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ABSTRACT

The present study deals with oviposition responses of mosquito populations to larval breeding habitat
substrata type and subsequent effects on development and survivorship of immature life stages were
elucidated in Minna, North central Nigeria. Earthen pot ovitraps, lined with different substratal material
type: clay, loamy, sandy and gravel, as well as, control experiments with bare substratum, were set up in
representative spatio-ecological settings to attract ovipositing mosquitoes in the study area. Spatial
distribution of the mosquito Genera encountered varied significantly among the sampling sites, with
aggregate densities ranging from 28.89 + 8.24 larvae/ovitrap (i.e., 20.76%), to 38.61 + 18.61 larvae/ovitrap
(27.75%). The most abundant mosquitoes in the area were Aedes (53.54%), followed by Culex (47.74%), while,
the anophelines were scanty (0.87%). The results of the oviposition behaviour indicated significant (p<0.05)
attraction of the ovipositing mosquitoes to ovitraps lined with earthen substrata relative to the control; as
well as, significant discrimination amongst such ovitraps. The aggregate mosquito population bred
significantly (p<0.05) highest in loamy ovitrap substratum (50.50 * 20.26 larvae/ovitrap, 31.12%), followed by
sandy ovitraps (34.50 + 8.17 larvae/ovitrap, 21.26%) and least encountered in clay substratum (16.80%). With
the exception of clay substratal ovitraps that were most attractive to Aedes mosquito (53.21%), all other types
of substratum were most colonized by Culex individuals (range=55.07- 63.20%). Significantly higher densities
of adult mosquitoes eclosed from loamy and clay substratal ovitraps (12.75 + 3.09 adults/ovitrap, 28.68% and
11.25 + 4.35 adults/ovitrap, 25.30%, respectively). However, proportional immature-adult development
success was highest (p<0.05) among ovitraps lined with clay substratum (41.28%). The findings of this study
suggest the need for site-specific approach for mosquito vector control in Minna, with great potentials for
environmental management control tactics.
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1. INTRODUCTION

The burdens of mosquito-borne diseases have
continued to impact subtractively on public health
and socio-economic well-being of people, in region
where anthropogenic and ecological conditions
favour the occurrence of the pathogens and
proliferation of vector mosquitoes [1-3]. These
diseases put more than 70% of the world’s 6 billion at
the risk of infection and may be responsible for as
much as 4 million human deaths yearly [4-7]. In
Nigeria, for example, malaria is hyper-endemic in all
eco-zones, threatening the health of >90% of the
country’s 140 million people [8-11], and accounts for
over 300,000 deaths every year [12,13].

The intensities of transmission of mosquito-borne
diseases are largely influenced by vectorial density
[14-16]. Several studies have established direct linear
association  between mosquito  densities and
availability of suitable immature breeding habitats
[17-21]. Suitability of water receptacles for mosquito
breeding is largely dictated by certain critical factors
including, physico-chemical properties of water
media [22-25] and edaphic parameters of the
substratum [26-30]. The former factors have been
thoroughly elucidated but very little is known about
the roles played by substratal materials in the
productivity of mosquito immature breeding habitats.
Olayemi and Ojo [31] reported significant variation
in organic matter content of the substratum of
mosquito ovitraps which, in-turn, influenced the
development of the inherent immature mosquitoes.
Therefore, in order to elucidate the roles played by
nature of substratal materials in breeding ecology of
mosquitoes, this study was carried out to test the
effects of different soil/stone substrata on the
distribution and oviposition preferences of mosquito
populations in Minna, North central Nigeria.

2. MATERIALS AND METHODS
2.1. Description of the study Area

The study was carried out in Minna, the capital
city of Niger state in north-central Nigeria. Located
within Longitude 6° 33' E and Latitude 9° 27 ' N.
Minna has a human population of 2 million, and
covers an estimated land area of 88 km2. The climate
of the area is characteristically tropical, with two
distinct seasons namely, a rainy season from the
month of May to October and dry season starting in
December through March the following year. Inter-
seasonal transition periods of semi wetness and
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dryness occur in the months of April and November,
respectively. Mean annual weather conditions in
Minna include, 30°C, 65.00% relative humidity and
1,300 mm total rainfall. The vegetation of the area is
traditionally ~ grass-dominated  with  sparsely
distributed woody species of the Sudan savannah
type [32]. Minna is endemic for malaria [32], and
harbored a rich diversity of Mosquito biota [25].
Mosquitoes in the area breed preferentially in man-
made water receptacles with characteristic clement
physico-chemical conditions [25].

2.2. Selection of Ovitrap Stations and Experimental
Set-up

Four representative locations, separated by
distance ranging from 8-13 km, were selected in the
study area, for placement of mosquito ovitraps. Four
substrate-materials namely, sandy, clay, loamy soils
and gravel, were obtained from areas typical of such
soil types within the city, and have their identities
authenticated by a soil ecologist. The substrate
materials were heated in an oven to 70°C to eliminate
wild mosquito eggs, after which 500 g of each
substrate type was put in separate clay pots (32 cm
maximum diameter x 25 cm height). The substrates
were flooded with 2 litres of bore-hole water, to
water depths ranging from 5-7 cm, depending on the
absorptive capacity of the substrate. The clay pots
were then screened with Muslin to exclude pre-
experimental egg deposition by wild mosquitoes; and
allowed to stand in the laboratory for three days to
condition the ovitrap water and confirm absolute
elimination of wild mosquito eggs. A Control
experiment was set up, with bare clay pot substratum,
i.e., devoid of the introduced substrate. Each
substrate treatment, as well as the Control was set up
in four replicates.

At 72 hours post-ovitrap constitution, the pots
were deployed to the four locations earlier selected,
and arranged in complete- randomized pattern. The
ovitraps were allowed to stand in the field for 7 days;
previous studies indicated that duration of mosquito
immature development in the area ranged from 8 to
14 days, depending on the species [33, 34].
Therefore, the ovitraps were retrieved to the
laboratory, screened with muslin net and monitored
for survivorship and duration of development of
inherent immature stages. At pupation, the
mosquitoes were transferred to adult-holding cages
for emergence.
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2.3. Larvae and Pupae Culture and Adult
Identification

The larvae were reared following standard
techniques [16, 35, 36] in the water medium from the
ovitraps which were labelled to aid identification.
The larvae were fed with fish feed (Tetramin®), at the
rate of 0.32 mg/larva every other day, sprinkled on
the water surface. The mean temperature and relative
humidity of the insectary, during the study period,
were 28.0 = 1°C and 70.2 + 2.82% respectively, with
17 L: 7 D photoperiod. The specimens were
identified using the keys of [37, 38].

2.4. Statistical Analysis

Data collected were processed as Mean+SD for
statistical analysis. Differences in means of
entomological variables among sites, as well as, types
of substrates, were compared for statistical
significance using ANOVA. However, such means
among the three mosquito genera were compared
using Chi-square test. All statistical tests were done at
P =0.05 level of significance.

3. RESULTS

The spatial distribution and relative abundance of
mosquito Genera in Minna during the study period
are highlighted in Table 1. Distribution of mosquito
populations among the locations varied significantly
(P<0.05), with aggregate densities ranging from
28.89 £ 8.24 |larvae/ovitrap (i.e., 20.76%) in
Maikunkele, to 38.61 + 18.61 larvae/ovitrap
(27.75%) in Bosso. The individual Mosquito Genus
demonstrated distinct distribution patterns among the
locations, although, Anopheles and Culex mosquitoes
were both statistically least encountered in
Chanchaga and Maikunkele. While the anopheline
mosquitoes were significantly most abundant in
Gidan Kwanu, the culicine Genera had their highest
densities in both Bosso and Gidan Kwano. On the
whole, the most abundant mosquitoes in the area
during the study period, were Aedes (53.54%),
followed by Culex (47.74%), while the anophelines
were scanty (0.87%).

The preferences of the mosquito Genera for
ovitrap substratal materials are presented in Table 2.
Ovitraps with bare substratum (i.e., Control)
supported the least densities of Mosquito populations.
Generally, the mosquitoes exhibited significant
(P<0.05) preference for larval habitat substratal
material type. The aggregate mosquito population
bred significantly highest (50.50 =+ 20.26%
larvae/ovitrap, 31.12%) in loamy soil-lined

substratum, followed by sandy substratum (34.50 +
8.17 larvae/ovitrap, 21.26%), and were least but
statistically equally encountered in clay and gravel
substrata (16.80 and 19.26%, respectively). No
anopheline mosquito was recovered from the clay
substratum ovitrap, and the few specimens collected
were distributed statistically uniformly among the
remaining three substratal types namely, loamy,
sandy and gravel. While, the density distribution of
the Aedes mosquito ranged from 11.25 %= 3.40
larvae/ovitrap (15.96%) in gravel substratum, to
19.25 + 7.41 larave/ovitrap (27.34%) in loamy; the
Culex individuals were most abundant in ovitraps of
Loamy substratum and least encountered in clay. The
individual attractiveness of loamy, sandy and gravel
substrata followed the same pattern, in the order of
Culex (range=55.07-63.20%) > Aedes (36.00 to
42.75%) > Anopheles (0.80 to 3.47%). Ovitraps with
clay substratum were distinctly most attractive to
Aedes mosquitoes (53.21%), followed by Culex
(46.79%).

The adult mosquito emergence rates and success
from the different substratal types are presented in
Table 3. Significantly (P<0.05) higher densities of
adult mosquitoes ecloded from ovitraps lined with
loamy substratum (12.75 + 3.09 adults/ovitraps,
28.68%), and clay ovitraps (11.25 + 435
adult/ovitraps, 25.30%), while, mosquito emergence
from sandy and gravel substratal were not
significantly different (P>0.05), with a range of 17.43
— 20.24%. Significantly, higher proportions (41.28%)
of immature mosquitoes that colonized clay-lined
ovitraps successfully emerged as adults, than those of
the other types of substratal materials tested (range=
19.79% in the bare-substratal ovitraps (control), to
26.09% in sandy).

4. DISCUSSION

The distribution and densities of mosquitoes
encountered varied significantly across the city, with
the individual mosquito Genus demonstrating distinct
population dynamics. Similar spatial heterogeneity in
mosquito distribution has been severally reported [20,
39, 40], and attributed differential prevailing eco-
anthropogenic conditions of mosquitoes in an area.
Heterogeneity in mosquito vector distribution results
in equally differential intensities of disease
transmission [25, 44]. This finding, therefore, suggest
that effective mosquito vector control in the study
area may not be attained through common
deployment of control interventions based on
extrapolation of knowledge of vector density from
one locality to another, as presently practiced by
public health officials in the city.
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Table 1. Spatial Distribution and relative abundance of mosquito populations in Minna, Nigeria

Location of Mosquito Genera
Mosquito
Collection Anopheles Aedes Culex
Bosso 0.3310.71* (0.86)*" (27.05)p+ 19.39+9.32 (50.22)" (26.03), 18.89+8.11 (48.93)" (28.43),
Chanchaga 0.22+0.44 (0.95)* (18.03)a 23.00+11.41 (51.61)° (30.82), 14.1149.67 (37.79) (21.24),
Maikunkele 0.22+0.44 (0.77)* (18.03), 13.44+4.22 (46.54) (18.04), 15.22+3.38 (52.69)" (22.91),
Gidan Kwano 0.44+1.01 (1.29)* (36.07)c 18.67+8.62 (54.37)°(25.06)s 18.22+6.89 (44.34)°(27.42),
Aggregate 1.21+2.60 (0.87)* (100.00) 74.50+33.78 (53.54)° (100.00) 66.44+28.05 (47.74)° (100.00)

Aggregate

38.61+18.61 (100.00) (27.75),

37.33+21.52 (100.00) (26.82)ap

28.89:8.24 (100.00) (20.76),

34.33+16.52 (100.00) (24.67)ap

139.16+64.89 (100.00) (100.00)

Values in parenthesis are percentage proportions of total mosquito collection.

*Mean = S.D. of number of mosquito larvae collected per ovitrap.

Table 2. Influence of ovitrap-substratal type on mosquito larval abundance in Minna, Nigeria

Ovitrap-substratal Type

Mosquito
Aggregate
Genera Bare Clay Loamy Sandy Gravel
(Control)
Aedes 10.75+11.44*(15.25)* 14.50+3.42(20.57)° 19.25+7.41(27.34)° 14.75+4.11(20.92)° 11.25+3.40(15.96)* 70.50+29.78(100.00)
(57.33)cwxx (53.21), (38.12), (42.75), (36.00), (43.45),
0.00+0.00(0.00)* 0.00+0.00(0.00)* 1.75+0.95(63.64)° 0.75+0.50(27.27) 0.25+0.50(9.09)° 2.75+1.95(100.00)
Anopheles
(0.00), (0.00), (3.47)a (2.17), (0.80). (1.69).
8.00+4.69(8.99)* 12.75+1.71(14.33)* 29.50+11.90(33.15)¢ 19.00+3.56(21.35)° 19.75+2.63(22.19)° 89.00+24.49(100.00)
Culex
(42.67), (46.79), (58.42). (55.07)c (63.20). (54.85).
18.75+16.13(11.56)? 27.25+5.13(16.80)° 50.50+20.26(31.12)¢ 34.50+8.17(21.26)° 31.25+6.53(19.26)°  162.25+56.22(100.00)
Aggregate

(100.00) (100.00)

(100.00)

(100.00)

(100.00) (100.00)

Values in parenthesis are percentage proportions of total mosquito collection.
*Mean=SD of number of mosquito larvae collected per ovitrap.
**Values followed by same superscript alphabets, in a row, are not significantly different at P=0.05
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Table 3. Influence of ovitrap substratal type on adult emergence success rates of Mosquito population in Minna, Nigeria

Larval Habitat Substratum

Developing Larvae/Ovitrap

Percentage

Adult Emergence/Ovitrap

Emergence Success/Ovitrap

18.75+16.50
Bare
(11.76)**
27.2545.13
Clay Soil
(17.10)°
50.50+20.26
Loamy Soil
(31.68)°
34.50+8.17
Sandy Soil
(21.64)°
31.25+6.53
Gravel
(19.60)°
159.40+56.22
Aggregate
(100.00)

3.71#1.83
19.79°
(8.34)
11.25+4.35
41.28°
(25.30)°
12.75%3.09
25.26°
(28.68)°
9.00+5.09
26.09°
(20.24y°
7.7522.22
24.80°
(17.43)°
44.46+16.58
27.89
(100.00)

Values in parenthesis are percentage proportions of total Mosquito collections

*Values followed by same superscript alphabets, in a row, are not significantly different at P=0.05

While, the anopheline mosquitoes were most
abundant in the semi-rural Gidan Kwano outskirt of
the city, their Culicine counterparts had their highest
densities in the highly urban but poorly planned
Bosso segment of the area. These results agree with
the conventional population ecology of the two
mosquito Genera. According to Fillinger et al. [41],
anopheline mosquitoes are more ubiquitous in rural
areas, where less-polluted natural breeding habitats
such as temporary sun-lit ground pools are readily
available especially in the rainy season. On the other
hand, while Aedes mosquitoes are the fore-most
urban domestic-container breeders [42], the Culex
individuals are known to breed preferentially in
polluted habitats in urban slum, characterized by poor
infrastructural amenities [25]. The aedine mosquitoes
were the most abundant in Minna, during the study
period, though they were closely rivalled by the
Culex individuals. This finding contradicts those of
earlier similar studies in North central Nigeria, Minna
inclusive that consistently reported significantly
higher densities of Culex mosquitoes relative to the
other two vector Genera, i.e., Anopheles and Aedes
[25, 21, 43].

The preponderance of Aedine mosquitoes in the study
area, in this study, may be due to the oviposition-
attractant bias that would be created by the use of
earthen pot ovitraps for mosquito sampling; as Aedes
aegypti, the dominant cosmopolitan aedine species,
breeds preferentially in domestic containers.
However, the relatively high densities of Culex and
Aedes mosquitoes recorded in Minna indicate serious
threats to public health in the area, especially, with
respect to important human diseases, such s filariasis
and yellow fever, transmitted by these mosquito
Genera, respectively.

The mosquitoes bred significantly in higher
densities in ovitraps with earthen substrata than the
bare-substratal pots, and subsequently discriminated
distinctly among the different types of substratal
material. This result confirms earlier suspicions of
Pfaehla et al. [30] and, Olayemi and Ojo [31], that
the quality of earthen substrata of larval breeding
habitats significantly influences mosquito
productivity from such sites, through enrichment with
discrete organic-particle larval diets and provision of
suitable mineral content conditions for good
phytoplankton growth and osmotic balance.
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Aggregate larval densities were highest amongst
ovitraps lined with loamy substratum, and least in
those of clay and gravel substrata. This finding may
be occasioned by the fact that soil types, even as
investigated in this study, differ considerably in
quality especially in terms of organic and mineral
contents [25]; of the such that influence productivity
of Mosquito larval habitats. Therefore, loamy soil
being the most fertile type of soil is likely to provide
a more attractive oviposition site to gravid
mosquitoes. Clay soils though containing appreciable
organic and mineral components is equally rich in
certain chemical compounds, such as colloids that
may possess mosquito oviposition-repellence effects.
According to Olagbemiro et al. [45, 46], mosquito
are sensitive to a number of physical, biological and
chemical cues that guide the selection of optimum
oviposition sites for immature development. Gravel
ovitrap substratum may be totally devoid of organic
materials and mineral salts, probably explaining the
relatively low larvae encountered in such ovitraps.

Though, aggregate adult mosquito emergence was
significantly highest in ovitraps with loamy
substratum and least amongst those of gravel, results
that are consistent with those of the distribution of
larval densities amongst the types of substratum,
proportional larval-adult developmental success, was
significantly highest in ovitraps lined with clay
substratum. This result is surprising, as the clay
ovitraps attracted the least number of ovipositing
mosquitoes, in terms of larval density amongst the
earthen substratal types; been only more productive
than the control ovitraps that had bare substratum.
This  observation suggests that either the
discriminating-judgement ~ of  the  ovipositing
mosquitoes were far less that accurate in assessing
the different ovitrap substratal types for maximum
immature development potential, or consideration for
factors other than success of immature development,
play greater role in mosquito oviposition site
selection. This finding, therefore, calls to question the
conventional belief [27, 29, 47], that the likelihood of
completion of immature development is the primary
consideration in oviposition site selection by
mosquitoes.

5. CONCLUSION

Spatial heterogeneity characterizes the distribution of
mosquitoes in Minna, North central Nigeria, thus
effective mosquito vector control in the area demands
locality-specific  type and tempo  control
interventions. Vectors of filariasis and yellow fever,
namely, Culex and Aedes mosquitoes are relatively
abundant in the study area and, therefore,

surveillance and parasite control of these diseases
must be vigorously implemented along-side those of
the vectors. The mosquitoes bred significantly in
ovitraps lined with earthen material substrata, with
distinct discriminations amongst such ovitraps. This
finding should provide useful clues for more accurate
assessment of mosquito breeding habitats for targeted
control. The preferred ovitrap substratal types (i.e.,
loamy) by the mosquitoes was not justified by larval-
adult development success, thereby, calling to
question established conventional knowledge of
mosquito oviposition site selection decision-making
by mosquitoes, to aid informed vector control
larviciding interventions.
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