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Abstract

Chrysoperla carnea Stephens (Neuroptera: Chrysopidae) is a predator used in biological
pest control, so establishing laboratory breeding methods is essential for the use of these
organisms in the field. The objective of this work was to obtain the biological and population
parameters of this species under laboratory conditions. The experiment was carried out in the
Laboratory of Biological Control of the College of Postgraduates, Puebla Campus in 2021; with a
population collected in the vegetable-growing area in Los Reyes de Juarez, Puebla. Following a
standardized breeding protocol and after the population was adapted to the laboratory conditions,
bioassays were performed to obtain the population parameters, individualizing 50 eggs in Petri
dishes, and observing the development until the adult stage. Three couples of adults were formed
and followed until death. The preoviposition period was 4.6 days, average longevity of 53 days, on
average a female laid a total of 1 289 eggs, 25.56 eggs per day, and a hatching of 88.35%. The
average development from egg to adult was 24.19 days with cumulative survival of 32% and a
sex ratio of 0.6, the r,, value was 0.18014. The knowledge generated in this work has been very
useful to program the breeding of this insect, obtain egg production on certain dates, and for
people who would like to engage in the breeding of this predator.
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The production of entomophagous organisms is carried out throughout the Mexican Republic and
the organisms that are most distributed are Chrysoperla carnea Stephens (Neuroptera:
Chrysopidae) and Trichogramma pretiosum Rirely, 1879 (Hymenoptera: Trichogrammatidae)
(Tamez et al., 2001). C. carnea is a cosmopolitan species, widely distributed in a wide variety
of climates and vegetation. This species is frequently found in fruit trees, alfalfa and vegetable
crops, and natural vegetation. Green lacewings larvae are predators of aphids, whiteflies, pacific
mealybugs, thrips, and eggs of various insects (Van Driesche et al., 2007). It is important to know
the basic aspects of the biology and population behavior of this predator under laboratory
conditions, to obtain quality individuals with good performance in the field and to make more
precise planning of their management and reproduction in the laboratory.

Life and reproduction tables are useful tools that help us understand the dynamics of a group of
organisms and ensure population management (Cano-Vazquez, 2001). With them, some aspects
of the biology of the insect, such as development time, fertility, and survival, are known with
certainty and they allow the calculation of parameters characteristic of the species, such as the
net reproduction rate (Ro), the generation time (T) and the intrinsic rate of natural increase (r,)
(Flores-Pérez et al., 2004). The objective of this work was to obtain the biological and population
parameters of this species, under laboratory conditions, through the use of life tables.

The experiment was conducted in the Laboratory of Biological Control of the College of Postgraduates,
Puebla Campus in 2021. The conditions of the breeding chamber were: temperature of 24 °C, relative
humidity of 52%, and photophase of 16:8 light:dark, with white LED light.

The eggs of C. carnea were obtained from the maintenance brood of said laboratory. The
experiment began with 50 eggs less than 24 h old oviposited on filter paper, the eggs were
individualized with entomological tweezers and placed in Petri dishes of 4.5 cm in diameter by 1.5
cm in height. The emerged larvae were kept in the same boxes and fed daily during their
development with eggs of Sitotroga cerealella (Oliver 1789) (Lepidoptera: Gelechiidae). Daily
observations were made using a Motic MSZ-168 stereo microscope. Each day the exuvia was
sought as a reference to measure the time of instar change, and its survival was recorded.

Once the adults emerged, on the same date, three couples were formed, which were
individualized in plastic boxes of 12 cm in diameter by 7.5 cm in height, with modified lids for
aeration. The boxes were equipped with a drinker and cotton gauze that served as a substrate for
oviposition. The couples were fed every third day using a tongue depressor with an artificial diet
based on wheat germ, brewer’s yeast, fructose, honey, condensed milk, egg, and water (Vogth et
al., 2000). The preoviposition time was recorded.

Oviposition was assessed every third day by changing the gauze and counting the eggs placed on
the boxes. The viability was assessed using gauzes of 24 h of each couple, which were placed in
plastic boxes of 12 cm in diameter by 7.5 cm in height, on a base of Bond paper folded as
an accordion and with eggs of S. cerealella as food; hatching, fertile eggs (with embryo) and
infertile eggs (green) were counted. The development time of each stage and instar was counted,;
the proportion of males to females was also calculated. The life and reproduction tables were
constructed according to the methodology described by Vera-Graziano et al. (1997).

The estimated population parameters were: fertility (mx), Ro, T, and r,. Likewise, the r, 2.0
program (Taberner et al., 1993) was applied to the previously calculated data, considering a sex
ratio of 0.6, according to the proportion of males and females observed in the development of the
bioassay itself. Data analysis was carried out using the Bootstrap technique, performing 500
repetitions, as suggested by Meyer et al. (1987). Based on the life tables, we estimated: survival
by age (Ix) and mx, as well as the following parameters: Ro, T, r,, finite rate of increase (#), and
doubling time of population (DT).

Table 1 presents the population parameters of C. carnea females reared under laboratory
conditions, where it is observed that the preoviposition time was less than four days, a female can
lay more than 1 200 eggs throughout her life, and of those eggs, 80% can hatch, on the other
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hand, a female can live more than 50 days approximately. Of the eggs laid by these adults, it was
estimated that 60% were female, and 40% male, they kept a ratio of 3:2.

Table 1. Biological parameters (mean 1SD) of C. carnea females kept under laboratory conditions.

Parameter Mean
Drnn\/ipn:itinn pprind (dnyc) 3.67 £0.67
Fecundity (eggs/female) 1289 +448.17
Egg hatching 1031.2 £358.53
Female longevity (days) 53 +14.01
Sex ratio 0.6

These results are superior to those obtained by Aragdén-Sanchez et al. (2020), where these
authors evaluated the effect that the application of plant extracts has on the population
parameters of C. carnea, highlighting that the females came to present a preoviposition period
greater than five days and a number of eggs less than 400, as well as a longevity lower than that
obtained in this work, with an average of less than 40 days.

This may be related to the fact that the eggs of S. cerealella used by these authors, with which
this population of C. carnea was fed, were treated by immersion in water, contrary to this
research, where they were offered eggs that were not treated.

Table 2 shows the development time of the immature stages of C. carnea, these organisms can
complete their development in 24 days, the stage of development that took the longest was the
larval one (11.34 days on average) and it was observed that the instar of shortest duration was
the second. Males pupated and emerged earlier than females, so the average development time
of females was slightly longer (24 days) than that of males (23 days).

Table 2. Average length in days (Mean 1SD) for the different stages and instars for the egg-adult period
of Chrysoperla carnea fed with Sitotroga cerealella.

Parameters Egg L1 L2 L3 Pupa Total (egg-
adult)
Time of 4,13 +0.34 3.93+1 3.41 £0.67 4 +0.69 9.06 +0.44 24.19 +0.44
development
(days

These results agree with what was reported by Aragon et al. (2020), where C. carnea presented an
egg development time of four days, and a larval development time of 10 days, similar to that obtained
in this research. For the time of development of pupa, the results differ from those of these authors,
since they report a time greater than 14 days, a time longer than that obtained in this research.

This increase in the time of development of pupa is attributed to the management of the
population, emphasizing that a population maintained for breeding, without changes in diet, can
decrease its development time from egg to adult, as was the case in this research, where the
management that was given to the population causes that C. carnea culminates its immature
development approximately in 24 days.

On the other hand, Giffoni (2007) estimates the development time of the immature instars of
Chrysoperla externa (Hagen) (Neuroptera: Chrysopidae) when they are fed with different prey,
highlighting that within the treatments used are the eggs of S. cerealella, where it obtained a
development time for the egg stage of three days, for the larva and pupal stage a development
time of seven days; it should be noted that this decrease in development time compared to this

elocation-id: e3546 3

—_


https://doi.org/10.29312/remexca.v14i29.3546

- TR

DOI: https://doi.org/10.29312/remexca.v14i29.3546

work is due to the change in temperature since this decrease probably occurred because the
organisms were placed at 27 °C.

Regarding the life tables (Table 3), it was obtained that mortality occurred in almost all stages of
development of C. carnea, with the exception of the passage of larval instar from two to three.
The probability of death (dx) was higher in the egg stage (0.22) and in the larval instar LI (0.2).
The mortality rate (gx) was higher in the larval instar L1 (0.26), followed by the larval instar LI
(0.24) and the pupal stage (0.24). The probability of survival (px) was higher in the larval instars
LIl (1) and LIl (0.95). Life expectancy was similar from the egg stage to the larval instar LIl
but decreased in the larval instar LIl and pupa. The probability of survival (Ix*100) from egg to
emergence of adults was 32%.

Table 3. Specific life table for each stage of C. carnea fed with S. cerealella under laboratory conditions.

x* nx* Dx* dx* gx* px* Lx* Tx* ex* Ix* Lx 100*

xX* nx* Dx* dx* gx* px* Lx* Tx* ex* Ix* Lx 100*
0-H 50 11 0.22 0.22 0.78 44.5 174 3.48 1 100
H-LI 39 10 0.2 0.26 0.74 34 129.5 3.32 0.78 78
LI-LII 29 7 0.14 0.24 0.76 255 95.5 3.29 0.58 58
LH-Li 22 0 0 0 1 22 70 3.18 0.44 44
LHI-P 22 1 0.02 0.04 0.95 215 48 2.18 0.44 44
P-A 21 5 0.1 0.24 0.76 18.5 26.5 1.26 0.42 42
A 16 0 0.32 0 1 8 8 0.5 0.32 32

*Stages and instars (x); number of individuals (nx); number of dead individuals (Dx); probability of death (dx);
mortality rate (gx); probability of survival (px); average number of living individuals (Lx); cumulative sum of Lx to
obtain values expressed in number of individuals per units of time (TX); life expectancy (ex); probability of survival

from egg (Ix) and probability of survival from egg in percentage (Ix*100).

Since this organism is polyphagous, it was observed that it can be bred under laboratory
conditions, with other types of prey, such as Aspidiotus hedericola Leonardi (Hemiptera:
Diaspididae), where similar values were contemplated in the specific life table for each stage to
those obtained in this work (Ozbesnili and Ozsisli, 2013).

The survival curve of C. carnea was constructed using the values of the probability of survival
in percentage from egg to adult (Figure 1), where it is observed how mortality begins from the
early stages of development of the organisms, becoming established when they pass to instar L3,
maintaining this mortality during the end of the larval and pupal phase, finally, a slight decrease in
the population when moving to the adult stage.

elocation-id: e3546 4



https://doi.org/10.29312/remexca.v14i29.3546

- TR

DOI: https://doi.org/10.29312/remexca.v14i29.3546

Figure 1. Survival curve of C. carnea fed S. cerealella eggs under laboratory conditions.

These results coincide with another neuropteran Sympherobius barberi Banks (Neuroptera:
Hemerobiidae), predator of the cochineal Dactylopius opuntiae Cockerell (Hemiptera:
Dactylopiidae), where under laboratory conditions, a curve similar to that presented for C. carnea
in this research can be observed, where mortality remains once predators pass to larval
development stage LIl until the adult stage (Pacheco-Rueda et al., 2011).

Figure 2 shows the fertility curve of C. carnea, which shows the average number of eggs
produced by each female throughout her life. It was observed that the most fertile period occurred
in the fourth and seventh weeks and that it decreased from the eighth week. It was estimated that
the average number of eggs per female per day was 25.
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Figure 2. Fecundity of C. carnea females reared under laboratory conditions.

The parameters of the life table are condensed in Table 4, observing that the value of the intrinsic
rate of increase r,, was 0.18014 females obtained per each female, which indicates an increase in
the population after several generations maintained under these conditions, in the same Table 4,
the rest of the values obtained from the life table are presented. This r,, value obtained was higher
than that reported by Aragén et al. (2020) for the predator C. carnea, where they establish a
calculation of 0.1190; also, a decrease in the rest of the values of the life table parameters
compared to what was obtained in this research.

Table 4. Parameters of the life table of C. carnea kept under laboratory conditions.

Parameter Mean
Intrinsic rate of increase (r,,) (95% confidence interval for r,,,) 0.18014 (0.1582-0.202)
Net reproduction rate (Ro) 415.3094
Mean duration of generation (T) (days) 33.4685
Finite rate of increase (#) 1.1973
Doubling time (TD) (days) 3.8478

In addition to the good management that must be given to the breeding, it must also be
considered that the food used to reproduce populations of C. carnea in the laboratory was eggs
of S. cerealella, this food has also been used for the reproduction of other lacewings such as
Chrysoperla defreitasi (Brooks, 1994), where lower mortality in larvae and shorter development
cycles of this predator were observed (Biagioni and Freitas). Likewise, the use of artificial diets
has also been evaluated for the reproduction of C. carnea under laboratory conditions, having
results greater than 80% survival in larvae and pupae of this predator, when they are raised with
a diet based on water, sugar, yeast, and honey (Murtaza et al., 2020).
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Conclusions

The population parameters estimated in this work suggest that the breeding of this predator
carried out under the afore mentioned conditions of temperature, humidity, photoperiod,
feeding, and management is productive, although mortality was also observed in all stages of
development, with the probability of death in the stage of egg development and first larval instar
standing out.
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