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Consumption of Cinara spp. (Hemiptera, Aphididae) by
Cycloneda sanguinea (Linnaeus, 1763) and Hippodamia
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AssTrRACT. Adults and larvae of coccinellids were observed feeding on populations of the giant conifer aphids Cinara spp.
on Pinus spp., in Southern Brazil. The objective of this research is to evaluate the consumption capacity of Cycloneda
sanguinea (Linnaeus, 1763) and Hippodamia convergens Guérin-Méneville, 1842 (Coleoptera, Coccinellidae) on these
aphid species, in order to obtain information for biological control programs. Ten larvae of each predator species were fed
with aphids of small size (nymphs of 1 and 2™ instars), and 10 with aphids of medium size (nymphs of 39 and 4" instars),
maintained under 15°C, 20°C and 25°C, 12 h photophase and 70 + 10% relative humidity. The aphids were counted every
24 hours, replacing those that were consumed. The total consumption of Cinara by the larvae of C. sanguinea was not
statistically different at the three temperatures: 325.5; 322.2 and 324.8 of small aphids and 121.3; 140.4 and 109.9 of
medium ones, respectively at 15°C, 20°C and 25°C. The consumption by H. convergens was higher than by C. sanguinea
and increased noticeably with temperature: 444 aphids at 15°C; 491.3 at 20°C and 513.3 at 25°C, considering the small
aphids, and 187.1; 205.1 and 216.6 of medium aphids at the three temperatures. The small aphids weigh about half as much
as medium ones and were preferred by all larval instars probably because they are easier to manipulate than the large ones.
Both predators, especially the 4" instar larvae, showed high consumption capacity on the Cinara nymphs at all temperatures

and can be regarded as promising biological control agents.

Kevyworbs. Biological control; giant conifer aphids; Pinaceae; prey-predator relationship.

INTRODUCTION

The species Pinus taeda (L.) and Pinus elliottii
(Engelmann) (Pinaceae) have great economic importance in
Brazil, especially for the lumber, paper and wood products
industry. There are 2.0 million ha of Pinus reforestationin the
country, particularly in the Southern and Southeastern regions.

Two species of Cinara Curtis, 1835 (Hemiptera, Aphididag)
were introduced into Brazil in the 1990’ s and caused severe
outbreaks: Cinara pinivora (Wilson, 1919) and Cinara
atlantica (Wilson, 1919) (E. lede, S. Lazzari and R. C. Carvalho,
personal communication) on Pinus spp.. Thecompact colonies
are composed by apterous and alate adults and nymphs of all
instarsfeeding on the trunk and branches. The main symptoms
of an infestation are premature needle shedding, destruction
of the apical bud, oversprouting, and height reduction, which

are accentuated in young trees (Penteapo et al. 2000). The
population peak occurs during the winter, but C. atlantica is
rapidly adapting to warmer regions and can be found
throughout the year, while C. pinivora is more restricted to
cooler regions, with average winter temperature of 15°C
(personal observations).

Since they are exotic and newly introduced pests, thereis
only a reduced number of predator species to suppress the
populationsin the field (chrysopids and coccinellids), but no
parasitoids have been registered so far. Potential natural
enemies haveto bee sought because chemical control measures
are neither economically nor ecologically viable.

The coccinellids Cycloneda sanguinea (Linnaeus, 1763)
and Hippodamia convergens Guérin-Méneville, 1842
(Coleoptera: Coccinellidae) were observed preying on the
colonies on Pinus spp. in the State of Parana. It isknown that
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coccinellids are very efficient control agents of several aphid
gpecies (Santos & PinTo 1981; TrouvE et al. 1997 and MIRANDA
et al. 1998). Thefactorsthat influencethe feeding processand
efficiency of these predators as biological control agents are:
voracity (maximum number of prey consumable by the predator),
functional response (rel ationship between number of captured
preys and number of preys present), numerical response
(increasein predator number with theincreasein prey density)
and the prey preference, as well as prey capture efficiency of
the predator. All of these factors are intimately linked to
temperature (Frazer 1988). It meansthat development, feeding
and temperature are inseparable factors when considering
candidate species for biological control programs, and they
should be evaluated together.

Therefore, the objective of thisresearch isto determinethe
consumption capacity of C. sanguinea and H. convergens
feeding on Cinara nymphs under different temperatures.

MATERIAL AND METHODS

The populations of Cinara spp. and the predator eggs
were collected directly from Pinus spp., in Curitiba and Rio
Negro cities, State of Parana, and kept at 25°C, on pine seedlings,
inlaboratory cages. In order to evaluate the efficiency of prey
manipulation by the different instars of the predator larvae, the
aphids were separated in two categories: small size aphids,
corresponding to 1% and 2™ instar nymphs and medium aphids,
3“and 4" instar nymphs. On average, the small onesweighed
0.00043 g/aphid, while the medium ones weighed 0.00087 g/
aphid, about twice asmuch. Adult aphidswere not used for the
tests due to the difficulty of controlling the continuous
deposition of nymphs.

For each treatment, 20 newly emerged, non-sexed larvae of
each predator species were placed individualy in 120 mL
transparent plastic receptacles, with filter paper on the bottom
and covered with transparent plastic film. A known number of
Cinara nymphswere released daily in each via: ten 1% instar

larvae werefed small aphids and the other ten medium aphids.
The receptacles were placed in chambers at 15°C, 20°C and
25°C, with photophase of 12 h and 70+10% of relative humidity.
The aphids were counted and replaced every 24 h, evaluating
separately the consumption of each larval instar until pupation.
Those larvae that did not complete development were not
considered in the analyses.

For C. sanguinea, the consumption by the adults was also
evaluated. At 15°C and 25°C the observation was conducted
for 30 days; at 20°C, the consumption was evaluated during
thewhole period of the adult life, using the same methodol ogy
adopted for thelarvae. A simple statistical analysiswasapplied
to measure the consumption by each larval instar and a
regression analysis to evaluate the influence of temperature
on consumption.

RESULTSAND DISCUSSION

Prey consumption by larvae and adults of Cycloneda
sanguinea. Prey consumption by larvae of C. sanguinea
increased significantly from thefirst to the fourth instar under
the three temperatures (Tab. I). The mean aphid consumption
during the compl etelarval period wasnot statistically different
among temperatures, considering both aphid sizes; although
there are some differences among some instars. It can be
observed that the consumption of small aphidswas about three
times that of the medium ones, while their weight was only
half; it is probably due to the easiness to manipulate smaller
prey, especialy by thefirst instar larvae.

The regression analysis, as observed on Fig.1 and by the
R?, confirms that the temperature did not influence the
consumption by any of theinstars: R2=0.2863 (y = 0.1647x*—
6.935x + 86.714) for the 1% instar; R?=0.2921 (y = 0.0639%x>—
0.665x = 24. 857) for the 2™; R? = 0.0471 (-0.1263 x?+ 4.38x +
25.714) for the 3%; and R?=0.0273 (y =- 0.1361 x2+ 4.2375x +
180.68) for the 4" larval instar, considering the predation of
small aphids. For the consumption of medium aphids, the

Table I. Mean consumption (standard deviation and confidence interval at 95%, in parenthesis) of nymphs of Cinara spp. by larvae of Cycloneda
sanguinea, under three temperatures, 12h of photophase and 70+ 10% relative humidity.

SMALL APHIDS(n=10)

MEDIUM APHIDS (n=10)

15C 20°C 25C 15C 2°C 25C
1% instar 19.7(3.1) 139(2.9) 162(6.2) 60(29) 5(14) 71(12)
(17.7-22.3) (11.2-165) (105-22.1) (32-87) (39-6.1) (6.2-7.9)
2instar 29.2(59) 37.1(5.1) 48.1(21.4) 104(25) 14.2(4.0) 115(27)
(24.2-34.2) (308-433) (40.6-55.6) (84-122) (124-159) (9.7-132)
3dinstar 630(95) 62.8(10.9) 56.2(21.2) 234(4.1) 29.6(4.1) 26.1(8.1)
(549-71.0) (54.9-706) (366-75.9) (195-27.2) (266-325) (20.3-31.8)
AMinstar 2136(29.3) 211(265) 2015(385) 815(12.3) 91.6(6.7) 65.2(10.4)
(189.1-238.1) (19202299)  (1659-237.2) (75.2-87.9) (86.2-96.9) (59.8-705)
Total 3255(40.2) 3222(26) 324.8(199) 121.3(154) 140.4(7.7) 109.9(14.1)

(291.6-3592) (3061-3434)  (30383407)

(107.1-135.6) (13481459)  (99.8-1199)
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Fig. 1. Regression model adjusted to the total consumption by larvae of Cycloneda sanguinea fed with (A) 1% and 2@ and (B) 39 and 4" instar nymphs
of Cinara spp. under three temperatures, 12h of photophase and 70+ 10% relative humidity.

following equations were obtained for the 18, 21, 39 and 4"
instar larvae, respectively: R?=0.2063 (y = 0.062x>—2.37x +
27.6); R?=0.2111 (y =-0.1294x2 + 5.2843x + 39.714); R?=0.1633
(y =-0.1934x2 + 8.0043x + 53.114); and R? = 0.6005 (y = -
0.7286x2+ 27.506x + 167.09).

GurNEY & Hussey (1970), studying the effect of the
temperature on the consumption of Myzus persicae (Sulzer,
1776) by C. sanguinea, observed an increase in prey
consumption as a function of temperature, contrary to the
findings of the present research. However, those same authors
affirm that comparisons are only valid for identical
methodological conditions, besides, thereisagreat variability
among individuals of the same species and much more between
species (Tab. I). ARNT & Facunpes (1982) evaluated the
consumption of nymphs of the aphids Rhopalosiphum maidis
(Fitch, 1856) and Sitobion avenae (Fabricius, 1775) during the
development of C. sanguinea, under temperatures between
22°C and 28°C, and they found a mean consumption of 157

aphids for the total period, and it was especially high during
thelast two larval instars, similar to what was observed here,
although, they do not separate the aphids by size.

The adults of C. sanguinea presented an average
consumption of 6.6 aphids/day at 15°C; 17.5 aphids/day at 20°C;
and 32.2 aphids/day at 25°C, during the first 30 days of adult
life, indicating a tendency for increased daily consumption
related to the elevation of temperature. At 20°C the adult
longevity was 167 days and the consumption averaged 1997
aphids during this period.

Prey consumption by larvae of Hippodamia convergens.
The consumption of nymphs of Cinara by the larvae of this
coccinellid species increased significantly from one instar to
the next; particularly in thelast larval instar when the larvae
consumed more than 50% of the total, under the three
temperatures (Tab. I1).

Considering the influence of temperature on total

Table II. Mean consumption (standard deviation and confidence interval at 95%, in parenthesis) of nymphs of Cinara spp. by larvae of Hippodamia
convergens, under three temperatures, 12h of photophase and 70+ 10% relative humidity.

SMALL APHIDS (n=10)

MEDIUM APHIDS (n=10)

15C 20°C 25C 15C 2°C 25C
1% instar 255(82) 137(22) 296(5.3) 9.1(34) 6.3(15) 7(14)
(17.9-33.) (104-16.7) (264-32.7) (59123) (5.1-7.4) (5.7-82)
2instar 68.1(19.6) 39.8(65) 43.7(64) 236(523) 196(5.1) 162(22)
(49.9-86.3) (34.3-45.3) (37.5-49.8) (186-28.4) (156-234) (14.6-17.7)
3dinstar 104.7(33.3) 795(9.4) 70.8(9.5) 456(10.1) 31.3(5.7) 305(38)
(90-111.7) (71.5-87.4) (586-77.5) (41.3-49.8) (275-35.1) (26.9-34)
Arinstar 2457 (70.8) 3582(468)  3692(437) 108:8(48.7) 1479(160)  1629(10.7)
(210.9-280.2) (32583906)  (3402-398.1) (97.9129.7) (13551602)  (155.2-1705)
Total 444(542) 4912(532)  5133(490) 187.1(47.3) 2051(188)  2166(113)
(3938-494.1) (44685359)  (4782-5483) (1433-2308) (19062195)  (2084-224.7)
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Fig. 2. Regression model adjusted to the total consumption by larvae of Hippodamia convergens fed with (A) 1% and 2™ and (B) 3¢ and 4" instar
nymphs of Cinara spp. under three temperatures, 12h of photophase and 70+ 10% relative humidity.

consumption, it was observed that it was directly proportional
to the increase of temperature, but the differences were not
significant for either aphid size (Tab. 11). Gurney & Hussey
(1970) observed the same tendency increased consumption
with increased temperature for C. sanguinea fed with M.
persicae. On the other hand, Gyence et al. (1998) found a
tendency for increased consumption with decreased
temperature for Eriopis connexa (Germar, 1824), fed with
Acyrtosiphon pisum (Harris, 1776) and Schizaphis graminum
(Rondani, 1852) at five different densities.

Similar to what happened to C. sanguinea, the regression
analysis did not support the influence of temperature on
consumption (Fig. 2). With the small aphids, the R?2obtained
were: R?=0.626 (y =0.5584x2—21.934 + 228.94) for the 1% indtar;
R?2=0.5329 (y = 0.54695x2 —24.319 + 228.94) for the 2"; R?=
0.3695 (y =0.2103x?>—11.803 + 234.44) for the 3¢, and R*= 05331
(y=-2.0346x2+93.746—702.84) for thelagt indtar. Theequations
obtained for the consumption of medium aphids by the four
larva ingtarswere: R?=0.3287 (y = 0.0822x*—3.5889 + 45.333);
R?=0.3463 (y = 0.0132x2 + 1.2654 + 39.58); R?=0.4133 (y =
0.1214x%—-6.3643 + 113.71); and R2=0.4152 (y = - 0.4804x? +
24.621 +152.36).

Comparison of the larval consumption between the two
predator species. When comparing the mean consumption of
small and medium aphids by the larvae of thetwo predators, it
is observed that the consumption was rather high for both
species. Thetotal consumption by H. convergens showed the
tendency to increase with temperature, while C. sanguinea did
not show much variation in response to temperature.

To determine the efficiency of predation of each species
one should consider, in addition to consumption, the
development and the mortality at different temperatures, but it
can be said that H. convergens was more efficient at 25°C,
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while C. sanguinea presented similar consumption capacity at
the three temperatures. Considering that the species of Cinara
havetheir population peak during the winter, the consumption
capacity at 15°C should be used asreference. But, since there
was no statistical difference between the consumption of the
two species at thistemperature, nor among temperatures, both
species can be considered as potential biological control agents
of Cinara on pine trees.
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