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This study was carried out on four apple cultivars including Ambassy, Cevaal, Golden and Topred in Konya province in 2007—
2008. Fecundity, the relations between the body size-fecundity, body size-egg size and population density-fecundity of
Bituberculate scale (Palaeolecanium bituberculatum (Targ. and Tozz.) (Homoptera: Coccidae)) were investigated. Fifty
females were collected from each apple cultivar and fecundity and female body scale dimensions were determined for each
female separately. Also population densities on each cultivar and egg size of different females were measured. Average
fecundity of Ambassy, Cevaal, Golden and Topred cultivars was respectively observed as 897 (285-1730), 956 (317-1622),
613 (136-1257) and 761 (186-1254) eggs. When data from all apple cultivars regressed together, the correlation coefficient for
the body height, length and width - fecundity was calculated as r>=0.73, r>=0.63 and r?=0.62, respectively. Multiple regression
of female scale width, length, height and fecundity yielded the highest coefficient (r’>= 0.83). The degree of regression between
body dimensions and fecundity varied based on cultivars and separate assessments for each cultivar yielded better outcomes
than combined assessments. The correlation coefficient between population density-fecundity was r?=0.831, but the relation
was not significant because of low sample size (F (1,2) = 9.852, p = 0.088). There weren’t any significant relations between

fecundity-egg size and between female scale size-egg size of bituberculate scale.
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INTRODUCTION

Bituberculate scale, Palaeolecanium bituberculatum (Targ.
and Tozz.) (Hemiptera: Coccidae), which has a wide
distribution in Czech Republic, Poland, Germany, France,
Russia, Yugoslavia, Romania, Hungary, Italy, Denmark,
England, Holland, Sweden, Afghanistan, Iran, N. Africa and
Turkey, is a common Palearctic species (Kosztarab and
Kozar, 1988). The nymphs of the Bituberculate scale, which
gives one generation per year, generally feed on leaves and
adults on thin branches, overwinters in egg stage, nymphs
disperse on leaves after the blooming period, females migrate
to branches at the end of June and start egg laying beneath the
scale from August to the end of October and each female lays
283-1003 eggs (Kosztarab and Kozar, 1988). Palaeolecanium
bituberculatum is an economically important pest on pome
and stone fruits and all Rosaceae (except Juglans and Corylus
genera) species are among the host of this pest, the most
important damages are seen on apple trees (Kozar et al., 1979;
Lodos, 1986; Okul et al., 1987; Kosztarab and Kozar, 1988;
Anonymous, 1995). The large population of the pest cause
damage by feeding on plant sap, reducing vigour, producing
chlorotic areas on leaves, premature leaf drop, killing the
shoots and branches and ultimately leading to decrease both
in quality and quantity of the fruit. There is less honeydew
production in Bituberculate scale compared to other scale

insects (Lodos, 1986; Anonymous, 1995; Tuncer and Ogur,
2009).

Even though P. bituberculatum is widespread in Turkey, there
have been quite a few studies on this pest and most of them
are systematicals and faunisticals (iren and Okul, 1974; Kozar
et al.,, 1979; Yigit and Uygun, 1982; Okul et al., 1987;
Ozgokee, 1995; Ozgokee and Yasar, 1995; Erol and Yasar,
1996 & 1999; Ozgokge et al., 1999; Ulgenturk and
Canakgioglu, 2004; Vurus and Erler, 2004; Zeki et al., 2004;
Kaydan et al., 2007). Furthermore, when international
literature is surveyed, it is found that there is limited number
of research on this pest.

The relationship between fecundity and body size has been
well known in insects (Honek, 1993). There were lots of
studies about the relations between population density and
fecundity, population density and egg number, body size and
fecundity of scale insects on different plant varieties (Speight,
1994; Lo, 1995; Loch and Zalucki, 1997; Wakgari and
Giliomee, 1999). The body size and fecundity of an insect are
one of the important criteria expressing the sensitivity or
resistance of plants to that insect. Another sign indicating
plant resistance against insects is the occurrence of small
adults with low reproductive capacity (Pedigo, 1996). This
relationship can also provide a quick and easy tool to estimate
the fecundity of many pests. Many scale insects lay their eggs
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beneath the body of female scale and these eggs must be
counted individually to determine the fecundity.

The aim of the present study was to investigate the fecundity,
the relations between population density-fecundity, the
female body size (length, width, height)-fecundity and
number of eggs-egg size of Bituberculate scale on four apple
varieties.

MATERIALS AND METHODS

The Bituberculate scales were collected from four apple
cultivars organically grown in Sarayéni town of Konya
province, Turkey. Experimental orchard has a size about 3600
m?, and located at 1076 m elevation. The orchard is composed
of four apple cultivars (Ambassy, Cevaal, Golden and
Topred) on 1250 trees. The dwarf apple trees were six years
old and grafted on M9 rootstocks. A stereomicroscope
(Olympus Sz61) and ocular micrometer (Olympus, 0.01 mm)
was used to measure the egg sizes (width, length), a digital
caliper (Mitutoyo, CD-15CPX) was used to measure the body
size of adult female scale insects.

The 2-3 years old infested branches were cut with pruning
scissors, labeled, put into plastic bags and taken to the
laboratory in February. From each apple cultivar, 50 females
and a total of 200 females which were dead and full of eggs
beneath their scales were sampled randomly. The scale of the
female was removed gently and eggs were put in 9 cm
diameter petri dishes. Afterwards, size of the scale of the
female (width, length, height) was measured by a digital
caliper (£1%). Eggs of each female were counted individually
under a stereomicroscope with the aid of a brush and number
of eggs was recorded. This was repeated for 50 female scales
in each apple cultivar and average fecundity was determined.
In order to determine the relation between body size-
fecundity, regression analysis was performed on resultant
data of 200 females (number of eggs, body size (width, length,
height)). The regression between fecundity and each body
size were analyzed separately to determine which body size is
more closely related with fecundity. In addition, multiple
regression analyses were conducted to examine the
relationship between fecundity and three body measurements

(width, length and height). Fecundity was considered as
dependent and body measurements as independent variables.
Two branches (20 cm long) at 0-2 m height of tree canopy and
each of four cardinal directions of 10 trees from each of four
apple cultivars were sampled randomly and population
density was estimated on the basis of the number of the scales.
The number of eggs of 50 adult females which were chosen
randomly from these branches for each apple cultivar was
determined. The relation between population density-
fecundity was analyzed by regression.

In order to determine if there was a significant difference in
egg sizes (width, length) of females which laid different
number of eggs, 5 females which were dead, full of eggs
beneath their scales and the number of eggs ranged 200-1400
from each apple cultivar (totally 20 females) were selected.
They were selected from among the females of previous trial
that their number of eggs were determined under a
stereomicroscope. After that, width and length of the 20 eggs
(totally 20x20=400 eggs) which were selected randomly from
each female were measured. Regression analyses were
conducted to determine if there was a relationship between
fecundity and egg size. All statistical analyses were carried
out with SPSS 16.0 and means were compared by using
Tukey test.

RESULTS

Fecundity and body size of P. bituberculatum: The average
fecundity on Ambassy, Cevaal, Golden and Topred apple
cultivars were respectively observed as 897.98+49.23;
956.34+51.44; 613.22+35.79 and 761.44+38.57 eggs on
apple cultivars aforementioned respectively. Accordingly, the
highest number of eggs were observed on Cevaal, and the
least on Golden cultivars. Regardless of the apple cultivar, the
result of the measurement conducted in 200 females showed
that a female laid an average of 807.25+23.89 eggs (ranged
from 136 t01730) (Figure 1).

Although the differences between fecundity in Cevaal and
Ambassy were not significant (P>0.05), it was found that they
were significantly different from Topred and Golden

Table 1. Population density, fecundity and mean values of female body size of Palaeolecanium bituberculatum on
different apple cultivars (mean + SE, n= 50 for each cultivar).

Apple cultivar Population density Fecundity Mean values of female body size (mm)
Mean Min. Max. Width Length Height
Ambassy 12.03+0.87AB 897.98+49.23 A 285 1730  4.68+0.07B  5.85+0.09 B  3.10+0.07 B
Cevaal 6.38+0.33 B 956.34+51.44 A 317 1622  4.98+0.06 A 6.16+0.09 A 3.34+0.06 A
Golden 16.51+0.94 A 613.22+35.79 C 136 1257  4.10+0.08C  5.08+0.10D 2.74+0.06 C
Topred 13.82+0.99AB 761.44+38.57 B 186 1254  4.48+0.06 B 5.42+0.10C 2.97+0.06 B

* Within columns, means followed by the same letter are not significantly different (P<0.05)
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Figure 1. Frequency distribution for fecundity of Palaeolecanium bituberculatum on different apple cultivars.

(P<0.05). Furthermore, the differences between fecundity in
Topred and Golden were significant (P<0.05) (Table 1).
Similar results with fecundity were obtained for body size
parameters. The descending order of width, length and height
was; Cevaal, Ambassy, Topred and Golden. There was no
significant difference between Ambassy and Topred with
respect to width and height (P<0.05), but significant
differences were observed in body size parameters of other
cultivars (P<0.05) (Table 1). Regardless of the apple cultivar,
the width of the female scale ranged between 4.10-4.98 mm,
length ranged between 5.08-6.16 mm and height ranged
between 2.74-3.34 mm. Consequently, it was observed that as
the female body size increases, the number of eggs laid by
female increased too.

Relationship between fecundity and body size of P.
bituberculatum: When apple cultivars were not taken into

consideration, the correlation coefficient for the body width,
length and height-fecundity were respectively calculated as
r’=0.617, r>=0.630 and r?=0.733. Multiple regression for
female scale width, length, height-fecundity, the correlation
coefficient was r?=0.830. The regression equations for body
size parameters and fecundity were provided in Table 2.
Hence, the most effective factor on estimation of fecundity
was identified as height and followed by length and width,
respectively. The highest value for estimation of fecundity
was reached when all three parameters evaluated together and
multiple regression was conducted.

When all cultivars evaluated in itself to prevent the possible
variations derived from the apple cultivars, similar results
were obtained from the regression between fecundity and
body size. The results indicate that the height of the female
scale was closely correlated with fecundity. When all three

Table 2. Relationship between the body size and fecundity of Palaeolecanium bituberculatum.

Body size n Regression equation r Fa.198)
Width 200 y =441.18x — 1206.4 0.617 319.431 (p<0.01)
Length 200 y = 329.76x — 1050.2 0.630 338.318 (p<0.01)
Height 200 y = 555.98x — 884.15 0.733 544.240; p < 0.01)
Width, Length, Height 200  Fecundity = - 1415.029 + 153.117 0,830 (F(s.100) = 315.618;
(W = Width, L= Length, H= Height) W+ 87.294 L + 339.128 H p <0.01)

383



Ogur & Tuncer

parameters (width, length and height) evaluated together in
order to estimate the fecundity, the correlation coefficient was
higher than when all three parameters evaluated separately
and correlation coefficient was observed as 0.809, 0.831,
0.901 and 0.835 for Ambasy, Cevaal, Golden and Topred,
respectively. When the correlation between fecundity and
body size evaluated separately depending on apple cultivars,
the regression coefficient was found to be higher than
combined assessments.

Table 3. Relationship between the body size and fecundity
of Palaeolecanium bituberculatum on different
apple cultivars (n= 50 for each parameter).

Apple Body size r Width, length,
cultivars height (r?)
Ambassy Width 0.5221 0.809
Length 0.5729
Height 0.7012
Cevaal Width 0.6355 0.831
Length 0.5724
Height 0.6610
Golden Width 0.6749 0.901
Length 0.6547
Height 0.7739
Topred Width 0.5532 0.835
Length 0.5865
Height 0.6947

Relationship between population density and fecundity: So
as to determine the population density, among 1250 apple
trees in orchard, 10 trees from each of four apple cultivars
were sampled randomly. The population densities on
Ambassy, Cevaal, Golden and Topred cultivars were
respectively observed as 12.03+0.87, 6.36+0.33, 16.51+0.94
and 13.82+0.99 adult insect/20 cm branch. While the
differences between Golden and Cevaal were found to be
significant (P<0.05), there was no significant difference
between the others (P<0.05). For each apple cultivar, the
correlation coefficient for average population density-
fecundity was calculated as r>= 0.831, however, due to the low
absolute frequency, there was no significant relation between
population density and fecundity [F (1,2) =9.852, p =0.088)].
Nevertheless, it was remarkable that the average fecundity
was the highest on apple cultivar with the least population
density and the least on apple cultivar with the highest
population density.

Relationship between fecundity and egg size of
Palaeolecanium bituberculatum: The mean fecundity of 20
females which were selected for egg measurements was
869.05+82.72, mean egg width was 0.2537+0.0000 and mean
egg length was 0.4574+0.019. As a result of the regression
analysis, it was determined that the correlation between
fecundity and egg width [F (1,19) = 4.220, r?2=0.190, p =
0.055] and egg length [F (1,19) = 0.392, r2=0.021, p = 0.539]

was just coincidental (Figure 2). In other words, there are no
significant difference between the egg sizes (width, length) of
the females which have different fecundity (P<0.05). The
correlations between egg width-Bituberculate scale width,
length, height (r? = 0.244, F(3,16) = 1.720 , P = 0.203) and
between egg length- Bituberculate scale width, length, height
(r?=0.009, F (3,16) = 0.047, P = 0.986) were not significant.
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Figure 2. Relationship between fecundity and egg size of
Palaeolecanium bituberculatum.

DISCUSSION

Results of the study indicated that the fecundity of
Bituberculate scale varied between apple cultivars. When the
difference between the fecundity was compared, no
significant difference was observed between Cevaal and
Ambassy (P<0.05) but the others were significant (P<0.05).
The maximum mean fecundity by an individual female of
Bituberculate scale was recorded on Cevaal with
956.34+51.44 (317-1622) eggs and the least was on Golden
with 613.22+35.79 (136-1257) eggs. The egg counts
conducted in 200 females revealed that a female laid an
average of 807.25+23.89 eggs. An average of 1000 eggs were
recorded by Goantsa (1966) in Moldova. Vashchinskaya
(1969) indicated that number of eggs varied between 404.6-
470.3 on different apple cultivars, Iren and Okul (1974)
determined that female produced at least 310, maximum 1005
and an average of 663.5 eggs. Okul et al. (1987) reported that
female of Bituberculate scale laid 646+46.008 eggs (181-
1310) on apple trees on the first year and 671+51.772 eggs
(288-1253) on the second year. Erol and Yasar (1999)
determined that a female laid an average of 259 eggs (14-646)
in a study which they were carried out in Van province. While
the fecundity of Bitubeculate scale reported here is generally
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similar to that found by other researchers mentioned above,
some were lower than the present study. The differences in
fecundity is normal due to the fact that biotic and abiotic
factors like food variety, climate conditions, population
density and number of eggs obtained from bituberculate
females collected from their natural habitats. Andreev and
Kutinova (2004) reported that three species of scale insect had
different population density on different apple cultivars and
cultivars showed different resistance to infestation by scale
insects. Field evaluations showed differences in the
susceptibility of avocado cultivars to Protopulvinaria
pyriformis (Cockerell) (Homoptera: Coccidae) and it was
detected that females which had large scales produced more
eggs (Meijer et al., 1989). Qin et al. (2011) studied the effects
of four host plants on the biology of the mealybug
Dysmicoccus neobrevipes (Hemiptera: Pseudoccocidae) in
laboratory conditions and determined that fecundity was
significantly varied on different host plants. Likewise, the
effect of six host plant species on bionomics of the mango
mealybug Rastrococcus iceryoides (Hemiptera:
Pseudoccocidae) was studied in the greenhouse and the
results illustrated that fecundity of the mealybug differed
significantly among the host plants (Tanga et al., 2013).
These studies showed that a higher fecundity occurred when
insects fed on more favoured hosts than on less favoured or
resistant varieties.

The difference between the cultivars may indicate the
differences in development performance of P. bituberculatum
on these cultivars. On the other hand, such a conclusion may
mislead without knowing the initial population of each
cultivar in the orchard based on data obtained from unchecked
and natural conditions. The maximum fecundity was
observed on Cevaal with the least population density and least
fecundity was observed on Golden with the highest
population density. Such findings suggested that there could
be a relationship between fecundity and population density.
The correlation coefficient between population density and
fecundity was r? = 0.831, however, the correlation was not
found to be significant due to insufficient replication.

Insect herbivores can increase fecundity by increasing adult
female body size (length or mass). In scale insects, adult
female body size can influence the fecundity and often it can
be affected directly by the host plant quality and insect
population density (Simbiken, 2014). When the correlation
between cultivars evaluated depending on female body size
(width, length, height), there was no correlation between
Ambassy and Topred with regard to width and height
(P<0.05), but the others were significant (P<0.05). The
differences between female scale length of all four cultivar
were significant (P<0.05). The analyses to determine the
relations between body size and fecundity revealed the
highest correlation between height and fecundity (r? =
0.7332). In other words, it was determined that height was
73.3% effective on the estimation of fecundity and followed

by length (r? = 0.6308) and width (r? = 0.6173), respectively.
The highest value was reached when multiple regression was
conducted between all three parameters and fecundity. In
other words, width, length and height were 83.0% effective
on the estimation of fecundity. When the correlation between
fecundity and body size evaluated separately depending on
apple cultivars, it was established that the correlation between
fecundity and body size (width, length, height) was positive
(P<0.05), the regression coefficient ranged between (r?)
=0.809-0.901. Speight (1994) reported that adult females of
Pulvinaria regalis Canard (Homoptera: Coccidae) at
oviposition were bigger in size when they were in low density
populations than those in high densities. Such a case indicate
that because of intraspecific competition in the nymphal
stage, larger females were more fecund and produced larger
eggs than smaller females and the adult size-fecundity
relationship was of sigmoid form and there was no difference
between host tree species depending on reproductive
potential. Lo (1995) investigated Ceroplastes destructor and
C. sinensis (Hemiptera: Coccidae) which were sampled in
citrus orchards to determine their size, fecundity and observed
significant correlations between fecundity and size (r>= 0.83-
0.90, respectively) in both scale and reported that both the size
and density of adults need to be measured to estimate egg
production. Ben-Dov (1970) and Schneider et al. (1987)
concluded that the volume of the Ceroplastes floridensis
(Hormoptera: Coccidae) scale was influenced by the host
nutritional value and population density and reported a strong
correlation between scale volume and fecundity and a
negative correlation between population density- scale body
size and fecundity. Wakgari and Giliomee (1999) determined
that size (width and length) and fecundity of Ceroplastes
destructor on two different hosts were positively correlated
(r?= 0.84 and r?= 0.77) and also reported that the width and
length of the female scale varied between hosts. Washburn et
al. (1985) performed laboratory tests on Pulvinariella
mesembryanthemi (Vallot) and reported that scale body size
and fecundity were inversely related to density, indicating
intraspecific competition. Loch and Zalucki (1997) indicated
that adult fecundity correlated significantly but weakly with
adult length and its variance decreased weakly with
increasing density. The morphometric studies showed that the
body size of R. iceryoides was greatly influenced by the host
plant type on which the mealybug was reared. Adult female
body length and width were significantly varied on different
host plants (Tanga et al., 2013). Ong et al. (2014) revealed
that the fecundity of yellow lac scale, Tachardina aurantiaca
(Hemiptera: Kerriidae) increased remarkably with increase in
female body size with r> = 0.59 (p < 0.05) and larger sized
female produced significantly more crawlers (F1,98 = 141.41,
p < 0.05). Similar results were obtained between the adult size
and fecundity in other similar studies. Lots of studies were
carried out in many insect species from different order and
family and it was determined that fecundity was positively
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correlated with adult size (Honek, 1993; Garcia-Barros, 2000;
Logan et al., 2001; Jimenez-Perez and Villa-Ayala, 2006;
Riddick, 2006).

In the present study, similar to results above, it was
determined that there was a positive correlation between body
size of female scale and fecundity. It was concluded herein
that when the data were evaluated separately according to the
cultivars, the relation between female body size and fecundity
could be estimated more accurately.

In this study, the relation between fecundity and egg size
(width and length) of P. bituberculatum was also investigated
and it was determined that the size of the egg was not
influenced by fecundity, indicating no reduction in quality of
eggs produced by female insect depending on the increase or
decrease in number of eggs. Similarly, it was found in this
study that the egg size was not influenced by female body size
and the regression between fecundity-egg size and between
female body size- egg size was not significant.

Conclusion: These results revealed that; the fecundity was
varied among cultivars, however, when comparing different
species and varieties the fecundity and population density
need to be evaluated together, the fecundity decreased with
increasing population density and a positive correlation
between fecundity and female body size, the independent of
egg size from female body size and fecundity was observed
in P. bituberculatum.
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