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ABSTRACT: This study investigated the effects of varying photoperiodic conditions on critical life stages’ parameters of Culex quinquefasciatus.
To this end, first larval stage was reared under different constant photoperiodic regimens: 0, 6 (short), 12 (equal), 13 (prevailing condition), and
18 and 24 (long) hours of light (hL). Duration of development, survivorship, emergence successes, adult longevity, caloric indices (Cls), and
utilisation of teneral reserves for metamorphosis at each regimen were monitored. Analyses revealed significant negative effects of increasing
photoperiod on all entomological variables measured. Short photo-phases elicited faster development times, increased life stages’ survivorship
and number at emergence, adult longevity, and Cl for all life stages while increasing teneral components for adult life traits. The information
generated in this study is important in understanding the role played by photoperiod in disease transmission and for development of integrated

vector control strategies based on environmental manipulation.
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Introduction
Photoperiod is the earth’s naturally recurring alternation of
duration of light and darkness?; it is probably the most studied
abiotic factor that influences growth and development in
insects.>~* Usually, variations in daylength serve as signals for
changes in environmental conditions, and insects are capable of
detecting the changes heralded long before actual arrival.>~’
These allow insects to make appropriate physiological and
behavioural responses in anticipation for these conditions.®

In the Tropics, for example, especially, in the study area,
short daylength precedes the onset of wet/rainy season (April
to October), whereas long daylength heralds dry season
(November to March), accompanying these seasons are changes
in environmental conditions that affect the bionomics of
insects. Meanwhile, studies have revealed differential responses
of insects to photoperiodic conditions’ and even among same
species located across different latitudes.®

For some insect species, growth and development is faster
under short daylength (12 or fewer hours of light),”!0 whereas
in others, development is almost halted. A few insects are, how-
ever, indifferent to variations in daylength, whereas for other
species, the converse is true.>!! Therefore, information on the
appropriate biological and physiological responses of insect
species to variation in photoperiod is valuable in developing

cost-effective control protocols, especially for medical insect
pests, eg, Culex quinquefasciatus mosquitoes.

Culex quinquefasciatus is the common house mosquito, med-
ically important in the transmission of debilitating human and
zoonotic diseases.!? It breeds in almost all water habitats near
and far from human dwellings.!3 Bites from infected females
of this mosquito species transmit Wauchereria bancrofti, a patho-
gen responsible for over 90% of all cases of lymphatic filariasis.
More than 856 million people in 52 countries worldwide and
more than 120 million people in Nigeria are at risk of the
disease.l*

Control of the vector has been majorly using chemicals; this
method, although effective, has not been potent in ameliorat-
ing the disease burden caused by this vector. Information on
effects of environmental manipulation on critical entomologi-
cal indices may provide an alternative strategy in the control of
this vector. Critical entomological indices that determine the
successes and fitness of mosquitoes include rates of develop-
ment,'b12 post-emergence successes,'>!¢ energy availability at
critical life stages,'’"'? and teneral availability and utilisation
for metamorphosis.?®?! Hence, empirical data on the effects of
ranges of photoperiodic conditions on these indices are vital in
developing vector management protocols.
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Although earlier studies have reported responses of mosqui-
toes to various quantitative photoperiodic regimen, few or
none reported responses of C quinguefasciatus to a wide range
of constant photoperiodic regimen and effects on pre-imaginal
development and post-imaginal fitness traits. More so, quanti-
tative data on ideal photoperiodic regimens for development of
the species are non-existent in the study area. Therefore, this
study was designed to demonstrate the effects of varied photo-
periodic regimen on duration of development, immature survi-
vorship, adult emergence rates, post-emergence survivorship
and longevity, energy indices, and utilisation of teneral reserve
for metamorphosis in C quinguefasciatus mosquito, in a bid to
develop robust and well-informed strategies for control of the
disease vector.

Materials and Methods

Source and maintenance of mosquito

Freshly laid egg rafts of C quinquefasciatus mosquito were col-
lected from a colony established in the Entomology Unit of the
Department of Biological Sciences, Federal University of
Technology, Minna. The insectary was maintained at 12:12
L:Dhours, with mean temperature and relative humidity at
28.00°C £1.00°C, and 80.16% *4.26%, respectively. Collected
egg rafts were placed in plastic hatching trays for incubation at
ambient room temperature (for 24 hours) as described earlier.’
Hatched larvae were cultured according to standard protocols
in well-labelled plastic trays (30cmx25 cm x5 cm), at the rate
of 1 larva/4 mL of water.!2 The larvae were fed with fish feed
(Coppens), sprinkled, gently, over on the water surface, at the
rate of 0.32mg/100 larvae every other day. Daily change of
rearing water prevented accumulation of debris and formation
of scum. Pupal stages were separated into labelled bowls for
emergence in adult-holding cages, and the emerged adults fed
on 10% sucrose solution dabbed in sterile cotton wool.22

Simulation of photoperiodic regimens

Fluorescent tubes, with intensity kept constant at 250 to 3001x
provided constant photoperiodic regimens of 0:24 (zero,
Ohours of light, hL), 6:18 (short, 6hL), 12:12 (equal, 12hL),
18:6 (long, 18hL), and 24:0 (long, 24hL) light:dark (L:D)
hours.?? To obtain a standard (‘Control’) for comparison, the
prevailing photoperiodic condition (13:11 L:D hours, 13hL)
during the study period was adopted. The experimental setup
involved the exposure of the mosquitoes in 4 replicates of 50
larvae/bowl, and the whole study was repeated immediately
after the first experimentation.

Developmental indices

Development indices adopted in this study were duration and
survivorship of immature life stages (ie, Larval instars L1-4
and pupa). Duration of development of immature stages was

the time taken for a life stage to change into the next and
expressed in days.’> Computation of duration of development
was calculated by the following formula:

D, =T,—(z,-1)

where D; is the duration of life stage, 7' is the present mean
age, and #,_; is the previous mean age at moulting.

Survival rates during the immature life stages were the per-
centage of mosquitoes at the beginning of a life stage that suc-
cessfully entered the next stage??:

;
§; =

" —
1

x100

where §; is the survival rates in instar stage i; 7, is the numbers
of larvae entering instar stage 7, and #;_; is the number of larva
that entered the preceding instar stage.

Adult emergence sex ratio and post-emergence
longevity of adult

Total number of emergent adults and sex ratio was determined
by counting the numbers of adult male and female mosquitoes
at eclosion. Longevity and daily survivorship were determined
by allowing the adult mosquitoes to live out their lives while
fed only 10% sugar and expressed in days and percentages,
respectively.’s

Biochemical analyses

Quantification of teneral reserve components (ie, lipid, glyco-
gen, glucose, and protein) at the final larval instar, pupal, and
adult life stages of the mosquito was carried out in triplicates
according to the methods described by Van-Handel and Day?3
and Kaufmann and Brown.?* Values obtained were expressed
as mean* SD in micrograms per mosquito.

Teneral reserve components used during
metamorphosis in C quinguefasciatus

Teneral reserve components used for metamorphosis were cal-
culated as difference between teneral composition at the final
larval instar and pupal stages (for quantity used for pupation)
and between the pupal and adult stages (for quantity used for
eclosion).

Caloric indices of life stages of C quinquefasciatus
The caloric index (CI) per individual for each teneral compo-

nent was determined as follows: the different contents of total
proteins, lipids, and carbohydrates were converted into calories
and values expressed as mean * SD in calories. One calorie cor-
responds to 0.004 pg of carbohydrates and proteins, whereas
for lipids, 1 calorie corresponds to 0.009 pg.'”
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Table 1. Effects of varying photoperiodic conditions on duration (days) of development of Culex quinquefasciatus mosquito.

PHOTOPERIODIC ~ LARVAL INSTARS

LEVELS

(LIGHT:DARK L1 L2

HOURS)

0:24 079+0.14%,  115x0.12A, 1.04+0.024,
6:18 111£0.178, 1.29+0.23%,  1.08+0.21A,
12:12 1.30£0.07¢,  1.55+0.198,  1.75+0.308,
Control (13:11) 1.20£0.03¢,  1.59+0.278,  1.86+0.148,
18:6 1.90£0.120,  2.38+0.16C,  2.62+0.37C,
24:0 210+0.05°,  2.66+0.25°,  3.31+0.300,

TOTAL PUPAL TOTAL

LARVAL STAGE IMMATURE

DURATION DURATION DURATION
1.81+£0.094; 4.79+0.094 0.85+0.024 5.64+0.11A
2.28+0.268; 5.77+0.288 0.84+0.01A 6.60+0.288
2.57+0.208C 718+0.28¢ 1.03+0.168 8.21+0.52C
2.53+0.258C 719+0.28¢ 1.06+0.168 8.25+0.34¢
2.79+0.34¢, 9.69+0.410 1.03+0.088 10.73+0.46°
4.06+0.410, 12.14+0.36F 1.39+0.16¢ 13.52+0.35F

Within a column, means (+SD) followed by same capital letter are not significantly different at P<.05 according to Duncan multiple range test following analysis of
variance (ANOVA). Within a line, means (+SD) followed by same small letter are not significantly different at P <.05 according to Duncan multiple range test following

ANOVA.

Data analysis

A goodness of fit was used to test the data before analyses.
Data from immature developmental and post-emergence
success attributes, teneral reserve utilisation for metamor-
phosis (pupation and eclosion), and ClIs were normally dis-
tributed and analysed using appropriate statistical tool. For
example, differences between means of any 2 entomologic
variables (eg, between sexes of mosquito in a photoperiodic
treatment) were compared using Student # test, whereas
those among entomologic variables (eg, among mosquitoes
in photoperiodic regimens) were compared for significant
difference using 1-way and 2-way analysis of variance as
appropriate. All values were expressed as mean+SD and
decisions on statistical comparison of means were taken at
P< .05 level of significance. The means were separated using
Duncan multiple range test.

Results
Effects of varying photoperiodic conditions on

duration of development of C quinquefasciatus
mosquito

Table 1 shows the duration of development for immature life
stages of C quinquefasciatus mosquito under different photo-
periodic conditions. Duration of development of all immature
stages varied considerably with change in daylength. From the
table, it is evident that as daylength increased, duration of
development of each larval stage and total larval duration,
pupal stage, and total time (total immature duration) needed
for development significantly increased.

Shorter durations of developments were observed when the
immature life stages were reared under zero and short ranges of
photoperiod (0:24 to 6:18 L:D hours). However, at relatively
narrow photoperiodic ranges (12:12 to 13:11 L:D hours),
duration of development increased and was longest at very long
photoperiods (18:6 to 24:0 L:D hours).

Effects of varying photoperiodic conditions
on survivorship of immature stages of C
guinguqﬁlsciatus mosquito

Table 2 shows the effects of varying photoperiods on survivor-
ship of immature life stages of C quinquefasciatus. There was no
significant variation in the survivorship of larval stages as zero
(0:24), short (6:18), and narrow ranges of photoperiods (12:12
and 13:11 L:D hours). However, as photoperiod increased to
18:6 to 24:0 L:D hours, immature survivorship reduced signifi-
cantly. Similar trends, as in larval stages, were observed at the
pupal stage, translating the varied immature survivorship.

Effects of varying photoperiodic condition on adult
emergence, daily survivorship, and longevity of C

quinquefasciatus mosquito

Highlighted in Tables 3 and 4 are the effects of photoperiod on
adult emergence, survivorship, and longevity of C quinguefas-
ciatus. Analyses revealed significant reduction in the values of
these parameters as duration of photoperiod increased. Higher
numbers of emergent adults were observed at zero (0:24), short
(6:18), and narrow ranges of photoperiods (12:12 and 13:11
L:D hours), whereas very low emergence was observed at very
long photoperiods (18:6 and 24:0) (Table 3). Interestingly,
there were, significantly, more female than male mosquitoes in
all photo-regimens (Table 4).

Variation in daylength also affected daily adult survivorship of
the mosquito species. For example, very long photoperiods (18:6
and 24:0) significantly reduced daily survivorship. Although there
was no significant variation in daily survivorship of male and
female mosquitoes within a photoperiodic treatment, there was,
however, significant difference in survivorship among males and
females among the photoperiodic regimens (Table 3).

Average adult longevity was, clearly affected by photoperiod.
While adults from long photoperiods (18:6 and 24:0) were
short lived (<12 days), those from zero (0:24), short (6:18), and
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Table 2. Effects of varying photoperiod conditions on survivorship (%) of immature stages of Culex quinquefasciatus mosquito.

PHOTOPERIODIC

LARVAL INSTARS

LEVELS

(LIGHT:DARK L1 L2

HOURS)

0:24 98.75+1.16C,  96.24+171°,  99.86+0.39C,
6:18 9713+210°,  95.34+4.24°,  96.13+5.66,
12:12 99.38+0.74%,  91.82+5.04C,  94.94+3.14C,

Control (13:11) 98.13+2.23¢,  91.78+5.46C, 93.86+4.43C,

18:6 78.38+5.958,  63.92+4.968, 72.11+4.898,

24:0 5118+7.750,  47.35:5.87%,  65.32+2.05A,

AVERAGE
LARVAL
SURVIVORSHIP

PUPAL STAGE = AVERAGE
IMMATURE

SURVIVORSHIP

97.79+2.44C, 98.16+1.44¢ 99.62+0.38¢ 98.89+1.40C
99.46+2.25C,  96.26+2.19¢ 97.39+1.89¢ 96.49+1.76C
9719+1.91¢, 95.26+2.15C 96.28+4.17¢ 95.49+2.03°
88.90+6.478C, 95.24+1.13C 99.69+0.86° 96.13+0.92¢
60.39+11.118,  68.70+3.078 71.60+10.258  81.28+2.378
44.80+£3.014,  52.15+4.41A 51.83+2.42A 51.99+3.494

Within a column, means (+SD) followed by same capital letter are not significantly different at P<.05 according to Duncan multiple range test following analysis of
variance (ANOVA). Within a line, means (+SD) followed by same small letter are not significantly different at P <.05 according to Duncan multiple range test following

ANOVA.

narrow ranges of photoperiods (12:12 and 13:11 L:D hours)
lived longer (Table 3).

Effects of varying photoperiods on Cls of life stages
of C quinquefasciatus mosquito

The results highlighted in Figures 1 to 3 show significant
influence of photoperiod on Cls of important life stages of C
quinguefasciatus. Analyses revealed that shorter photo-phase
significantly increased values of CI of all teneral components in
the life stages, whereas longer photoperiods reduced them.

The CI of the final (fourth) larval instar, pupal, and adult
life stages varied with change in photo-regimen. Larvae from
zero (0:24), short (6:18), and narrow ranges (12:12 and 13:11
L:D hours) of photoperiods had significantly higher values for
all teneral components, whereas the reverse was the case at
longer photoperiods (Figure 1). In all life stages, glycogen had
the highest values of CI, whereas glucose was consistently low-
est (Figures 1 to 3).

Correlations between energy values in C
guingueﬁzsciaz‘us mosquito

Figure 4 shows the correlational relationships between energy
values of teneral reserve of the life stages of C quinquefasciatus
and between values for pupation and eclosion. Analyses revealed
strong positive correlations between caloric values of all life
stages. However, a negative but strong correlation was observed
for total Cal values for pupation and eclosion at short (6:18) and
narrow ranges (12:12 and 13:11 L:D hours) of photoperiods.

Effects of photoperiod on quantities of teneral
reserves used during metamorphosis in C
guinguefasciatus mosquito

Highlighted in Tables 5 and 6, respectively, are the effects of
varying photoperiodic condition on quantities of teneral reserve
used during the processes of pupation and eclosion in C

quinguefasciatus. Generally, larvae reared at longer photo-phase
required relatively more teneral components than those reared
in shorter daylengths. More so, mosquitoes reared at zero (0:24),
short (6:18), and narrow ranges (12:12 and 13:11 L:D hours) of
photoperiodic treatments used lower quantities of teneral com-
ponent for pupation and eclosion. For example, mosquitoes
reared at these treatments had the lowest quantities of lipid,
protein, glucose, and glycogen. The cohorts raised at longer
photoperiods required relatively higher quantities of these ten-
eral components for these processes.

Discussion

Effects of photoperiod on duration of development of

C quinquefasciatus mosquitoes

In this study, larvae of C quinquefasciatus exhibited various
developmental times at different photoperiod conditions.
Individuals reared at shorter daylengths (0 and 6hL) had the
shortest development times (ie, fastest growth), whereas those
reared at longer daylengths (18 and 24hL) spent the longest
times in development (ie, slowest growth).

The shorter developmental time displayed by the mosquito
species (in response to shorter photo-phase) could be one of
either physiological or behavioural responses® to onset of wet
season, a season usually marked by short daylengths.
Epidemiologically, this season favours mosquito development,
as it is characterised by higher relative humidity, abundance of
water bodies (for breeding), and hence mosquito species’ popu-
lation outburst. Unfortunately, heavy loss of immature life
stages to flooding and overflowing habitats’ banks typifies the
season, hence the need for faster development in response to
this ‘perceived impending seasor’.

In this study, shorter photo-phase may have encouraged for-
aging, an activity correlated with faster accumulation of teneral
reserve for pupation,? earlier attainment of threshold size for
pupation,’® and faster growth. Earlier researchers in insect-
photoperiod interactions have also reported similar trends. For
example, Leimar® observed similar reduction in duration of
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Table 3. Effects of different photoperiod regimens on emergence, survivorship, and longevity of adult Culex quinquefasciatus mosquito.

AVERAGE POST-EMERGENCE LONGEVITY, D*

B
()
w
=
(0]
<
=
L
(@]
o
T
)
s
(@]
=
S
s
>
%)
4
S
a

NO. OF EMERGENT IMAGINES

PHOTOPERIODIC

FEMALE FEMALE

FEMALE

MALE

LEVELS (LIGHT:DARK

51.00+9.24¢ 74.00+5.78¢° 78.12+4.94¢, 84.32+1.24¢, 82.04+1.29¢ 16.07 £1.25¢, 21.18+0.96% 19.54+0.88¢

23.00+6.37¢,

0:24

18.42+1.91¢

55.25+11.31°¢;  83.63+7.85¢ 75.42+4.81°, 81.67+3.98°, 79.50+3.85° 15.05+1.28b¢, 20.04+2.34%

28.38+7.41¢d,

6:18

48.38+8.63% 78.88+8.79¢d 76.04+2.62°, 81.38+3.51¢, 79.90+2.39¢ 14.35£2.130, 17.53+1.520, 16.46+1.550

30.50+8.859,

12:12

55.25+5.63¢% 81.75+4.174 77.01+2.02°, 83.70+1.79¢, 81.12+1.74¢ 13.45+0.69°, 17.31+£0.640; 16.09+0.72°

26.50+6.95°d,

Control (13:11)

9.41+1.742

19.75+5.230, 34.63+5.18° 66.12+10.65°, 68.27+8.07°, 66.58+4.78° 8.40+1.463, 9.93+2.273;

14.88+3.520,

18:6

8.25+2.387%; 13.50+3.122 51.69+14.972, 56.81+12.882,  51.50+13.122 716+1.972, 9.35+1.713; 8.58+1.832

5.25+2.058,

24:0

Within a line, means (+SD) followed by same small letter for male and female are not significantly different at P<.05 according to Student t test analysis. Within a column, means (+SD) followed by same capital letter are not

significantly different at P<.05 according to Duncan multiple range test following analysis of covariance; n

*Adult fed sugar only.

=25.

development in the common blue butterfly, Polyornmatus icarus.
Lopatina et al'® reported significant faster and higher growth
rate at short day (12hL) as compared with long daylength
(22hL) for carabid beetle, Amara communis, whereas Reznik
and Vaghina’ reported shorter pre-imaginal development of
Harmonia axyridis under short day conditions. Furthermore,
longer developmental time due to exposure to longer daylengths
could possibly be stress-related or diapause-related physiologi-
cal response,'? although there is no documented evidence of the
latter for this life stage of the mosquito species in the Tropics.

Longer daylengths in the Tropics usually herald the onset of
an extensive dry season (period), a period characterised by
extremely low relative humidity, shortage of water bodies for
mosquito proliferation (occasioned by the extensive drought),
and hence greater immature mortality. These conditions do not
favour the survivorship of mosquito species, and the mosqui-
toes may have significantly slowed down the developmental
rates to accommodate the ‘perceived non-favourable season’.

However, Bradshaw and Holzapfel!! reported rapid growth
rates and metamorphosis under long days for Toxorhynchites
rutilus and retarded development during short days. For
Dichelops melacanthus, Chocorosqui and Panizzi? reported
longer developmental time in shorter daylength. These contra-
dictions may be due to differential species’ responses to these
photoperiod conditions.

Effects of photoperiod on survivorship of immature
stages C quinquefasciatus mosquito

Insects’ immature survivorship plays an important role in the
number of adults at eclosion,'> and success at this will deter-
mine the population status of the species. This study revealed
significant effects of daylength on survivorship of pre-imaginal
life stages of C quinquefasciatus.

Generally, mosquitoes exposed to zero, short (6hL), and nar-
row range (12 and 13hL) of daylengths recorded higher survivor-
ship and were, statistically, higher values than those reared at
longer daylengths. The higher survivorship at zero, short (6hL),
and narrow range (12 and 13hL) of daylengths suggests that these
photo-conditions may be among those favourable for survivorship
of the mosquito species. This photo-condition is species specific.
For example, Mathias et al,> Leimar,® Carmine and Ronald,?
and Lanciani and Anderson? have reported different responses to
photo-conditions by Wyeomyia smithii, Polyommatus icarus, and
Anopheles quadrimaculatus, respectively. However, Kollberg et al?
reported that daylength conditions do not affect the survivorship
of pre-imaginal European pine sawfly, Neodiprion sertifer.

Effects of photoperiod on adult eclosion, daily
survivorship and post-emergence longevity of C
quinquefasciatus

The total number of adults at eclosion, their survivorship, and
longevity are indices of biological fitness of mosquito species
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Table 4. Effects of different photoperiod regimens on percentage emergence of adult Culex quinquefasciatus mosquito.

PHOTOPERIODIC LEVELS (LIGHT:DARK HOURS)

PERCENTAGE EMERGENCE

MALE FEMALE

0:24

6:18

12:12

Control (13:11)
18:6

24:0

31.34+9.10%, 68.66+9.10°,

34.25+10.03%, 65.75+10.034;
38.56+9.474, 61.44£9.4720;
32.27+7.732, 67.73+7.73%
43.25+9.53%, 56.75+9.53%,

38.92+12.33%, 61.08+12.3320,

Within a line, means (+SD) followed by same capital letter are not significantly different at P <.05 according to Student ¢ test analysis. Within a column, means (+SD)
followed by same capital letter are not significantly different at P<.05 according to Duncan multiple range test following analysis of variance.
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Figure 1. Effects of photoperiod regimen on caloric indices (cal) of fourth larval instar of Culex quinquefasciatus mosquito. Bars represent that means
(+SD) followed by same letter are not significantly different at P <.05 according to Duncan multiple range test following analysis of variance.
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Figure 2. Effect of photoperiod regimen on caloric indices (cal) of pupal stage of Culex quinquefasciatus mosquito. Bars represent that means (+SD)
followed by same letter are not significantly different at P <.05 according to Duncan multiple range test following analysis of variance.

and hence capacity to transmit disease pathogen. In this study,
zero, short (6 hL), and narrow ranges (12 and 13 hL) of photo-
periodic conditions favoured high adult emergence, whereas
longer photo-phase reduced eclosion. These higher numbers of
emergent at zero, short (6hL), and narrow ranges (12 and
13hL) of photoperiodic conditions could be due to the higher

pre-imaginal survivorship observed and reported earlier in this
study. Interestingly, in all photoperiodic regimens, there were
higher proportions of female to male mosquitoes, a possible
indicator that photoperiodic conditions may not play signifi-
cant role in determining sex in this mosquito species as
observed in other insect species, eg, aphids.
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Figure 3. Effects of photoperiod regimen on caloric indices (cal) of adult life stage of Culex quinquefasciatus mosquito. Bars represent that means (+SD)
followed by same letter are not significantly different at P<.05 according to Duncan multiple range test following analysis of variance.

Table 5. Effect of different photoperiod treatments on teneral components (ug/mosquito) used for pupation in Culex quinquefasciatus mosquitoes.

PHOTOPERIODIC LEVELS TENERAL RESERVE COMPONENT
IS S e EE) PROTEIN GLUCOSE GLYCOGEN
0:24 1.90+1.008, 2.00+0.00%8, 2.09+0.018, 1.23+0.03"8,
6:18 2.21+0.098C, 1.67+0.314, 1.64£0.49%8, 1.55+0.428,
12:12 0.81+0.814, 3.87+0.518, 2.86+0.26C, 1.76£0.378,
13:11 (control) 1.99+0.018¢, 3.76+0.438, 0.84+0.96A, 0.69+0.704,
18:6 2.77+0.61S, 412+1.058, 6.31+1.28F, 0.63+0.834,
24:0 2.16+0.228C, 3.58+1.018, 4.69+0.440, 1.16+0.3748,

Within a column, means (+SD) followed by same capital letter are not significantly different at P <.05 according to Duncan multiple range test following analysis of
covariance (ANOVA). Within a line, means (+SD) followed by same small letter are not significantly different at P<.05 according to Duncan multiple range test following
ANOVA.

Table 6. Effect of photoperiod regimen on teneral components (ug/mosquito) used for eclosion in Culex quinquefasciatus mosquito.

PHOTOPERIODIC LEVELS TENERAL RESERVE COMPONENT
ISR RIOERE) PROTEIN GLUCOSE GLYCOGEN
0:24 1.38+0.5048, 2.45+0.43C, 2.30+0.428, 0.74+0.73,
6:18 0.96+0.05, 2.65+0.09, 2.59+0.598, 2.57+0.59,
12:12 1.65+0.96%8, 0.72+0.524, 0.76+0.10%, 2.65+0.61C,
13:11 (control) 2.31+0.108, 1.48+0.158, 2.59+0.378,, 2.93+0.05C,
18:6 1.88+1.09%8, 4.24+0.200, 3.87+1.22¢, 1.63+0.108,
24:0 1.60+0.7448, 2.31+0.48C, 6.09+1.580, 2.28+0.538C,

Within a column, means (+SD) followed by same capital letter are not significantly different at P <.05 according to Duncan multiple range test following analysis of
variance (ANOVA). Within a line, means (+SD) followed by same small letter are not significantly different at P <.05 according to Duncan multiple range test following
ANOVA.

Furthermore, daily adult survivorship of the mosquito spe- survivorship among sexes (eg, among males or females) of all
cies reduced significantly at longer photo-conditions (ie, at 18 treatment as photoperiod increased. Earlier studies by Haddow
and 24hL). Photoperiod did not affect survivorship between et al?? and Nayar and Sauerman'® reported similar sex-linked

male and female within a treatment but significantly reduce variation in survivorship in response to photoperiod.
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In this study, average post-emergence longevity was signifi-
cantly affected by photoperiod, as those reared under shorter
photo-phase (0 and 6 hL) lived longer days than those raised at
narrow ranges and longer daylengths. These results may imply
that shorter photo-phases may enhance vectorial fitness of this
mosquito species, as studies have revealed that longer-lived
adults have increased chances of host-vector contacts and
increased biting rates with resultant increase in cycles of infec-
tion and re-infection of hosts. Longevity also determines the
probability of disease parasites development in vectors.3

However, increasing photoperiod significantly reduced lon-
gevity among males and females. For example, male and female
adult mosquitoes from shorter daylength conditions were posi-
tively associated with increased life span, whereas those from
long daylength were short lived. More so, between male and
female mosquitoes of a photoperiod treatment, female survived
longer than the male. This could probably be a reflection of
nature’s investment in female sex of many species, especially,
insects, for physiological and metabolic processes of egg pro-
duction and continuity of progeny.!” Studies by Lanciani and
Anderson?® and Lanciani3! also described the same relation-
ship between photoperiod and longevity for Anaopheles crucians
and 4 quadrimaculatus adult mosquitoes, respectively.

Effects of photoperiod on Cls of critical life stages of

C quinquefasciatus mosquito

According to Bouabida et al,3? the ability of mosquitoes to sur-
vive and, therefore, live long enough to transmit disease patho-
gens is hugely dependent on its caloric reserves. The caloric
reserves as expressed from Cls give an indication to the amount

of energy available for peculiar major life stage activities. For
example, the greater the reserve at the last phagoperiod, the
greater the energy available for metamorphosis to pupae,'’
pupal tissue re-organisation,®® adult flight?’3* and egg
development.®

In this study, analyses revealed that photoperiod significantly
affected the energy available at the last phagoperiod (L4), pupae,
and adult stages of C quinquefasciatus. Mosquitoes reared at
shorter photoperiodic regimen had greater CI at these life
stages than their counterparts raised at longer photoperiod.
This is, perhaps, an indication that short photoperiod, eg, <6 hL,
increases the amount of energy available during development.
This may also connote readily availability of metabolic resources
needed for growth, development, and other life activities and
hence greater potential for higher success rates for such cohorts
with a resultant efficiency at disease pathogen transmission.

Among teneral components, lipid and glycogen consistently
had the highest CI at all life stages. The reason for this was not
clear but could reflect the relative greater importance of these
to energy availability and utilisation.3®37 Furthermore, the
fourth larval stages had the highest values of CI for all teneral
components, although further development resulted in pro-
gressive reduction in CI. This was not surprising, as teneral
reserve accumulation has been reported to climax at this life
stage (L4)'7 and reduce during metamorphosis. Physiologically,
the increased metabolic demand during metamorphosis (pupa-
tion and eclosion) and non-feeding characteristics of the pupal
stage could have accounted for the reduced CI observed in this
study. The high CI values at L4 also make it a suitable life stage
choice for mosquito laboratory investigations (eg, insecticidal
resistance bioassays).3
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Effects of photoperiod on metabolic reserve for
pupation and eclosion of C quinquefasciatus
mosquitoes

The successes at pupation (breaking out from the larval exuvae)
and eclosion (breaking out from pupal exuvae) are critical for
the survival of mosquito species' and correlated with popula-
tion upsurge of mosquito species.3’ Furthermore, the quantities
of metabolic reserves used by insects for these processes are
important, as they determine the amount of reserves available
at adulthood for life activities.!?21:40 For example, greater utili-
sation of metabolic reserves for pupation and eclosion has been
correlated with reduction in quantities available to adult life
stages at emergence3* and hence the quantity and quality of
teneral reserve available for egg development!” and energy for
other critical adult life’s traits.

In this study, there were variations in the quantities and
component type of teneral used by the mosquito species for
the processes of pupation and eclosion at different photo-
period regimens. Mosquito larvae reared at shorter photo-
phase (0 and 6hL) and at narrow ranges (12 and 13hL) of
photoperiod required relatively lower quantities of teneral
components for these processes than their siblings reared in
longer daylength. These could have been responsible for the
higher quantities of total teneral reserves used by the latter
group of this mosquito species for these metamorphic pro-
cesses as reported earlier.?0 The reason for this is not clear yet
but may suggest that longer photoperiods increase physio-
logical and developmental demands of these nutrients in the
mosquito species.

More so, the reduction in teneral expenditure at short
photo-phases may be a physiologic to increase energy available
for adult in response to ‘perceived impending season’ (ie, rainy
season condition), which favours breeding and therefore
demands greater metabolic reserves for adult activities. Rainy
season is usually characterised by heightened adult life activi-
ties (such as flight after eclosion, searching for mate, blood
meal foraging, egg development and maturation, and oviposi-
tion) which are energy demanding. Therefore, greater retention
(by reducing expenditure) may guarantee successful breeding
activities. These results may also suggest that the mosquitoes
developing at short photo-phases may be of greater epidemio-
logic threat.

Physiologically, the standard mosquitoes (ie, control) used
more protein than any other teneral components for pupation,
probably, because this process (pupation) entails more of for-
mation and reorganisation of new tissues. More so, not surpris-
ing and in confirmation of the reason stated earlier, the
reference mosquitoes (ie, control) used more of energy precur-
sors (ie, lipid, glucose, and glycogen) and very little protein for
eclosion. This is probably because new tissue formation is not a
key feature of this process but, rather, intense energy demands
for respiratory metabolism and fledging of already formed

body parts.

Conclusions

From the foregoing, variations in length of daylight signifi-
cantly affect important aspects of biological fitness of C
quinguefasciatus mosquito. Short daylength significantly
reduced duration of development while increasing survivor-
ship. It also increased adult emergence, post-emergence survi-
vorship, and longevity of the species. This study also provides
information on the bionomics of mosquitoes inhabiting dark
crevices and habitats (eg, septic tanks), and the epidemiologic
importance of such mosquito species and habitat, as both are
usually situated close to human dwellings. The information can
serve as baseline information in the development of control
protocols based on environmental manipulation.
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