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Compar ative biology of Cycloneda sanguinea (Linnaeus, 1763)
and Hippodamia convergens Guérin-M éneville, 1842
(Coleoptera, Coccinellidae) focusing on thecontrol of Cinara

spp. (Hemiptera, Aphididae)?
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AssTrRACT. The giant conifer aphids Cinara pinivora (Wilson, 1919) and Cinara atlantica (Wilson, 1919) (Hemiptera,
Aphididae) have been observed attacking Pinus spp. in Southern and Southeastern Brazil. The coccinellids, on the other
hand, were found feeding on these aphids in the field, which can be regarded as potential biological control agents. The
biological cycle and mortality rate of larvae of Cycloneda sanguinea (Linnaeus, 1763) and Hippodamia convergens
Guérin-Méneville, 1842 (Coleoptera, Coccinellidag) were evaluated using twenty larvae of each predator species fed with
nymphs of Cinara. The vias with the insects were kept under 15 °C, 20 °C and 25 °C, with 12h photophase and 70 + 10%
relative humidity. The consumption was evaluated every 24 hours and the nymphs replaced. For C. sanguinea, the egg
incubation time was 10.5, 5.0 and 4.0 days; the average larval development period was 33.3, 15.8 and 8.6 days and the larval
mortality rate 20%,0% and 15%, respectively at 15 °C, 20 °C and 25 °C. For H. convergens, the larval development time
was 41.9, 19.3 and 10.9 days at 15 °C, 20 °C and 25 °C, respectively. The larval mortality rate was 35%, 15% and 0% under
the three temperatures. Both species developed adequately when fed nymphs of Cinara, however, C. sanguinea performed
better than H. convergens, even at 15 °C, at which temperature the biological cycles of the coccinellids are prolonged, but

the temperature is favorable for the development of Cinara populations in the field.
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INTRODUCTION

Inthemid 1990's, the giant conifer aphids Cinara pinivora
(Wilson, 1919) and Cinara atlantica (Wilson, 1919) were
detected in Southern Brazil attacking Pinusspp. inreforestation
areas, causing severe damage (Penteapo et al. 2000). Biological
control is the best measure for suppressing such insects and
avoids the disadvantages of chemical insecticides. Some
predator species and entomopathogenic fungi have been
observed attacking these aphids, but no parasitoids have been
found so far.

Larvae and adults of coccinellids are common predatorson
aphids and have been observed feeding on Cinara colonies
on pine trees. There are several studies on their biology, but
little is known about their predatory action. Osrycki & KRING
(1998) reviewed this topic and mentioned that it is difficult to
determine the predator’s efficiency in natural systems due to
their mobility and polyphagy.

The development of predators is affected, mainly, by the
prey quality and by temperature (Canarp & Princip 1984;
Frazer 1988; VENzoN & CarvaLHO 1993; CanarD 1997). The
efficiency of apredator for biological control purposes should
be evaluated based on development and mortality rates at
different temperatures before field work isundertaken.

This research examines biological aspects and mortality
rate of the coccinellid predators Cycloneda sanguinea
(Linnaeus, 1763) and Hippodamia convergens Guérin-
Méneville, 1842 provided with Cinara spp. nymphs, under
different temperatures, in order to generate information for the
biological control of these aphids.

MATERIALAND METHODS
Aphids and predators were collected directly from Pinus

trees, in Curitibaand Rio Negro, State of Parang, and rearedin
laboratory. The aphids were kept on pine seedlings inside
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screened cages. The egg batches of C. sanguinea and H.
convergensweremaintainedin plastic vialsat 15°C, 20°C and
25 °C, with 12h photophase and 70 = 10% relative humidity.
Egg development was evaluated twice aday for C. sanguinea
only. After hatching, 20 larvae of each coccinellid specieswere
isolated in 150 ml transparent plastic cups with filter paper on
the bottom, and fed mixed nymphal instars of C. atlantica and
C. pinivora. The vials were placed under the same rearing
conditions of the eggs. The larvae were observed every 24
hours to evaluate their development, and the aphids replaced
daily to keep plenty of food for the larvae.

During pupation, the coccinellids were maintained under
the same conditions as the larvae and observed daily until
adult emergence. To record longevity, adults of C. sanguinea
werekept individually at 20 °C and fed indiscriminately on both
nymphs and adults of Cinara spp. to record their longevity.

The mortality rate wasregistered for each larval instar and
pupae, for both coccinellid species. For C. sanguinea, egg
viability and adult longevity wereevaluated at thethree different
temperatures, this was not possible for H. convergens due to
problems with the chamber. The data were analyzed using the
Tukey test at 0.05% of probability.

RESULTSAND DISCUSSION

Development and mortality rate of Cycloneda sanguinea
The average egg incubation period for C. sanguinea was
10.5 days (the range was 10 to 11 days) at 15 °C. The time
decreased with increasing temperature, with 5.0 and 4.0 days,
respectively, at 20 and 25°C. ArRNT & FAGUNDES (1982), working
with C. sanguinea eggs reared at temperatures between 22 °C
and 28 °C, found an average incubation time of 3to 4 days, a
little less than the values found in this research. GURNEY &
Hussey (1970), working with this coccinellid species, observed
the same inverse relationship between incubation time and
temperature, but the average was much lower: 4 daysat 16 °C;
3at21°Cand only 2 at 24 °C. Egg viability for the specieswas
generally high: 92.8% at 15°C; 78% at 20°C and 93.3% at 25°C,
except for the value obtained at 20 °C, attributable to a

particularly weak egg batch reared at thistemperature.

Themeanlarval development period was 33.3 daysat 15°C,
15.8 daysat 20 °C and 8.6 daysat 25 °C, about a 100% reduction
in time with an increase in temperature (Table I). GUrRNEY &
Hussey (1970) found, for this same predator reared on the aphid
Myzus persicae Sulzer, 1776, an average of 25, 16 and 15 days
at 16 °C, 21 °C and 24 °C, respectively. The great difference
found in the developmental time by the authors, when compared
to this work, can be due either to population variability or to
the prey species that may not be the preferred one. Santos &
PinTo (1981), evaluating the development of C. sanguinea
reared on the aphid Toxoptera aurantii (Boyer de
Fonscolombe, 1841), recorded alarval development period of
9.3 days, but there is no information about the temperature
during that period. ARNT & FacunpEes (1982), working at 22°C
and 28 °C, found an average larval period for C. sanguinea of
11.6 days, when reared on nymphs of Rhopal osiphum maidis
(Fitch, 1856) and Sitobion avenae (Fabricius, 1775), in
laboratory.

The period from larva to adult was 49.8, 24.0 and 13.3,
respectively at 15 °C, 20 °C and 25 °C. A longer period was
observed for thefirst and fourthinstarsat all threetemperatures,
but without statistical differences (Tablel). Similar datawere
obtained by Santos & PinTo (1981) for C. sanguinea; NARANIO
et al. (1990) for the coccinellid Scymnusfrontalis (Fabricius) at
four temperatures; and Xia et al. (1999) for Coccinella
septempunctata (Linnaeus, 1758) at two temperatures.

The mean pupal development time was significantly
different at threetemperatures: 16.5, 8.2 and 4.7 daysfor 15°C,
20°C and 25 °C, respectively. Other authors found the same
tendency, but with slightly shorter periods for corresponding
temperatures. Santos & PinTo (1981) recorded an average of
3.4 days pupation period, infield conditions, while GurnEY &
Hussey (1970) recorded an average of 5 daysat 24 °C; 6 daysat
21°C and 6 daysat 16 °C, without significant differencesamong
temperatures. ArRNT & Facunpes (1982) found a pupal
development time of 4.2 days when the temperature changed
from22°Cto 28°C.

Thetotal developmental time of C. sanguinea, from egg to

Table |. Mean developmental time (and standard deviation) and mortality rate of Cycloneda sanguinea (initial n = 20), reared on nymphs of
Cinara spp., under three temperatures, 12h photophase and 70 + 10% relative humidity.

Development (days) Mortality (%)

Temperature 15°C 20°C 25°C 15°C 20°C 25°C
Egg 105(0.5a 50(0.0)b 4.0(00)c 72 2 6.7
1% instar 104(3.9) Aa 5.0(0.7)Ab 25(0.5)Ac 10 0 5
2"instar 6.4(1.8)Ba 2.8(0.3)Bb 17(0.5)Bc 0 0 10
3Yinstar 6.2(0.9)Ba 3.1(0.3)Bb 16(04)Bc 10 0 0
4" instar 10.3(0.8) Aa 49(1.1)Ab 2.8(0.3)Ac 0 0 0
Pupa 165(0.9 a 82(05b 47(0.6)c 0 0 0
Total Period 60.3(5.8)a 29.0(1.6)b 175(0.6)c 272 2 217

1Capital letters in the columns indicate differences among the developmental time of the four larval instars, lower cases in the lines indicate
differences for the eggs, larval instars or pupa periods among temperatures, by the Tukey test (p <0.05).
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adult, was 60.3 days at 15 °C, 29.0 at 20 °C and 17.5 at 25 °C;
decreasing with increasing temperature. GurRNEy & Hussey
(1970) found the same pattern for the biological cycle of three
coccinellid species: C. sanguinea varied from 34 to 22 days,
Coleomegilla maculata (DeGeer, 1775) from 48 to 22 daysand
Adalia bipunctata (Linnaeus, 1758) from 24 to 16 days under
temperatures ranging from 16 °C to 24 °C. Xia et al. (1999)
observed that the development of C. septempunctata varied
from 65.1t0 9.4 dayswhen reared at five temperatures, varying
from 15 °C to 35 °C. CHeaH & McCLure (1998) presented the
total developmental time of 39.6 and 23.7 days for
Pseudoscymnus tsugae Sasgji reared at 20 °C and 25 °C,
respectively. Narango et al. (1990), on the other hand, found a
variation, for S frontalis, of 79.7t017.2 daysat four temperatures
between 15 °C and 30 °C. Variations observed for the same
speciesmay be dueto differencesin the prey or methodol ogies
used.

Adultsof C. sanguinea presented amean longevity of 167.1
daysat 20°C. Onthe other hand, Santos & PinTo (1981) found
amuch shorter longevity of about 63 daysat 21.9 °C, when the
adultswerereared on Toxoptera citricidus (Kirkaldy, 1907).

Thetotal mortality ratefor C. sanguinea wasinfluenced by
temperature as shown on Table I. It was accentuated during
the egg stage at 20 °C and during the early instars at the other
two temperatures.

Development and mortality r ate of Hippodamia convergens

Thelarval period for H. convergenswas41.9,19.3and 10.9
at 15 °C, 20 °C and 25 °C respectively, decreasing with
temperature elevation by about 100% at each 5 °C, similar to
what happened with C. sanguinea. The duration of each instar
also decreased with increasing temperature. The differences
were significant for the first and fourth instars compared with
the other temperatures (Tablell).

Thelarva development time al so decreased with increasing
temperaturefor larvae of Hippodamia parenthesis (Say, 1824)
when subjected to five temperatures, between 14 °C and 30 °C,
varying from 38.7 to 7.0 days (Orr & Osrycki 1990), and for
Hippodamia sinuata Mulsant, 1850 when subjected to six
temperatures, from 10 °C to 35 °C fed with two species of aphids

(MicHELS & BEHLE 1991).

The mean pupal development time for H. convergens
reduced significantly with the elevation of temperature, as
shown on Table I1. The same pattern was found by MicHeLs &
BeHLE (1991) for H. sinuata and by Orr & Ogrycki (1990) for H.
parenthesis, but with values slightly different as afunction of
the predator and prey species used in the experiments.

The species H. convergens presented the developmental
timefromlarvato adult of 63.7 daysat 15°C; 30.4 daysat 20°C
and 17.2 daysat 25°C, being significantly longer than the same
period for C. sanguinea under the three temperatures. MicHeLs
& BEeHLE (1991) found the same pattern for H. sinuata, with
shorter devel opmental timewhen reared ontheaphid R. maidis:
55.4; 18 and 16.2 daysat 15 °C; 20 °C and 25 °C, respectively.
The development of H. parenthesis was also shorter than
observed inthisresearch: 53.6 daysat 14°C; 28.8 at 18°C; 18.1
daysat 22°C and 13.1 at 26 °C (Orr & Ogrycki 1990), but also
showed an inverse response relative to temperature.

For each instar, except the third, the total larval mortality
ratewashigher at 15 °C (35%) than at the other two temperatures
(Tablell). At 20°C, themortality of larvae wasreduced to 15%
and it waszero at 25 °C. The pupal mortality wasalso higher at
the lowest temperature (Table I1). Orr & Ogrycki (1990) also
found a high mortality for H. parenthesis at 14 °C (67%),
especialy in the 4" instar; at 22 °C the larval mortality was
about 7%. MicHELs & BeHLE (1991), evaluating the
development of H. sinuata reared on two aphid species
observed that, when fed with Schizaphis graminum (Rondani,
1852), the larvae died by the third instar, not completing their
development at 15 °C, this showsthat when the prey speciesis
inadequate, the mortality may be particularly high at the lower
temperatures.

In summary, the predator C. sanguinea performed better
than H. convergens, and even at 15 °C the mortality was not as
high as it was for the second species. This fact should be
considered for the control of C. pinivora because this aphid
species hasits popul ation peak in thewinter monthsin Southern
Brazil. Larvae and adults of C. sanguinea were observed amid
coloniesof Cinara spp. during the coldest periods of 1999 and
2000, when the average temperature in Curitiba was 15 °C

Table Il. Mean developmental time (and standard deviation) and mortality rate of Hippodamia convergens (initial n = 20), reared on nymphs of
Cinara spp., under three temperatures, 12h photophase and 70 + 10% relative humidity.

Development (days) Mortality (%)
Temperature 15C 20C 25C 15C 2C 25C
1% instar 10.3(3.2) Aa 5.1(0.6) Ab 3.0(0.3)Ac 100 0 0
2Minstar 6.6(2.1) Ba 3.7(0.9)Bb 2.0(0.0)Bc 150 50 0
3dinstar 8.7(11)ABa 41(05)Bb 19(0.2)Bc 0 50 0
4" instar 16.3(6.2) Ca 6.4(0.6)Cb 40(0.3)Cb 10 50 0
Pupa 21.8(0.8)a 11.1(09b 6.3(0.5)c £3) 0 50
Tota Period 63.7(2.2)a 304(1.5b 17.2(05)c 700 15 50

1Capital letters in the columns indicate differences among the developmental time of the four larval instars, lower cases in the lines indicate
differences for the larval instars or pupa periods among temperatures, by the Tukey test (p <0.05).
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(personal observations). Despite the high mortality at low
temperatures, H. convergens had alow mortality rate and afast
larval development at higher temperatures. Thispredator would
bemoreappropriatefor the control of C. atlantica, which occurs
throughout the year, and extends into warmer areas of the
country. Overall, both species develop well when fed Cinara
spp., especially at 20 and 25 °C, and can be regarded as
potentially effective and complementary biological control
agents of giant conifer aphids in Brazil. Studies on prey
consumption are been carried out and will support the
information presented here for biological control programs
against these aphids.
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