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ABSTRACT. The giant conifer aphids Cinara pinivora (Wilson, 1919) and Cinara atlantica (Wilson, 1919) (Hemiptera:
Aphididae) are pests on Pinus spp. (Pinaceae) in the South and Southeast regions of Brazil. Larvae of Chrysoperla
externa (Hagen, 1861) (Neuroptera, Chrysopidae) were observed feeding voraciously on these aphid colonies. In
order to evaluate their potential as biological control agents, some biological parameters and their consumption
capacity were studied in laboratory. Ten larvae were isolated in plastic vials and fed with aphids of small size
(nymphs of I and 2™ instars) and 10 with aphids of medium size (nymphs of 3 and 4% instars), maintained at
15°C, 20°C and 25°C, under 12:12 h photoperiod and 70 + 10% RH, and observed daily. The egg incubation
period was nine days at 20°C and four days at 25°C. The mean larval development period for C. externa was 59.5
days; 22.3 days and 10.9 days, respectively at 15°C, 20°C and 25°C.The pupal stage last 23.2 at 20°C and 11.1 days
at 25°C. Unfortunately, data of egg and pupal development at 15°C are not available because the rearing
chamber overheated. The mortality rate from egg to adult was 46.2% 46.6% and 20.2% at 15°C, 20°C and
25°C, respectively. The average aphid consumption of each C. externa larva to complete its development was 499.1;
341.7 and 215.1 small aphids, and 126.4; 105.6 and 67.0 medium aphids, at 15°C, 20°C and 25°C, respectively.
About 80% of the total food consumption was by the 3™ instar larvae. Although the development was faster
and viability higher at 25°C than at the other two temperatures, the consumption was the highest at 15°C
because the larval period was much longer. Therefore, the larvae of C. externa can be regarded as potential
biological control agents of Cinara spp. throughout the year and even in cool areas of Southern Brazil during

some periods o the year.
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The aphids Cinara pinivora (Wilson, 1919) and Cinara atlantica
(Wilson, 1919) (Hemiptera, Aphididae) were recorded into re-
forestation areas of Pinus spp. (Pinaceae) of Brazil in mid 1990’s,
when the initial outbreaks caused considerable damages and
concern in the mill and lumber industry (E.T. Iepe and S.M.N.
Lazzari, pers. comm.). Plant response to large Cinara Curtis,
1835 populations are premature needle shedding, stem twist-
ing, oversprouting, and plant stunting (PenTeaDO et al. 2000).
A few predators such as coccinellids, syrphids, and chrysopids,
have been observed attacking Cinara populations, but no para-
sitoids have been found so far. In face of the problems result-
ing from chemical control of forest pests (environment con-
tamination, resistance, and application difficulties), biologi-
cal control represents an efficient alternative for suppression
of Cinara spp. populations.

According to Frazer (1988), the main factors that affect
feeding and efficiency of predators as biological control agents
are: voracity (maximum number of preys consumed by the
predator), functional response (relationship between number
of prey captured and number of prey eaten), numeric response
(increasing of predator number with increasing density of the
prey); host preference; and predator ability of capturing prey.

The green lacewing Chrysoperla externa (Hagen, 1861)
(Neuroptera, Chrysopidae) is commonly found in Brazil pre-
dating several homopterous and insect eggs. According to Apams
& PENNy (1985), its distribution is from the South of the United
States to the South of South America.

CANARD & PriNcIPT (1984), Frazer (1988) VENzON & CARVALHO
(1993) and Canarp (1997) state that predator efficiency is af-
fected by diet and temperature. Thus, the evaluation of the
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efficiency of a predator for biological control programs should
include the effect of different temperatures on its performance
in the laboratory, before its manipulation in the field. This
research had the objective of determining the potential im-
pact of C. externa on Cinara spp. populations by determining
the predator’s development rate, viability of eggs and larvae
under different temperatures, as well as the consumption by
the larvae fed with these pine aphids.

MATERIAL AND METHODS

Specimens of C. pinivora and C. atlantica were collected
directly from pine trees in the cities of Curitiba and Rio Negro,
Parand, in southern Brazil. The eggs and pupae of C. externa
were obtained from the Departamento de Fitossanidade of the
Universidade Estadual Paulista, in Jaboticabal, Sao Paulo. All
the experiments of consume and biology were carried out at
the Department of Zoology of the Universidade Federal do
Parand, Curitiba, Parana.

In order to provide suitable size prey for each larval in-
star of the predator the aphids were separated in two groups
by size. The small aphids included 1* and 2"¢ instar nymphs
and the medium aphids corresponded to the 3 and 4 instar
nymphs. Adult aphids were not offered because it is difficult
to precise the number of nymphs they produce. One hundred
aphids of each size were weighed to compare the aphid mass
consumed; a small aphid weighed an average of 0.00043 g,
and a medium 0.00087 g/aphid. The C. externa eggs were kept
in growth chamber at 25°C until the eclosion and the newly
emerged larvae were separated for the tests.

For each temperature, twenty 1% instar larvae of C. externa
were placed individually in transparent plastic pots of 120 mL,
with filter paper on the bottom, and covered with plastic film.
In ten pots the larvae were fed with aphids of small size and in
the other ten, with medium size aphids. The pots were placed
in growth chambers under 15°C, 20°C and 25°C, with photo-
period L:D 12:12 h and RH 70 + 10%. There was not a precise
number of aphids offered, but they were counted every 24 hours
and replaced, so that there was always plenty of food until the
predators completed their larval development. After pupation,
the chrysopids cocoons were maintained at 20°C and 25°C and
observed daily until the adult emergence. The larval mortality
of C. externa rate was evaluated under the three temperatures,
while pupal mortality and egg viability were estimated only at
20°C and 25°C because the experiments at 15°C were lost due
to the overheating of the chambers and there was no material
to replace them.

The data were analysed by the Tukey test at 5% probabil-
ity and regression analysis to assess the influence of tempera-
ture on consumption of aphids by C. externa larvae.

RESULTS AND DISCUSSION

Development of Chrysoperla externa

The average time for the egg incubation at 20°C was nine
days, while at 25°C it was significantly shorter, four days only.
Egg viability was 80% at 20°C and 90% at 25°C (Tab. I).

Several studies demonstrate a tendency of increasing egg
incubation period with decreasing temperatures, as observed
here. Honek & Kocourek (1988), studying egg incubation of
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Chrysoperla carnea (Stephens, 1836) (Neuroptera, Chrysopidae),
found 10.9 days at 15°C and 4.9 days at 24°C; BuTLer & RITCHIE
(1970) obtained a period of 13.1 days at 15°C and 4.2 days at
25°C for C. carnea.

Analysing the data on table I, it can be observed statisti-
cal difference for the duration of each instar and for the total
period of larval development (59.5; 22.3 and 10.9 days), in-
versely to temperature. It can be observed, also, that the 3%
instar presented a developmental period statistically longer at
15°C and 20°C compared to the first two instars. At 25°C, how-
ever, it was not statistically different from the 1 instar, but
the 2" instar was significantly different from the others.

The total larval period found for C. externa at 25°C (10.9
days) showed a similar pattern observed when this species was
fed with the greenbug, Schizaphis graminum (Rondani, 1852)
(Hemiptera, Aphididae), it took 10.8 to 12 days to complete its
larval development (Fonstca et al. 2000). It was also observed
by Vinzon & Carvarho (1993) for the green lacewing Ceraeochrysa
cubana (Hagen, 1861) (Neuroptera, Chrysopidae) that the lar-
val development time decreases with temperature elevation.
ButLer & Rircnie (1970) also observed the same tendency, study-
ing the development of C. carnea in constant and variable tem-
peratures. According to Liao et al. (1985) the duration of the
third instar of the Chrysopa quadripunctata (Burmeinster, 1839),
Chrysoperla rufilabris (Burmeinster, 1839), Micromus posticus
(Walker, 1853) (Neuroptera, Chrysopidae), was also longer than
the others, when reared at 20°C.

The tendency of shorter biological cycle of C. externa
inversely to temperature registered in this research was also
observed for C. carnea for which the period from egg to adult
lasted 55.4 to 31.2 days, respectively, at 15°C and 25°C (BuTLEr
& Rirchie 1970). For C. cubana, the cycle was 43.9; 28.5 and
19.2 days, at 20°C, 25°C and 30°C, respectively (VEnzoN &
CARVALHO 1993).

The pupal stage last 23.2 days at 20°C and only 11.1 days
at 25°C. At 15°C, the periods of egg and pupal development
were not evaluated. These periods were a little shorter than
those presented by Venzon & CarvarLHo (1993) who found 20.1
to 22.5 days at 20°C, and from 12.7 to 14.3 days at 25°C for C.
cubana larvae fed on six different diets, including Anagasta
kuehniella (Zeller, 1879) (Lepidoptera: Pyralidae) eggs, the aphid
Toxoptera spp. Koch, 1856 (Hemiptera, Aphididae) and artifi-
cial diet.

The total mortality rate of the larvae was 46,2% when
these were reared at 15°C, particularly in the 1%t and 3™ instars
(Tab. I). Under the other two temperatures, larval mortality
did not surpass 10,2%, and was concentrated in the 1% instar
at 20°C and in the 1%t and 3™ at 25°C. The pupal mortality rate
was 16.6% at 20°C; the individuals died as pharate adults, but
it was not possible to establish the influence of temperature
on this matter.

Consumption of nymphs of Cinara by Chrysoperla externa
larvae

The total consumption of small aphids by the larvae of
C. externa decreased with the increase of temperature: 499.1;
341.7 and 215.1 aphids/larva, respectively for the temperatures
of 15°C, 20°C and 25°C. For the medium aphids, the consump-
tion was 126.4; 105.6 and 67.0 aphids/larva at 15°C, 20°C and
25°C, respectively (Tab. II). It can be observed that the 2™ in-
star larvae consumed more medium aphids at 20°C than at the
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Table I. Mean developmental time and mortality rate of Chrysoperla externa fed with nymphs of Cinara spp., under three temperatures,
photoperiod L:D 12:12 h and RH 70 + 10% (initial n = 20).

Temperature
15°C? 20°C 25°C
Period (days)’ Mortality (%) Period (days)’ Mortality (%) Period (days)’ Mortality (%)

Eggs 9.0a 20.0 40b 10.0
1stinstar 14.6 Aa 20.0 6.8 Ab 10.0 4.0 Ac 5.0
2" instar 11.8 Aa 6.2 6.7 Ab 0 3.0 Bc 0
3 instar 33.1 Ba 20.0 8.8 Bb 0 3.9 Ac 5.2
Pupa - - 23.2 16.6 11.1 0
Total larval 59.5 46.2 223 10.0 10.9 10.2
Total (development) - - 54.5 46.6 26.0 20.2

! Capital letters in the columns indicate differences among the three larval instars, lower cases in the lines indicate differences for eggs and
larval instar periods among the temperatures, by the Tukey test (p < 0.05). 2 At 15°C it was considered only the larval development because
the other stages were lost.

Table Il. Mean consumption (+ standard deviation) of nymphs of Cinara spp. by larvae of Chrysoperla externa, under three temperatures, with
photoperiod L:D 12:12 h and RH 70 + 10% (n = 10).

Small aphids Medium aphids
Larval instars
15°C 20°C 25°C 15°C 20°C 25°C
15 Instar 247+ 38Aa 181+ 32Ab 168+ 23Ab 80+ 25Aa 57+ 19Ab 52+ 1.2Ab
2" |nstar 713+ 7.1Ba 40.2+ 26Ab 313+ 4.8Ac 125+ 47Aab 174+ 3.8Ba 123+ 25Ab
34 Instar 403.1+ 43.4Ca 2834+ 32.7Bb 167.0+ 26.0Bc 1059+ 14.8Ba 825+129Cb 49.5% 11.3Bc
Total 499.1 + 50.2a 341.7+ 36.9b  215.1+ 25.8c¢ 126.4+ 11.9a 105.6 + 15.1b 67+ 11.8c¢

Capital letters in the columns indicate differences among the three larval instars, lower cases in the lines indicate differences for the
larval instar periods among temperatures for each aphid size, by the Tukey test (p < 0.05).

other temperatures; but it did not affect the final consump-
tion. The consumption at this temperature was significantly
different from the 25°C, but not from 15°C.

Considering that the body mass of an individual me-
dium aphid is approximately the double of the mass of a small
one, it is observed that C. externa larvae consumed more small
than medium aphids, also due to the easiness for manipulat-
ing smaller preys. The total consumption at 15°C was signifi-
cantly higher than at 20°C and 25°C in function of longer de-
velopment period at this temperature, as showed on table I.

The consumption, as it can be observed on table II, in-
creased significantly from the first to the last instar under the
three temperatures, as expected. The table also shows that no
temperature stood out significantly, but the amount of con-
sumed aphids overlapped in some instars, mainly for the me-
dium aphids.

CanarD & Principr (1984) mention that chrysopids in gen-
eral, consume 80% of the total food intake during the third
instar, increasing the consumption with the decrease of tem-
perature. That tendency was also confirmed by Fonstca et al.
(2000) for this same species fed with the greenbug S. graminum

and by Liao et al. (1985) for the green lacewings C. quadrin-
punctata and C. rufilabris fed with the aphid Monellia caryella
(Fitch, 1855) (Hemiptera: Aphididae).

The regression curves (Fig. 1) explain the aphid consump-
tion by the larvae to complete their development at the three
temperatures. The partial regression analysis showed that the
variation presented in consumption by the 3 larval instar fed
with small and medium size aphids and the 229 instar fed with
small aphids can be explained by the influence of temperature
on 80% of the cases. The determination values and the equa-
tions obtained were: R?= 0,5575 (y = 0,1041x%- 4,9447x +
75,383) for the 1 instar larvae; R? = 0,9264 (y = 0,4386x? —
21,582x + 296,42) for the 27 and R? = 0,8991 (y = 0,0647x2 —
26,201x + 781,58) for the 3%, all fed with small size aphids. For
the medium size aphids, the values were: R?=0,2916 (y = 0,329x>
- 1,5956x + 24,533); R? = 0,3209 (y = -0,2003x> + 7,9868x —
62,152), and R? = 0,7809 (y = -0,1951x% +2,1675 x + 117,24),
respectively for the 1%, 22d and 3™ larval instars of C. externa.

In conclusion, the development of C. externa was better
and the viability higher at 25°C. However, C. externa consumed
significantly more aphids at 15°C because the development
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Figure 1. Regression model adjusted to the total consumption by larvae of Chrysoperla externa fed with (A) 1*t and 2" and (B) 3 and 4
instar nymphs of Cinara spp. under three temperatures, photoperiod of L:D 12:12 h and RH of 70 £ 10%.

period was longer at lower temperatures. Thus, C. externa can
be considered as a potential functional predator on Cinara
populations throughout the year in Southern and South-east-
ern Brazil where these aphid species represent serious pests.
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