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Population dynamics of Icerya purchasi MASKELL
(Hom; Margarodidae) and Rodolia cardinalis MULSANT
(Col; Coccinellidae) in two citrus orchards of

Sao Miguel island (Azores)

A. O. SOARES, R. B. EL{AS y H. SCHANDERL

En dos parcelas de naranjo en el Norte de la isla de Sdo Miguel se ha estudiado la
dinamica poblacional de 1. purchasi 'y R. cardinalis. El muestreo se realiz6 quincenal-
mente en 16 arboles desde Mayo a Noviembre de 1.997 y desde Abril a Octubre de
1.998.

I. purchasi ha desarrollado dos generaciones anuales, una al final de la primavera y
otra en otofio. Las hembras jovenes son las mas abundantes en invierno. Los estadios
larvares del predador se observan al principio del verano y la actividad del vuelo de los
adultos es maxima al final de verano. Este maximo contribuye de forma acusada para
la disminucion de la densidad de I. purchasi durante el verano con los valores més bajos
al final de la estacion. En este momento se observa una elevada sincronizacion entre la
proporcion de hembras jovenes de L. purchasi y larvas de R. cardinalis. En el otofio la
abundancia poblacional de R. cardinalis es muy baja coincidiendo con la 2% generacion
de I purchasi. Después de Noviembre no se han encontrado individuos en las arboles,
indicando probablemente el inicio del periodo de hibernacion.

La mayoria de los inmaduros y hembras jovenes de /. purchasi han sido observado
en las hojas y las hembras maduras se han encontrado en los ramas, indicando migra-
cion entre los organos de la planta.
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INTRODUCTION

The polyphagous Margarodidae, Icerya
purchasi Maskell, is one of the most abun-
dant insects found in the orchards of the Azo-
res islands. It is considered a major pest of
citrus trees (CARVALHO, ef al., 1996) and for
this reason it is common to use chemical con-
trol to decrease the economic threshold.

1. purchasi has been known in the Azores
since the beginning of the century but the
date of its introduction is not well known. It

was possibly introduced in 1912 together
with acacias to the island of S. Miguel
(NEVES DE FONTOURA, 1917 in BENSAUDE,
1927a). BENSAUDE (1924; 1927b) referred to
its introduction as 1915. By 1925 it was con-
sidered a common pest and because of this
chemical treatments were carried out, firstly
in July and afterwards in September or Octo-
ber (BENSAUDE, 1925). It was referred to as
occurring in the Azores by many authors
(QUAYLE, 1941; CARNEIRO, 1982; SCHAN-
DERL, et al, 1995; SOARES, ef al, 1992, 1993,
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1994, 1996). On the mainland I. purchasi has
been known of since 1884 but recorded for
the first time in 1896 by VERiSSIMO D’AL-
MEIDA quickly becoming an important pest to
citrus trees (AMARO, 1994; ALMEIDA, 1896).

The Iceria-ladybird Rodolia cardinalis
Mulsant is, at the moment, the only auxiliary
known to control I. purchasi. Its presence is
commonly referred to on the island of S.
Miguel (FURSH, 1966; RAIMUNDO & ALVES,
1986). Probably it was introduced to the
islands of the Azores from the Portuguese
mainland where it is relatively abundant,
mainly in the southern orchards of Portugal
(CARDOSO, 1990; FRANCO, et al., 1992). In
1927 the Iceria-ladybird was already consi-
dered by BENSAUDE (1927a; 1927b) as sub-
spontaneous at some places of S. Miguel.
The biological control against I. purchasi
using the R. cardinalis (introduced from
California and South Africa), made by Portu-
gal at the end of the 19™ century, became the
first European experiment in integrated pest
management.

The knowledge about the population
dynamics and life cycle of I. purchasi and R.
cardinalis under the abiotic conditions of the
Azores are insufficient. Recent observations
showed that a higher abundance of 1. purcha-
si occurs at the end of summer and beginning
of autumn together with a higher level of
immature stages in the population which is
related with the beginning of annual genera-
tions (SOARES, 1995).

The present paper aims to know the seaso-
nal abundance of 1. purchasi and R. cardina-
lis, to describe the seasonal population struc-
ture of the phytophagous and its predator and
how efficient the predation activity, is.

MATERIAL AND METHODS

Two citrus orchards of sweet orange
(Citrus sinensis Osbeck, var. valencia late),
in full production, were selected in the Rabo
de Peixe basin, the most productive citrus
area of S. Miguel. This selection was based
on the fact that these orchards presented sta-

ble populations of I. purchasi and R. cardi-
nalis.

At two weeks intervals two samples were
made in each orchard in order to follow (1)
the seasonal abundance of /. purchasi and R.
cardinalis (2") the population structure of L
purchasi. and R. cardinalis.

Between May and November of 1997 we
observed, on 8 trees of each orchard, 30 cm
segments of 32 branches. In 1998, we star-
ted sampling one month earlier and we
observed on each branch 5 one-year-old lea-
ves per quadrant. At the same time we coun-
ted the number of immature stages of the
predator.

In order to study the seasonal abundance
of R. cardinalis we analysed its flight curve
using the beating method. We beat 4 bran-
ches (1 from each quadrant) on 8 trees per
orchard with the same sampling periodicity.

To evaluate population structure of the
cottony-cushion scale and Icerya-ladybird
we counted by developmental stage (larvae,
young females, adult female, prepupae,
pupae and adults). In order to test the asso-
ciation between the variation of the seasonal
proportion of the predator larvae and young
females of the prey, we applied the nonpara-
metric Wilcoxon paired-sample test to the
data observed between June and August. Its
correlation was evaluated using the Spear-
man test (r,), after tested the normality of
data using the statistic test of Kolmogorov-
Smirnov (SPSS 6.1 for Macintosh, SPSS
Inc, 1995).

RESULTS AND DISCUSSION

Seasonal abundance of 1. purchasi and R.
cardinalis

In figure 1 the seasonal abundance of I
purchasi and R. cardinalis is given.

The population level of the cottony-cus-
hion scale showed a tendency to increase at
the end of the spring and decrease after maxi-
mum values had occurred. Both maximums
occurred in the first half of June with an ave-
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Fig. 1. - Seasonal abundance of I. purchasi and R. cardinalis .
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Fig. 2. - Seasonal population structure of I. purchasi.
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rage of 4.5 individuals per sample in 1997
and 5.2 in 1998. The low levels of the popu-
lation continued until October when we
observed a new increase of this level. These
results agree with those from SOARES (1995),
where the same seasonal abundance was
observed.

The flight activity of adult Iceria-ladybird
is higher in the summer, between July and
September, and started a month after the
maximum levels of the cottony-cushion sca-
le (Fig. 1). CArRDOSO (1990) observed the
higher number of specimens between the
second half of July and the beginning of
August.

Seasonal population structure of
I purchasi and R. cardinalis

In relation to the population structure of .
purchasi, we discovered in both years two
periods of time in which we had high levels
of immature stages in the population: at the
end of spring and autumn. At this time the
levels of immature stages were more than
60% of the total number of individuals (Fig.
2). After that we had an increase in the young
female proportion followed by the increase
in mature females (Fig. 2). A drastic decrease
in the population levels is observed in the
summer, between the second half of August
and September of 1997 and in August of
1998, when we did not observe any indivi-
duals on the leaves and branches (Fig. 2).

Regarding annual generations, the num-
bers are between 2 and 4, when we consider
regions with different abiotic conditions. In
Palestine 3,5 generations per year are the
rule. In exceptional years, either 3 or 4 gene-
rations may occur (BODENHEIMER, 1951). On
the «Coast Plainy, the scale is capable of pro-
ducing 3-4 generations a year according to
weather conditions (AviDov & HARPAZ,
1969). In the north-western Argentine its
numbers are 3 (NASCA, et al, 1981) and 2 in
Valdivia, Chile (REBOLEDO & CARRILLO,
1988). On mainland of Portugal it is possible
for 4 annual generations to occur but the rule

is 3 with the reproduction activity in
February, July and September (AMARAL,
1982; SOARES, 1980). GARRIDO and BUSTO
(1987) and CLIMENT (1990) report different
results: for instance in Italy 3 generations
with the hatching of the larvae in February,
June and September; in the Antibes with 2
generations, the first from May to August and
the second from August to May; in Morocco,
4 annual generations the first between
February and June, the second between June
and August , the third from August to Octo-
ber and the last in the winter. In Spain there
are 3 generations starting at the same time as
the Algarve.

The first individuals of R. cardinalis were
observed at the end of spring. In July and
August of 1997 and 1998, the population was
heterogeneous with larvae, pre-pupae and
adults (Fig. 3). The decrease in the propor-
tion of larvae is followed in the next month
by the maximum proportion of pre-pupae,
pupae and adults (Fig. 3).

Seasonal synchrony between the life
cycles of 1. purchasi and R. cardinalis

A drastic population level decrease of the
cottony-cushion scale was observed at the
end of the flight activity period of adult Ice-
rta-ladybird when we observed, on leaves
and branches, all the individuals of the pre-
dator population in the adult stage. (Fig. 3.)
In the previous month the population of the
predator was composed mainly of larvae thus
coinciding with a high level of young fema-
les of the scale. The values obtained from the
nonparametric Wilcoxon paired-sample test
between the variation of the seasonal propor-
tion of the predator larvae and young females
of the prey was 0.463 in 1997, 0.893 in 1998
and 0.598 for the two years. The result sho-
wed no differences for o = 0.01. The correla-
tion obtained was 0,64 that showed a good
correlation between the data for the two
years to a confidence of 0.05. These results
show that we have a good seasonal synch-
rony between these two components of the
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Table 1. - Results of nonparametric Wilcoxon
paired-sample and correlation tests between
seasonal variation of Y. purchasi young
females - prey (p) and R. cardinalis
arvae- predator (P)

Tests Py/py;  Pog/Pyg Pt/pt
Asymp. Sig.

(2-tailed) 0.463* 0.893* 0.594*
Y - - 0.64**

s

t - 1997 + 1998
* - Not significant at the 0 01 level
- Correlation is significant at the 0.05 level

population (Table I). Apart from that we
observed a half-month of displacement bet-
ween the two maximums of the referred sta-
ges (Fig. 4). We think that the decrease of the
prey population is due mostly to the high
voracity of the larvae against young females
of the prey, even before the formation of the
ovisac and before the beginning of the
second generation. The displacement obser-
ved is due to the higher thermal constant of 1.
purchasi in relation to R. cardinalis that
makes the predator more sensitive to the
variation in temperature. In fact, in 1998 the
mean summer temperature was higher (21C)
than in 1997 (19,9C).

Seasonal distribution of the population
of 1. purchasi into the organs of the plant

In figure 5, values of the proportion of the
different development stages of the popula-
tion of . purchasi in leaves and branches are
given. The majority of larvae and young
females were found on the leaves and more
than 50% of mature females were found on
the branches.

In relation to the seasonal distribution of
the population of I purchasi into the organs
of the plant, we observed, in the first half of
April, an heterogeneous distribution of the
individuals but the majoritv of the popula-

tion, (53%), are mature females (Fig. 6). The
proportion of larvae increased until the
second half of May (in which we recorded
them as more than 90% of the individuals),
first with a high level in the branches and
after that with an increasing proportion of
larvae on leaves. From the first half of June
until the second half of July we observed a
decrease in the proportion of larvae at the
leaves with an increasing proportion of the
larvae on branches and young females on the
leaves. After that our observation showed a
high level of young females mainly on the
branches in which we had 50 and 54.5% of
young females in the first and second half of
July. At this period of time the flight and pre-
dation activity of R. cardinalis increased.

We think that there is a spring generation
in which the oviposition and eclosion of eggs
started in April. This is due to a high propor-
tion of mature females on the branches and
leaves. Afterwards we observed a high level
of larvae in the second half of May. At this
time the offspring started a migration from
the branches to the leaves. The decrease of
larvae in July happened at the same time as
the increase of young females, mainly on
branches. We think that the offspring made a
new migration to the branches after that
would start the summer generation if it
hadn’t occurred a high level of predation.

CONCLUSIONS

The population level of the cottony-cus-
hion scale showed a tendency to increase at
the end of the spring with the maximums in
the first half of June.

The flight activity of adult Icena-ladyblrd
is higher in the summer, between July and
September. A drastic population level decre-
ase of the cottony-cushion scale was obser-
ved at the end of the flight activity period of
adult Iceria-ladybird.

The decrease of the prey population is due
mostly to the high voracity of the larvae
against young females of the prey, even befo-
re the formation of the ovisac.
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The majority of larvae and young females
were found on the leaves and the mature
females were found on the branches.

The developmental stages of I purchasi
make a migration in the organs of the plant.
The offspring larvae start a migration from
the branches to the leaves, after wich they
make a new migration to the branches star-
ting a new generation.
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ABSTRACT

SOARES, A. O., R. B. ELIAS y H. SCHANDERL, 1999. Population dynamics of Icerya
purchasi MASKELL (Hom; Margarodidae) and Rodolia cardinalis MULSANT (Col,;
Coccinellidae) in two citrus orchards of Sdo Miguel island (Azores). Bol. San. Veg.
Plantas, 25 (4): 459-467.

Two citrus orchards in the North side of Sdo Miguel island (Rabo de Peixe) were
selected in order to evaluate the populations dynamics of 1. purchasi and R. cardinalis.
For that purpose sixteen trees were sampled from May to November 1997 and from
April to October 1998.

I purchasi develops 2 annual generations, one in the end of Spring and the other in
Autumn. Young females are the most abundant stage during the winter. The larvae sta-
ges of the predator appear mainly in the beginning of summer and adults start to appe-
ar in July reaching the peak of abundance in the end of that season. This maximum pro-
bably contributes to the decrease of 1. purchasi density during the Summer reaching its
minimum in the end of this season. During autumn the population level of Rodolia bee-
tle decreases which coincides with the second generation of I. purchasi. After Novem-
ber no individuals were found on trees probably indicating the beginning of the hiber-
nation period.

The majority of larvae and young females of the scale were found on the leaves and
mature females were found on the branches, indicating a migration in the organs of the
plant.

Key words: Citrus, population dynamics, life cycle, seasonal synchrony, Icerya pur-
chasi, Rodolia cardinalis.
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