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ABSTRACT

Photoperiod is the amount of light and darkness in a 24 hour clock is a physical factor affecting the
physiology and behaviour of insects. This study investigated the influence of day-length on developmental
attributes of Aedes aegypti. Eggs gotten from the wild were incubated in the laboratory. Day old larvae
were exposed to five photoperiod regimens; 0, 6, 13 (control), 18 and 24 hour of light (hL). Rearing of
immature stages and other entomological variables were monitored following standard protocols. Results
revealed significant effects of photoperiod on all parameters measured. Total larval and total immature
development ranged from 7.87+1.88 to 16.2914.53 days and 9.67+1.94 to 18.08+4.48 days respectively,
while average larval and average immature survivorship ranged from 94.08+4.25 to 99.46+0.87 and
94.71+3.88 to 98.38+1.44 %. This study showed photoperiod had significant effect on immature duration
and survivorship of Ae. aegypti.
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INTRODUCTION

Aedes aegypti originates from Africa but today
are seen in all regions of the both developed and
underdeveloped places worldwide (Powell and
Tabachnick, 2013). In Sub-Sahara Africa where
yellow fever epidemics and other aboviral
diseases have had serious effects on human,
they are the major cause of relative incidence of
disease and mortality (Morrison et al., 2008;
Marcondes and Ximenes, 2015). The vector of
these diseases constantly exposed to varying
physical factor that significantly influence the
physiology, behaviour and development
(Delinger and Yocum, 2019).

Among these physical factor is photoperiod;
defined as the amount of light available within a
24 hour clock (Gillot, 2005; Shi et al., 2017). The
number of hour of light and darkness L:D or
hours of light (hL), has great influence on insects
physiology (Saunders, 2012). It give rise to
knowledge about yearly changes received and
processed by mosquitoes, resulting to
differences in developmental indices (Yee et al.,
2012; Lacour et al., 2014; Armbruster, 2016). Day
length variations serves as signal for changes in
ecosystem and insects have what it takes to
detect these changes before it arrives allowing
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them to make necessary responses (Denlinger et
al., 2017). More so, variations occur in insect’s
developmental indices due to the fact that
photoperiodic response is species specific
(Ukubuiwe et al., 2018).

Knowledge about the right biological and
physiological activities exhibited by species of
insect to changes in photoperiod is vital in the
development of a potent control protocols,
particularly for medically important insect pest.

METHODOLOGY
Sourcing and Handling of Aedes egg

Ovitraps (plastic troughs of 400 mL capacity)
half-filled with distilled water lined with white
cloth inwardly were set in the wild and
monitored daily for collection of eggs.
Oviposited eggs were retrieved by removing the
white cloth from the ovitrap as eggs are attached
to the cloth. Retrieved eggs were transferred to
the Insectary unit Animal Biology Department,
Federal University of Technology, Minna, Niger
State for incubation.

Simulation and Maintenance of Day-length
Regimens

Simulation and maintenance of photoperiod
regimens followed the method of (Ukubuiwe et
al.,, 2018) while mosquitoes were reared as
described by Olayemi and Ande (2009). Five
photoperiod durations 0, 6, 13, 18 and 24 hours
of light (hl) were simulated by varying the
duration by which mosquitoes are exposed to
light. The test mosquitoes were exposed to this
light variation from larval stage through to
adulthood.

Rearing of Experimental Mosquitoes

Eggs were introduced into six (6) replicate
troughs (100 mL capacity) at twenty five (25)

eggs/ trough and monitored until hatching.
Hatched larvae were introduced into a separate
rearing trough at 4 mL water per larva and fed
with yeast every day and the water changed
everyday until pupation as described by
Ukubuiwe et al. (2016).

Influence of day-length conditions on Immature
Fitness Attributes of Ae. aegypti Duration of
development

This represented the time taken for an immature
stage to transform to another immature stage.
The mosquitoes were monitored twice (6 am and
6 pm) every day, the time and numbers of
immature life stages that transform to the next
stage (LI-IV), pupa stage and adult was taken
note respectively (Ukubuiwe et al., 2016).

Immature survivorship

This is the proportion of mosquitoes at the start
of a life stage that effectively enters the next
stage. It was determined for immature life stages
expressed in percentages and computed using
the formula described by Ukubuiwe et al. (2018).

Si = (ni/l’li-1) x 100

Si = survival rates in instars stage i in percentage;
ni is the number of larvae entering instars stage
i and ni-1 the number of larvae that entered the
preceding instar stage.

Data Analysis

Data generated from the independent study
were processed into means and standard
deviation using Microsoft Office Excel 2016.
Variables from various regimens were compared
for significant difference using one-way and two-
way analysis of variance (ANOVA) as appropriate
with means separated using Duncan Multiple
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Range Test (DMRT). Differences in mean were
considered to be significant at P<0.05

RESULTS AND DISCUSSION
Results

Influence of day-length on duration of immature
development (days) of Aedes aegypti

Analyses showed significant (p<0.05) effect of
photoperiod in developmental time exhibited by
larvae at different photoperiod regimen from L1
to LIV. There was no significant (p>0.05) effect in
total larval duration from 0, 6, 13 and 18 hours of
light (hL). Immature reared at shorter day lengths
0, 6 and 13 hl displayed fast developmental rate
as they took short time for their development,
while 18 and 24 hl took longer time for their
development (Table 4.1). The range of values for
immature development are L1 0.71+0.18 to
1.3140.17 days; L2 0.79+0.31 to 1.32+0.31 days;
L3 1.41+0.53 to 4.39+2.27 days; L4 4.6911.74 to
9.55+3.98 days and pupa 1.54+0.38 to 1.90£0.10
days, respectively (Table 1).

These variations in larval and pupa duration of
development led to a significant (p<0.05)
difference in total larval and immature duration
for the species. Total larval development ranges
from 7.87+1.88 to 16.29+4.53 days andtotal
immature development ranges from9.67+1.94 to
18.08+4.48 days, respectively (Table 1)

Influence of day-length on immature
survivorship (%) of Aedes aegypti

Analyses revealed significant (p<0.05) effect of
day-length conditions on survival rate of
immature life stages of the species except at
second larva instar (LIl). Average larval
survivorship of those exposed to 0, 6, 13 and 18
hL show no difference but at 24 hL, there was

significant difference as survival rate was low. At
the pupa stage, there was no significant (p>0.05)
effect of day-length on survivorship. The range of
values for the survivorship of larva instars and
pupa stage are L1 97.96+3.31to 100.00+0.00 %;
LIl 97.17#3.11 to 100.00+0.00 %; LI
88.61+17.65to 100.00+0.00%,; LIV87.73+8.51 to
98.41+2.47 % and pupa 94.05+4.25t0 97.22+4.30
%, respectively (Table 2).

Average larval and average immature
survivorship also varied significantly (p<0.05)
with range of values 94.08+4.25to0 99.46+0.87 %
and 94.711+3.88 to 98.3811.44 %, respectively
(Table 2).
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DISCUSSION

Effects of day-length conditions on

development of Aedes aegypti mosquitoes

From this study, immature development of
mosquitoes reared under day-length <
13hLspent shorter day for their development
while day-length >18 hL spent longer time for
their development. This is similar to what was
observed by Kollberg et al., (2013) in pine sawfly
(Neodiprion sertifer) and Ukubuiwe et al. (2018)
in culex quinquefasciatus.The faster growth rate
at (13 hl) in this study is same as observed by
Lopatina et al. (2011) in carabid beetle (Amara
communis).

On a contrary, Bradshaw and Holzapfel (1975)
reported rapid growth rates at long light
duration for Toxorhynchites rutilus and retarded
development during short duration.
Chocorosqui and Panizzi (2003) also reported
longer developmental time in shorter day-length
for Dichelops melacanthus. These contradictions
may be due to the fact that different species

respond differently to photoperiod.

The fast growth rate by mosquito reared under
shorter photoperiod might be physiological or
behavioural responses to beginning of rainy
season, a season having short day length mostly
(Leimar, 1996). Wet season favours mosquito
development simply because relative humidity is
high and breeding sites available, hence
mosquito species’ population increases. The
danger of larvae been flooded during the wet
season might have triggered the fast
developmental rate and short light duration
might have favoured feeding by immature stage,
hence increase accumulation of teneral reserve
for pupation (Kollberg et al, 2013). Furthermore,
longer developmental time experienced for
longer light duration might either be stress and

diapause-related physiological stimulus

(Lopatina et al., 2011).

Effects of day-length conditions on survivorship
of Aedes aegypti

From this study, day-length < 13 hL recorded
higher survival rate while 218 hL survived less.
This finding is similar to the work of Ukubuiwe et
al (2018) in their study accessing the effect of
photoperiod on survivorship of  Culex
quinquifasciatus. High survivorship observed at
shorter day-length indicates that they are
favourable for mosquito survivorship. Mathias et
al. (2006) reported differently to photoperiod
responses of Wyeomyia smithii, Polyommatus
icarus and  Anopheles  quadrimaculatus.
According to Kollberget al. (2013), immature
survivorship of  European pine  sawfly
(Neodiprion sertifer) is not dependent of
photoperiod. The differences observed in the
present study with others could be due to the
fact that photoperiod is species specific.

CONCLUSION

This study showed that photoperiod had
significant effect on immature developmental
indices measured. Further, rate of development
is fast at short day-length also survivorship is
high at short day-length suggesting that short
day-length  favoured development and
survivorship. This information gotten from this
study is vital in developing a robust control

strategy.
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