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Responses of the Four Larval Stages (L1 To L4) of the Avian Malaria
Vector Culiseta longiareolata Exposed to Spinosad (Naturally Derived
Insecticide)
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Abstract | The sensitivity of the first to fourth-stage larvae of Culiseta longiareolata (Diptera: Culicidae) treated with
Spinosad was the first aim of this work. Five concentrations were administered for the toxicological tests (0.05, 0.1,
0.5,1 and 5 pg/1). The results gained showed us an insecticidal effect which increases, according to the concentration
and the time of exposure. The average lethal concentration LC50 of the L1 stage was in the order of 2.46 pg/l and the
LC90 was 3.28 pg/l. For the L2 stage, the LC50 calculated was a 2.88 pg/l and LC90 with a 3.63 pg/l. For the L3
stage, the LC50 obtained was a 3.06 pg/l and the LC90 with a value of 3.88 pg/l. The LC50 of L4 stage calculated was
2 3.16 pg/l, and the LC90 was a 3.93 pg/l. Based on the results of thisstudy, it was noted that the premature stages (L1
and L2) were sensitive to the product used as compared withthe tardy stages (L3 and L4) on all which was resistant

according to the calculated toxicological parameters.
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INTRODUCTION

Avian malaria and various arboviruses are very inter-
esting diseases on the veterinary and ecological side,
of which Culiseta longiareolata is the vector of these dis-
eases (Maslov, 1989). It may also involve the transmission
of causative agent of Malta fever (Maslov, 1989). It is also
an avian plasmodium vector (Severini et al., 2009; Mugh-
ini-Gras et al., 2014). Cs.longiareolata is multivoltine with
continuous development in hot countries with the a large
distribution is present in the south of the Palearctic re-
gion; it is distributed in the Mediterranean region, Europe
and Asia (Minar, 1991; AI-Khalili, 1997; Lee et al., 2009).
Actually, there is a contradiction about many authors men-
tioned that this species attack human and animal, but the
birds are only the principal host in North Africa (Maslov,
1989; Roubaud and Colas-Belcour, 1933).

In recent years, Cs.longiareolata has precisely become a
very common species in the Algerian Sahara (Bebba and
berchi, 2004; Merabti and Ouakid, 2011; Mengri et al.,
1984; Merabti, 2016; Merabti et al., 2016; Merabti et al.,
2017). In addition, the arrival of this species to the ur-
ban agglomerations, lead us to study it. Actually, the fight
against transmissible disease vectors becomes very encour-
aged in the biology, ecology and public health areas. The
researchers of new strategies and fight mean take a major
magnitude. For this, the knowledge of same species vectors
bioecology is necessary to achieve those goals. Knowing
the most susceptible larval stage as the most resistant of
Cs.longiareolata so the target stage to fight, and the effect
of Spinosad on these four stages were the two focused aims
of the present study.
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MATERIALS AND METHODS Statistix 8.0 07/05/2019,
12:50:24
Chi-Square Test for Heterogeneity or Indspendence
LARVAL SAMPLING AND BREEDING for MORTALITY = STAGE/EXEOSITION TTME
Cs.longiareolata larvae were collected from different cot- EROSITIO
tages in the region of Laghouat (33°48'24"N, 2°52'56"E).  smce 24 48 72 96
'The larvae were reared in storage jars containing 500 ml . — —— — ;
of stored tap water and maintained at a temperature of 1~ Cbserved | 1180 110 115000 1560
R ) Expected |  750.80 | 1367.47 | 1512.13 | 1767.03 |
25-30°C, 85% RH and a photo period of 14: 10 (L: D). Cell Chi-sq |  245.21 | 3201 0.0 | 24.26 |
. . . . . I — R T —— I — +
Larvae were fed daily with fresh food consisting of a mix- 77 T T T
ture of biscuit-dried yeast (75:25 by weight) and water Expected |  562.11 | 1034.58 | 1144.04 | 1336.88 |
. . . Cell Chi-Sq |  24.55 |  1.02 |  0.01 |  4.00 |
was changed every three days. The feeding continued until R — e e N
the larvae develop into pupae. The pupae were transferred =~ 3~ Geserved | 220 1 810 | 630 | 1030 |
. i Expected |  464.25 |  845.45 | 934.80 | 1082.48 |
from the trays to a cup containing tap water and placed in Cell chi-sq | 1.43 | 483 |  0.03 |  3.57 |
e Fmm e e e +
screened cages (30x30x30 cm) w}‘lere the ad:ults emerged. beerved | o1 e 1 me 1 1
After emergence, female mosquitoes obtained a blood Expected | 396.74 | 7T22.51 | 798.9¢ | 8362 |
. . . Cell Chi-Sq | 285.82 |  5.41 |  0.56 | 4131 |
meal from caged pigeons, while male mosquitoes were fed , o R ] N
a 10% sucrose solution. Egg masses were kept to continue 2180 3970 4320 5130
the next generation.
EXPOSITIO
STAGE 120
Bioassays AND LARVAL MORTALITY — +
. . . 1 Chserved | 1580 | 7230
'The evaluation of the mortality rate of the mosquito pop- Expected | 1832.47 |
ulation has been studied according to the recommendation cell chizse | 3478 |
of the World health organization (Rivero, 2010). Our bi- 2 Observed | 1480 | 5470
oassay was performed with L1, L2, L3 and L4 stages of Zwpected | 1386.3% |
. . . Cell chi-sg | .32 |
Cs.longiareolata using five concentrations (0.05, 0.1, 0.5, oo +
. . . 3 Observed | 1110 | 4470
1 and 5pg/1) of Spinosad; composed of a mixture of two Expected | 1132.94 |
metabolites (Spinosynes A and D) synthesized from the Cell Chi-Sq | 0.46 |
. . S +
bacterium Saccharopolyspora spinosa, from the group of Ac- 4 Cbserved | 1150 | 2820
tinomycetes (Darriet et al., 2005) .20 larvae were incuba- 11Expi6tEd : 9;2 ii :
. o« . o« e Ce Chi-=5
tedin a beaker containing 200 ml of distilled water. Larval T +
mortality was checked after 24 to 120 hrs of incubation. 5320 20890
Each treatment was performed in triplicates. In all assays, = overall chi-square  720.12
the mortality of larvae was recorded and calculated accord- F-value o-0090
. Degrees of Freedom 12
ing toAbbot formula (Abbott, 1925).
Cases Included 3&0 Missing Cases 0
Statistix 8.0 a7/05/2018,
12:48:53 Statistix 8.0 07/03/2019,
12:52:08
Chi-Square Test for Heterogeneity or Independence
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EXPOSITIO
CONCENTRR 120
e +
a Coserved | 2820 | 10210
Expected | 2Z387.77 |
Cell chi-Sg | 42.65 |
o +
1 Ckhserved | 1200 | 3120
Expected | 1287.&8 |
Cell Chi-Sg | 7.35 |
e +
5 Observed | 1200 | Seed
Expected | 1434.55 |
Cell Chi-Sg | 38.35 |
o +
5320 20990
Owverall Chi-Sguare 472.96
P-Value 0.0000
Degrees of Freedom 8

Cases Included 360 Missing Cases 0

STATISTICAL ANALYSIS

'The method of Swaroop et al. (1996) permits the calcula-
tion of the confidence interval (95%) of the LC50, LC90
(pg/1) and regression equationswere applied according to
Finney’s mathematical methods. The data was transformed
and normalized according to the Bliss tables (Finney,
1971). Calculations and descriptive statistics, as well as the
chi-2 test (95% confidence interval) was applied to analyze
variation between different stages in different concentra-
tions, were calculated using Statistix v8.0

RESULTS

Figure 1 shows the responses of the four larval stages
(L1, L2, L3, and L4) at the five concentrations used in
the treatment with our product. Mortalities were recorded
from 24h to 120h. According to this figure, the mortality
rates recorded for the four stages were different (3?=550.28,
DF=6, P<. 0001). For the first stage; the mortality ap-
preared after 24 hours of treatment was greater than 65%.
While for the second and the third stages this rate was
almost 30%. This rate was too low in fourth instar larvae
(inferior to 5%). After this time of exposure, the mortali-
ty rate was a significant variable between the four stages
(?=400.63, DF=6, P<.0001).

After 48 hours of treatment, the mortality rates recorded
for the first stage are almost 80%, while the second and the
third stages have a rate close to 50%. The mortality rate for
the fourth stage was not more than 36%. So, the mortality

again records a significant variation between those stages
(¥*=155.72, DF=6, P<. 0001).

For 72 hours of treatment, the rates observed for the first
stage exceeded 80%, while the second, third and fourth
stage have mortality rates ranging between 45% and 63%.
There was a significant variation in the mortality rate

among the fourth stages (x*=168.26, DF=6, P<. 0001).
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Figure 1: The Mortality rate of the four larval stages of
Cs.longiareolata (11,12, .3, and L4)

O Larval stage 1.

A Larval stage 2.

¢ Larval stage 3.

+ Larval stage 4.

After 96 h to 120 h of treatment, the first two larval stag-
es record high mortality which exceeded 90%, in addition,
the third and fourth reacted with the concentrations used,
whose rates did not exceed 63%. The variability was signifi-

cant after the both exposure times, respectively (x?=126.04,
DF=6, P<.0001), (x>=104.00, DF=6, P<. 0001)

Table 1 presents the toxicological parameters calculated
for the four treated larval stages. It has been noticed that
the more the larva develops from one stage to another; it
requires a high concentration for mortality to increase. Re-
spectively with the four stages L1; L2; L3 and L4, the cal-
culated LC50 were 2.05; 2.17; 3.03 and 3.53 pg/l. While
the calculated LC 90 was respectively 3.39; 3.45; 3.74 and
3.78 g/l for these stages.

Table 1: Lethal concentrations with confidence intervals
for the mosquito species treated with Spinosad

Larvae LC50 LC90 LLC50 ULC LLC90 ULC
stage  pg/l  pg/l  pg/l 50ug/l  pg/l 90 pg/l
L1 2,05 3,39 1,06 13,85 0,55 16,22
1.2 217 345 055 661 0,16 77,29
L3 3,03 3,74 0,66 14,29 0,18 86,17
14 353 3,78 094 1091 034 44,74

LC: lethal concentration, LLC: Lower Lethal Concentration,
ULC: Upper Lethal Concentration.

DISCUSSION

'The exposure of any animal population to a toxic substance
may produce biochemical, histological or morphological
effects resulting in specific alterations of an organ (II-
avazhahan and Selvi, 2012), these effects vary according

July 2019 | Volume 7 | Issue 7 | Page 601

=SS



OPENaACCESS

Advances in Animal and Veterinary Sciences

to the intensity, way of action, frequency, and duration of
exposure to this substance, but also according to the degree
of sensitivity or resistance of the species itself (Sanchez-

Bayo, 2012; Najar-Rodriguez et al., 2008).

Our results showed a good activity of spinosad like a larvi-
cide on those immature stages. The results indicate mortal-
ity rates up to 100% for higher concentrations and at the
precocious stages (L1 and L2). While for both L3 and L4,

the responses were low compared to the first two stages.

Spinosad with its emulsifiable concentrate (EC) formula
was a product that is being used more and more against
several types of insects. The effects of this larvicide have
been evaluated against several mosquito species. Several
species have been used as a target for this product; for ex-
ample Culex pipiens, Aedes aegypti, Anopheles gambia, Culex
quinguefasciatus, Anopheles stephensis, Anopheles albimanus ...
etc (Darriet et al., 2005; Romi et al., 2006; Bahgat et al.,
2007).

According to O.IVL.S (2005), a recent study has shown that
interim recommendations for the protection of marine
life are based on an LC50% of 13 mg/1 after 48h, for salt

marsh mosquito larvae Aedes taeniorhynchus.

Further studies showed that the Spinosad effect results in
variable mortality depending on the concentration used
and the time of treatment for mosquitoes. After 15 days of
treatment, the larval mortality rates increase and can reach
100% when using the highest concentrations (50 pg/l and
100 pg/l) and the LC50 is equivalent to 7.76 pg/l, while
LC90 is equal to 44.67 pg/l (Bouzerida, 2016).

'The work of (Darriet et al., 2005) shows the effect of Spi-
nosad on sensitive strains of three mosquitoes of medical
interest Ae. aegypti, An. gambiae and Cx. Quinque fasciatus
showed that the LC50% are 0.35, 0.01 and 0.03 mg/lre-
spectively.

Another study done with a concentrate Spinosad (EC)
Emulsifiable (EC) Assay 4.8% active substance showed
an LC50% (0.0096 mg/l) on Ae aegypti; 0.0064 mg/l on
Cx. pipiens and 0.039 mg/1 on An.Stephens is (Romi et al.,
2006). By comparing to the tests carried out with the ac-
tive substance the greater larvicide efficacy of Spinosad in
its (EC) form could be explained by the oily nature of the
wording that would prevent Mosquito larvae breathe on
the surface of the water. Field evaluations are still scarce
on Ae. aegypti, a study showed that at the concentration
of 10 mg/l, the efficacy of this larvicide was totally over a
period of five months (Bond et al., 2004), therefore, its efhi-
cacy at 102 and 10~ mg/] concentrations, mosquitoes have
made him an excellent choice in vector control. According
to elaborate treatments for different species of mosquitoes,

we have noticed the degree of sensitivity of several species,

through calculated LC 50 and CL 90.

Therefore, several studies that profoundly address this is-
sue of resistance and sensitivity, which can be related to
the height, age, or weight of the individuals subjected to
toxicological tests. Ranson, H., & Lissenden (2016) work
on the resistance mechanism on mosquitoes species and
the combined effect of somes insecticides. Strode et al.
(2006) worked on increasing resistance against some toxic
substances as a function of age development in Anopheles
gambiae.

CONCLUSION

The treatment with Spinosad for 24 h to 120 h of expo-
sure induces a toxic effect on all four larval stages tested.
Spinosad was used at different concentration (0.05; 0.1;
0.5; 1 and 5 pg/1), which determined the remarkable lethal
concentration (LC50 and LC90), this effect was translat-
ed into a mortality rate that has reached an almost max-
imum rate of 100% for the more common concentration
higher. The sensitivity of the L1 and L2 stages has been
well noticed compared to L3 and L4, for this reason, the
treatment of the more resistant stage than to the approval
is recommended.
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