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Abstract

Background: The land cover changes in the form of deforestation are known for their impact on enhancing Anophe-
line life-history traits. In most cases, these traits depend on environmental parameters such as temperature and light.
Pyriproxyfen is an insect growth regulator juvenile hormone (JH) designed to inhibit adult mosquito emergence. It is
an effective biolarvicide in controlling immature stages of malaria vectors and many other insects. Despite the known
efficiency of pyriproxyfen in malaria vector control, but the understanding of its performance under deforested or
afforested areas is not clear. The present study aimed at evaluating the impact of pyriproxyfen on development

and survivorship of Anopheles gambiae s.s. in forested and deforested areas. Tests of two dosages (0.03 ppm.ai. and

0.3 ppm.ai.) of pyriproxyfen were done in standardized semi-field conditions under ambient temperature and light in
netting screened environment. The plastic artificial microcosms containing 1 kg of soil and 2000 mL of dechlorinated
water were used. First instars larvae were distributed in densities of 20, 40, and 60 in six replicates each, to form a total
of 18 microcosms per each land cover type. Larvae mortality, development, and survival time were monitored and
recorded after every 24 h until pupation. Emerging adults from pupa were recorded, and their sexes were identified.

Results: Pyriproxyfen increased Anopheles gambiae larvae mortality rates and larvae developmental time of first
instar larvae to pupal at densities of 20, 40 and 60 larvae in forested area (p < 0.05). Also, the larvae survival time was
found to be longer in forested area compared to deforested area (p < 0.05) except at the density of 20 larvae. Pyriprox-
yfen reduced larvae pupation rates by 88% in forested area and it had 100% adult emergence inhibition regardless of
land cover type and pyriproxyfen concentration, except at the density of 60 larvae exposed to 0.03 ppm, where adult
emergence rate of 6.7% was detected.

Conclusion: These findings suggest that, the efficacy of pyriproxyfen against Anopheles gambiae s.s. larvae and
pupae is dependent on land cover types and its larvicidal effect can be increased by presence of trees canopy cov-
ers. Therefore, reviving forestry schemes and community afforestation programmes could have a positive impact on
mosquito larval control by using larvicides. Also, increasing land canopy cover can be opted as a way to discourage
the development and survival of potential malaria vectors.
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Background
Malaria vector control tools have played major roles in
vector control worldwide to witness the declined popula-
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tools such as rapid diagnostic test (RDT), and appropri-
ate treatments with anti-malarial drugs such as Arte-
misinin Combination Therapy (ACT) (WHO, 2019,
2020). The land cover changes that have occurred and
are still occurring in malaria-endemic regions could
alter mosquito vectorial capacity, leading to increased
malaria transmission (Afrane et al, 2006; El-Sayed &
Kamel, 2020; Kweka et al., 2016; Munga et al., 2009; Zhou
et al., 2007). There is a growing deforestation rate due to
demands for more lands for cultivation, grazing, building
spaces and resources, and settlements due to increased
population in malaria-endemic regions (Hawkes et al,
2019; Kweka et al., 2016; Lindsay & Martens, 1998). For
instance, in Africa, an average of 8% of forest areas is
cleared for aforementioned activities annually (Forest
Resource Assessment Project, 1996; Romijn et al., 2015).
The clearing of forests increase the availability of pro-
ductive mosquito habitats exposed to sunlight leading
to rapid development of Anopheles gambiae mosquitoes
and shorten their life cycle (Afrane et al., 2005; Munga
et al,, 2009). The exposure of breeding sites to sunlight
increases the temperature of the habitats and enhances
the microbial community growth which act as food for
mosquito larvae. (Alfano et al, 2019; Gilbreath et al.,
2013; McCrae, 1984; Wang et al., 2018). The increase in
habitats temperature is directly proportional to increase
in larvae development rates which shorten the develop-
mental circle (Christiansen-Jucht et al., 2014; Chu et al.,
2020; Clements, 1992; Ndo et al., 2018).

Larvicides such as pyriproxyfen, methoprene, Dimi-
lin, Bacillus thuringiensis israelensis (Bti) and Bacillus
sphaericus(Bs)have shown to be effective in reducing
larva density and malaria transmission when applied
alone (Derua et al., 2019; Fillinger et al., 2008; Geiss-
biihler et al., 2009; Kweka et al., 2019; Majambere et al.,
2007; Msangi et al., 2011) and even more effective when
applied in combination with principal interventions such
as LLINs, IRS or house improvement (Fillinger et al.,
2009; McCann et al.,, 2017). Pyriproxyfen a juvenile hor-
mone analogue is designed to interfere with the normal
development of malaria vector larvae. It has been applied
in many countries in Africa including Ethiopia, Kenya
(Mbare et al., 2013) and Tanzania (Kweka et al., 2019)
and it has shown to be effective in inhibiting adult emer-
gence, compared to other larvicides (Zogo et al., 2019).
However, the application on pyriproxyfen can be chal-
lenged by various factors including habitats washing
particularly during heavy rainy season and environmen-
tal parameters such as temperature and light (Antonio-
Nkondjio et al., 2018). Also, habitat vegetation cover and
shading have been found to have a great influence on the
mosquito larval density, abundance and species composi-
tion (Kweka et al., 2015; Munga et al., 2009; Wamae et al.,
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2010). Despite the well reported impact of forest shading
on mosquito larvae development and adult productiv-
ity (Kweka et al., 2012; Munga et al., 2009; Wang et al.,
2016; Zhong et al., 2016), its effect on larvicides efficacy
is not well understood. There is a lack of adequate infor-
mation on how different land covers changes, particularly
deforestation influence the residual efficacy of larvicides
against malaria vectors. Therefore, this study evaluated
the effect of pyriproxyfen on development and survival
of Anopheles gambiae s.s. under forested and deforested
areas.

Methods

Study area

This study was conducted at the Tropical Pesticide
Research Institute (TPRI) premises, in the division of
livestock and human disease vector control (LHDV)
in Arusha, Tanzania. The region is found at the foot of
mount Meru 1444 m above sea level. The average annual
temperature and rainfall of the region is 19 °C and
1103 mm respectively. The study was conducted from
October 2019 to March 2020. Two sites were selected
purposely, site A and site B found at 3° 19’ 45.1” S 36° 37’
31.1” E and 3° 19’ 48.7" S 36° 37’ 29.7" E respectively. The
study sites were found in two different land cover types.
Site A, was a forested area and site B, was a deforested
area found in the TPRI premises. For this study forested
area was defined as an area whose trees canopy cover
makes up to more than 80%, while the deforested area
was defined as an area whose trees canopy cover was 10%
or less (Keenan et al. 2015). The visual estimation of veg-
etation cover was done based on the Daubenmire cover
class method (Asrat et al. 2018). The deforested area was
an open space that received direct sunlight, while the for-
ested area received less sunlight due to being closed by
trees canopy cover.

Preparation of larvicide

Sumilarv® 0.5G were obtained from manufacturer (Sum-
itomo Chemical Company, Japan). Sumilarv is a larval
control agent based on the insect growth regulator (IGR),
pyriproxyfen. It is commercially available as a granular
(G) formulation containing 5.1 g/kg pure pyriproxyfen
(Kweka et al. 2019). In the present study, preparation of
a test solution followed manufacturer’s instruction and
procedures from previous studies and guidelines (Kweka
et al., 2019; Mbare et al., 2013; WHO, 2005). A stock solu-
tion was prepared by grinding five (5) grams of the gran-
ular formulation of Sumilarv® 0.5G into a fine powder.
The grinded powder was added into 500 mL of dechlo-
rinated tap water to make a stock solution of 10,000 ppm
of Sumilarv® 0.5G. The obtained solution was placed in a
beaker whose top was then covered with aluminium foil.
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The mixture was further shaken for 30 min before use to
get homogenous solution. The serial dilutions were made
immediately after shaking using dechlorinated water
to produce the test concentrations. The test concentra-
tions of 0.03 ppm was chosen to be used in the present
study based on the previous field and laboratory studies
done by Mbare et al. (2013) and Kweka et al (2011) which
reported 100% inhibition of adult mosquito emergence.
The other concentration of 0.3 ppm was opted as the
higher dosage for semi-field experiments in case of envi-
ronmental effect on the efficacy of pyriproxyfen.

Larval bioassay

Anopheles gambiae sensu stricto mosquitoes from a sus-
ceptible laboratory strain were used in this study. Eggs
from A. gambiae mosquitoes were hatched in enamel
trays to obtain first instar larvae. The hatched first instar
larvae were distributed into 36 plastic artificial micro-
cosms (diameter: 21 cm and depth: 15 ¢cm) in densities of
20, 40 and 60 larvae (12 per each density). The 18 artifi-
cial microcosms (6 per each density) were then dug into
the ground to ensure that they mimic the natural mos-
quito habitats closely, in each land cover type (forested
and deforested area) parallel to their control for each
experiment. Tests were done under natural ambient cli-
mate and light conditions in a netting-screened environ-
ment with natural photo phase of 12 h dark and 12 h light
cycles in both land with high trees coverage and land
without trees (deforested land) (Mbare et al., 2013). The
netting material prevented other gravid mosquitoes from
breeding in the installed microcosms. Also, prevented
predators from consuming larvae in these artificial habi-
tats. The data for temperature and light intensity were
recorded using Hobo data logger then they were trans-
ferred into the computer for further processes.

Developmental and survival studies

Semi-field experiments involved placing the artifi-
cial microcosms in each experimental site at a distance
oflm apart in three rows to avoid cross-contamination
between microcosms of different pyriproxyfen con-
centration. Each artificial microcosm was filled with
2000 mL of treated de-chlorinated water and one (1)
kilogram of soil collected from nearby fields to mimic
natural mosquito habitat. Larvae developmental time
and survivorship in both treated and control (in dechlo-
rinated water) was recorded in every 24 h. Development
observation of Anopheles gambiae larvae was based on
structural changes of larvae from one instar to the next
(L1-L2-L3-L4). In each microcosm, surviving larvae
were counted using pipette and white plate. Monitor-
ing of larvae development in microcosms was done daily
until the emergence of first pupae, then monitoring was
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conducted twice per day at 8:00 am, and 5:00 pm to
ensure that no pupae was left to emerge into an adult.
Emerged pupae were placed into 300 mL plastic cups
containing 100 mL of dechlorinated water, covered by
netting materials to prevent emerging adults from escap-
ing. Separate pipettes were used to collect pupae from
treated (for each concentration) and control microcosms
to avoid cross-contamination. The emerged adult mos-
quitoes were removed from the plastic cups using an
aspirator, anaesthetized by using chloroform and then
their sex was identified based on their mouthpart struc-
tures (Ahmed & Ahmed, 2011; Coetzee et al., 2000). The
above procedures were repeated in triplicates. Overall,
two experimental groups were set up; (i) larvae reared in
the forested area and exposed to pyriproxyfen (0.03 ppm
or 0.3 ppm doses), and (ii) Larvae reared in the defor-
ested area and exposed to pyriproxyfen (0.03 ppm or
0.3 ppm doses). The control groups for each larvae den-
sity were reared in both forested and deforested areas
without treatment of pyriproxyfen (treated with dechlo-
rinated tap water and soil).

Data analysis

Data were entered in Microsoft excel 2019(Microsoft,
WA, USA), then transferred to IBM SPSS Statistics ver-
sion 26.0 (IMB Corp., Armonk, NY, USA). The mean lar-
val development time and mortality rates were compared
using a paired sampled ¢-test. Kaplan—Meier survival
analysis was performed to determine larval survivorship.
Survivorship trends compared using Wilcoxon rank test
to determine statistical significance. The results signifi-
cance level was considered below 5%.

Results

Temperature and light intensity variation in mosquito
larvae habitats in a forested and deforested area

Results showed a significant difference in temperature
between larvae habitats in forested and deforested envi-
ronments, with the deforested setting demonstrating sig-
nificantly higher temperature and light than in forested
microcosms (p <0.05) (Fig. 1a and b).

Impact of pyriproxyfen on larvae mortality rates

in forested and deforested areas

Larvae exposed to pyriproxyfen demonstrated higher
mortality rates when compared to untreated larvae at all
the three densities (20, 40 and 60 larvae). Treated larvae
habitats in forested area had significantly higher mortal-
ity rates (p<0.05) when compared to other habitats in
deforested area. Mortality rates of larvae increased rela-
tive to increasing in pyriproxyfen concentration from
0.03 to 0.3 ppm in both land cover types (Fig. 3a and b).
Also, higher mortality rates were recorded in forested
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area at all densities when untreated habitats were com-
pared (p<0.05) (Figs. 2d and 3).

Impact of pyriproxyfen on larvae developmental time

in a forested and deforested area

Larvae exposed to pyriproxyfen had short develop-
ment time compared to untreated larvae (Fig. 4a and b).
The developmental time between first instar and third
instar larvae was almost the same in between larvae
exposed to pyriproxyfen and those exposed to dechlo-
rinated water only in both land cover types. A signifi-
cantly longer developmental time in forested area was
observed in treated larvae compared to deforested area
(p<0.05). Similar observations were made when control
habitats in both forested and deforested areas were com-
pared. Pyriproxyfen in higher concentration (0.3 ppm)
decreased larvae developmental time at all densities com-
pared to 0.03 ppm in both forested and deforested areas
(Fig. 5a, b). Generally, larvae reared in forested habitats
required longer time to develop to the adult stage than
those larvae reared in deforested habitats at all treat-
ments (p<0.05) (Fig. 4d).

Impact of Pyriproxyfen on larvae survivorship

under the forested and deforested area

The survival time of larvae was shorter in habitats
exposed to pyriproxyfen when compared to control
groups (Figs. 6 and 7). However, the mean proportion of
surviving larvae at all larvae densities was significantly
longer in deforested area than the forested area (p <0.05)
except at the density of 20 where insignificant difference
in survival time were observed (p=0.183). Similar sur-
vival trends were witnessed when larvae were exposed to
0.3 ppm of pyriproxyfen (Fig. 7a, b and c). The propor-
tions of surviving larvae in treated microcosms in both
land cover types began to drop after day 3 with low pro-
portions of surviving larvae recorded in day 15 onward
from forested habitats at both pyriproxyfen concentra-
tions (Figs. 6 and 7).

Effects of pyriproxyfen on adult emergence in the forested
and deforested area

A smaller number of pupae were recorded in for-
ested area compared to deforested area at all densi-
ties for both 0.3 ppm and 0.03 ppm of pyriproxyfen
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(Table 1 and 2). Pyriproxyfen treatment in larvae habi-
tats in forested area reduced pupation rates compara-
tive to deforested area (Tables 1 and 2). Pupation rates
decreased with an increase in pyriproxyfen concentra-
tion from 0.03 to 0.3 ppm (Tables 1 and 2). In all treat-
ments, pupation was initiated beginning from day 7
onwards in the deforested area, this increased exponen-
tially and by day 18, 90% of larvae were either emerged
into adults or dead (Figs. 6 and 7). In the forested area,
it was until day 18 and took an average of 28 days for
all larvae to emerge into adults. There was no adult
emergence (100% adult emergence inhibition) in larvae

habitats exposed to pyriproxyfen at 0.3 ppm except for
0.03 ppm at 60 larvae densities in both forested and
deforested area, where small number of pupae were
able to emerge into adult mosquitoes (Tables 1 and 2).
However, adult emergence rates were less than 5% and
many of the mosquitoes had incomplete emergence.
Incomplete adult emergence was characterized by some
mosquitoes having their legs and tarsi attached in the
pupal exuviae. Also, there were many emerging male
mosquitoes in forested area while many adult emerging
mosquitoes in deforested area were females (Tables 1
and 2).
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Discussion

This study was intended to evaluate the bio-efficacy of
pyriproxyfen on A. gambiae in forested and deforested
areas. Larvae mortality experiments have demonstrated
that large proportions of A. gambiae first instar larvae
to pupae exposed to pyriproxyfen in both forested and

deforested area died before attaining adult stage. Larvae
mortality rates were dependent on pyriproxyfen expo-
sure and land cover types. These findings are consistent
with previous studies that reported high mortality rates
of Aedes aegypti caused by exposure to pyriproxyfen in
the laboratory (de Moura et al. 2021). Also, in the present
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study, high mortality rates were detected in forested area
where the recorded temperature and sunlight intensity
were low. These observations suggest that low tempera-
ture and light intensity in the forested area might have
given conducive conditions for the larvicidal activity of
pyriproxyfen against A. gambiae compared to defrosted
area where there was direct sunlight radiation. The pre-
sent observations can be supported by findings from
other studies that have shown pyriproxyfen to be a highly
susceptible biolarvicide to photo degradation in water
with photolysis half-lives less than 20 days in river water
(Sullivan and Goh 2008, Kodaka et al. 2011).

In the present study, despite pyriproxyfen demonstrat-
ing high activity on larvae, low ambient temperature
and light intensity in forested area might have main-
tained the activity of pyriproxyfen against immature A.
gambiae mosquitoes. Studies on the impact of environ-
mental factors to biolarvicides have demonstrated loss
of activity of biolarvicides under field condition due to

degradation effect of solar gamma radiations and ultra-
violet (UV) light composed of UV-A (320-400 nm) and
UV-B (280-320 nm) (Manasherob et al. 2002). Observa-
tions made in the present study suggest that the bioef-
ficacy of pyriproxyfen against mosquito vectors may be
directly or indirectly dependent on surrounding temper-
ature and light. Tree canopy covers in the forested area,
might have played a significant role in increasing the effi-
cacy of pyriproxyfen against immature Anopheles gam-
biae mosquitoes.

The observed longer developmental time of larval to
pupal stage for larvae exposed to pyriproxyfen in the for-
ested area, is an indication that the efficacy of pyriproxy-
fen was positively influenced by low temperature and
light intensity. Other previous studies have shown that in
low light pyriproxyfen is resistant to photolysis and there-
fore its larvicidal activity against larvae is maintained
(Sullivan and Goh 2008). In addition to that, other pre-
vious studies in western Kenya highlands, found higher
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Table 1 The effects of pyriproxyfen at 0.03 ppm and 0.3 ppm on adult A. gambiae s.s. emergence in the deforested Area (experiments

were done 6 times in 3 rounds)

Density PPF Conc. (ppm) Pupa collected (%) Adult emergence (%) %El
Female Male Total

20 0.03 60 0 0 0 100
03 50 0 0 0 100
Control 95 50 40 90 10

40 0.03 57.5 0 0 0 100
03 475 0 0 0 100
Control 80 47.5 30 775 225

60 003 55 33 1.7 5 95
03 40 0 0 0 100
Control 683 46.7 36.7 834 16.6

El% is Emergence inhibition percentage

mosquito development rates in deforested area (Afrane
et al., 2005, 2006; Munga et al., 2009), similar to what
was observed in the present study. In the present study
exposed larvae to larvicides had shorter survival time
and therefore shorter developmental time, due to larvi-
cidal actity of pyriproxyfen compared to those exposed

to dechlorinated water only. Also, in this study exposed
fourth instar larvae to pyriproxyfen ended up forming a
larval-pupal intermediate stage characterized by remains
of larval skin on the portion of the abdomen leading to
inhibition of adult emergence. These observations are in
agreement with what was observed by Kweka et al. (2019)
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Table 2 The effect of pyriproxyfen at 0.03 ppm and 0.3 ppm on adult An. gambiae s.s. emergence in the forested area (experiments

were done 6 times in 3 rounds)

Density PPF Conc. (ppm) Pupa collected (%) Adult emergence (%) %El
Female Male Total

20 0.03 12 0 0 0 100
03 5 0 0 0 100
Control 15 0 10 10 25

40 0.03 75 0 0 0 100
03 5 0 0 0 100
Control 9 25 5 7.5 17.5

60 0.03 6.7 1.7 5 6.7 933
03 33 0 0 0 100
Control 8 33 5 83 83

El% is Emergence inhibition percentage

in paddy field experiments in Northern Tanzania, con-
firming pyriproxyfen to be a stage specific biolarvicide.
Knowing the specific temperature and light ranges that
would affect its larvicidal activity against mosquito larvae
could help to have effective use of pyriproxyfen in a vari-
ety of environmental settings.

In the present study, when concentration of pyriproxy-
fen was changed from 0.03 to 0.3 ppm led to no signifi-
cant effect on larvae developmental time particularly
during the first and second instar. This is due to larvicidal
nature of pyriproxyfen, targeting late larval and pupal
stages (Kweka et al., 2019). Pyriproxyfen does not have
direct effect on early larval stages. Rashed and Mulla
(1989) showed that age structures of mosquito larvae can
have an impact on the efficacy of the larvicides used. In
the present study increase in age structure seem to have
increased susceptibility level of larvae to pyriproxyfen.
Studies by Kweka et al. (2011) demonstrated that larvae
feeding rates increased with increase in body structure
and age, suggesting that third and fourth instars are likely
to be the most susceptible stages to pyriproxyfen (WHO,
2005). During these stages the risk of larvae to contact
pyriproxyfen more often in treated habitats increases
(Mbare et al, 2013). Increase in concentration from
0.03 to 0.3 ppm had little impact on larvae developmen-
tal time, this suggests that pyriproxyfen can work bet-
ter even at small dosages. Use of higher concentrations
beyond the recommended may have a negative impact on
non-target organisms.

The present study observed shorter survival time in
deforested area, which might have been caused by high
temperature and light intensity. Findings from other
observations made in previous studies demonstrated that
temperature and light intensity play a key role in influ-
encing the survivorship of larvae and adult mosquitoes

(Afrane et al., 2005, 2006; Bayoh & Lindsay, 2004; Kweka
et al, 2011; Munga et al., 2009). High temperature
increase larvae metabolic and feeding rates (Bayoh &
Lindsay, 2004). This may have a positive influence on con-
tact chances of larvae to pyriproxyfen leading to reduced
larvae survival chances. On the other hand, longer sur-
vival time observed in a small proportion of surviving lar-
vae in forested area might be caused by growth retarding
effect of pyriproxyfen (Mbare et al., 2013). In this study
slowed larvae development rates observed in forested
area reduced larvae ability to attain a full actively feed-
ing stage on time which would allow them to frequently
contact the larvicides and therefore influencing their sur-
vivorship (Kweka et al., 2011). The prolonged the survival
time of larvae exposed to pyriproxyfen might have led
into reduced larvicidal effect of pyriproxyfen and there-
fore affecting its efficacy. These observations suggest that
for efficient use of pyriproxyfen in forested area, regular
re-application is needed.

The observed pupation process of A. gambiae in the
present study was negatively influenced by larvicidal
activity of pyriproxyfen. Emerged pupae from larvae
exposed to pyriproxyfen demonstrated the highest mor-
tality rates. Although many pupae emerged from the
deforested area, few of them were able to completely
emerge into the adult stage. These observations are simi-
lar what was observed by de Moura et al. (2021). Many
of the mosquito adults had incomplete emergence with
their legs and tarsi remaining attached to pupal exuviae
similar to what was reported in other studies (Germain
et al. 1977). Findings from this study have shown that
about 40% of larvae died at the larval stage and over 90%
died at pupal stage. Many of the collected pupae did not
emerge into the adult stage. In other studies, done in
Tanzania (Kweka et al.,, 2019) and Kenya (Mbare et al.,
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2013) where pyriproxyfen was found to inhibit over 90%
of adult mosquitoes in the laboratory and field using Axn.
Arabiensis. The adult emergence inhibition percentage
observed in the present study was higher in the forested
area compared to the deforested area. These findings
signify that the bio-efficacy of pyriproxyfen against A.
gambiae larvae were more effective in inhibiting adult
mosquito emergence in forested area.

In addition to that, the present study recorded more
male adult mosquitoes emerging from habitats found
in the forested area while more adult female mosqui-
toes emerged from habitats found in the deforested
area. These findings are similar with observation made
in paddy field by Kweka et al (2011). Therefore, it can be
projected that communities living in deforested zones are
likely to be exposed to female Anopheles mosquitoes that
transmit malaria (Derua et al., 2019). However, in this
study, emerging adult mosquitoes from treated habitats
in both forested and deforested area were physiologi-
cally weak, small in body size and less active with fading
body colour compared to those emerged from control
microcosms, similar to what was reported by Moura
et al. (2021). These results suggest that even though some
mosquitoes may survive pyriproxyfen exposure during
their immature development, few of them will be able to
survive longer in the adult stage. This would mean that
the larvicidal effect of pyriproxyfen in contaminated
immature mosquitoes lasts longer and are extended to
the adult stage.

Limitation of the study

This study was conducted from October 2019 to March
2020. These were rainy seasons characterized by short
periods of high temperature and sunlight intensity. It
is possible to have different outcomes if the same study
could be conducted in May to August due to these peri-
ods having cool and hot conditions. Also, the study
design did not allow to measure the precise tempera-
ture ranges that could have influenced the efficacy of
pyriproxyfen activity. Future studies should investigate
the efficacy of pyriproxyfen under varied temperature
and light intensity, so as to know the exact temperature
and light intensity which can interfere with the activity of
pyriproxyfen in local environments.

Conclusion

The present study was designed to understand the
impact of pyriproxyfen on A. gambiae mortality rates,
developmental and survival time in the forested and
deforested area. The efficacy of the two concentra-
tions (0.03 ppm and 0.3 ppm) of pyriproxyfen against
A. gambiae larvae has been found to be dependent
on temperature and light intensity in the study areas.
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A. gambiae larvae have shown higher susceptibility
levels to pyriproxyfen in forested than in deforested
area, where high intensity of sunlight and temperature
seem to have reduced its larvicidal activity against the
exposed A. gambiae larvae. Pyriproxyfen has demon-
strated high efficacy in inducing high larvae and pupae
mortality rates and increasing the larvae developmental
and survival time in forested area. Despite the interac-
tion of other environmental factors, this study recom-
mends pyriproxyfen to be the best additional tool for
LSM to be used in malaria vector control in both defor-
ested and forested endemic areas. Its high ability in
inhibiting adult emergence in both forested and defor-
ested areas provide promising results towards global
elimination of malaria disease. The use of pyriproxyfen
to target immature mosquitoes in combination with
other tools such as IRS and LLINs would lead to reduc-
tion in the abundance of adult mosquitoes and malaria
transmission. Also, reviving forestry schemes and com-
munity afforestation programmes could have an addi-
tional impact on mosquito larvae control by increasing
land canopy cover to limit the availability of mosquito
breeding habitats.
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