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Abstract. The use of predators in biological control has been widely known to reduce pest
populations. The research aim is to determine the biology and preying abilities ladybird beetle,
a species of family Coccinellidae named Coccinella transversalis Fabricius which can be used
to mass rearing on laboratory for augmentation and conservation purpose. This study directed at
rescarch facility at Methodist University of Indonesia with descriptive methods. Samples
collecting from horticultural cultivation at Karo District, then kept in maintenance jar with
substitute food and real food Myzuz persicae as standard mass rearing technique for the
coccinellid. The results showed that egg incubation was 3.2+0.76 days. There are four instars of
larval with lifetime 2.67+0.20 days, 2.87+0.26 days, 2.91+0.53 and 3.42+0.75 days respectively.
Prepupae was 1.62+0.56 days and pupae was 3.11+0.81 days. Life period of female was
35.05+3.80 days and male 25.75+3.14 days. The female potential produce egg was 118.4+20.14
eggs and percentage of egg hatching 85.0+£6.37%. The survival rate from larvae to imago was
48.8+5.84%, which means half of the larvae succeeded becoming an imago. Preying abilities for
aphid at larva instar I until instar IV, female and male were 24.55+3.28, 44.55+6.63,
89.90£13.41, 174.50+£27.7, 973.67+29.21 and 786.31+14.77 aphids respectively.

1. Introduction

Coccinelids or ladybird beetles (Coleoptera; Coccinellidae) congiits of many species and some of them
predatory on other insects [1]. In the world found 3000 types of the family distributed across many
countries and most of coccinellids are predators on coccids and aphids, some of them feed on acarines
or aleurodicus [2]. There are 5200 species of Coccinellidae predators that have been identified in the
world [3] and estimates there are 5000 species of Coccinellidae predators worldwide [4]. It was recently
reported that there are 6000 species of Coccinellidae predators are found in found in many places such
as mountains, beaches even in urban areas [5]. The Coccinellids commonly preys insect pest on eggs or
larvae stage. There is a specific relationship between predators and their prey [6].

The predator Coccinella transversalis Fabricius is a member of the family Coccinellids which
ordinarily tracked down plentiful in Asia, benefiting insects to control aphids on horticultural plants like
vegetables [7]. They are the most regularly referred to use as helpful insects because of their real role as
a predator of pests in the larval and imago stages. The pests that become their prey are coccids, aphids
and other delicate-bodied bugs [8]. In many countries, coccids and aphids are considered potential pests
of plants. Both nymphs and adult stages can damage plants by sucking plant fluids on leaves, stems,
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buds, flowers, fruit and shoot. This causes the economic value of crop production to decrease in terms
of quantity and quality. Various studies have reported that C. transversalis was found as a predator on
coccids and aphids in various countries, among others Sri Lanka India, Indonesia, Nepal, New Zealand,
Bangladesh, Indochina and Australia [9].

In Indonesia, C. transversalis is commonly found in vegetable plants such as chili, cabbage, tomato,
and potato. It was reported that C. transversalis found in several production centers of chili in West
Sumatra Province [ 10]. Meanwhile, there were found five species of ladybird beetles on chili plantations
in Sleman District and one of them is C. Transversalis [11]. Previously reported that C. transversalis
was found in several centers of chili, potato and cabbage cultivation in Sumatera Utara like Simalungun
and Karo District, Sumatera Utara Province [12,13]. Besides having a cosmopolitan distribution pattern,
C. transversalis is able to prey on many species of insects from the order Hemiptera or Homoptera, but
in general it is a delicate-bodied insect such as aphids or mites.

C. transversalis preysgEl 12 species of aphids from order of Hemiptera and genus Aphididae such as
Aphis craccivora Koch, Aphis nerii Boyer de Fonscolombe, Aphis gossypii GB{er, Lipaphis erysimi
Kaltenbach, Hysteroneura setariae Newstead, Rhopalosiphum maidis (Fitch), Uroleucon compositae
Theobald, Hyadaphis coriandri Das, Rhopalosiphum nymphae Lin., Myzus persicae,Sulzer,
Macrosiphum rosae Lin., and Hyadaphis coriandri Das [8,14,15)]. C. transversalis also prey thrips,
coccid and mites like Bemisia tabacci, Thrips parvispinus, Lepidosaphes beckii [15,16]. The preying
abilities of C. transversalis both on larval or imago stages is high. Its reported that in one day, the imago
of C. transversalis can prey the nymphs stage of B. tabaci, M. persicae and A. gossypii were 48, 20 and
23 respectively [16].

However, environmental factors greatly affect the success of gfgdators as biological control agents
to reducing pest populations in agroecosystengggl he meaning of biological control is the use of natural
enemies of pests to control pest populations. Natural enemies of these pests can parasitoids, predators
or pathogens [17]. In order to effectiveness using coccinellids as a natural agent in pest management
programs, complete research on biological characteristics and preying abilities is urgently needed [18].
On pest management strategies, biological control is the main component. Pest management concept
development is emphasized on non-chemical control systems by optimally utilizing the biotic mortality
factors of insect pests. Optimization of natural enemies of insect pests is carried out through
augmentation and conservation by releasing and providing a supportive environment for natural enemies
to be able acting as biotic mortaliggfactors, so that insect pest populations can be kept at a low level.

Many researches reported that C. transversalis can often be attributed to the same plants and feed on
the same insect species both larval and imago stage [19]. According to the previous reports, the imago
stage of C. Transversalis was fed both substitute foods and aphid as essential food. The larval stage
more like feed aphid as essential food than substitute food, so development of larval was quickest and
larval survival was highest. [20].

These biological characteristics study and preying abili? of C. ransversalis will be useful to help
us understand the characteristics of these predators so that their potential to be developed as biological
control agents can be identified. The study about ecological factors that affect the life of predators, a
life-cycle and others internal factor will be important information in understanding the population
dynamics of these predators in agricultural ecosystem [21]. In another study, it was reported that C.
.'ran.wer.mc is not potential as biological agent if compare to Menochilus sexmaculatus (Fabricius) to
control Aphis craccivora (Koch) (Homoptera: Aphididae), M. persicae (Sulzer) (Homoptera:
Aphididae) and Aphis gossypii. But in other case C. transversalis results functional responsiveness to
prey M. persicae and 4. Gossypii. Both of these predators have functional response as potential predator
[22] The study of aspect biology expected will provide information about the relationship between
biological agents and pests as their prey which can be used as the basis for applications in field.

15
2. %aterials and methods
This study was directed at research facility Faculty of Agriculture, Methodist University of Indonesia,
Medan, North Sumatera, Indonesia during July until October 2021. Both larval and imago stage of C
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transversalis collected in large quantities from agricultural land which planted with potato, cabbage and
chili field at Karo Highland. All larvae and imago of ladybird were collected from the field were reared
in a glass jar covered (15L x 15W x 25H) with a muslin cloth to obtain the number of eggs needed in
the study. The standard insect rearing technique adopted from research by Elekcioglu [23,24]. To supply
the M. persicae population as a feed for predatory beetles, in the experimental area around the
Laboratory, several eggplant (Solanum melongena) and chili (Capsicum annum) plants were planted
that were already attacked by aphids.

Adult beetles, both male and female, were collected from designated farms, then separated and put
into maintenance jars which filled with Portulaca grandiflora plant. This plant serves as a place to live
for ladybird beetles. "mobtain eggs, a pair imago put into each observation jar. The eggs produced from
each observation jar were counted and placed in the Petri dish to observe the hatching time. There are
totally 160 eggs collected. The data of hatching time indicates the period of egg incubation. The
percentage of egg hatching also recorded. First instar of larvae obtained when the eggs hatch and then
the larvae separated into another Petri dish to record the length of the first instar larval stage. The first
instar duration calculated from the time of egg hatching to ecdysis. And then the survival larvae were
recorded. The second instar recorded also like the same method. Similarly doing to other instar, pre-
pupal period, pupal period and survival rate from first instar of larva until imago stage also recorded. To
support the development of insects given the real food M. persicae and substitute food.

The data about development period of every stage were recorded. Likewise, observation of the
percentage of predators alive at each was calculated. After the larval stage is complete, it enters the
prepupa stage and continues with thggpupa stage. Observation pupae were kept undisturbed in Petri dish
until the emergence to imago stage. The duration of the prepupae and pupal stages was recorded as well
as the percentage of pupae that turned into imago. The results of these observational data will be used
in compiling a life-specific table of C. transversalis. The adult characteristic also observed like mating
activity, oviposition, fecundity and feeding activity. During the study the room temperature was
maintained at 26=1°C.

3. Results and discussion

3.1 Biology of predator C. transversalis

The female lays eggs on portulaca grandiflora plant leaves in observation jars in groups ranging from
5 to 26 eggs. Newly laid eggs are bright yellow, round in shape and laid in rows in groups, and then
changes color to opaque yellow or grey before hatching. Egg size varies from the aspect of length and
width. There are between 0.76 mm until 1.02 mm in length (0.85+0.06), and between 0.22 until to 0.43
mm in width (0.37+0.06 mm. The length of time for hatching eggs is between 2.2 until 5.4 days
(3.2+0.76 days). Observations of the eggs showed that there are about 15 percent of the eggs did not
hatch, while the percentage that hatched was 85.00+6.37 percent. In general@glie female lays eggs at
night or early in the morning. Under laboratory conditiorﬂeponed that egg meubation period varied
between 2 until 5 days with an average 2.80 + 0.76 days at a temperature of 27°C and 79 % relati
humidity [25]. Other research states that the hatching period of eggs is strongly influenced %
environmental factors such as temperature and humidity. Another research shown reported that t
incubation period of eggs is more influenced by environmental factors such as humidity and
temperature, while the availability of food is less influential. The higher the temperature, the faster the
incubation period [25].

There are four instars of the larvae of C. transversalis. The first out was the visible head of ae,
then his legs followed slowly out of the eggshell until all of the abdomen parts. It happened m the
hatching process of eggs into larvae. For the larvae's first instar, it was dark at the head capsule and fine
spines covered its thorax and abdomen. There are nine segments that compose the larvae. It was coming
out black. Forthe larvae's second until fourth instars, fourth and sixth abdominal segments had yellowish
spots with black as the base color. For the C. transversalis larvae's third instar, compared to the second
instar, there was a larger spiny structure in the third instar. Except for the bigger size, the appearance of
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it was similar to the second instar generally. The dark black color was visible after the larvae's third
instar was freshly molted. The more intensified color pattern was visible as well on the mid-dorsal line
except prothorax with additional orange transverse patches development of other segments.

Because of larvae's body was coated in a layer of wax, the skin will be grey when it is time to
exchange. From the first instar to the pupae, a larva's size gradually increased until it reached its largest
size before contracting toward the pupae, known as stadia prepupae. The spines (seta) also became
shorter as the larvae grew older. Table |1 shown the size and lifespan of each stage beginning with the
first instar of larvae and continuing until the prepupae stage.

The newly formed adults had soft bodies, light yellow, but has no black spots yet. The more mature,
the yellow color gets brighter towards orange and the black spots start to appear firm. The adult ladybird
beetle was medium in size, had an elongate oval, convex shape to its body, and had a black head. Males
were physically smaller than females. In order to lay eggs, the last abdominal segment of
male beetles was rounded, whereas it was pointed in females. The measurements of the adult male and
female hodies' length and width of C. transversalis displayed at Table 1.

Table 1. Body size and life period of C. Transversalis.

Stage size average (mm) period (day) period average (days)

Male 4.76x0.17(length) 22-36 25.75+3.14
3.11+0.15(width) -

Female 5.46+0.19(length) 32-48 35.05+3.80
3.30+0.14(width) -

Pupae 4.76+0.16 (length) 1.8-4.1 3.11+0.81
2.53+0.12 (width) -

aepupae - 1.0-2.0 1.62+0.56

Larvae instar I 1.50+0.08 23-32 2.67+0.20

Larvae instar I1 2.96+0.12 24-35 2.87+0.26

Larvae instar Il 4.5040.47 21-44 2.9140.53

Larvae instar [V 5.82+0.19 32-60 3.4240.75

The table 1 showed the duration every stage of C. fransversalis. The female and male of imago have
a different length of lifeglhis observation shows different from the other the study reported that the
larval stage instar [ are 2.43 & 0.19 days; instar II are 2.53 £0.19 days; instar II[ are 2.64 + 0.04 days and
instar [V are 2.77 + 0.21 days. While the life period of female is 15.14+1.90 days and male is 13.63+1.00
days [22]. Relatively similar result was reported that if given prey is 4. nerii, the life period of female
42.5 days and male is 35.8 days [17]. It appears that the type of prey or food greatly affects development
of the larval stage and life period of imago C. transversalis. Each prey provides different nutrients for
larvae and imago. However, food with good nutrition will support larval development and oviposition.
Both imago and larvae prey pests. Based on the predator development data above, it shows that there
are good prospects to be developed as potential biological agent to control aphids. Both larval stage and
imago stage have a long life period. The survival rate of C. transversalis life from first instar of larvae
until imago is 48.8+£5.84%. There are 126 larvae first instar obtained from 160 eggs. At each instar
change, the larvae are very susceptible to death during ecdysis. The larval and egg stages have
the highest mortality rates. This demonstrates how environmental variables like humidity and
temperature strongly affected for every stage of insect. There were 36 female and 25 male imagoes out
of the total 61 imagoes produced during maintenance, ranging from egg toimago. The sex ratio
recorded about 1.0: 1.54, it means there were more females than males, which indicates that population
growth may occur quickly because imago males can reproduce with multiple female imagoes, and
each female can lay fertile eggs. The stadia of C. fransversalis show at Figure 1.
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Figure 1. Development stage of C. transversalis (a) eggs (b) larvae (c) pupae (d)
imago.

The results also showed that the pre-oviposition period of female is 3.26 + 0.45 days, longer than
another research 2.67 £ 0.58 days [22], and faster when compared on different prey such as M. persicae
A. eraceivora, and L. ervsimi Whil:l‘a 5.74 days, 5.50 days; and 5.22 days respectively [8]. During their
lifetime, the female has potential to produce eggs named fecundity abouygyl18.40+20.14 eggs. The
fecundity strongly affected by genetics and environments like microclimate, amount and quality of feds.
Research reported that capability Coccinella sp. producing eggs about 150 eggs during the female life
[26]. The cause of not achieving the potential to produce eggs in female beetles is caused by the
condition of rearing jar inadequate to the development of these predators. With natural feeding,
Coccinella transversalis producing 234 — 467 eggs under maintained conditions in the laboratory [8].
Female beetle can lay as many eggs as 90.44 £ 14.38 eggs with an oviposition period that is 8.97+ 0.89
days [22]. It is clear that the ability to produce eggs is strongly influenced by natural food and the length
of the oviposition period.

3.2 Preying abilities of C. transversalis

The preying ability of every stage are distinct from one to another. The first, second, third, and fourth
instars all had predatory potential that ranged from 19.5t029.0 aphids, 38.5to 55.5 aphids,
64.8 to 122.6 aphids, and 128.0 to 256.5 aphids, respectively. Total preying ability of all larval stage
was between 299.5 to 471.8 aphids. In comparison to larvae, the adults showed more response during
feeding the prey. Compare to the male, the female prey on more aphids overall. The preying ability of
female and male were 973.67429.21 aphids and 786.31+14.77 aphids, respectively. The
average preying ability by predator at each stage describe at figure 2.

In comparison with other research, the total prey consumption by imago is greater than all larval
stages. Preying ability by larval stage, female and male during their lifetime was maximum 665.30 +
5.75;5412.30+94.51, and 4831.10 + 123.54 respectively on prey 4. gossypii and 434.80 £4.03 ; 905.20
+ 52.48, and 802.80 + 34.37 and respectively on prey 4. nerii [27].
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Preying abilities of C. transversalis

instar| W 24.2543.28

instar [| I 44.55£6.63
instar 1l 89.9+13.41
instar IV I 174.5£27.70
fernale | 973.67+£29.21

male I 786.31£14.77

0 200 400 600 800 1000 1200
Figure 2. Average prey number of predators for each stage C. rransversalis.

4. Conclusion

Ladybird beetle C. transversalis has the potential to be developed and employed as biological agents,
according to the biological study and preying abilities because of the C. transversalis female has
a longer lifetime than the male. For female, it was 54.15+10.31 days, while for male, it was 43.35+6.97
days. The C. transversalis has 48.8+5.84% chance of surviving life from first instar of larvae until imago
stage. The female able to laying eggs as much as 116.40+20.14 eggs during the lifetime.
Compared to the larvae, the adults showed a greater response during feeding. Preying abilities of female
and male was 973.67+£29.21 and 786.31£14.77 aphids respectively. The female consumed more aphids
than the male.
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