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ABSTRACT: Biological characteristics and predation efficiency of
Rodolia (=Vedalia) cardinalis (Mulsant) predated on  Icerya
seychellarum (Westwood) were studied under laboratory conditions
0of26+1°Cand 70+5 % RH.

The incubation period of the eggs ranged between S and 7 days,
with an average of 6.2 days. The durations of the four larval instars
were 4.1, 4.4, 4.1 and 4.3 days, respectively, The larval developmental
period of the predator lasted 16.9 days. Percent mortality during the
larval stage reached 40.00. The duration of the pupal stage averaged
7.55 days with a mortality of 33.33 %. The total developmental
period lasted 30.7 days on the average. Total mortality during the
larval and pupal stages were 60 %. Adult female longevity recorded
27.8 days. The total eggs laid per female averaged 105.4 eggs. The
adult male longevity averaged 13.0 days. The greatest number of
prey was consumed by the second and third larval instars
representing. 11.05 and 15.09 % of the total consumed prey during
the predatory stages (larvae and adults), respectively. The larval
stage consumed during its developmental period an average of 18.00
preys. The adult female was more voracious than male; the
corressponding consumed preys were 31.4 and 13.0 (ca. 2.42 times
higher than male).

Key words: Rodolia cardinalis, biology, predation efficiency, Icerya
seychellarum.
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INTRODUCTION
Vidalia beetle, Rodolia

(=Vidalia) cardinalis (Mulsant)
(Coccinellidae) is respons1b1e for
the outstanding success in
biological control. It was
introduced into California in late
1880 to control the cottony cushion
scale, Icerya purchasi Maskell
(Margarodidae) in citrus orchards
(Caltagirone and Doutt, 1989).
This predator was introduced to
Egypt from California in 1902 to
control I purchasi, which was
considered at that time a serious
pest (Kamal, 1951). R. cardinalis,
as a specific predator to cottony
cushion scale, established and

widspreed allover the country. -

As a result, the population of
I purchasi has dropped to non-
economic levels and it is now rare
in Egypt. Vesey-Fitzgerald (1940
and 1953) mentioned that
R cardinalis feeds on Icerya
seychellarum (Westwood) in the
field and iaboratory, but failed to
become established when reared in
‘Seychelles and Mauritius Isiands.

However, massive infestations

with Icerya aegyptiaca (Dougias)
and I seychellarum have occurred
on various species of fruit trees
and ornamental plants (Hamed and
Saad, 1989).

According to Kairo and
Murphy (1995), in Kenya, with
few exceptions, Rodolia species
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have a host range restricted to
margarodids. - Ragab (1995), in
Egypt, compared the adaptation of
R. cardinalis on I aegyptiaca
and I purchasi to give a pattern
about the capability of the predator
to develop on different preys.
Causton et al. (2004), in Galapagos
Islands, showed that R. cardinalis
predated on Margarodes similes
Morrisom; a species closely related
to the cottony cushion scale.
Grafton ~ Cardwell et al. (2005),
in USA, studied the effect of
temperature on development of the
predator under laboratory
conditions.

It was noticed, in other current
work, that larvae and adults of
R. cardinalis were associated with
I seychellarum infested mango
trees in the field. Therefore, the
present investigation aimed to
study biological characteristics and
predation efficiency of
R cardinalis on I seychellarum
under laboratory conditions in
order to give a pattern about the
capability of this predator to
contro) this pest.

MATERIALS AND

METHODS

The experiment was carried
out in the laboratory of Bivlogical
Control, Plant Protection
Department, Faculty of
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Agriculture, Zagazig University at
temperature of 26 £ 1 'C and 70 +
5 % RH.. The stock culture of
R. cardinalis began with a lot of
adults collected from Ficus nitida
trees cultivated in Zagazig heavily
infested with I seychellarum. The
predator was reared on different
stages of I seychellarum infested
Ficus nitida leaves in Petri dishes
(10 cm diameter). Preys with
deposited eggs of R cardinalis
were transferred daily into another
Petri dishes and kept till egg
hatching. Fresh  infested leaves
were introduced as necessary to
ensure that there was a fresh
supply of the prey.

Fifty newly - hatched larvae
were kept “individually in Petri
dishes (7 cm diameter). The dishes
were provided with filter papers in
their bottoms to absorb condensed
water and to facilitate the
movement of the predator larvae.
The predator larvae were reared on
gravid females of 1 seychellarum
that were collected daily from
Ficus nitida. The prey was
carefully examined to be free from
any predators. Certain number of
the prey was introduced daily into
the Petri dishes. The predator
larvae were daily inspected using a
binocular microscope.  Moulting
dates and consumed prey were
recorded. Durations of larval and
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pupal stages as well as mortality
were considered.

After pupation and emergence
of the predator adults, females and
males were sexually distinguished.
Seven pairs of newly emerged
adults were confined each in a
Petri dish as previously described
in case of larval rearing. Adequate
numbers of the prey were offered
day after day. After copulation,
adult females and males were kept
singly, each in a Petri dish.
Number of laid eggs per female,
the incubation period of eggs,
longevity of each female and male
and consumed prey were recorded.
The obtained data were statistically
analyzed according to Snedecor

and Cochran (1987).

RESULTS AND
DISCUSSION
Biological Characteristics of
Rodolia  cardinalis  (Mulsant)

Predated on Icerya seychellarum
(Westwood)

Data presented in Table (1)
showed that the incubation period
of the eggs of R cardinalis ranged
from 5 to 7 days, with an average
of 6.2 days. The egg mortality was
not considered. Ragab (1995}
mentioned that the incubation
period of the eggs at a temperature
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Table 1: Developmehtal periods, mortality, longevity and fecundity of Redolia (= Vidalia)
cardinalis (Mulsant) predated on Icerya seychellarum (Westwood) under laboratory
conditions (Temp. 26 £ 1°C and RH 70 =5 %).

Numﬁers (1Y S Developmental periods

Biological characteristics (ln days) Mo:::glity Tty 2
. Initia) Surviving Range Mean Range Mean
Egg stage conzg;c : 50 5-7 62+0.17
Larval stage
1* instar 50 47 3-6 41024 . 600
2" imstar 47 43 3-6 . 44022 8.51
¥ ipstar 43 38 3-5 41+0.16 11.63
4™ nstar 38 30 3-7 43+030 . 21.05
Totai larval Stage 50 30 14.20 1694037  40.00
Pupsl stage 30 20 4-10 7.6+0.43 3333
Larvae - aduit 50 20 22-28 24.5+0.44 60.00
Total developmental period 28-35 30.7+£0.43
Female longevity 13 12-37 27.8+4.53 64 -138 1054+ 15.14
Maie longevity 7 9-18 13.0  1.64
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0f 25 °C and 60 % RH lasted 3 to 5
days, with an averages of 4.04 and
4,16 days when females predated
on [ purchasi and I aegyptiaca,
respectively.

The larval stage duration of
the predator ranged between 14
and 20 days, with an average of
16.9 days (Table 1). The duration
of the four larval instars averaged
41, 44, 41 and 43 days,
respectively. These results are in
agreement with those of Hamed
and Saad (1989) who found that
the larval stage period averaged
16.5 days, when the predator
reared on I  seychellarum.
According to Ragab (1995), the
duration of larval development of
R. cardinalis differed when feed
upon I purchasi and [ aegyptiaca.
He added that development of the
predator, reared on [ aegyptiaca
was relatively faster than that fed
on [ purchasi.

Mortality percentages during
the first, second, third and fourth
larval instars were 6.00, 8.51,
11.63 and 21.05, respectively
(Table 1). The total larval mortality
was 40.00 %. Kuwana (1922) in
Japan, revealed that the larval

mortality was 27 % when
R cardinalis was reared on
I  purchasi. Ragab  (1995)
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mentioned  that  the  larval
mortalities of the predator were 40
and 3.44 % in association with
I purchasi and [ aegyptiaca,
respectively.

The pupal stage averaged 7.6
days, with a range of 4 to 10 days
(Table 1). According to Ragab
(1995), the means of pupal
durations were 5.91 and 6.44 days
when the predator was reared
during the larval stage on
[ purchasi and [ aegyptiaca.
respectively.

The pupal mortality was 33.33
% (Table 1). Kuwana (1922) stated
that the pupal mortality was 47 %
when R cardinalis was reared on
I purchasi. '

As indicated in Table (1), the
total developmental period lasted
28 to 35 days, with an average of
30.7 days. The total mortality
during larval and pupal stages of
the predator reached 60 %.
Hamed and Saad (1989) reported
that the total developmental
periods of the predator were 21.9
and 22.3 days on [ aegyptiaca and
I seychellarum, respectively.
Hamed and Saad (1989) mentioned
that during the larval and pupal
stages  high of  mortality
percentages (44 and 62 %) were
recorded in association with
I aegyptiaca and I seychellarum,
respectively.
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Adult  female  longevity
averaged 27.8 days, with a range of
12 to 37 days. The adult male
longevity ranged between 9 and 18
days, with an average of 13.0 days.
Kuwana (1922) showed that when
R cardinalis was fed on
I purchasi the life span of females
" and males were 40 and 23 days in
spring and 23 and 13 days in
summer, respectively. The present
results disagree with the findings
of Hamed and Saad (1989) who

mentioned that the longevity of -

females and males fed on
I seychellarum averaged 12.8 and
8.8 days, respectively. According
to Ragab (1995), females of
R. cardinalis lived longer with an
average of 31.54 and 37.11 days
when fed on I purchasi and
1. aegyptiaca, respectively, The
males longevity were 25.73 and
32.00 days on the aforementioned
preys, respectively.

The number of deposited eggs

per predator female during its-
longevity averaged 1054 + 15.14

eggs, with a range of 64 to 138
eggs. Kuwana (1922) reported that
the female of R cardinalis fed on
I purchasi deposited as many as
5.4 eggs per day in summcr, while
in spring and autumn, sometimes,
only one egg was laid per day.
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The obtained resuits are in
disagreement with the findings of
Hamed and Saad (1989) who found
that the average egg out put of
females [ed ot [ aegyptiaca and I
seychellarum were 33.4 and 19.8 |
respectively. On the contrary,
Ragab (1995) indicated that the
average of total number of eggs -
laid by the females of R. cardinalis
throughout the oviposition period
was not affected by the type of
prey consumed by these females.

Predation Efficiency
Larvae

As shown in Table (2), the
consumption averages during the
different larval instars of the
predator were 3.00, 4.45, 6.00 and
4.55 preys for the 1%, 2, 3 and
4™ instars, respectively. Also data
showed that the 2™ and 3™ larval
instars consumed the highest
percentages of preys (11.05 and
1509 %, respectively). The
numbers of consumed preys during
different larval instars ranged
between 13 and 28 preys, with an
average of 18.0 + 0.84 preys that
represent a 45.01 % of the total
consumed preys. The larva
consuimed between (.72 and 1.56
preys daily, with an average of
1.07 £ 0.04 preys (Table 2).



Table 2: Predation efficiency of Rodolia (= Vedalia) cardinalis (Mulsant) larvae and adults
predated on Icerya seychellarum (Westwood) under laboratory conditions (Temp. 26 + 1°C
and RH 70 £ 5%).

Biological Number of daily consumed prey Total number of consumed prey %
characteristics Consumption
Range Mean Range Mean

1. Larval stage .

17 instar 0.25-1.70 0.78 + 0.87 1-6 3.00 = 030 838

2™ Instar 0.50-2.25 1.05 £0.10 2-9 445 = 0.37 11.05

¥ instar 1.00 - 2.00 1.45+0.08 4-9 600 £ (.25 15.09

4* Instar 0.25-220 1.05+£0.11 1-11 4.55 = 0.61 10.51
Total larval stage 0.72 - 1.56 1.07 = 0.04 13-28 _ 18.00 + 0.84 45.01

2. Adult stage

Female 1.03 - 1.65 1.30 £ 0.12 17-38 3140370 37.47

Males 0.50 - 1.85 0.97 +0.23 5-24 13,00 £ 3,54 17.52

900 (£) ON E€ 10A “say *oudy [ Sroipz
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Adults

Data presented in Table (2)
showed that the predator adult
female consumed an average of
31.4¢ = 2,70 preys, with a daily
rate of 1.30 £ 0.12 preys. The
predator adult male fed on an
average of 13.00 + 3.54 preys, with
a daily rate of 0.97 £ 0.23 preys.
The female and male consumed
37.47 and 17.52 %, respectively, of
the total consumed prey by the
predator. The adult female was
more voracious than male as it
consumed a greater number of prey
individuals ca. 2.42 times higher
than that consumed by the male.

On basis of the previously
discussed results, it could be
concluded that R. cardinalis has a
considerable role for controlling
I seychellarum because this
predator has a long longevity as
well as a highly predation
efficiency on I seychellarum.

REFERENCES

Caltagirone, L.E. and R.L. Doutt.
1989. The history of the vedalia
beetle importation to California
and its impact on the
‘development  of  biological
control. Annu. Rev. Entoml,
34:1 - 16.

Shahein, ef qf

Causton, C. E., Maria P. Lincango
and T. G. A. Poulsom. 2004,
Feeding range studies of Rodolia
cardinalis (Mulsant), a
candidate biological control
agent of - Icerya purchasi
Maskell in the Galapagos
Islands. Biological Control, 29
(3): 315 -325.

Grafton-Cardwell, E. E., P. Gu and
G. H. Montez. 2005. Effects of
temperature on development of
vedalia beetle, Rodolia
cardinalis  (Mulsant).  Ibid.,
32(3): 473 — 478.

Hamed, A. R. and B. Saad. 1989.
Adaptation of Rodolia cardinalis
(Mulsant) (Coleoptera:
Coccinellidae)  to  Icerva
aegyptiaca (Douglas) and lcerya

seychellarum {Westwood)
(Homoptera: Margarodidae).
Proc. First Int. Conf. Econ.

Entomol., 11: 33 - 36.

Kairo, M. T. K. and S. T. Murphy.
1995. The life history of Rodolia
icervae  “Janson  (Col,
Coccinellidae) and the potential
for use in innoculative releases
against  Icerya  pattersoni
Newstead (Hom.,
Margarodidae) on caffe. J. Appl.
Ent., 119: 487 — 49§,



Zagazig J. Agric. Res., Vol. 33 No. (3) 2006

Kamal, M. 1951. Biological
control projects in Egypt, with a
list of introduced parasites and
predators. Bull. Soc. Fouad ler

| ST ioag. AN a1
LALOMOolL., 35: 20U

1922. Studies on
Japanese Monophledinae
contribution II. The genus
Icerya. Dept. Agric. Comm.
Imp. Plant Quar. Sta., 2: 13.

Ragab. M. E., 1995. Adaptation of
Rodolia cardinalis (Mulsant)
(Col., Coccinellidae) to Jcerya
aegyptiaca (Douglas) (Hom,,
Margarodidae) as compared
with Icerya purchasi Mask. .
Appl. Ent., 119: 621 - 623.

— L&\,

Kuwana, I

603

Snedecor, G. W. and W. G.
Cochran.  1987.  Statistical
methods. 8" Ed. The Towa State
University press, Ames., lowa,
USA.

Vesey-Fitzgerald, D. 1940. Notes
on some Coccinellidae (Col.)
from Islands in the Indian
Ocean. Bull. Ent. Res., 31: 191
- 192.

Review of biological contro! of
Coccidae on coconut plants in
Seychelles. Ibid., 44: 405 — 413,



604 Shahein, ef al.

Llagdl) o Ludidd dgud 2BY) 3o LiSH g 430 ol ol (ailuaid
Icerya seychellarum A0 3 e
"daa dilge ciglall 3 Jals - 1 ol saall s e
hlas ua (ol paiddl 16~ T 30 i Dpas
'JmuSJhudyls
B Analy = do1 30 A8 ~ bl dthg padd
a0 - D Ay Eigng o
A i) BpUSH g La gl gl pathadd) Ao il Al jall el sl
Icerya ‘l,i.ni.\!l & Je Rodolia cardinalis (Mulsant) Wil ¢luiial
dggh ig dygia da 3 V£ YE e 4 cal sepchellarum (Westwood)
tok ba I Caungd %o oV A
Y £,7. L“H,l_,Ivunauﬁ“.#nMa,am,u
G, i £ g G g LN G LB et gia g
uL..S‘.,JIJ._Jlubh‘,._; riif'it‘.‘:lzf\lsof":tif-

Jﬂﬂgaﬂ@dm‘,.w.,r\u 11,4, u.i)_m”;nhui;

-

uu.._...l %\'rvru,..qum REAER DR P UINU T
M",Ify-ifi\' &MHIMCJJ;UJIMWSM
+ Y.0,¢ ’Y‘l‘-ﬂam\,gyi e YVY,A» *YHJ.-LSJHM_;.-;
(,,_i”...,\u;e w..us.;_\tu_...lr-u.ww@mu\t
hu‘,un





