http://www.pjbs.org PIB S ISSN 1028-8880

Pakistan
Journal of Biological Sciences

ANSInet

Asian Network for Scientific Information
308 Lasani Town, Sargodha Road, Faisalabad - Pakistan




Pakistan Tournal of Biological Sciences 16 (3): 135-140, 2013

ISSN 1028-8880 / DOI: 10.3923/p1bs.2013.135.140
© 2013 Asian Network for Scientific Information

Immature Development of the Malaria Vector Mosquito, Anopheles gambiae S.1..
(Diptera: Culicidae), in Relation to Soil-substrate Organic Matter Content of
Larval Habitats in Northcentral Nigeria

LK. Olayemi and V.O. Ojo
Department of Biological Sciences, Federal University of Technology, Minna, Nigeria

Abstract: This study elucidated the relationships between larval habitat soil-substrate Organic Matter Content
(OMC) and immature development of the mosquito Anopheles gambiae s 1. Day-old larvae of the mosquito were
reared in media substrated with typical soil samples (i.e., sandy, silt, clayey and loamy soils), from established
anopheline breeding sites, to provide a gradient in soil-substrate OMC. The OMC of the soil samples were
determined by 1gnition to a constant weight; while the developing 4. gambige mosquitoes in the culture media
were monitored daily for survivorship and duration of immature life stages. The results indicated significant
(p=0.05) variation in OMC of the soil types (range = 11.214£2.91% in sandy to 29.83+2.96% in loamy soils).
However, though Daily Larval Survival Rates (DLSR) were relatively high (range = 95.2142.96 to 96.70+1.44%),
as nfluenced by OMC, such values were not significantly different (p>0.05) among the soil-substrate types;
results contrary to those of Larval Success Rates (LSR) (i.e., range = 52.07£13.64 to 74.3946.60%). Daily
Pupation Rate (DPR) of the mosquitoes varied significantly among the soil-substrates, ranging from
13.87+2.39% 1n clayey to 25.00+4.30% 1n loamy substrates. Soil-substrate OMC significantly extended the
Duration of Immature Life Stages (DILS) of the mosquitoes only m the sandy soil type (range = 12.76+1.74 to
15.8142.40 days). On the whole, DILS was inversely related to soil-substrate OMC. Cross-correlational analysis
revealed significant positive association among most of the variables tested The findings of this study should
serve as baseline mformation for the development of effective environmental management strategies for malaria

larval-vector control.
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INTRODUCTION

Anopheles gambiae is the principal vector of malaria
in sub-Saharan Africa, especially Nigeria (WHO, 1975;
Olayemi and Ande, 2008). Malaria exerts heavy health
burden on people in the region and has sigmficantly
undermined the socio-economic development of Africa
(Leighton and Foster, 1993; Federal Ministry of Health,
2000; Roll-Back-Malaria, 2002, WHO, 2007). The intensity
of malaria transmission in an area depends largely on
population density of the mosquito vectors which, in tumn,
is significantly influenced by the rate and success of
ummature stage development (Olayemi, 2009). According
to Pfachler et al (2006), the quality of anopheline
mosquito larval habitats correlates with the nutritional
conditions of larval development and may strongly
influence the distribution and abundance of malaria vector
mosquitoes. As a result, larval habitat selection by
anopheline mosquitoes is by active choice (Bentley and
Day, 1989, Lyimo et al., 1992; Blaustein et al,, 2004), often

dictated by the need to secure sites that will support
safe mmmature development in the shortest time
(Minakawa et al., 2005, Kershenbaum et af., 2012).

The major components of anopheline larval habitats
are the water medium and soil substratum. Understanding
the influence of quality of habitat on immature survival
and  development of mosquitoes has  being
disproportionately focused on the water media. To this
end, the physico-chemical characteristics of anopheline
larval habitats, in relation to distribution and abundance
of larvae, have been well elucidated (Robert et al., 1998,
Gimmnig et ad., 2001; Qo et al., 2002). Yet, the soil substrate
of mosquito larval habitats, especially the total organic
matter content 1s of critical importance in the availability
of particulate and microbial larval diet, for rapid and
successful development. Studies have shown that, as a
result of the small-sized and temporary nature of
anopheline larval habitats, due to seasonal variations
(Li et al, 2009), the physico-chemical properties of
the water media of such habitats change rapidly
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(Piyaratne et al, 2005, Mwangangia et al, 2007,
Troyo et al., 2008) and hence, may be less impacting on
larval development. The soil substrate on the other hand,
is more permanent and serves as the reservoir of
chemo-biological components of the habitats especially
during the dry season (Pfaehler et al., 2006).

Therefore, adequate  understanding of the
bio-ecological factors that condition the abundance and
distribution of anopheline larvae, a pre-requisite for
effective mosquito larval control, may not be achieved
without a detailed evaluation of the mfluence of soil-
substrate organic matter content on larval developmental
and survival rates. Unfortunately, this aspect of
anopheline larval ecology has been neglected for long,
resulting in a dearth of information on the subject. In
order to fill this gap in literature, this study was carried
out to elucidate the relationships between soil-substrate
organic matter content of anopheline larval habitats and
immature development and survival rates.

MATERIALS AND METHODS

Study area: The study was carried out m Minna, the
capital city of Niger state, north central Nigeria. Minna
is located within longitude 6°33 B and latitude 9°27 N,
covering a land area of 88 km’ with an estimated human
population of 1.2 million. The area has a tropical climate
with mean annual temperature, relative humidity and
rainfall of 30.20°C, 61.00% and 1334.00 mm, respectively.
The climate presents two distinct seasons: a rainy season
between May and October, followed by a dry season
(November - April). The vegetation in the area 1s typically
grass-dominated savannah with scattered trees. The soil
types range from excessively drained sandy to
water-logged loamy/clay soils.

Malaria is endemic throughout the year in Minna,
with relatively high prevalence rate (Olayemi et al., 2009,
Omalu et al., 2012). The dominant malaria vector i the
area is Anopheles gambiae (Olayemi and Ande, 2008) and
the conventional anopheline larval breeding habitats
mclude drains and temporary rain pools (Olayemi ef al.,
2010, 2012).

Soil collection and rearing of mosquito larvae on
soil substrates: Previously known high-potential
Anopheles gambiae natural breeding habitats in the study
area (Olayemi and Ande, 2009; Olayemi et al., 2012), were
selected for sample collection to represent the major types
of soil namely, sandy, loamy, silt and clayey; to provide
a gradient of soil-substrate organic matter content. The
soil samples were collected from the habitats, within S5cm
of the surface and were transported to the laboratory in
plastic bowls (25 cm diameter and 15 cm deep), where they
were flooded with bore-hole water and the top of the
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bowls were screened with mosquito netting, to induce
hatching of wild mosquite eggs and isolate inherent
immature stages for elimination. After flooding for three
days, the soil samples were drained and air-dried for
2 weeks m a screened chamber to prevent wild
mosquitoes from laying eggs on the soil substrates.
Subsequently, 150 g of each type of soil sample were
placed m four replicate larval-rearing troughs, flooded
with two litres of bore-hole water and screened with
mosquito, netting to exclude oviposition by wild
mosquitoes. A Control experiment was also set-up in four
replicates, but consisting of only 2 1. of water in each
trough and properly screened. The larval rearing troughs
with their contents were then allowed to stand for three
days, to ascertain total exclusion of wild mosquitoes, as
well as condition the water media for larval rearing.

Thereafter, 50 approximately day-old first instar
larvae of Anopheles gambiae s.]. mosquitoes from a
colony maintained in the Laboratory of the Department of
Biological Sciences, Federal University of Technology,
Minna, Nigeria, were introduced to each larval-rearing
trough. No extra larval food was added to the troughs and
the experiment was monitored daily for mosquite immmature
survivorship and duration of development. The whole
experiment was repeated within two weeks of terminating
the first, resulting in the momtoring of 400 larvae per
soil-substrate type.

Mortality rates and duration of the immature life
stages were determined according to the methods of
Olayemi and Ande (2009).

Daily Larval Survival Rate (DL.SR) was determined by
taking note of the number of larvae alive on the next day
of a previous observation.

Daily Pupation Rate (DPR) was calculated as the
number of larvae that metamorphosed into pupae on a
daily basis.

Larval and Pupal success rates were calculated using
the formula:

S1 = n1/(Xml)X1 00

where, 5 is success rate of a life stage; n, is number of
individuals entering a life stage; X;, is number of
individuals that entered the preceding life stage.
Aggregate Immature Success Rate (AISR) was
determined as mean larval and pupal success rates.
For the estimation of duration of larval and pupal life
stages, the following formula was used:

D1 - T1 - (tl-l)

where, D; is duration of a life stage; T, is mean age at
present metamorphosis, t,; 1s mean age at previous
metamorphosis.
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Aggregate Immature Duration (AID) was calculated
as the sum of larval and pupal development durations.

Determination of soil organic matter content: The
Organic Matter Contents (OMC) of the soil-substrate
types used for culturing the mosquito larvae, was
determined following standard procedures (Pfaehler ef al.,
2006; Okech et al., 2007). Briefly, four replicates of 10 g
dry ground samples of each soil-substrate type was
placed in a crucible and ignited to a constant weight,
using a Bunsen flame. The OMC was estimated as the
difference in the weight of soil sample and crucible before
and after burning.

Statistical analysis: Mean edaphic and entomological
variables among the types were
compared for statistical significance using the Chi-square
test, at p = 0.05. The relationships between the variables
mvestigated were assessed usmg Linear Correlation
Coefficient.

soil-substrate

RESULTS

Organic matter contents of soil substrates: The effects
of differential Soil-substrate Orgamc Matter Content
(SOMC) of breeding habitats on the survivorship
and metamorphosis of immature life stages of
Anopheles gambiae in the study area are highlighted in
Table 1. The Control experiment (1.e., bore-hole water
only) was totally devoid of organic matter. However, the
larval habitat soil-substrate types investigated contained
significantly (p<<0.05) variable amounts of organic matter,
ranging from 11.21£2.91% in sandy to 29.8342.96% in
loamy soils. The organic matter content of the clayey and
silt substrates (ie., 16.43£470 and 14.58+6.83%,
respectively) were not significantly different (p=0.05).

Effect of soil substrate organic matter content on
survivorship of immature stages: Daily Larval Survival
Rates (DLSR) were relatively high and not significantly
different among the soil-substrates (range = 95.21+2.96 to
96.70+1.44%), though 1t was sigmificantly lower in the

Control mosquitoes (86.304£9.48%) (Table 1). On the other
hand, Larval Success Rates (LSR) varied significantly
among the soil substrates and no larva pupated mn the
control experiment. LSR responded proportionally to
increase in organic matter content of soil substrates,
ranging from 52.07+13.64 to 74.39+£5.60% in sandy and
loamy soil substrates, respectively. The patterns of
distribution of pupal survivorship attributes among the
soil substrates were distinctly different from those of the
larval stage. For example, unlike DLSR, Daily Pupation
Rate (DPR) of the mosquitoes varied sigmficantly among
the soil substrates, ranging from 13.87+2.39% in clayey
substrate to 25.00+4.30% in loamy soil. Also, while LSR
varied significantly, Pupal Success Rate (PSR) on other
hand were mostly msignificantly (p>0.05) different among
the soil-substrate types. However, the success rate of the
aggregate immature stage of the mosquito species was
significantly reduced by decreasing soil-substrate organic
matter content. The most productive soil-substrate type
was loamy, with 87.2049.11% of larvae reared m this
medium successfully emerging as adult mosquitoes while,
the least was sandy soil (72.19415.86%) (Table 1).

Effect of soil substrate organic matter content on
duration of immature stages: Table 2 shows the effects of
soil-substrate organic matter content on Duration of
Immature Life Stages (DILS) of the mosquitoes. DILS was
only significantly (p<0.05) extended mn the sandy soil-
substrate (range = 12.76+1.74 to 15.81+£2.40 days). The
patterns of distribution of duration of the larval and pupal
stages were separately different from the aggregate
immature stage, as well as from each other. The duration
of larval stage was significantly shortest in clayey soil
substrate (6.48+2.75 days) and longest (9.69+1 .89 days)
among the larvae raised in sandy soil-substrate medium.
For the pupal stage, the duration of development though
significantly shortest in the loamy substrate (4.30+0.54
days), was insignificantly different in the other three
soil-substrate types (range = 5.5540.29 to 7.004+1 .28 days).
Surprisingly, unlike larval and pupal success rates, the
quality of the duration of these immature life stages did
not follow the definite pattern of improvement with
ncrease 1n organic matter content.

Table 1: Mean indices of immature survivorship response of Aropheles gambice mosquitoes to soil substrate organic matter content of larval breeding habitats

in Northcentral Nigeria

Soil substrate Organic matter Daily larval Aggregate immature
type content (%) survival rate Daily pupation rate Larval success rate Pupal success rate  Success rate

Loarmy 29.8342.967* 96.70+1.44° 25.00+:4.30° 74.3945.60° 100.00+0.00¢ 87.20+9.11°
Clayey 16.43+4.70¢ 95.33+0.97° 13.87+2.39° 68.00+2.91° 97.06+0.62° 82.53+8.55¢

Silt 14.58+6.83° 95.21+£2.96" 20.14+6.10° 59.9642.59° 96.67+1.90* 78.32413.86°
Sandy 11.21+£2.91° 95.24+1.66" 16.60+5.18* 52.07+13.64° 92.31+2.56* 72.19+15.86°
Control 00.00+£0.00 86.30+9.48 S - - -

*Values followed by same superscript alphabets in a column are not significantly different at p<.0.05, **Not applicable, due to 100% mortality recorded at
the larval stage
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Table 2: Mean duration (days) of immature life stages of Aropheles gambice in response to soil-substrate organic matter content of larval breeding habitats

in Northcentral Nigeria

Soil substrate type Organic matter content (%0) Larval Pupal Agoregate immature stage
Loamy 20.83+2 951 8.46+1.20"" 4.30+0.54 12.76+1.742

Clayey 16.43+4.70° 6.48+2.75% 7.00£1.28 13.48+4.03

Silt. 14.58+6.83° 8.14=1.64" 5.59+0.29° 13.73+£1.93

Sandy 11.21+£2.91% 9.69+1.89¢ 6.12+0.51% 15.81+2.400
Control 00.000.00° 7.05+2.11¢ S -

*Values followed by same superscript alphabets in a column are not significantly different at p = 0.05, **Not applicable, due to 100% mortality recorded at

the larval stage

Table 3: Cross-correlation among immature survival and developmental rates of Aropheles gambiae in response to soil-substrate organic matter content of

larval breeding habitats in Northcentral Nigeria

OMC DLSR DPR LSR PSR LD PD
OMC 1.000
DLSR 0.606 1.000
DPR 0.9279 0.6298 1.000
LSR 0.639 0.9797 0.6074 1.000
PSR 0.8503 0.6341 0.9444 0.6118 1.000
LD 0.02931 0.2931 0.2624 0.1045 0.1654 1.000
PD -0.7402 -0.7667 -0.7027 -0.7431 -0.5044 -0.434 1.000

OMC: Organic matter content, PSR: Pupal success rate, L8R : Larval success rate, DILSR: Daily larval survival rate, T.D: Larval duration (days), DPR: Daity

pupation rate and PD: Pupal duration

Cross-correlation among indices of immature duration
and survivorship, in response to soil substrate organic
matter content: Cross-correlations among the mdices of
survival and developmental rates, in response to
soil-substrate organic matter content of larval breeding
habitats, are presented in Table 3. Strong positive
correlations (r = 0.6000) existed among most of the
variables tested However, correlations between Larval
Duration (LLD) and all other variables were very wealk
(r=10.3000). Distinctly, correlations between Pupal Duration
(PD) and other variables though, mostly strong (r=0.7000)
except with Pupal Survival Rate (PRS) and LD (r<<0.6000)0
were negative.

DISCUSSION

Organic Matter Content (OMC) varied significantly
among the soil-substrate types and followed the
conventional order of abundance in soil types. Generally,
loamy soils are highly rich in humus (a precursor of soil
organic matter) followed by silt and clayey while, sandy
soils contain the least amount of humus, due to its high
vulnerability to dramage. The OMC of mosquito larval
habitat soil-substrates obtained in this study (range =
11.21£2.91 to 29.83£2.96%), were relatively higher
than the 3.61 - 21.25% reported from Western Kenya
(Pfaehler et al, 2006). Such variations may be due to
differential locational vegetation cover and anthropogenic
However, the generally high OMC of
anopheline larval habitat soil-substrate suggest mcreased
productivity of such habitats n the study area.

While, Daily Larval Survival Rate (DLSR) was
generally high and insignificantly different among
soll-substrate types, the reverse was the case for Larval

activities.
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Success Rate (IL.SR), which also responded proportionally
to increase m soil-substrate Orgamic Matter Content
(OMC). This finding indicates that DLSR and LSR
respond differentially to OMC of anopheline larval
habitats. This difference in responses to OMC may be
explained by the aspect of larval survivorship emphasized
by the two variables (1.e., DLSR and LSR). While, DLSR
focuses on the proportion of larvae that swvive to the
following day, I.SR is an estimate of the proportion of
larvae that successfully transform to pupa. DLSR may not
be significantly affected by OMC, as such form of
survivorship does not require much nutrient (supplied by
organic matter) especially during the first 2 of the 4 larval
nstars; but requires more of genetic vigour and absence
of predators (Blaustein e al., 2004); both factors favoured
by the rearing of mosquito larvae under laboratory
conditions, as carried out in this study. On the other
hand, successful metamorphosis of mosquito larvae to
pupae, as indicated by LSR, requires rapid and elaborate
assimilation of teneral reserve (Timmermann and Briegel,
1999; Briegel, 2003), derivable principally from nutrients
directly or indirectly supplied by soil-substrate organic
matter of larval habitats (Wotton et af., 1997). The results
of this study showed that larval and pupal survivorships
of A. gambiae responded differentially to OMC of the
soil-substrates of breeding habitats. This finding,
perhaps, underscores the differential biological and
environmental requirements of the two mosquito immature
life stages (i.e., larval and pupal), as previously reported
(Telang et al., 2007, Araujo et al., 2012).

The more-or-less insignificantly different distribution
of Pupal Success Rates among the soil-substrate types is,
however, not surprising. Being a non-feeding stage
{(Olayem1 and Ande, 2009), mosquito pupal development
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and eventual metamorphosis to imago may not be affected
by a nutrition-contributory factor such as soil-substrate
Organic Matter Content (OMC) of breeding habitats. From
the results of thus study, it seems that the effects of OMC
on immature  development of 4. gambice either
terminated at the larval stage or, perhaps, the larvae that
successfully pupated were able to overcome any
mitigating effects of differential OMC observed in the
larval stage. However, adult teneral reserve in mosquitoes
1s largely dictated by food assimilation, acquired during
the late larval stage (Briegel, 2003). Therefore, there is
need for further studies to elucidate the mfluence of
differential soil-substrate OMC on adult fitness and
teneral reserve of adult mosquitoes, in order to confirm
if such influence truly terminates at the larval stage.

The success rate of the aggregate mmmature stage
was significantly influenced by soil-substrate OMC,
results consistent with earlier observations on mosquito
breeding ecology (Lee et al, 1991; Thiery et al., 1993,
Wotton ef al., 1997, Alahmed, 1998; Pfachler et al. (2006),
indicating that organic matter in mosquito breeding
habitats enhanced growth of dietary micro-orgamsms,
accelerated larval development and survival. The mean
aggregate immature success rates obtamed m this study
(range = 72.19-87.20%) agreed with that reported for the
same mosquite s pecies (mean inmature survival
rate = 81.26%), from a laboratory study on the life-table of
A. gambiae in the same eco-geographical zone, during
which the larvae were fed with the fish feed, Tetramin
(Olayem and Ande, 2009). The anopheline larvae raised
in this study depended on the organic matter inherent in
the soil-substrate of the culture media for nutrition, yet
achieved immature stage success rate similar to that of
larvae fed with the highly nutritious fish feed This
observation, therefore, suggests that the organic matter
component of larval habitat soil-substrate provides a rich
supply of mosquito larval dietary requirements for
optimum development. Anopheline mosquito larval
control programs must, therefore, take in to serious
consideration, the orgamic matter richmess of breeding
habitats while, prioritising such sites for larviciding
nterventions.

CONCLUSION

Anopheline mosquite breeding habitats m Minna
differed significantly in soil-substrate Organic Matter
Content, which proportionally mfluenced mosquite
immature success rate; thus, probably, affecting the
density and distribution of malaria vectors in the area.
However, there is need to elucidate the influence of larval
habitat soil-substrate OMC on the vectorial fitness of the
emerging adult mosquitoes. The findings of this study,
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therefore, underscore the need for the inclusion of
envirommental management strategies that will reduce the
OMC of larval habitat soil-substrate, for effective malaria
vector mosquito larviciding activities.
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