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 A study on the physical factors associated with Anopheles and Culex 
Mosquitoes’ survival in captivity in Yola, Nigeria was carried with a view to 
identifying optimal physical conditions for their survival in captivity; in order to 
raise high quality mosquitoes colonies in the laboratory for scientific studies in 
the areas such as insecticides and larvicides resistance. Indoor and outdoor bite 
collections of gravid Anopheles and Culex mosquitoes were made using plastic 
aspirator from residential areas within Jimeta-Yola metropolis for three years at 
intervals of seven days in the months of March to May and August to October.  
Standard morphological keys and Polymerase Chain Reaction (PCR) 
identification methods were used to classify them. Factors associated with their 
survival in captivity namely temperature, percentage relative humidity and water 
depths were determined on daily basis. Extreme temperatures (39-42°C), low air 
moisture content (35-50%) and water depth above 10 cm

3
 and 15 cm

3
 for 

Anopheles and Culex mosquitoes, respectively reduced their survival in 
captivity. There was apparently no relationship between larval mortality due to 
high air temperatures and low percentage relative humidity in breeding media, 
but there was significant difference (P<0.05) in mortality of adults due to high air 
temperatures above 36°C and larvae due to high volumes of water above 8 cm

3
 

and 15 cm
3
 of Anopheles and Culex, respectively.  Aquatic and air temperatures 

of 26.5-28°C and 33-36°C were found ideal for larval and adult survival, 
respectively. Watering twice daily the rooftops of the breeding cages that were 
partially covered by grass (Pennisetum spp.) during extreme weather conditions 
(March-May) artificially controlled the air temperature by reducing it from 41.5 to 
33.5°C and its effects lasted for 1   to 2 h each watering. This decreased the adult 
mortality from 35.5% at 41.5°C to 23.5% at 33.5°C (12% increase in survival). 
Optimum relative humidity of 68.0% (60-75%) was preferred by both Anopheles 
and Culex mosquitoes for development in captivity, respectively. 

©2016 BluePen Journals Ltd. All rights reserved 

 
 
INTRODUCTION 
 
Mosquito is the most widespread and well known insect 
in Africa and causes economic waste, discomfort, 
morbidity and mortality through the diseases they 
transmit to humans such as malaria, yellow fever, dengue 
 
 
 
*Correspondence author. E- mail: umarnuhu2003@yahoo.com. 

fever, elephantiasis and filariasis. Anopheles mosquitoes 
are known to transmit parasites that cause malaria and 
filariasis, while some Culex species are also known to 
transmit parasites that cause yellow fever, dengue fever, 
elephantiasis and filariasis. Of all these, malaria caused 
by species of Plasmodium (transmitted by Anopheles 
species) is one of the highest killer diseases in the world 
(Newton  and  White,  1999).  Malaria  outranks  all  other  
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diseases transmitted by mosquitoes in terms of morbidity 
and mortality particularly in children under five years 
(Molta, 2000; WHO, 2001; Taylor et al., 2002; Lehmann 
et al., 2014). The control of the vectors of these diseases 
is a major step towards controlling the disease they 
transmit. The interactions of physical factors like 
temperature and relative humidity have direct effects on 
mosquitoes’ survival and also indirect effects by 
influencing other factors like light intensity, pH, and 
salinity of the breeding media (Herbert et al., 1982; Taylor 
et al., 2002; Umaru et al., 2014; http://what-when-
how.com/insect/rearing). Temperatures above 36°C and 
percentage relative humidity below 50% are known to 
cause larval mortality and decreased longevity in 
mosquitoes (Herbert et al., 1982; Crampton et al., 1997; 
Umaru et al., 2014).  

Studies carried out to determine optimum physical 
conditions of mosquitoes include: Crampton et al. (1997) 
and Umaru et al. (2003), but despite these attempts, 
mosquitoes and their associated problems are still 
causing a lot of concern in terms of morbidity and 
mortality making it very important to continue 
documenting the local artificial conditions under which 
mosquitoes thrive within the study area  particularly with 
the climate change to be able to design more effective 
and sustained strategies for control.  

This study was carried out with a view to identifying 
optimal physical conditions for their survival in captivity in 
order to raise high quality mosquitoes colonies in the 
laboratory for scientific studies in the areas such as 
insecticides and larvicides resistance. This is because 
effective control of mosquitoes can easily be achieved 
when necessary information about their survival factors in 
captivity and the wild in relation to their species 
complexes, their ecology, behavior and systematic are 
known since mosquitoes like other insects have different 
ranges of tolerance for each physical factor. Furthermore, 
the study will also provide reliable information and 
affordable strategies on how to rear high quality insects 
for their very many purposes in the field of medicine and 
basic sciences research (http://what-when-
how.com/insect/rearing). This paper is a report of a study 
on physical survival factors of Anopheles and Culex 
mosquitoes in outdoor cages in Yola, North-eastern 
Nigeria. 
 
 
MATERIALS AND METHODS 
 
Study area  
 
The study area was Jimeta, Yola (Longitude 10° E and 
Latitude 13° N) situated in the North-eastern part of 
Nigeria in the Guinea savannah. It has a tropical climate 
with distinct dry (November to April) and wet (May to 
October)  seasons  with  their  peaks  in  March   to   May 
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and August to October, respectively. Jimeta-Yola is the 
capital of Adamawa and is transverse by the River Benue 
and its tributaries, which flow from North-east to South-
west of the State capital. The inhabitants are mainly 
farmers, civil servants, cattle rarer, fishermen and petty 
traders. The presence of River Benue and its tributaries 
make sizeable part of the metropolis wet and marshy; 
and with the warm climate all year round promoting 
agricultural and fishing activities which in turn; provide 
conducive breeding conditions for parasites, intermediate 
hosts and vectors of diseases in particular throughout the 
year. 
 
 
Construction of rearing cages 
 
Rearing cages measuring 30×30×30 cm for length, width 
and height were constructed with metal frame and 
covered with fine wire mesh of 0.025 mm standard wire 
gauge (SWG) as described  by Umaru  et al. (2003). A 
vent with lid was provided on top of each of the cages 
and a sliding door by the side through which the 
mosquitoes were introduced into the cage and fed. 
 
 
Construction of breeding house 
 
The outdoor cage (breeding house) was constructed with 
hollow cement blocks to a height of 100 cm above the 
ground level. Wooden planks (0.03×0.03×4 m) were 
stocked 30 cm below the foundation level and erected to 
a roofing level. A 100 cm high very fine wire mesh was 
constructed on top of the wall and roofed with corrugated 
iron sheets. The space between the end of the wire mesh 
and the roof level was covered with additional wire mesh 
instead of facial board to allow for air passage. The 
breeding house which measured 500×300×300 cm for 
length, width and height was partitioned into two 
compartments, one for Anopheles and another for Culex 
mosquitoes. Each compartment was subdivided into two 
equal parts, the inner and the outer sections. In the inner 
sections, a rectangular pit which measured 150×100×100 
cm (for length, width and depth) respectively, was 
constructed. The wall and floor of the pits were plastered 
with cement and allowed to dry for one week after which 
each pit was flooded with water and flushed out daily for 
two weeks to reduce the residual effects of cement. After 
this, algal bloom and water lettuce were introduced to 
provide shade and food for the larvae.    
 
 
Collection of gravid mosquitoes 
 
Gravid female Anopheles and Culex mosquitoes (parent 
stock) were collected using plastic aspirator from 
residential areas with Jimeta-Yola metropolis for a  period  
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of three years. The mosquitoes were caught indoors in 
the living rooms, kitchen stores and parlour in the months 
of March to May and from August to October between the 
periods of 0530 – 0630 h at seventh-day intervals. The 
months for collections were chosen to reflect the two 
seasons (dry and wet) that prevails within the study area, 
while the times for collection were also selected to catch 
fully engorged female mosquitoes with blood. 
 
 

Identification of mosquitoes 
 

The Anopheles mosquitoes were identified using hand 
lens and dissecting microscope in accordance with the 
methods described by Service (1980) and Gillies and 
Maureen (1987). Further identification using standard 
morphological keys and the PCR identification methods 
as described in previous publication (Umaru et al., 2014) 
confirmed that Anopheles consist of Anopheles gambiae 
complex comprising of: A. gambiae (6.7%), Anopheles 
arabiensis (66.7%) and others (no identification (26.6%). 
Culex mosquitoes were identified using the methods 
described by Smart et al. (1956) Scott et al. (1993) and 
Umaru et al. (2007). 
 
 

Feeding/rearing of mosquitoes 
 

A pigeon was tied to a dry wood over night to enable the 
female mosquitoes feed by sucking it blood. Adult female 
mosquitoes were fed twice a week on blood meal, 
obtained from chest of the pigeon exposed by plucking 
the feathers. About 2 gm of dried grass tuft- Cyanodon 
dactylon was wrapped in foil paper, heated at 70°C for 
10-15 min (to kill the eggs of microorganisms) and put 
into 100 liters of borehole water at room temperature, 24 
h before the eggs laid by the female mosquitoes were 
introduced to provide food nutrients for the larvae. 
Constant water depth of 5 and 15 cm in the breeding 
ponds of Anopheles and Culex mosquitoes were 
maintained throughout the breeding period by daily 
measurement of the water depths and adding fresh 
quantity of water from the same source as with the 
previous. Old decaying grass tuft were gently removed by 
hand inserted into hand gloves at seven-day intervals 
and new grass tuft prepared and added to the medium. 
This was to prevent the breeding water from being very 
acidic or alkaline which would affect larval development. 
The emerging male adult mosquitoes were provided with 
4% sucrose solution as source of food within the period 
of the research, while the adult females obtained their 
blood meal from the pigeon. 
 
 

Physical factors 
 

Physical factors such as temperature, percentage relative 

 
 
 
 
humidity and water depth of the breeding environment 
were determined daily using thermometer, hygrometer, 
and graduated plastic ruler. Physical factors of the natural 
breeding habitats of Anopheles and Culex mosquitoes 
were also determined using same procedure to serve as 
a guide. A 60 watts bulb was provided in each breeding 
cage and switched on, when temperature of the breeding 
media fell below between 22°C particularly during the 
months of August-October. High temperatures (38-42°C) 
and low percentage relative humidity (below 50%) of the 
breeding house were artificially controlled, by partially 
covering the roof tops of the house with elephant grass 
(Pennisetum pedicellatum) and wetting it twice daily at 
11.00 am and 2.00 pm (1100 and 1400h) to reduce the 
temperature and increase percentage relative humidity 
respectively, while the other breeding cage was left 
uncovered and not watered to serve as control. The 
periods for intervention (artificial control) during the day 
were chosen because temperature in the dry season 
rises sharply and reaches its peak between these timings 
within the study area and thus its control to increase 
survival of mosquitoes was very important. 
 
 
RESULTS 
 
Morphological identification results showed that out of the 
1,179 gravid female mosquitoes collected, 42.8% were 
Anopheles, while 57.2% were Culex mosquitoes. Further 
identification using standard morphological keys revealed 
that the parent stock of Anopheles was made up of A. 
gambiae complex (60%), Anopheles funestus (17%), 
Anopheles pharoensis (12%), Anopheles rhodesiensis 
(07%) and others (04%). The identification results of 
Culex mosquitoes revealed that they were majorly made 
up of Culex pipiens fatigans, Culex quinque fasciatus and 
Culex tigripes. There was however, no significant change 
(p>0.05) in relative abundance of the Culex species due 
to changes in season within the study area which is in 
line with earlier study (Umaru et al., 2007). This means 
that most of the Culex species that abound within the 
zone have wide range of tolerance to extreme physical 
conditions and thus are well adapted. 
 
 
Transformation   
 
The survival of Anopheles and Culex mosquitoes in 
captivity at different developmental stages showed that of 
the 35,860 eggs laid by Anopheles, 75.2% hatched into LI 
larvae, while out of the 40,245 eggs laid by Culex 
mosquitoes within the same period, 79.2% hatched into LI 
larvae. The average number of eggs per oviposition by 
Anopheles and Culex mosquitoes during the dry season 
(March to May) was 107 and 164, while 134 and 192 
were  laid  in  the  rainy   season   (August   to   October),
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Table 1. Average weekly temperature, relative humidity and pH of the rearing cage (March-May). 
 

Week Aquatic temperature (°C) Air temperature (°C) Relative humidity (%) pH 

1 25.5 35.0 32.5 7.0 

2 26.0 39.5 35 7.0 

3 26.0 42.0 35 6.9 

4 26.5 41.0 35 6.9 

5 26.5 42.5 34 7.0 

6 27.0 41.0 35 7.1 

7 27.0 41.0 36 6.9 

8 27.0 40.0 42 6.9 

9 26.5 40.5 40 7.9 

10 26.0 41.5 36 7.2 

11 25.5 42.0 38 7.0 

12 25.5 39.0 40 6.9 

13 25.5 39.0 45 6.9 

 
 
 
respectively.  

The larval survival showed that 72.0 and 73.7% of LI 
larvae of Anopheles and Culex transformed to L2 larvae, 
respectively. The results further showed that the L2 larvae 
of Anopheles and Culex, which transformed to L3, were 
70.6 and 77.2%, while 57.3 and 69.5% of L3 Anopheles 
and Culex larvae transformed to L4, respectively. 
Transformation from L3 to L4 larvae showed the lowest 
larval survival of Anopheles and Culex mosquitoes in 
captivity. About 53.7 and 61.7% of L4 larvae of Anopheles 
and Culex species transformed into pupae, while 60.5 
and 55.7% of the pupae of Anopheles and Culex, 
respectively transformed into adults in captivity. Mortality 
during the transformations from egg to adult in Anopheles 
was highest between L3 to L4 larvae, followed by L4 
larvae to pupae; while highest mortality in Culex was 
recorded in L4 larvae to pupae followed by the 
transformation of LI to L2 larvae. Transformation from 
eggs to LI larvae on the average took 1-2 days, L2 to 
pupae lasted between 3-5 days and pupae to adult 1-2 
days. This was in line with the report of Umaru et al. 
(2003).  

On the whole, it took an average of between 8 to 11 
days for transformation of eggs to young adults in both 
mosquito groups during the months of March to May at 
an average aquatic temperature and relative humidity of 
27.0°C and 42% respectively. In the months of August to 
October, however, it took about 12 to 15 days and even 
up to 17 days in some instances for transformation of 
eggs to young adults to be completed at an average 
temperature and relative humidity of 23.5°C and 68%.  
There was significant difference (p<0.05) in the number 
of adult males and females that emerged in mosquito 
types. The Culex mosquitoes bred more readily in the 
outdoor-cage than the Anopheles. 

Physical factors and adult survival 
 

The adult survival of Anopheles and Culex mosquitoes in 
captivity between the months of March and May were 
34.6 and 65.4%, respectively at air temperature range of 
35-41.5°C; percentage relative humidity of 33-42% and 
pH of between 6.9-7.9 (Table 1).  The longevity of the 
adult mosquitoes within the same months was 3-4 days 
for Anopheles and Culex mosquitoes, though, a few 
survived up to 6 days.  

The percentage relative humidity varied from 32.5-45% 
between March to May and 50-82% in August and 
September respectively (Tables 1 and 2); while in the 
months of August to October, with relative humidity of 60 
to 70.0% of Anopheles and Culex mosquitoes survived 
for 3-6 days and 25-30.0% for 7-9 days, respectively.  

There was no significant difference (χ
2
=29.775, df=32, 

p=0.580, p>0.05) in amount of water vapour in the 
atmosphere and artificial breeding media of mosquitoes 
in cage types between August to October (Table 3), but 
there was significant mortality of adult mosquitoes at low 
amount of water vapour in the atmosphere during the dry 
season (March to May), respectively.  

Aquatic and air temperature of the breeding 
environment ranged from 23.5-27.8°C and 35-41.5°C, 
respectively (Tables 1 and 2). There was no significant 
difference (χ

2
=9.481, df=5, p=0.00, p>0.05) in larval 

mortality of Anopheles and Culex mosquitoes due to high 
air temperature in cage and mosquitoes types; but there 
was however, higher mortality of adult mosquitoes due to 
high air temperatures between 35-41.5°C, respectively. 
 
 

Water depth 
 

Water  depth  played  some  contributory   role   in   larval
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Table 2. Average weekly temperature, relative humidity and pH of the rearing cage (August-October). 
 

Week Aquatic temperature (°C) Air temperature (°C) Relative humidity (%) pH 

1 22.0 27.5 50.0 7.0 

2 21.0 26.0 53.5 7.0 

3 20.5 26.0 55.0 6.9 

4 19.5 26.5 58.0 6.9 

5 20.0 26.5 53.5 7.0 

6 22.0 25.0 58.0 7.1 

7 21.0 26.0 63.0 6.9 

8 20.0 25.0 68.0 6.9 

9 22.5 27.5 73.0 7.9 

10 20.5 26.0 78.0 7.2 

11 19.0 26.5 80.0 7.0 

12 18.5 26.5 82.0 6.9 

13 18.0 26.0 82.0 6.9 

 
 
 

Table 3. Percentage relative humidity (%) and adult mortality of Anopheles and Culex mosquitoes in 
cage types (August-October). 
 

Percentage (%) relative humidity 
Mortality of adult mosquitoes in cage types 

Indoor cage Outdoor cage 

31 to35 46.2 45.8 

25 to 40 38.1 37.4 

41 to 45 34.7 34.2 

46 to 50 29.6 28.8 

51 to 55 22.1 21.6 

56 to 60 17.0 16.5 

61 to 65 11.5 10.7 

66 to70 09.5 08.8 

71 to 75 07.8 06.2 

76 to 80 06.8 05.5 

81 to 85 05.5 05.3 

 
 
 
mortality in the breeding ponds. The initial trial using 
water depth of 50 cm

3
 and 60 cm

3 
of the breeding ponds 

of Anopheles and Culex had slightly higher larval 
mortality than when the depths were reduced to between 
5-8 cm

3
 and 10-15 cm

3
 in the Anopheles and Culex 

breeding ponds, respectively. In other words, statistically 
there was no significant difference (p>0.005) in larval 
mortality due to water depth, no difference in mortality 
due to cage of mosquito type (χ

2
=82.080, df=71, p=0.1) 

 
 
DISCUSSION 
 
The study revealed that A. arabiensis, a member of the 
A. gambiae complex are the most common groups of 
Anopheles mosquitoes found throughout  the  year  within 

the study area. This suggests that they have wider range 
of tolerance and were able to adapt to the outdoor cages 
conditions during dry and wet seasons than other species 
of Anopheles mosquitoes. This also explains the relative 
low abundance of A. gambiae, A. funestus, A. pharoensis 
and Rhodeseinsis particularly during March to May as 
revealed by PCR identification (Scott, 1993; Umaru et al., 
2014); which coincided with the harsh weather conditions 
of the North-eastern Nigeria where temperature ranges 
from 36-42°C and percentage relative humidity of 
between 32-45%, respectively; due to poor adaptation to 
some environmental conditions. This further showed that 
these mosquito groups have limited range of tolerance to 
extreme weather condition than A. arabiensis, which was 
found all year round within the study area. The 
predominant nature of Culex mosquitoes also means that  



 

 

 
 
 
 
they have wider range of tolerance than the Anopheles 
species and thus readily bred all year round.  

The speedy transformation of eggs to adults between 
March and May and the relatively slow transformation in 
August to October coincided with the periods of high and 
low temperatures and this is in line with the observation 
of other workers (WHO, 1981; Taylor et al., 2002) who 
stated that temperature enhances speed of larval 
transformation, blood digestion in mosquitoes and has 
direct bearing on aeration of water and relative 
abundance of water vapour in the atmosphere. This 
showed that temperature had marked influence directly 
on the development and transformation of the mosqui-
toes in captivity and indirectly in combination with other 
factors accounted for availability of food in water and light 
intensity. Preferred aquatic and air temperatures of 26.5-
28°C and 33-36°C, respectively were found ideal in this 
study for larval and adult survival in captivity. This agrees 
with earlier report by Herbert et al. (1982) who stated that 
temperatures of 38-44°C have lethal effects on mosquito 
survival.  

In other words, on the average, more eggs were laid 
during wet than dry seasons by both Anopheles and 
Culex mosquitoes. This could be due to weather 
differences as dry season (between November to early 
February) are generally cold with dry harmattan, thus 
very harsh, and not conducive for breeding. March to 
May was generally very dry, with high temperatures, low 
relative humidity and hot; within the study area and thus 
not conducive for breeding. On the other hand, more 
eggs were laid by Culex than Anopheles in captivity and 
similarly had higher eggs survival rate. The percentage 
eggs survival of Anopheles and Culex were 75.2 and 
79.2%, respectively. The longevity of the adult 
mosquitoes within the same months was 3-4 days for 
Anopheles and Culex mosquitoes, though, a few survived 
up to 6 days. This was in contrast with 9-11 days 
longevity of Anopheles and Culex mosquitoes under 
similar artificial breeding conditions earlier reported by 
Crampton et al. (1997). From August to October, the 
weather within the study area was generally warm and 
humid which was very conducive for mosquito breeding 
and survival in rainy season than dry season. In the 
months of August to October, about 60-70.0% of 
Anopheles and Culex mosquitoes survived for 3-6 days 
and 25-30.0% for 7-9 days, respectively; and this 
compares favourably with the report of Crampton et al. 
(1997).  

Low relative humidity between March to May affected 
adult survival through increased diffusion and 
dehydration since low relative humidity of the atmosphere 
speeds up rate of respiration and metabolism and 
consequent affected mosquitoes physiologically through 
dehydration and ultimately death, but had little effect on 
the larvae in captivity (Umaru et al., 2014). Temperature  
and   percentage   relative   humidity   of    the    breeding  
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environment of mosquitoes between March and May 
were not conducive for their breeding as most species of 
mosquitoes require optimum conditions of temperature of 
28°C and relative humidity of 67-80% (WHO, 1975; 
Service, 1980; Crampton et al. (1997) as opposed to an 
average of 39.0°C (38.0-41.5°C) and 42% (34-50%), 
respectively recorded within this period in this study 
(Figure 1).  

Watering twice daily the rooftops of the breeding cages 
that were partially covered by elephant grass (P. 
pedicellatum), artificially mitigated the effects of high 
temperature and low relative humidity by reducing the 
temperature from 41.5-33.5°C and increasing the 
percentage of water vapour in the atmosphere within the 
microenvironment from 42-67% whose effects lasted for 
1-2 h each watering. This decreased the adult mortality 
from 35.5% at 41.5°C to 23.5% at 33.5°C (12% increase 
in survival) and decrease in adult mortality from 70.0-
45.0% mortality (about 20% increases in survival during 
period of continuous watering at 3 h intervals (Figure 2).  

The adult mortality reduced when the breeding roof 
tops covered with grasses were wetted twice daily during 
periods of March to May to increase the amount of 
atmospheric water vapour (percentage relative humidity) 
within the breeding microenvironment.  

Water depth also affected larval survival in the breeding 
ponds because high depth of water has less amount of 
light that penetrates to the bottom and light has indirect 
influence on aquatic insects and insects’ larvae as it 
determines the amount of food supply which in turn limits 
the number of insects surviving (Herbert et al., 1982). In 
addition, Anopheles larvae might be poor swimmers and 
thus found it difficult to survive in high volumes of water. 
Water depth of 5-8 cm

3 
(Anopheles) and 10-25 cm

3
 

(Culex) were found ideal for larval survival and 
development in captivity within the study area, which was 
in contrast to the 2-3 cm

3
 earlier recommended, by 

Crampton et al. (1997).  
The initial water depth of 50 and 60 cm in Anopheles 

and Culex breeding media respectively, resulted in high 
larval mortality and became a factor. When the depth of 
water was reduced from 50 cm to between 5-8 cm 
(Anopheles) and from 60 cm to between 10-25 cm 
(Culex) similar to water depths in their natural breeding 
sites, it resulted in improved survival of the Anopheles 
and Culex larvae (Figure 3), but differed from what was 
earlier recommended by Crampton et al. (1997). The role 
of water depth, though was not very clear, could be a 
result of combination of interaction of other limiting 
factors coupled with the inability of Anopheles larvae in 
particular to swim very well from bottom to high water 
levels (poor swimmers).  

They adapted fairly well to these adjusted water depths 
which did not compare favourable with the 2-5 cm

3
 water 

depth recommended for Anopheles rearing by Crampton 
et al. (1997) and Taylor et al. (2002). Maintaining  2-5  cm
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Figure 1. Relationship between mortality of adult mosquitoes and artificial increase in 
percentage relative humidity. 
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Figure 2. Relationship between air temperature and adult mortality. 
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Figure 3. Relationship between water depth and larval mortality 

 
 
 
water depth within the study area between the months of 
March to May in breeding ponds was difficult due to the 
very dry and warm seasons, as any amount of water less 
than 5 cm in a shallow artificial breeding pond, within this 
period will not last more than 8 h, it will evaporate and 
this would affect the larvae.  

In addition, Anopheles are surface feeders, might be 
poor swimmers and thus find it difficult to recover back to 
the surface of a deep water body when they are disturbed 
and as result sink to the bottom for safety. For Culex 
species, though not much affected by depth of water of 
the artificial breeding exhaustion as they are bottom 
feeders and had to always cope with the problems of 
swimming from the bottom to the top and vice-versa for 
the purposes of breathing and feeding, respectively.  

On the whole, it was observed that extreme 
temperature (39-42°C) and low air moisture content 
(below 40%) were the major  contributory factors on 
mosquitoes’ survival and longevity during the dry season 
(November–May) within the study area. This explains the 
near absence of most mosquitoes species particularly 
during the dry season (March–May) being peak of the 
harsh weather conditions  experienced  within  the  North- 

East zone of Nigeria. The few species of mosquitoes 
found during the dry season within the zone means they 
have wider range of tolerance to environmental 
conditions than others and those are better adapted. 
Furthermore, some may have also undergone aestivation 
to avoid the harsh weather conditions and re-bounce 
back during the rainy seasons when conditions become 
favourable.  

The study also revealed that high temperature and low 
percentage relative humidity could be artificially 
controlled (though, labour demanding) to increase adult 
mosquitoes’ survival in captivity. High water depths 
though, were found contributory to larval mortality, it did 
not play a major role in the survival of the larvae and so 
was the pH of the breeding media which was controlled 
(6.9–7.2) throughout the study.  

The prevalence of malaria throughout the year round 
within this zone suggest that the mosquito species that 
have adapted to these weather conditions are very 
efficient in their transmission. This then means that multi-
disciplinary and integrated approaches have to be 
synchronized and adopted for any effective control 
measures to take place in this zone.  
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