease — causing vectors as well as suggest
possible surveillances approach to control the disease
causing vectors.

2. Materials and Methods

Study Area

The study was conducted in Owerri metropolis, Imo State
between April and December 2016. Owerri metropolis
comprises of the urban areas of Owerri West L.G.A, Owerri
North L.G.A and Owerri Municipal Council. This covers an
area of 100 square kilometers and an estimated population of
about 750,000. It is located between latitude 5° 29°N and
longitude 7°2”’E. The population comprised mostly of civil
servants, traders, farmers, artisans, students and school
leavers.

Sample Technique

Field investigations were carried out in 10 selected waste
dump sites with differences in ages, sizes and locations
namely: Relief Market area, Amkohia area, Orji area, Irette
area, World Bank area, Egbu, Nekede area, lkenegbu/
Aladinma area, Concord Hotel area and Douglas Road area.
The refuse dump sites in the study area were composed of
metals, tins, plastics, organic wastes (vegetable wastes,
rotten food materials etc.) and industrial wastes. The refuse
dumps were always damp throughout the study period.

Collection and Rearing of Larvae

Weekly surveys were carried out to determine the
presence of stagnant water habitats, their characteristics and
larval densities. Mosquito larvac were collected from their
breeding microhabitats in the refuse dump sites between 7am
and 11 am, twice a month. They were collected using a
standard mosquito dipper (Clark USA) as described by [6].
Number of dips taken from each habitat was dependent on
the perimeter of the larval habitat. The larval habitats were
categorized depending on their perimeter and grouped into 3
classes; < 10m, 10-100m and > 100m. A maximum of 10, 50
and 100 dips were taken from these habitats respectively.
Larvae were preserved in plastic jugs and taken to the
laboratory for rearing according to [7]. They were kept at
room temperature and fed with ground fish powder diet in
aquarium. Adults that emerged were harvested by
anesthetizing using pyrethrum base aerosol — Killit ®.

Sample Identification

The mosquitoes collected were examined one after the

other using a binocular stereomicroscope with x 40 objective
and x10 eye piece. They were identified using their
characteristic features such as size and length of antenna,
size of maxillary palps, color of the maxillary palps, length
of proboscis, shape of abdomen, color of abdomen, color of
wings and legs etc., as in the keys of [8, 9, 10, 11 &12].

Data Analysis

Data obtained in this study were analyzed using simple
percentage, chi statistics and presented in tables.

3. Results

A total of 2,987 mosquitoes were collected from the study
sites. The highest number of collections 432 (14.5%) was
made in the month of April, followed by May (12.6%) while
the least abundance of mosquitoes was in November. 244
(8.2%). Site 1 (Relief Market) recorded the highest number
of mosquitoes 401 (13.42%) followed by site 2 (Amakohia)
with a total number of 332 (11.1%) mosquitoes. The least
collection 196 (6.5%) was recorded in site 9. Table 1
summarizes the abundance of mosquito species in different
refuse dump sites in Owerri metropolis. Table 2, shows
mosquitoes’ preference to the different microhabitats in the
study sites Aedes albopictus and Aedes aegypti occurred
mostly in containers and tires. Anopheles species and Culex
species were mostly collected in ground pools and blocked
drainage (gutters), mostly plant parts such as leaf petioles
and tree holes recorded a high occurrence of Aedes species.
Of all the microhabitats, blocked drainages (gutters)
recorded the highest collection of mosquitoes.

Monthly distribution/occurrence of mosquitoes that breed
in ground, pools (table 3) was highest during the month of
April (75), followed by October (71) and least in November.
Plastic containers had the highest occurrence during the
month of May. In blocked gutter microhabitats, mosquitoes
were highest in abundance 121 (34.1%) during the month of
September and June 100 (23.5%) and closely followed by
October 99 (27.9%).

Table 4 summarizes the monthly — related prevalence of
mosquitoes species identified. As shown, a total of 8
mosquito species were identified, they include Anopheles
gambiae complex, Culex tigripis, Culex quinquefasciatus,
Aedes  albopictus, Culex vittatus Aedes aegypti,
Eretampodites species, Toxorhynchites species. Aedes
aegypti has the highest collection of 840 (21.8%). This was
followed by Culex quinquefasciatus 595 (19.5%) while the
least in abundance was Toxorhynchites species with a total
number of 110 (3.68%) individuals were recorded. However
Anopheles gambiae complex was generally low in
abundance in the study area during the period of study (120),
Aedes species was most abundant at the peak of the rains,
unlike the other species.
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Table 1. Abundance of Different species of mosquitoes in refuse dump sites in Owerri
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Refuse Occurrence of Mosquitoes
Dump site April May June July August | September | October | November | December Total
Mal:lile'tein d 58 49 46 38 kY) 51 52 40 35 401
. 14.4% 12.22% 11.47% 9.48% 7.98% 12.7% 12.97% 9.98% 8.73% 99.9%
Environs
Amakohia 43 47 41 31 30 30 43 32 35 332
ol 12.95% 14.16% 12.35% 9.34% 9.04% 9.04% 12.95% 9.63% 10.54% 100%
Orji and 40 36 31 33 25 33 33 29 22 282
Environs 14.18% 12.77% 10.99% 11.7% 8.87% 11.7% 11.7% 10.28% 7.8% 99.49%
46 25 26 23 37 48 39 28 31 303
Irete Area
15.18% 8.25% 8.58% 7.59% 12.21% 15.84% 12.87% 9.24% 10.23% 99.9%
W‘";‘Ii“fa“k 41 36 40 ' 23 % o kY) 36 kY) 2 23 298
. 13.75% 12.08% 13.42% ’ 10.73% 12.08% 10.75% 7.38% 7.7% 99.97%
Environs %
Egb:nl(}"ad 38 39 40 ' g %7 23 40 40 30 18 298
. 12.75% 13.08% 13.42% ’ 7.71% 13.42% 13.42% 10.7% 6.04% 99.98%
Environs %
40
46 37 29 31 31 42 3 28 287
Nekede Area | ¢ 020, | 12.89% | 10.1% | 10.8% 13;;)37 10.8% 16.4% 1.05% 9.76% 99.98%
0
IkenegbuAla 45 35 39 20 33 35 26 21 21 275
dinma 16.34% 12.73% 14.18% 7.27% 12.00% 12.72% 9.45% 7.64% 7.64% 99.77%
Concord and 28 35 21 12 28 23 20 10 19 196
Environs 14.29% 17.86% 10.71% 6.12% 14.29% 11.73% 10.20% 5.10% 9.69% 99.99%
Douglas 47 38 50 123%8 35 28 28 29 21 315
Area 14.92% 12.06% 15.87% 0/ 11.11% 8.89% 8.89% 9.21% 6.67% 100%
0
TOTAL 432 377 363 293 315 355 244 354 253 2987
14.46% 12.62% 12.15% 9.81% 10.55% 11.88% 11.88% 8.16% 8.47% 99.98%
Table 2. Preference of Micro—habitats by Mosquitoes species in Refuse dump sites
Micro-habitats in Refuse dump sites
Mosquito species i ivi Total
Ground Poll Plas'tlc Me.tal Tires Living Blocked
containers containers Parts Gutters
Aedes albopictus 16 102 124 204 66 30 542
@ pictu 2.95% 18.81% 22.87% 37.63% 12.17% 5.53% 99.97%
Aedes aegvoii 23 194 193 263 101 66 840
€S aegyp 2.73% 23.09% 22.97% 31.30% 101% 7.85% 99.96%
Anopheles species 87 - - 2 - 31 120
P s Sp 72.5% 1.66% 25.83% 99.99%
I 208 43 83 47 1 95
Culex trigripes 43.60% 9.01% 17.40% 9.85% 0.20% 19.91% 4n
Culex quinquefasciatus 146 62 63 16 - 306 395
quing 24.53% 10.42% 10.92% 2.68% 51.42% 99.97%
Culex vittatus 15 59 27 2 11 45 159
9.43% 37.10% 16.98% 1.25% 6.91% 28.30% 99.97%
. . 32 3 2 107 144
Eretamopodites Species - 22.22% 2.08% 1.38% ) 7430% 99.98%
Toxorhynchites species 3 13 62 110
gxorfiynchiies sp 31.81% 11.81% 56.36% 99.98%
TOTAL 495 492 495 571 192 742 2987
16.57% 16.47% 16.57% 19.11% 6.42% 24.84% 99.98%
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Table 3. Occurrence of Mosquitoes in the Different Micro—habitats

Micro - Monthly Occurrence of Mosquitoes
habitats April May June July August September October | November | December Total
Ground 75 68 59 50 55 43 71 35 39 495

Pools 15.15% 13.73% 11.91% 10.10% 11.11% 8.68% 14.34% 7.07% 7.68% 99.77%

C:i?:it;zrs 70 78 52 50 51 58 55 40 38 492
14.22 15.85 10.56 10.16 10.36 11.78% 11.17% 8.13% 7.72% 99.95%
(Breakables)

Metal 70 73 54 54 50 44 66 40 44 495
Containers 14.14% 14.74% 10.90% 10.90% 10.10 8.88% 13.33% 8.08% 8.88% 99.95%
Tires 83 60 74 48 80 66 34 59 67 571

14.53% 10.50% 12.95% 8.40% 14.01% 11.55% 5.95% 10.33% 11.73% 99.5%
Living parts 41 17 24 20 10 23 30 12 15 192
of plants 21.35% 8.85% 12.5% 10.41% 5.20% 11.97% 15.62% 6.25% 7.81% 99.96%
Blocked 93 81 100 71 69 121 99 58 50 742
Gutters 12.53% | 10.91% | 13.47% 9.56% 9.29% 16.30% 13.34% 7.81% 6.73% 99.94%
TOTAL 432 377 363 293 315 355 355 244 253 2987
14.46% | 12.62% | 12.15% 9.80% 10.54% 11.88% 11.88% 8.16% 8.47% 99.96%
Table 4. Monthly related Prevalence of the Relative Abundance of Mosquito species in Refuse dump sites
Mosquito Relative Abundance of Mosquito species
. Total
species April May June July Aug Sept. Oct. Nov. Dec.
Aedes albopictus 88 76 60 36 61 56 61 53 51 542
16.23% 14.02% 11.07% 6.64% 11.25% 10.33% 11.25% 9.77% 9.40% 99.96%
Aedes aegypti 74 88 115 119 85 135 109 57 58 840
8.80% 10.47% 13.69% 14.16% 10.11% 16.07% 12.97% 6.78% 6.90% 99.95%
Anopheles 34 17 26 11 12 13 2 5 120
species 28.33% 14.16% 21.66% 9.16% 10% 10.83% ) 1.66% 4.16% 99.96%
Culex trigripes 46 64 70 46 60 26 63 48 54 477
9.64% 13.41% 14.67% 9.64% 12.57% 5.45% 13.20% 10.06% 11.32% 99.96%
Culex 9415.79% 85 51 43 66 71 74 53 58 595
quinquefasciatus ) 14.28% 8.57% 7.22% 11.09% 11.93% 12.43% 8.90% 9.74% 99.95%
Culex vittatus 34 28 15 2 20 16 20 11 13 159
21.38% 17.61% 9.43% 1.25% 12.57% 10.06% 12.57% 6.91% 8.17% 99.95%
Eretmapodites 26 19 26 16 2 20 13 12 10 144
Species 18.05% 13.19% 18.05% 11.11% 1.38% 13.88% 9.02% 8.33% 6.91% 99.92%
Toxorhynchites 36 20 2 18 15 8 4 110
species 32.72 ) ) 18.18 8.18% 16.32% 13.63% 7.27% 3.63% 99.93%
TOTAL 432 377 363 293 315 355 355 244 253 2987
14.46% 12.62% 9.80% 10.54% 11.88% 11.88% 11.88% 8.16% 8.47% 99.96%

4. Discussion

The results of the study clearly indicate a high occurrence
of mosquitoes in the refuse dump sites in the study area. This
could be attributed to the environmental conditions which
favour the survival of the mosquito larvae in the various
microhabitats. Similar results were obtained by previous
workers [1, 2, 3, 4 and 9] in different parts of Nigeria. The
environments of the immature stages and adult mosquitoes
are interdependent [13] since the adult mosquitoes must have
access to water for egg laying [14, 15].

The highest collection of mosquitoes was made during the
month of April. This may be as a result of breeding of
haemophilus insects at the onset and towards the end of the
raining season when the organisms are not easily dislodged
or swept by flood following heavy down pour in their
breeding sites [16]. However there was presence of
mosquitoes throughout the period under study due to the
continuous rainfall which made water to be available in the

breeding microhabitats in the refuse dumps. Disposal of
refuse in Owerri urban has been a difficult task embarked by
the Imo State Environmental Protection Agency (L.S.E.P.A).
In most sites, refuse dumps are left for a long time before
they were evacuated and these wastes are being removed,
some parts of the dumps are left on the disposal sites. This
paved way for microhabitats to retain water which gives
ample opportunity for adult female mosquitoes to lay egg?
The immature stages will also complete their life cycles in
these microhabitats [17]. The water in the containers, tires
and other breeding site are rain water collected after rainfall
and were neither distorted, discarded nor dried up.

In site 1 which comprises of Relief Market and the
surrounding environments, the refuse dump are not regularly
evacuated and wastes are generated at a very high rate
because of the nature of goods sold in this market. It is an
urban market and as a result of this, the refuse are supposed
to be disposed as soon as they are generated. This is also a
high density area, and there are residential buildings many
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shops, schools and motor parks. All these factors give high
rate of high rate of urbanization. Evacuation of the refuse
dumps in this study site has not been on prompt basis.

In some dump sites (sites II, IV, VI, X, XII) the refuse
dumps were observed to be about two month old which is
long enough for mosquitoes to lay eggs that complete their
life cycles in their microhabitats [13, 14].

Most of the drainage systems (gutter) in the site were
blocked by wastes. This results to poor drainage which
makes rain water in these drainage systems to per-collect
thereby creating favorable microhabitats for mosquitoes that
breed in polluted waters such Culex species [15]. Apart from
Culex species that were breeding in the polluted waters,
Anopheles mosquitoes were recorded in gutters and ground
pools in most of the study sites. These ground pools were
almost permanent and covered with vegetation. This is
similar to studies by [16, 17] in Owerri, Abuja, Kaduna and
Ogun States.

Human activities such as industrialization,
commercialization and household activities in most of the
study area gave rise to the rapid generation of wastes and
their non-disposals, giving rise to the blockage of drainages
that paved way for breeding and re-breeding of mosquitoes
in the study area. Most of the study sites were water logged
and the water body had remained undisturbed for a very long
period. This also has resulted to the high abundance of
mosquitoes. Site IV (Concord Hotel area) recorded the least
in mosquito abundance. There is relatively high level of
sanitation due to the higher social class of people living there.
The occurrence of different species of mosquitoes shows that
there may be a serious health risk of mosquitos’ related
diseases. The provision of conducive environment for the
breeding of Anopheles gambiae complex, Culex species and
Aedes species in the study area pre-disposes the population
of diseases such as malaria, filariasis, encephalitis, dengue
and yellow fever [1, 4] of which these mosquitoes are vectors
[13]. Culex species complex present in the study area plays
key role in the transmission of a range of pathogen including
lymphatic  filariasis, avian malaria, arbovirus and
encephalitis [24]. The presence of these species of
mosquitoes is made possible by their adaptation to human
altered environment and these had led to their global
distribution through disposals via humans [24]. Anopheles
species identified in the breeding sites accounts for malaria
endemicity in the study area. The Anopheles gambiae
complex is also capable of transmitting filarial worms [23]
and various arboviruses but malaria is unquestionably the
most threatening [1]. Anopheles species complex was
observed breeding in rain pools and ditches, used car tires,
cans and gutters. This observation is similar to the results of
[8, 9, 26], in Awka, Enugu and Nasarawa. However swamps
and cleaning standing waters were most preferred by these
species.

Aedes aegypti, albopictus and vittatus of the subgenus
Aedes stegomyia were observed in the study area. These are
vectors of yellow fever as well as filariasis [27]. They are It is
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a mosquito of tropical and sub-tropical zones where they
bites during the day time [28]. Majority of mosquitoes
collected on the plants (tree holes) are members of the Aedes
species.

Taeniorhynchus species mosquitoes also called elephant
mosquitoes [25] were prevalent in the study area. It is among
the few species of mosquitoes that are not of any medical
importance. They do not suck blood but feed on nectar which
helps in egg production. [25, 27]. However, the
characteristics of water habitat whether it is running or
standing, clean or polluted, shaded or sunlit, permanent or
intermittent is the pre-dominant factor determining which
species of mosquitoes breeds in it. Hence the presence of
these identified mosquitoes species in the study area
indicates the endemicity of mosquitoes-borne diseases.

There is need to develop prevention and control strategies
for proper disposal of refuse by the public. The government
should improve the standard of environmental sanitation,
education on the proper disposed of refuse and construction
of good drainage which facilitates system. This will help to
minimize the blockage of gutters and stagnant water (pools)
that encourage the blockage of water. Filling the potholes,
low lying area and ditches will help to remove potential
breeding sites. Refuse dumps should not be allowed to stay
for a long time before taken to final disposal sites.
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