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Abstract

An essential strategy to deal with mosquito-borne diseases is the control of larvae in their development sites. The 
mosquitoes Anopheles pseudopunctipennis (Theobald) (Diptera: Culicidae), a malaria vector, and Aedes aegypti (L.) 
(Diptera: Culicidae), vector of dengue, Zika, yellow fever, and chikungunya viruses, breed in very different habitats. 
Insecticide treatments of mosquito larvae focus mainly on their lethal effects. However, insecticide degradation 
or the poor dosage of larvicides will invariably lead to the sublethal exposure of a target (and nontarget) species, 
the nonlethal effects of these compounds may have important effects on vital insect activities, and therefore their 
evaluation is necessary. In this study, we assessed the survival and swimming behavior of larvae of Ae. aegypti 
and An. pseudopunctipennis exposed to increasing concentrations of three larvicides. We found that Ae. aegypti, 
was more sensitive to the larvicides than An. pseudopunctipennis, we also observed an overall decrease in the 
movement of those larvae of both species, which survive the treatments. This decrease might have ecological 
relevance in their natural habitats, increasing the chance to be predated and decreasing their ability to obtain food. 
Finally, this information will be valuable to assist authorities to make decisions in the implementation of further 
control programs.
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Anopheles pseudopunctipennis (Theobald) (Diptera: Culicidae) 
is one of the most important malaria vectors in Central America 
and South America (Bruce-Chwatt 1985). The larvae of this mos-
quito are found in sun-exposed clean freshwater in association with 
floating plants and filamentous algae (Manguin et al. 1996). Larval 
habitats are located at altitudes between 200 to 3,200 m above sea 
level but are more abundant in the foothills (Fernandez-Salas et al. 
1994). Experimental data are scarce for this mosquito because it is 
difficult to maintain under laboratory conditions owing to its eury-
gamic status (Lardeux et  al. 2007). In striking contrast with An. 
pseudopunctipennis, Aedes aegypti (L.) (Diptera: Culicidae) larvae, 
the most important vector of dengue, Zika, yellow fever, and chikun-
gunya viruses, develop in container habitats in tropical and subtrop-
ical urban and suburban areas (Scott et al. 2000, Valença et al. 2013, 
Ye et al. 2016). Controlling these vectors is regarded as essential for 
preventing epidemics. The most vulnerable stage in the life history of 
mosquitoes is the larva. Thus, among the control alternatives pro-
posed, the control of larvae in their respective development sites is 

widely accepted and used for both species (Ordoñez Gonzalez et al. 
2008, WHO 2018).

Neurotoxic insecticides, particularly organophosphate and pyre-
throids, are the most frequently used compounds against these mos-
quitoes. The pyrethroid permethrin is the most widely used mosquito 
adulticide for both species and was recommended for treating drink-
ing water containers for many years until 2011 (Herrera 2003, WHO 
2011). In addition, the organophosphate temephos is the most com-
mon larvicidal treatment in water containers for Ae. aegypti (focal 
treatment) (Chavasse and Yap 1997). However, the continuous use 
of temephos contributes to select resistant strains of this vector, thus 
alternative new products need to be explored (WHO 1992, Osimitz 
and Murphy 1997, Abdel-Rahman et al. 2001, Braga and Valle 2007, 
Melo-Santos et al. 2010, Polson et al. 2011). In this way, essential oils 
delivered from plants exhibit good lethality against mosquito larvae 
(Pavela 2015). Eucalyptus nitens (Myrtaceae) is cultivated over the 
world and contained an important percentage of β-triketones, which 
presents high insecticidal activity (Cantrell et al. 2012, Park et al. 2017),  
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and a recent study performed in our laboratory showed that its oil 
have great repellent and larvicidal effect against Ae. aegypti and Ae. 
albopictus (Alvarez Costa et al. 2017).

Insecticide effects on insects in general, and mosquitoes in par-
ticular, focus mostly on their main purpose, their lethal effects (Paul 
et al. 2006, Pridgeon et al. 2008). However, insecticide degradation 
or the poor dosage of larvicides will invariably lead to the sublethal 
exposure of a target (and nontarget) species. The nonlethal effects of 
these compounds may have important effects on vital insect activi-
ties, and therefore their evaluation is necessary (Desneux et al. 2007, 
Cohnstaedt and Allan 2011, Shi et al. 2011, Guedes and Cutler 2014).

Several activities performed by mosquito juveniles, such as 
breathing, foraging, refuge seeking, and predator evasion, are strictly 
dependent on swimming, which emphasizes the importance of insec-
ticide-induced changes in such behavioral patterns to the dynamics 
of the mosquito larvae population (Brackenbury 2001, Schulz and 
Dabrowski 2001, Kembro et al. 2009, Reynaldi et al. 2011, Janssens 
and Stoks 2012).

Research on the swimming behavior of mosquito larvae is scarce, 
and the methodology is generally complex. Nevertheless, in previous 
studies from our laboratory, we developed a simple assay to evaluate 
the basal mosquito larvae behavior and characterized it for the two 
mosquito species used in this work (Gonzalez et  al. 2017). In the 
present study, we assessed the survival and swimming behavior of 
Ae. aegypti and An. pseudopunctipennis larvae, exposed to increas-
ing concentrations of the insecticides temephos, permethrin and the 
essential oil of E. nitens. This is the first report of the toxicity of these 
compounds on An. pseudopunctipennis larvae. We found that Ae. 
aegypti was more sensitive to larvicides than An. pseudopunctipen-
nis and also a decrease in the overall movement of both larval species 
which survived to sublethal treatment exposures.

Materials and Methods

Chemicals
Temephos (97.5%, batch number: 130 A, ABATE, Supelco obtained 
from Sigma-Aldrich, Darmstadt, Germany) and permethrin (94.5%, 
50:50 cis-trans, batch number: 50610, Dr. Ehrenstorfer GmbH, 
Augsburg, Germany) were used. The E.  nitens essential oil was 
obtained and characterized according to a protocol previously used 
in our laboratory: samples of leaves were hydrodistillated for 90 min 
using a modified Clevenger-type apparatus, and the essential oil sam-
ples were diluted in hexane (1 mg/ml) and analyzed in a Shimadzu 
GC-17A interfaced to a Shimadzu quadrupole mass spectrometer, 
GC-MS QP 5050A (Alvarez Costa et al. 2017). The test concentra-
tions of temephos and E. nitens were prepared by successive dilu-
tions of 1 mg/ml absolute ethanol solutions. For permethrin acetone 
was used as a solvent. All solvents were analytical grade (Merck, 
Germany).

Biological Material
An. pseudopunctipennis larvae were collected, using a 0.05-mm 
mesh size sieve from natural breeding sites in a subtropical moun-
tainous areas in San Ramón de la Nueva Orán, Salta, Argentina 
(23°08′10″S 64°19′20″W). Larvae were transported to the labora-
tory and were kept in bowls with dechlorinated water until used. 
An insecticide-susceptible strain of Ae. aegypti (Rockefeller strain, 
Venezuela) was used for these assays. The colony has been kept in 
the laboratory since 1996, free of exposure to pathogens, insecti-
cides, or repellents, at 25–27°C, 50–60% of RH, and a 12:12 (L:D) 
h photoperiod (Lucia et al. 2007). All larval instars were fed on a 

mixture of rabbit pellets and yeast in a 3:1 proportion. Adult mos-
quitoes were fed on raisins, and a pigeon was offered for females to 
produce their eggs.

Larvicidal Activity
The larvicidal activity was performed by following a protocol pre-
viously used in our laboratory (Gómez et al. 2011, Alvarez Costa 
et  al. 2017). Four or five concentrations for each larvicide were 
evaluated together with their respective control using the solvent 
without insecticide. One milliliter of the larvicide solution or solvent 
was added to 199 ml of dechlorinated water in a 500 ml plastic jar, 
10 cm height and 8 cm in diameter, and shaken to obtain a homoge-
neous solution. Then, 50 ml of water with 20 late third or early four 
instar larvae, of Ae. aegypti or An. pseudopunctipennis, were added 
into the jar. Mortality of larvae was recorded after 24 h of exposure. 
Immobile larvae or those unable to raising the surface were consid-
ered as dead. At least five independent replicates were performed for 
each insecticide for both mosquito species. The assay was conducted 
and maintained in the same conditions used for rearing.

Larval Behavior Assay
Larvae of both species that survive to the larvicidal assay were used 
for this study (one larva per replicate). These larvae came from the 
control treatment and from three or four of the lowest concentra-
tions used to evaluate of each larvicide. The larvae were picked and 
washed carefully in dechlorinated water to eliminate the larvicide 
residuals and kept at 27°C for 2 h. Each assay was performed in 
Petri dish microcosm, 9 cm in diameter. The larvae were transferred 
individually to separate Petri dishes filled with 40 ml of dechlorin-
ated water. They were left for 10 min to acclimatize. Then, they were 
digitally recorded for 10 min with a video-camera (Panasonic Lumix 
DMS-LS 80). The tests were conducted in the same conditions used 
for rearing. Standardized hanging light (over experimental arena) 
was used to ensure sufficient contrast between insect and back-
ground of experimental arena.

The recorded videos were digitized and mosquito larvae activity 
was assessed using the video-tracking software (EthoVision XT10.1) 
to calculate behavioral variables (Noldus et  al. 2001). We used 
dynamic subtraction to identify the larvae from their background.

In this study, the overall movement was expressed as spatial 
measurements (distance, speed, turning, etc.) that the human obser-
ver is unable to accurately estimate (Bure ̌sová et al. 1986, Spruijt 
et al. 1998, Noldus et al. 2001).

Activity variables quantified were: 1) distance (distance swam by 
the larvae in the experimental arena, in cm), 2)  velocity (distance 
swam by the larvae per unit time in the experimental arena, in cm 
per second), 3) absolute angular velocity (AAV, change in the direc-
tion of movement of the larvae between two consecutive samples, 
calculated per unit time, in radians per second), and 4) mobility state, 
the cumulative time, in seconds, of a discrete (state) variable with 
three possible states: highly mobile (HM), mobile (M) or immobile 
(I), depending on where the changed pixels of the detected subject 
between current sample and previous sample (referred to as changed 
area) lay relative to two defined thresholds (Grieco et al. 2010). The 
mobility state variable was established for each sample, according to 
the value running average mobility relative to the thresholds:

- Below the immobile threshold (20%), the state is immobile (It).
-  Between the immobile threshold (20%) and the highly mobile 

threshold (60%), the state is mobile (Mt).
-  Above the highly mobile threshold (60%), the state is highly 

mobile (HMt).
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Statistical Analysis
Dose-mortality data from each pool were subjected to probit ana-
lysis (Litchfield and Wilcoxon 1949). The 50 and 95% lethal con-
centrations (LC50 and LC95) with the 95% corresponding confidence 
limits were obtained using PoloPlus 2.0 (LeOra Software, CA, USA).

Principal component analyses (PCA) were performed using the 
standardized values of the behavioral variables that present signifi-
cant regressions with the concentration of the larvicide. We per-
formed independent PCA for the three larvicides in each species. 
PCA was realized to condense the information of the six variables 
mentioned above into a new variable, the first principal component 
(PC 1), which is a lineal combination of the variables that retained 
the majority of its information. Since PCA generates theoretical axis, 
the biological significance for each PC 1 obtained is always inde-
pendent for each treatment and depends of their correlations with 
the original variables. Then, Spearman correlations were used to 
quantify the association between the variables and the PC 1 to char-
acterize it. In the case of our study almost all PC1 obtained, except 
for E. nitens on An. pseudopunctipennis treatment, resulted in an 
‘inactivity axis’. Linear regressions analyses were made with the PC 
1 obtained and the concentration of the larvicide. These analyses 
were made for each larvicide and each species. For the entire analy-
ses the threshold for significance was set at P < 0.05. Statistical soft-
ware R (v.3.3.1; R Core Team 2016) was used for all analysis.

Results

Larvicidal Activity
The larval mortality produced by the three larvicides was dose-
dependent for both mosquito species. Ae. aegypti larvae were more 

sensitive than An. pseudopunctipennis in all of the cases. No mortal-
ity was registered in the control treatments (C) (Table 1).

Larval Behavior
Mean and standard error for the behavioral variables studied of each 
treatment for both species are presented in Supp. Table 1.

The results of the PCA for the larval behavior experiments using 
the three larvicides in both mosquito species are shown in (Table 2, 
Supp. Fig. 1 and Supp. Table 2). The first PC 1 obtained from the 
PCA explained a great percentage of the variability, between 64.3 
and 90.1%. For Ae. aegypti, the variables distance, velocity, time in 
the HMt and time in the Mt presented negative significant correla-
tions with the PC 1 but time in the It and AAV presented a positive 
significant correlation (Table  2). Therefore, in these cases, the PC 
1 was defined as inactivity axis, in which positive values indicate 
lower swimming activity and negative values indicates higher swim-
ming activity. In the case of An. pseudopunctipennnis the relation-
ships between the behavioral variables and the PC 1 depended on the 
larvicide. The behavioral variables obtained from larvae exposed to 
permethrin followed the same pattern that for Ae. aegypti, distance, 
velocity, HMt, and Mt presented negative significant correlations 
with the PC 1 and It and AAV presented a positive significant cor-
relation (Table 2). A similar pattern was observed when temephos 
was used although in this case, the correlation between It and PC 
1 was not significant (Table 2). Hence, again these PC 1 were also 
defined as inactivity axis. In contrast, the correlations between the 
variables and the PC 1 obtained for An. pseudopunctipennis lar-
vae exposed to E. nitens were different, the variables distance, vel-
ocity, HMt, and Mt presented positive significant correlations with 
the PC 1 and It and AAV presented negative significant correlation 

Table 1. Percentage of mortality of each concentration (cc), LC50 and LC95 (±95% confidence interval) of temephos, permethrin and E. nitens 
essential oil for Ae. aegypti and An. pseudopunctipennis

Species Larvicide cc (ppm) Mortality (%) CL50 CL95 X2 GL H n

Ae. aegypti Temephos C 0.00 ± 0.00 2.222 ppb 
(2.091–2.361)

4.224 ppb 
(3.833–4.775)

28.429 30 0.943 640
0.001 2.50 ± 0.94
0.002 38.13 ± 5.08
0.004 93.75 ± 2.45

Permethrin C 0.00 ± 0.00 3.731 ppb 
(3.330–7.179)

11.669 ppb 
(9.727–14.75)

51.24 34 1.507 720
0.001 8.75 ± 4.27
0.002 11.88 ± 2.49
0.004 53.13 ± 2.98
0.012 95.63 ± 1.99

E. nitens C 0.00 ± 0.00 43.846 ppm 
(35.895–51.537)

91.121 ppm 
(72.903–142.02)

185.97 26 7.153 560
20 1.25 ± 1.25
60 24.00 ± 3.35
80 88.33 ± 1.44

An. pseu-
dopuncti 
pennis

Temephos C 0.00 ± 0.00 3.576 ppb 
(2.760–4.797)

11.875 ppb 
(7.706–31.327)

25.853 10 2.585 240
0.001 8.52 ± 3.24
0.002 31.67 ± 16.91
0.004 44.81 ± 2.89
0.008 91.67 ± 4.41

Permethrin C 0.00 ± 0.00 9.117 ppb 
(7.425–12.204)

57.738 ppb 
(32.935–164.51)

5.604 10 0.56 240
0.002 10.00 ± 2.89
0.004 23.33 ± 1.67
0.008 38.33 ± 6.01
0.012 65.00 ± 2.89

E. nitens C 0.00 ± 0.00 87.881 ppm 
(67.965–150.94)

663.31 ppm 
(292.73–5313.7)

4.332 10 0.433 240
20 13.89 ± 2.00
40 23.33 ± 3.33
60 31.67 ± 1.67
80 53.33 ± 3.33

X2, Chi-squared parameter; H, heterogeneity; n, number of larvae used in the assays; C, control.
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(Table 2). Therefore, in this case, the PC 1 was defined as ‘activity 
axis’ in which positive values indicate higher swimming activity and 
negative values indicates lower swimming activity. In summary, since 
PCA generates theoretical axis, the biological significance for each 
PC 1 obtained is always independent of each treatment. In the case 
of our study, all PC 1 were defined as inactivity axis, except for the 
treatment of E. nitens in An. pseudopunctipennis where PC1 were 
defined as activity axis.

For the control treatments larvae presented the highest swimming 
activity in Ae. aegypti for all the larvicides and in An. pseudopuncti-
pennis for temephos and permethrin, as presented the lowest values 
of the inactivity axis (Fig.  1). The regression analyses indicated a 
concentration-dependent increase of the inactivity axis of the Ae. 
aegypti larvae exposed to the three larvicides, temephos, permethrin, 
and E. nitens essential oil (P < 0.05, Fig. 1A–C, Table 3). Considering 
that positive values of the inactivity axis represents lower activity of 
the larvae, we observed a concentration-dependent decrease in their 
activity. Furthermore, the same concentration-dependent reduc-
tion of the activity was observed in An. pseudopunctipennis larvae 
exposed to temephos and permethrin (P < 0.05, Fig. 1D–E, Table 3). 
However, no relation was observed between the An. pseudopuncti-
pennis larvae activity axis and the concentration of E. nitens essen-
tial oil (P > 0.05, Fig. 1F, Table 3).

Discussion

In this study, we determined the effects of temephos, permethrin and 
E.  nitens essential oil on the survival and swimming behavior of 
two mosquito species, An. pseudopunctipennis and Ae. aegypti. We 
found a concentration-dependent decrease in the swimming activity 
of the surviving larvae exposed to larvicides. Here we also reported 
the first determination of toxicological parameters for the three lar-
vicides in An. pseudopunctipennis.

In all the cases, evaluated larval mortality was dose depend-
ent. For Ae. aegypti, the LC50 obtained for the three larvicides were 
similar to the values obtained in other studies from our laboratory 
(Gómez et al. 2011, Alvarez Costa et al. 2017). Furthermore, this is 
the first study reporting the LC50 and LC95 of temephos, permethrin, 
and E. nitens essential oil on An. pseudopunctipennis. For both spe-
cies, the LC50 of the essential oil was similar to the values obtained 
for other Eucalyptus (Lucia et al. 2008, Alvarez Costa et al. 2017) 
but were several times greater compared with the values obtained 
for the synthetic larvicides. However, the essential oils of cultivated 
plants are easily available at reasonable costs and usually are more 
environmental friendly than the synthetic larvicides (Batish et  al. 
2008, Campolo et  al. 2016). In addition, The LC values for Ae. 
aegypti were lower than those for An. pseudopunctipennis indi-
cating its higher sensitivity to the larvicides. This higher sensitivity 
for Ae. aegypti larvae could be because it belongs to a laboratory 

strain, which has been kept for decades not being under selection 
pressure, meanwhile An. pseudopunctipennis larvae were collected 
from the field. However, this higher sensitivity for Ae. aegypti 
was also reported by several authors in comparison with other 
Anopheles species both rearing under laboratory conditions (Amer 
and Mehlhorn 2006, Arredondo-Jiménez and Valdez-Delgado 2006, 
Kumar et al. 2012, Kemabonta and Nwankwo 2013, Senthilkumar 
et  al. 2013, Elumalai et  al. 2016). Nevertheless, in this work we 
could not discriminate if the difference in sensitivity to these larvi-
cides is an intrinsic characteristic of the species or a consequence of 
the source of the biological material. Finally, the LC50 values of An. 
pseudopunctipennis will be valuable in the implementation of fur-
ther Malaria control programs because will allow to determine the 
most cost-effective compound and assist authorities to make deci-
sions based on scientific evidence.

We identified a concentration-dependent decrease of the swim-
ming activity for the larvae exposed. In Ae. aegypti this decrease was 
observed for the three larvicides evaluated and in An. pseudopunc-
tipennis for temephos and permethrin. A decrease in the swimming 
activity of mosquito larvae exposed to other synthetic and natural 
insecticides was registered in other studies (Kembro et al. 2009, Tomé 
et al. 2014, Marriel et al. 2016). The results obtained in our study 
could be due to the neurotoxic mode of action of temephos and per-
methrin (Narahashi 1996, Mileson et al. 1998, Ray and Fry 2006). 
As a consequence, this inactivity would decrease the chances of sur-
vival, affecting the time spent on feeding and respiration behavior 
(Brackenbury 2001). Furthermore, could influence the behavior of 
predator avoidance, e.g., affecting their performance in the searching 
for refuge or affecting their alarm response to them (Reynaldi et al. 
2011, Janssens and Stoks 2012). However, further studies regard-
ing how the inactivity as consequence of the exposing to larvicides 
affects the ecological traits of the larvae are required.

The swimming activity of the larvae exposed to the E.  nitens 
essential oil decreased in the case of Ae. aegypti but did not change 
for An. pseudopunctipennis. This difference could be due to several 
reasons. The essential oils are a complex mixture of compounds and 
a combination of different modes of action is probably present and 
could affect differentially to each species (Pavela 2015, Dambolena 
et al. 2016). On the other hand, An. pseudopunctipennis larvae with 
no stimulus tend to spend more time immobile compared with Ae. 
aegypti larvae (Gonzalez et al. 2017). This behavior could mask the 
decrease on the swimming activity produced by the essential oil, 
especially considering that the maximum essential oil concentration 
evaluated for An. pseudopunctipennis was below the LC50 obtained 
in this study. Then, probably using concentrations with higher levels 
of lethality would produce a significant change in the larval behavior. 
However, we used 80 ppm as the top concentration due to the limi-
tation of the water solubility of two main components of the essen-
tial oil, p-cymene, and flavesone (Banerjee et al. 1980, TGSC 2018). 

Table 2. Spearman correlation index resulted between the behavioral variables measurements and the PC 1 obtained of the PCA

First PC1 Variability explained (%) Distance Velocity HMt Mt It AAV

Ae. aegypti
 Temephos 80.5 −0.44 −0.44 −0.38 −0.40 0.41 0.37
 Permethrin 74.1 −0.42 −0.41 −0.40 −0.43 0.38 0.41
 E. nitens 90.1 −0.42 −0.42 −0.40 −0.37 0.43 0.41
An. pseudopunctipennis
 Temephos 64.3 −0.46 −0.46 −0.47 −0.43 0.04 (NS) 0.41
 Permethrin 69.8 −0.48 −0.48 −0.44 −0.42 0.25 0.33
 E. nitens 66.1 0.43 0.44 0.45 0.42 −0.36 −0.32
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Fig. 1. Regression analyses between the inactivity or activity axis obtained from the PCA and the concentration of larvicide temephos (A and D), permethrin (B 
and E) and E. nitens essential oil (C and F) on Ae. aegypti (A, B and C) and An. pseudopunctipennis (D, E and F) larvae. C: Control treatments.

Table 3. Regression parameters of the PC 1 and the concentration of larvicide temephos, permethrin and E. nitens essential oil on Ae. 
aegypti and An. pseudopunctipennis

Specie Larvicide Intercept Slope R2 F df P-value

Ae. aegypti
Temephos −1.94 ± 0.37 1281.12 ± 182.33 0.65 49.37 1 1.5E-7
Permethrin −0.76 ± 0.35 223.54 ± 68.42 0.17 10.67 1 0.002
E. nitens −1.52 ± 0.57 0.04 ± 0.01 0.32 12.4 1 0.0016

An. pseudopunctipennis
Temephos −0.87 ± 0.47 361.27 ± 142.65 0.18 6.41 1 0.016
Permethrin −1.05 ± 0.59 215.13 ± 92.06 0.19 5.46 1 0.028
E. nitens −0.27 ± 0.54 0.008 ± 0.013 0.012 0.42 1 0.52 (NS)
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Therefore, the use of a higher concentration of the whole essential oil 
will affect the proportions of the main components in water.

In this study, we have chosen to evaluate behavioral variables 
that were directly related with the swimming activity of the lar-
vae: the distance swam, the mean velocity, the time on each mobil-
ity state (HMt, Mt, and It) and the AAV. The last variable, AAV, is 
related with changes in the swimming direction of the larvae. The 
positive relationship of this variable with the PC 1 and in conse-
quence with the concentration exposed could imply an undirected 
or uncontrolled swimming behavior. The relationship with this 
behavior generated by sublethal concentrations of pesticides was 
already observed in other organisms (Little and Finger 1990). On 
the other hand, the high percentage of variability explained by the 
PC 1 in all the cases indicates that each variable presented similar 
information but not identical. Therefore, analyzing the effects of 
insecticides using each variable alone would result in a redundant 
analysis, difficult to understand and incomplete, because the inter-
action between the variables is not considered. Finally, the larvae 
swimming activity was evaluated only by registering their horizon-
tal movements. We chose to evaluate the horizontal movements to 
quantify activity because they are very simple to measure and are 
used by several authors (Liu et al. 2010, Tomé et al. 2014, Marriel 
et  al. 2016, Gonzalez et  al. 2017). In addition, the larvae, which 
were not able to do the vertical movements to breathe, were consid-
ered dead. Despite this, further studies could be directed to evaluate 
the effects of the larvicides in the vertical swimming activity to com-
plement and verify the results of this work.

In conclusion, survival and behavioral effects of temephos, per-
methrin and E.  nitens essential oil on Ae. aegypti and An. pseu-
dopunctipennis were studied in this work. We determined for the 
first time toxicological values of the three larvicides for An. pseu-
dopunctipennis. In almost all the cases, we identify a decrease on the 
swimming activity of the larvae exposed to the larvicides, and there-
fore it would lead to a higher mortality of the larvae in their natural 
habitats. Further studies would be necessary to verify and quantify 
the effects of the larvicides in the feeding behavior and the anti-pred-
ator response of the mosquito larvae. The current work has only 
examined the sublethal effects on the swimming behavior of those 
larvae that survived to an exposure to larvicides; future research may 
concentrate in the study of the sublethal effects of the larvicides in 
other life cycle stages as pupae or emerged adults.
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Supplementary data are available at Journal of Medical Entomology 
online.
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