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Abstract: The larval stage of culicid mosquitoes are the main food resource of notonectides in aquatic
systems. Prey alternation and abundance can significantly affect predator-prey interaction and functional
response (FR). We evaluated the effect of predation and prey selectivity of Notonecta peruvianain fourth-
stage larvae (F)) of Aedes aegypti and Culex quinquefasciatus at different densities and two test systems:
one prey and the combination of both (ratio 1: 1). We used the FR protocol to measure predation and
the Manly preference index (a) to evaluate the selectivity of prey, in a CRD experimental design. N.
peruviana generated type II RF (“concave model”) of greater impact in larvae of Ae. aegypti (p < 0.01).
Predation capacity was similar in both of the prey, 17 + 4 larvae / day in Cx. quinquefasciatus and 21 + 4 in
Ae. aegypti. The attack coefficient (a), turned out to be similar for both prey species in both test systems
and the handling time (Th) was lower for Ae. aegypti than for Culex. Notonecta peruviana demonstrated
selectivity for larvae of Ae. aegypti especially at the highest densities (&, > 0.5), attributed to the inefficient
anti depredation response, active mobility and smaller size compared to those of Cx. quinquefasciatus.
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The FR demonstrated the success of N. peruviana in the larval control of culicid mosquitoes, prioritizing
the type of prey; thus, promoting the need for its applicability in the field.

Keywords: biocontrol; predators; predatory capacity; prey consumed.

INTRODUCTION

The larval stage of mosquitoes is an important
biotic resource in freshwater ecosystems that
allows measuring the magnitude of the impact
of predators and offers ecologists an opportunity
to identify potential controllers of medically
important mosquito (Golding et al. 2015, Cuthbert
et al. 2019). The Aedes aegypti mosquito (Diptera:
Culicidae) has contributed to the spread of
various diseases such as dengue, chikungunya,
Zika and yellow fever in different biogeographic
regions of the world; and Culex quinquefasciatus
(Diptera: Culicidae) vector of the West Nile virus,
Saint Louis encephalitis virus and lymphatic
filariasis, involved in the urban transmission
of the Zika virus in Brazil, the predictions of its
distribution and population increase are favored
by the conditions changing climatic conditions,
being significantly higher (approximately 20
times) in relation to Ae. aegypti especially in low
latitudes (Samy et al. 2016), increasing the risk of
West Nile virus transmission in new areas such
as Brazil and Peru (Ayres 2016, Samy et al. 2016).
Both mosquitoes are distributed in America
between parallels 35 ° N and 33 ° S, consistent
with the latitudinal distribution of the Old World
and Oceania (Lounibos 2002, Fonseca et al. 2006,
Mills et al. 2010, Saul et al. 2017) and they can
colonize natural and artificial, urban and peri-
urban breeding places, important development
habitats for the larvae of these organisms (Stein
et al. 2016). In this environment, the notonectids
(Insecta: Hemiptera) behave as predators of
mosquito larvae, their main diet on other prey
such as chironomids and cladocerans (Mogi
2007, Quiroz-Martinez and Rodriguez-Castro
2007, Fischer et al. 2013, Chandrasegaran et al.
2017). Where the complexity of the habitat, the
diversity of the communities, the preference
or alternation of prey and their abundance can
significantly affect predator-prey interactions
(Fischer et al. 2013, Cuthbert et al. 2019, Buxton
et al. 2020a) and consequently the functional

response (FR) (Ferndndez-Arhex and Corley
2004). A variable that allows to evaluate the
potentiality of a biocontroller, where the number
of prey consumed or attacked determines the
development, survival and reproduction of the
predators or parasitoids (Holling 1959, Juliano
2001, Shah & Khan 2013, Li et al. 2018, Cuthbert et
al. 2019). Three types of FR have been described:
a linear one, with a constant growth rate (type I),
a decelerating or decreasing hyperbolic rate (type
II) and an increasing sigmoid relationship (type
I11), which vary depending on the number of prey
consumed. The determination of the FR is carried
out in a controlled environment and gives an idea
of the entomophagous behavior and at the same
time establishes comparisons between different
predators (Holling 1959, Pervez 2005, Cuthbert et
al. 2019).

The entomophagus Notonecta peruviana
(Hemiptera: Notonectidae)
tropical and temperate zones of Peru and South
America(Dominguez&Ferndndez2009, Heckman
2011); several species of notonectides have been
recorded as important biological controllers of
culicid dipteran larvae (Fischer et al. 2013, Buxton
et al. 2020b). Both mosquitoes Ae. aegypti and Cx.
quinquefasciatus selected in the study show wide
distribution and epidemiological importance in
Peru and the Ayacucho region. Aedes aegypti is
present in 269 districts and 18 regions (almost a
third of the country) and is responsible for the
transmission of the dengue virus, chikungunya,
Zika and yellow fever (Espinoza et al. 2005,
Cabezas et al. 2015, Requena-Zuiiga et al. 2016,
MINSA 2019). While Cx. quinquefasciatusreported
in urban and peri-urban areas of Peru (Lacma
et al. 2017, Gaffigan et al. 2020), unlike the first
species, there is no evidence of being a vector
of pathogens of medical importance in Peru.
Immature stages were found in larval breeding
places sharing habitat with predatory species
such as N. peruviana and several nymphal stages
of odonates (Y. Ayala, personal observation).

In this context, evaluate the effect of predation

is distributed in
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and selectivity of prey of N. peruviana, in the
consumption of larvae of Ae. aegypti and Cx.
quinquefasciatus, are fundamental for the
development of robust theories and predict the
success of the control measure, avoiding the
escape of the target prey or it can be ignored by the
controller when consuming another companion
species and without epidemiological importance
(Chesson 1989, Fischer et al. 2013, Cuthbert et
al. 2019). In addition, it allows the development
of alternative biocontrol methods (Benelli et al.
2016) that constitutes an alternative control based
on insecticides, seriously questioned due to the
resistance generated in mosquito populations
and environment pollution.

MATERIAL AND METHODS

Mosquito larvae

Larvae (F) of stage IV of Ae. aegypti (body size:
6 to 7 mm) and Cx. quinquefasciatus (7 to 9
mm), were obtained from the massive breeding
developed duringthe months of Februaryto April
2020 in the laboratory of Zoology of the Faculty
of Biological Sciences of the National University
of San Cristébal de Huamanga (UNSCH), from
of eggs collected in the field. The eggs of Ae.
aegypti were obtained from ovitraps installed
in the district of Kimbiri (La Convencion -
Cusco, Peru) (12° 37’7”S; 73°47’10”W; 587 masl)),
according to the methods described by Fay and
Eliason (1966) and Reiter et al. (1991). The eggs
of Cx. quinquefasciatus, grouped in the typical
way of rafts, were extracted from Reiter-type
ovitraps (Reiter 1983) installed around the
UNSCH campus (13° 8’45”S; 74°13’16”W; 2789
masl; Ayacucho-Peru). The eggs of both species
were placed separately in plastic trays (size: 33 x
22 x 5 cm) containing 1200 mL of chlorine-free
drinking water and incubated in a heated insect
breeding chamber (temperature 24.5°C (+ 0.5);
relative humidity 65% (+ 2) and a photoperiod
of 12:12 (day: night). The emerged larvae were
fed with crushed flakes for aquarium fish (Api
Bottom Feeder Shrimp®) until they reached
the pupal stage. The emerged adults were
introduced to breeding cages (size: 61 x 61 x 61
cm), feeding them with a 10% sugar solution
and orange slices during the first 24 hours; later,

Oecol. Aust. 26(1):34-44, 2022

they were fed with human blood to Ae. aegypti
and with chicken blood to Cx. quinquefasciatus,
until the production of eggs and to obtain after
their incubation, larvae of the fourth stage of
the same generation (F)) in sufficient quantity
for the experimental tests (Kauffman et al.
2017). The fourth larval stage was used due to
its physiological and morphological stability
and the best attributes of biological responses
that can be observed in them; the first stages are
short-lived and make it difficult to assess the
results reliably (Consoli & Oliveira 1994, Roberts
2014).

Notonectid predator

Notonecta peruviana was collected in a seasonal
pond with the presence of Cx. quinquefasciatus
larvae, located in the village of Rancha,
Chanchoccocha (Huamanga -  Ayacucho,
Peru) (13°10’50 “S; 74°15’51”W; 3,205 masl). The
Notonectid adults (12 to 15 mm body length,
with evident wing development and not sexed)
were transported in two-liter plastic containers
with a hermetic lid, containing 1500 mL of
water from the sampled breeding place. At the
Zoology Laboratory (UNSCH), they were kept
alive in aerated aquariums containing chlorine-
free drinking water and fed ad libitum with Cx.
quinquefasciatuslarvae up to 48 h before predation
tests; 96 notonectides were individualized in
disposable cups supplied with 50 mL of water to
avoid cannibalism. Predator survival capacity
(greater than 95%) and laying of eggs on Elodea
canadensisplants (Alismatales: Hydrocharitaceae)
were observed placed in aquariums as companion
vegetation (Y. Ayala personal observation).

Effect of functional response on predation

To determine the type of functional response
(FR) and its implications on prey preference,
two experiments were designed. The first, to
test a species (prey) in six increasing densities
of the fourth stage larvae of Ae. aegypti or Cx.
quinquefasciatus (5, 10, 20, 35, 55 and 80 larvae /
liter) for which plastic containers containing one
liter of chlorine-free drinking water were used. In
the second experiment, both prey species were
combined in a 1: 1 ratio, with densities of 4, 8,
16, 32, 64 and 128 larvae / liter (Quiroz-Martinez
et al. 2005). The prey densities constituted the



treatments. The larvae were introduced to the
test containers and after 24 h they were used in
the experiments. For each trial, a predator was
incorporated, faced with the different densities
and types of prey in a fixed time interval (24 h),
then the number of prey consumed was counted
(no mortality was evidenced in the controls).
The tests were carried out with seven repetitions
and their respective control for each density,
prey species and their combination, under a
completely randomized experimental design
(CRD). The experiment was carried out under the
same breeding conditions for culicid mosquitoes
previously mentioned.

The logistic regression proposed by Juliano
(2001) was used to distinguish the types of
functional response (Type II and III), for which
the number of prey consumed (expressed in
proportion) was modelled as a function of the
density of larvae offered in both types of trials (one
species and the combination of prey), expressed in
the formula:

exp(Py + PNy + P,No* + P3Ny )
[1+4 exp(Py + PyNy + PNy + P3Ny ?) |

Ne/NO =

Where Neis the number of prey consumed, N,
is the number of initial dams, P, P, P, and P, are
parameters to be estimated by the model (Fischer
et al. 2013, Juliano 2001), calculated using the
functional response test procedure of the Frair
library (Pritchard et al. 2018) and the R Core Team
(2018).

The data from each treatment
individually fitted to the equation and the
types of functional response were determined
by examining the signs of P, and P,. A negative
linear parameter (P)) is indicative of a type Il FR,
while a positive linear parameter (P) together
with a negative quadratic parameter (P,) would
indicate a type III FR (Juliano 2001, Fischer et al.
2013).

were

Prey selectivity and predation capacity of
culicid mosquito larvae

Once the type of functional response was defined
in the two tests [FR Type II “concave model”
proposed by Holling (1959)], the values of the
attack coefficient or capture rate (a) and average
handling time (Th) (quantitative parameters of
the numerical response) necessary to determine
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the predatory capacity of N. peruviana; For this
purpose, a non-linear least squares regression
was carried out, appropriate for tests with variable
prey densities (Juliano 2001, Fischer efal. 2013) and
which were evaluated based on the application of
the following formula:

aNoT

Ne= —°
T T+ aN,Th

Where Ne is the number of larvae predated
or consumed, is the density of the dam initially
offered, a is the constant attack coefficient or
instantaneous search rate, T is the contact time
between prey and predator (24 hours or one day),
and This the prey handling time.

Linear regression and quantitative parameters
[mean (X) and standard deviation (SD)] were
estimated using the statistical programming
language R (R Core Team 2018) and frair library
(Pritchard et al. 2018).

Prey selectivity of N. peruviana in the larval
control of Ae. aegyptiand Cx. quinquefasciatus (two
prey test system), was evaluated by comparing
in pairs the number of larvae consumed (Ne),
analyzed by the Manly preference index (a) for a
variable population of prey, according to the type
of prey tested and evaluated density (Manly 1974,
Fischer et al. 2013), expressed in the form:

In((n;0 — )/ (n,0))
=y In (0 = 17)/(y0))

Where ni0 is the number of prey from category
i available at the beginning of the experiment, ri
represents the number of prey consumed from
category i at the end of the experiment, and m is
the number of prey types. The values of the Manly
preference index (d) vary from 0 to 1, with values
for non-selective feeding of 0.5 with two types of
prey in between. Index values greater than 0.5
indicate positive selection and values less to it
indicate negative selection (avoidance) (Manly
1974, Fischer et al. 2013, Dalal et al. 2019a).

a; =

Analysis of data

The predation capacity of N. peruviana was
estimated by calculating the average number of
larvae consumed (NNe) for each type of prey (larvae
of Ae. aegypti and Cx. quinquefasciatus) and the
evaluated density. The comparison of the number
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of larvae of Ae. aegypti and Cx. quinquefasciatus
eaten by the predator was performed using the
Mann-Whitney non-parametric test (@ = 0.05)
because the figures did not show a normal
distribution. The results of the attack coefficient
(@) and handling time (Th) of the entomophagus
in the consumption of prey larvae exhibited
normal distribution, which allowed the use of
the parametric t-Student test (o = 0.05), while
that the selectivity of prey was evaluated through
the calculation of the Manly index (&) for each
evaluated density, using the tools of the statistical
program R Core Team (2018).

RESULTS

Functional response

The predation tests of N. peruviana, regardless
of the treatments and systems evaluated (larvae
of one species and the combination of prey),
exhibited a type II functional response (“concave
model”, Holling 1959) in the consumption of larvae
of Ae. aegypti and Cx. quinquefasciatus (Figure
1: a and b), which is evidenced in the negative
and significant values (p < 0.01) of the estimated
parameters in the logistic regression (Table 1),
characterized by high attack rates at low and far
lower densities to the ascending larval offerings.

Predation capacity of culicid mosquito
larvae

The results of the numerical response show that
the entomophagous N. peruviana consumes (Ne)
an average of 4 to 23 larvae of Cx. quinquefasciatus
(= SD: 4.29 + 0.76 to 23.14 + 7.54) and 5 to 25 larvae
of Ae. aegypti (+ SD: 5.00 £ 0.00 to 24.57 + 3.46) at
the lowest densities (5 to 35 larvae), stabilizing its
attack at the offers of 55 to 80 larvae (= SD: 24.00
+ 6.03 to 26.14 + 3.76 in Cx. quinquefasciatus and
from 30.71 + 10.58 to 35.86 + 9.86 in Ae. aegypti),
numerical values that denote subtle interest in
the consumption of larvae of Ae. aegypti were
not statistically significant (p > 0.05, Table 2),
which corroborates the hyperbolic deceleration
or decreasing tendency (“concave model”) of
the functional response demonstrated in the
experiment. In this sense, the predation of N.
peruviana was estimated at an average of 17 + 4
larvae per day for Cx. quinquefasciatus and 21 + 4
larvae / day for Ae. aegypti.
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Figure 1. Type II functional response of Notonecta
peruvianainlarval consumption: a) single prey test
system: Culex quinquefasciatus or Aedes aegypti; b)
two-prey test system: Cx. quinquefasciatus and Ae.
aegypti (p < 0.01), suitable for the concave model
proposed by Holling (1959).

Attack coefficient (a) and handling time (Th)

The magnitudes of the attack coefficient (a) tended
to be similar (t = 0.16, df = 6, p = 0.881) in both test
systems regardless of the type of prey and larval
density evaluated (Tables 3). In this concept, N.
peruvianahas an interval of 1.075 + 0.110 to locate
and initiate the attack of Cx. quinquefasciatus
larvae in a controlled environment, while for
Ae. aegypti this coefficient was 1.081 + 0.030; in
the combination of prey, the analyzed metric
shows average values of 1.0333 + 0.007; CI 95%
1.027 - 1.040, differences that were not significant
according to the method of the evaluated variable.
The estimation of the handling time (Th) exhibited
significant differences (t = -2.65; df = 12; p = 0.021),
demonstrating that the notonectid predator
spends less time chasing, dominating, consuming
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Table 1. Logistic regression for the type II functional response developed by Notonecta peruviana in the
prey’s test system (Culex quinquefasciatus or Aedes aegypti larvae) and the combination of preys (Cx.
quinquefasciatus and Ae. aegyptilarvae). ***Significance level (p <0.01 highly significant).

Prey larvae Estimate  Std. Error Value z Pr (>|z])
Culex quinquefasciatus density  -0.0304 0.0024 -12.452 <2.2e-16 ***
Aedes aegypti density  -0.0375 0.0027 -13.581 <2.2e-16 ***
Culex quinquefasciatus and Aedes aegypti density  -0.0245 0.0014 -16.788 <2.2e-16 ***

Table 2. The number of Aedes aegypti and Culex quinquefasciatus larvae consumed by Notonecta
peruviana in the single-prey test system, at six increasing densities. P values obtained with the Mann-
Whitney test for two types of prey consumed in the treatments. (No) The density of the dam was initially
supplied. (INe) Number and percentage of larvae predated or consumed.

larvae consumed (Ne) (mean + SD)

larvae supplied (No) Culex quinquefasciatus Aedes aegypti w P
Ne Ne
5(7) 4.29+0.76 5.00 £ 0.00 -.- -.-
10 (7) 9.29 £ 0.95 9.86 +£0.38 44.5 0.33
20 (7) 13.14 £ 2.27 19.86 £ 0.38 28.0 0.002
35 (7) 23.14+7.54 24.57 £ 3.46 48.0 0.609
55 (7) 24.00 £6.03 30.71 £10.58 44.0 0.307
80 (7) 26.14 +3.76 35.86 £ 9.86 39.5 0.11
Average larvae / day 17+4 21+4

Table 3. Attack coefficient values (@) and handling time (Th) developed by the predator Notonecta peruviana
in the consumption of Culex quinquefasciatus or Aedes aegypti larvae (one prey test system). 'Level of

significance with the t-Student test.

Parameters prey mean + SD Cl,,,, t a p'

) Culex quinquefasciatus 1.075+0.110  0.920-1.170

Attack coefficient (a) ) 0.16 6 0.88
Aedes aegypti 1.081+0.030  1.050-1.110
o Culex quinquefasciatus 0.024 +£0.010  0.020 - 0.030

Handling time (7%) . -2.65 12 0.02
Aedes aegypti 0.015+0.005  0.010-0.020

and digesting the larvae of Ae. aegypti (+ SD: the lowest densities (4 to 16 offered prey),

0.015 + 0.005), getting ready for the next search
and attack, compared to the higher Th required
for the Cx. quinquefasciatus larvae (+ SD: 0.024
+ 0.010; Table 3), behavior trend also observed
in the prey combination test (+ SD: 0.008143 +
0.002; CI: 95% 0.006 — 0.009); which is to say that
the notonectid predator spends less than half the
time in the search, detection and consumption of
Ae. aegypti compared to that of the larvae of Cx.
quinquefasciatus.

Prey selectivity of the notonectid predator

The result of the Manly test (a), exposed the
entomophagus N. peruviana as non-selective
in the consumption of mosquito larvae at

indistinctly devouring larvae of Ae. aegypti and
Cx. quinquefasciatus (&, < 0.5). Registered prey
preference (positive selectivity) with increasing
densities in the test medium (32 to 128 larvae),
showing greater consumption of Ae. aegypti (@,
> 0.5) compared to those of Cx. quinquefasciatus
(Table 4).

DISCUSSION

Our results, regardless of the test systems (one
species and the combination of prey), show
that the predator N. peruviana develops a type
IT functional response (RF) (“concave model”
according to Holling’s proposal, Holling 1959) in
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Table 4. Manly index (@) for the preference of Notonecta peruviana in the consumption of Culex
quinquefasciatus and Aedes aegyptilarvae in the two-prey test system (1: 1 ratio). If the index > a 0.50 for

two types of prey indicate positive selection.

Dams supplied

- prey Index
No Proportion (1:1)
4 99 Aedes aegypti -
Culex quinquefasciatus -
g 4:4 Aedes aegypti -
Culex quinquefasciatus -
16 8:8 Aedes aegypti -
Culex quinquefasciatus -
1 16:16 Aedes aegypti 0.5714
Culex quinquefasciatus 0.4286
" 123 Aedes aegypti 0.6148
Culex quinquefasciatus 0.3852
Aed ti 0.5482
128 64:64 coes aeaypn
Culex quinquefasciatus 0.4518

the consumption of larvae of Ae. aegypti and Cx.
quinquefasciatus, characterized by generating
destabilizing impact on the prey population and
describing a high consumption (Ne) of resources,
especially at low larval densities, prey have
no possibility of escape (Juliano 2001, Quiroz-
Martinez & Rodriguez-Castro 2007, Dick et al. 2013,
Fischer eral. 2013). Whereaswhen thereis an excess
of larvae (high densities), the entomophagous
decreases its action and relaxes its predatory
capacity associated to the swarm effect of the
resource, the excess of prey generates confusion in
the predator due to its active movement in search
of the larvae and the permanent contact with
them (Hassell & Varley 1969, Quiroz-Martinez
& Rodriguez-Castro 2007), so the biological
controller spends his time manipulating them but
not consuming them (Pervez 2005).

The findings are corroborated in previous
functional response analyzes reported for
notonectid species preying on Culex pipiens
larvae, Cx. quinquefasciatus, Aedes aegypti and
Anopheles breddini, organisms in which they have
amarked impact on the biotic structure in various
aquatic ecosystems (Chesson 1989, Rodriguez-
Castro et al. 2006, Blaustein et al. 2008, Fischer et
al. 2012, 2013, Weterings et al. 2014, Cuthbert et al.
2019, Dalal et al. 2019b, Buxton et al. 2020a, 2020b).
From this perspective, type II RF predators can
cause the eradication of the species under control
(e.g., larvae of Ae. aegyptiand Cx. quinquefasciatus)
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affecting their distribution in a wide spectrum of
natural and artificial aquatic environments in
urban and rural areas (Fischer et al. 2013, Golding
et al. 2015, Cuthbert et al. 2019). Regarding the
attack coefficient (a), the results show that N.
peruviana, regardless of the test systems, reports
similar assault values for larvae of Ae. aegypti
and Cx. quinquefasciatus. However, the evidence
shows that this behavior could vary depending on
the type and size of prey, the development stage of
the larvae and the species of predator (Fischer et
al. 2012, 2013, Weterings et al. 2014, Buxton et al.
2020a), not detected in the test, if presumably, due
to the bias originated in the experimental design
when using fourth stage larvae, underestimating
the other stages of development. It has been
described in Notonecta sellata (a species related
to N. peruviana), which can take advantage of
all the larval stages of Cx. pipiens and show low
attack coefficients (therefore greater efficiency)
in the location and capture of second and third
larval stage specimens, which implies according
to the optimal feeding theory, that they are the
most profitable prey (intermediate size prey) for
developing predation tests (Woodward & Warren
2007, Fischer et al. 2012, Weterings et al. 2014, Dalal
et al. 2019b), contrary to what was described by
(Buxton et al. 2020a) that point to notonectides
as efficient consumers of late stages of mosquito
larvae and the fact that the first stages are short-
lived and make it difficult to reliably appreciate



the results (Consoli & Oliveira 1994, Roberts
2014), the last criterion taken into account in the
development of the research. Previous studies
in species of N. hoffmani and N. kirbyi showed a
reducing effect on the density of the late stage
of larvae and pupae of mosquitoes and that the
number of vectors was greater in the absence
of these entomophages (Quiroz-Martinez &
Rodriguez-Castro 2007), while the efficiency of
the predators was often reduced towards the
consumption of relatively large prey (Buxton et al.
2020a), related to the visual and tactile capacity
shown by the notonectides as the main detection
mechanism of the organisms to be devastated
(Fischer et al. 2013, Chandrasegaran et al. 2017).
In both test systems, the handling time (Th)
registered as a general trend, a reduced unimodal
response of the notonectid in the consumption
of Ae. aegypti different to the longer time to that
the larvae of Cx. quinquefasciatus, statistically
significant and probably associated with the
difference in the body size of the mosquito
larvae (Cx. quinquefasciatus body size 7 to 9 mm
and Ae. aegypti 6 to 7 mm) and to the greater
mobility recorded in the larvae of Ae. aegypti.
In this sense, it has been shown that large prey
increase handling times (Th) and decrease
consumption rates (Woodward & Warren 2007,
Weterings et al. 2014) and behavioral responses
related to movement, that is, the behavior of the
larvae writhing and resting, signify a greater
threat of predation, a sign of a weak antipredation
response that facilitates the entomophagus the
rapid detection of the prey; contrary to what is
observed in Culex and Ochlerotatus larvae that
increase their resting time, decrease their feeding
and movement, responses modulated according
to the level of threat perceived by these organisms
(Chandrasegaran et al. 2017). Previous studies
of the predation of N. undulata on Culex versus
Aedes larvae indicate the behavior of the larvae as
the most important factor in the selection of the
prey related to the escape strategies; Aedes larvae
generally did not evade the attack of the predator,
whereas Culexlarvae did. As a result, Aedes larvae
were attacked at much higher rates in relation to
the other prey, an impact mainly associated with
a recent predator-prey relationship, while the
other would not be (Sih 1986, Quiroz-Martinez
& Rodriguez-Castro 2007, Weterings et al. 2014,

Ayala-Sulca et al. | 41

Chandrasegaran et al. 2017). In our experience,
the larvae of Ae. aegypti were more active, moving
in the entire water column, different from that
recorded in Cx. quinquefasciatus, whose larvae
preferred to remain still on the surface of the
water, which facilitates breathing, resting longer
and slow down movements, increasing the
escape possibilities of predators (better anti-
predatory response) (Sih 1986, Brackenbury 2000,
Chandrasegaran et al. 2017), probably being this
factor and the smaller size of the larvae of Ae.
aegypti, the most reasonable explanations for
the selectivity of the predator for aedine larvae
compared to those of Cx. quinquefasciatus,
especially at the highest densities, in the Manly
tests (a) for Aedeslarvae compared to those of Cx.
quinquefasciatus, especially at higher densities.
Our results, regardless of the test systems,
demonstrated that the entomophagous insect N.
peruviana negatively affects the larval population
of Ae. aegypti and Cx. quinquefasciatus, and are
consistent in generating a type II functional
response (“concave model”) of greater impact
in larvae of Ae. aegypti. The predator produces a
higher daily larval mortality in Ae. aegypti (21 + 4
larvae / day) than in Cx. quinquefasciatus (17 + 4
larvae / day), with similar attack coefficients (a) for
both species of mosquitoes in both test systems.
Handling time (Th) values were lower for Ae.
aegypti than for Cx. quinquefasciatus. Notonecta
peruviana exhibited a notable preference for
the consumption of Ae. aegypti especially at
higher densities, attributed to the inefficient
anti predation response, active mobility, and
smaller size compared to Cx. quinquefasciatus
larvae, which are relatively large and of possible
coevolutionary adjustment generated by a
historical coexistence with the predator.
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