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Abstract. Rezeki MS, Harahap IS, Sartiami D, Irmansyah, Watson GW. 2021. Identification key to nymphal and adult mealybugs 
(Hemiptera: Pseudococcidae) associated with dragon fruits in Indonesia. Biodiversitas 22: 3113-3118. Dragon fruit (Hylocereus spp.), 
belonging to Cactaceae family, is one of the horticultural commodities being developed in Indonesia for export. Phytosanitary 
regulations require that fruits for export must be free from diseases and pests, including mealybugs (Hemiptera: Pseudococcidae). 

Mealybug species commonly found on dragon fruits in Indonesia are Ferrisia virgata (Cockerell), Phenacoccus solenopsis Tinsley, 
Planococcus minor (Maskell) and Pseudococcus jackbeardsleyi Gimpel & Miller. Species-level identification of these insects in the 
nymphal phase is difficult due to the limited number of identification keys available, so it has been necessary to create an identification 
key to nymphs of mealybug species found on dragon fruit. A dichotomous identification key was constructed based on microscopic 
morphological characteristics of the cuticle. Thus, the four species can be differentiated based on general and unique characteristics of 
each species in the nymphal and adult stages. The diagnostic features that can be used to separate the four species in the nymphal phase 
are the presence or absence of: discoidal pores around the eyes; anal lobe bars; tubular ducts on the dorsum; and a denticle on each tarsal 
claw. 
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INTRODUCTION 

The export of dragon fruits (Hylocereus spp.), a 
member of the family Cactaceae, has increased to support 

the Indonesian agricultural export industry. In 2019 there 

was 91.600 kg of dragon fruits being exported (BPS 2020). 

Fruits for export must be inspected to ensure they are free 

of diseases and pests to satisfy the phytosanitary 

requirements for fruit export. Mealybugs are some of the 

pests found on dragon fruit, so it is crucial to be able to 

detect and identify them on this export commodity.  

Mealybugs occur on dragon fruit skin individually or in 

aggregations. Damage symptoms caused by these pests are 

a dry skin surface, fruit shrinkage, wrinkled skin, and 
honeydew which causes sooty molds (Mani and Shivaraju 

2014; Nurhafizhah et al. 2020). According to Sartiami et al. 

(2019), the mealybug species found on dragon fruits in 

Indonesia are Ferrisia virgata (Cockerell), Phenacoccus 

solenopsis Tinsley, Planococcus minor (Maskell), and 

Pseudococcus jackbeardsleyi Gimpel & Miller, which 

belong to the family Pseudococcidae, order Hemiptera. In 

addition to dragon fruit, all these four mealybug species 

have a wide range of host plants. For example, according to 

Morales et al. (2021), the host-plant range of F. virgata 

includes 79 families and 213 genera; that of Pl. minor 

includes 73 families and 206 genera; the host range of Ph. 
solenopsis covers 63 plant families and 209 genera, and 

that of Ps. jackbeardsleyi consists of 52 families and 112 

genera.  

In Indonesia, the common species of Ferrisia is F. 

virgata, but it has been revised to include 18 species based 

on morphological and molecular data (Kaydan and Gullan 

2012). However, Zarkani et al. (2020) reported that another 

species, F. dasylirii (Cockerell) was found in Bengkulu, 

Indonesia, and a prior report by Sartiami et al. (2016a) 

stated that the presence of F. dasylirii had been recorded in 

the neighboring country, Malaysia. F. virgata causes 
damage to cotton in Brazil and the second-instar nymphs 

spread almost to all parts of the plant (Oliveira et al. 2014). 

Planococcus minor was found in Indonesia in 1956 on 

Acalypha indica (Sartiami et al. 2016b), but Ps. 

jackbeardsleyi was reported in Indonesia in 1973 and is a 

polyphagous insect that causes damage to vegetables, 

fruits, and ornamental plants (Muniappan et al. 2011; Wang 

et al. 2018), whereas Ph. solenopsis is known to have been 

present in Indonesia since 2007 (ICAC 2011). Phenacoccus 

solenopsis caused damage to tomato plants in Egypt and 

the cotton industry in Australia (Ibrahim et al. 2015; 

Wilson et al. 2018).  
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The four species of mealybugs associated with dragon 

fruit need to be detected and identified before export. 

Detection involves searching for the presence of the 

mealybugs on fruit surfaces. Detection can be carried out 

based on morphological characters or molecular techniques 

(Pacheco da Silva et al. 2014). Molecular techniques are 

considered if morphological identification cannot be run 

due to insect damage, resulting in the loss of diagnostic 

morphological features (Bahder et al. 2015) or if the insect 

is immature. The four species can be differentiated based 
on the general and unique characteristics of the adult 

female of each species. Generally, identification of 

mealybug species is based on the adult female stage 

because they are long-lived, relatively conspicuous, and 

numerous identification keys are available to separate 

genera and species (Williams and Granara de Willink 1992; 

Gullan 2000; Williams 2004). The identification of the 

nymphal stage is rarely done due to the limited number of 

identification keys available. It is, therefore, necessary to 

provide an identification key to nymphal stages of these 

mealybugs, to enable rapid diagnosis of nymphal 
mealybugs found on dragon fruit at pre-export inspection. 

This study provides an identification key to separate the 

female nymphal stages and adult of four mealybug species 

associated with dragon fruit in Indonesia. 

MATERIALS AND METHODS 

Procedures 

Preparation and rearing of test insects 

Four species of mealybugs, F. virgata, Pl. minor, Ph. 

solenopsis and Ps. jackbeardsleyi were collected from 

dragon fruits in the Bogor and Tangerang regions of Java, 

Indonesia. The identification of the test insects was carried 
out using the keys in the book Mealybugs of Southern Asia 

(Williams 2004), Mealybugs of Central and South America 

(Williams and Granara de Willink 1992), and Cox (1989). 

The mealybugs were reared according to each alternative 

hosts: F. virgata was reared on Psidium guajava seedlings, 

Pl. minor was reared on chayote (Sechium edule), Ph. 

solenopsis was reared on tomato plants (Solanum 

lycopersicum), and Ps. jackbeardsleyi was reared on bottle 

gourds (Lagenaria sp.). 

Female nymphs and adults obtained from the field were 

gently placed on each appropriate host plant. For F. virgata 

and Ph. solenopsis, the host plants were put in an 
individual cage of 100 x 40 x 120 cm outdoors. The other 

mealybug species were reared in plastic containers covered 

with dark cloth in the laboratory at a temperature of 27 °C 

and relative humidity of 50-60%. 

Microscope slide preparation  

Semi-permanent slide mounts of nymphal and adult 

female cuticles were prepared using a methodology 

modified from Walker (1988), Watson and Chandler 

(2000), Krantz and Walter (2009), and Sirisena et al. 

(2013). Mealybugs were put into Syracuse dishes, each 

containing 6-8 ml of Essig's fluid and 1-2 drops of 
chloroform. Each insect was punctured on the dorsum of 

the metathorax, and then 1 or 2 drops of acid fuchsin stain 

were added. The dishes were heated to 60-70 °C for 10-15 

minutes and then cooled. The body contents of each 

mealybug were expelled by gently pressing the body with a 

brush; then, the mealybugs were transferred to another 

Syracuse dish containing Essig's fluid and chloroform. The 

body contents were again expelled until the cuticle was 

thoroughly clean and looking transparent. The specimens 

were then transferred to an object-glass containing drops of 

Heinz mounting medium, then covered with a glass 
coverslip and dried at 60°C for 5 minutes. Ten slide mounts 

were made of each of the nymphal and adult stages of each 

species.  

The making of the identification key  

The identification key is based on the morphological 

characteristics of each nymphal and adult female stage of 

each mealybug species. Morphological observations were 

carried out under a compound microscope (Nikon Eclipse 

80i). Identification of the adult female stages was made 

using the keys in, Cox (1989), Williams and Granara de 

Willink (1992) and Williams (2004). A dichotomous 
identification key was prepared and illustrated with 

photomicrographs to show the unique character of the adult 

female and nymphal stages of each species.  

RESULTS AND DISCUSSION 

Morphological characterization of nymphal stages of 

Ferrisia virgata  

The nymphal and adult stages of F. virgata each have 1 

pair of cerarii on the anal lobes, 1 circulus, and anterior and 

posterior ostioles. The first-instar nymph of F. virgata has 

6 antennal segments, with a total length of 151-166 µm, 

and an anal ring width of 25-28 µm. The ventral and dorsal 
surfaces have trilocular pores, with the number of trilocular 

pores on the dorsum being higher than the venter. Each 

anal lobe cerarius consists of 2 conical setae, a trilocular 

pore, no auxiliary setae, and situated on unsclerotized 

cuticle. 

The antenna of second-instar females consists of 6 

segments, with a total length of 207-234 µm, and an anal 

ring width of 32-41 µm. The dorsum of the head, thorax, 

and abdomen have enlarged, Ferrisia-type tubular ducts 

(see Figure 1.K), and trilocular pores; the Ferrisia-type 

tubular ducts are present submarginally on the head and 

thorax, and on the submargin and in medial areas of the 
abdomen. Ventral oral collar tubular ducts are present on 

the submargin and submedial parts of the head, thorax, and 

abdomen, and trilocular pores are scattered throughout the 

body. Each anal lobe cerarius contains 2 conical setae, 3 or 

4 trilocular pores, a flagellate auxiliary seta, and is situated 

on unsclerotized cuticle. 

The third-instar female has 7 antennal segments, with a 

length of 315-365 µm, and an anal ring width of 54-63 µm. 

Ferrisia-type tubular ducts are present on the dorsal part of 

the head, thorax, and abdomen. Ventral oral collar tubular 

ducts present on the head, thorax, and abdomen. Trilocular 
pores are scattered over the dorsal and ventral surfaces of 
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the body. Each anal lobe cerarius with 2 conical setae, 10-

20 trilocular pores, 2 or 3 auxiliary setae, and is situated on 

unsclerotized cuticle.  

Morphological characterization of nymphal stages of 

Phenacoccus solenopsis  
There are several common characteristics of Ph. 

solenopsis present from the first-instar nymph to the adult 

stage: 18 pairs of cerarii, a denticle on each tarsal claw, 1 

circulus, and presence of anterior and posterior ostioles. 

The antennal total length and number of segments for each 
of the nymphal and adult stages differ, as do other 

characteristics described below. 

The first-instar nymph has 6 antennal segments, with a 

total length of 187-200 µm, and an anal ring width of 23-29 

µm. Trilocular pores are present on the dorsum of the head, 

thorax, and abdomen, also with lanceolate setae, whereas 

the ventral body surface has quinquelocular pores and 

flagellate setae. Each anal lobe cerarius consists of 2 

lanceolate setae, 1 trilocular pore and no auxiliary setae. 

The second-instar female has 6 antennal segments, with 

a total length of 236-266 µm, and an anal ring width of 38-
49 µm. Trilocular pores are present on the dorsal and 

ventral surfaces of the head, thorax and abdomen. Ventral 

oral collar tubular ducts are present on the submargin 

and/or medial areas of the head, thorax, and abdomen. Each 

anal lobe cerarius consists of 2 lanceolate setae, 3 or 4 

trilocular pores and no auxiliary setae. 

The third-instar female has 7 antennal segments, with a 

total length of 358-391 µm, and an anal ring width of 51-63 

µm. Trilocular pores are present on the dorsal and ventral 

surfaces of the body. Ventral oral collar tubular ducts are 

present on the margins, submargins and/or medial areas of 
the head, thorax and abdomen. Each anal lobe cerarius with 

2 lanceolate setae, 10-15 trilocular pores and no auxiliary 

setae. 

Morphological characterization of nymphal stages of 

Planococcus minor 

The nymphal stages of Pl. minor have anal lobe bars, 

18 pairs of cerarii, 1 circulus, and anterior and posterior 

ostioles. First- and second-instar female each have 6 

antennal segments, with total antennal lengths of 147-156 

µm and 191-206 µm, respectively, and anal ring widths of 

24-28 µm and 33-41 µm, respectively. The dorsal and 

ventral body surfaces lack tubular ducts and only have 
trilocular pores and flagellate setae. The anal lobe cerarius 

of the first-instar nymph has 2 conical setae, 1 trilocular 

pore, and no auxiliary setae, whereas that of the second-

instar female have 2 conical setae, 1 auxiliary seta and 3 or 

4 trilocular pores. The anal lobes of both instars are 

sclerotized. 

The third-instar female has 7 antennal segments, with a 

total antennal length of 271-290 µm, and an anal ring width 

of 51-56 µm. Trilocular pores are present on the dorsal and 

ventral body surfaces. Tubular ducts are absent. The anal 

lobe cerarius is situated on sclerotized cuticle and consists 
of 2 conical setae with 1 or 2 auxiliary setae and 8-15 

trilocular pores. 

Morphological characterization of nymphal stages of 

Pseudococcus jackbeardsleyi 

All female developmental stages of P. jackbeardsleyi 

have discoidal pores in a sclerotised patch beside each eye, 

anterior and posterior ostioles, 1 circulus, and 17 pairs of 

cerarii. The first-instar nymph has 6 antennal segments, 

with a total length of 149-164 µm, and an anal ring width 

of 24-29 µm. A discoidal pore is present beside each eye. 

Trilocular pores are present on the dorsal and ventral 

surfaces of the body. Each anal lobe cerarius with 2 conical 
setae, 1 trilocular pore and no auxiliary setae. 

The second-instar female has 6 antennal segments, with 

a total length of 187-209 µm, and an anal ring width of 31-

37 µm. Each eye is associated with 1 or 2 discoidal pores. 

Dorsal oral rim tubular ducts are present submarginally on 

the head, thorax, and abdomen. Oral collar tubular ducts 

are absent. Each anal lobe cerarius with 2 conical setae, 12-

18 trilocular pores and 1 auxiliary setae. 

The third-instar female has 7 antennal segments, with a 

total length of 313-323 µm, and an anal ring width of 51-53 

µm. Each eye is associated with 3 discoidal pores. Dorsal 
oral rim tubular ducts and dorsal oral collar tubular ducts 

are present on the head, thorax, and abdomen. Each anal 

lobe cerarius with 2 conical setae, 30-40 trilocular pores 

and 3 auxiliary setae. 

Dichotomous key to separate the nymphal and adult 

female mealybug species found on dragon fruit in 

Indonesia based on morphological features  

1. Antenna with 6 segments (first-instar nymph) ...............2 

- Antenna with 7-9 segments............................................9 

2. Each eye associated with at least 1 discoidal pore 

(Figure 1.A); ventral oral rim tubular ducts present 

(Figure 1.B) or absent ...................................................3 

- Each eye not associated with any discoidal pores; 

ventral oral rim tubular ducts absent..............................4 

3. Each anal lobe cerarius with 1 trilocular pore and 0 
auxiliary setae (Figure 1.C); oral rim tubular ducts 

absent; each eye associated with 1 discoidal pore .......... 

…….. First-instar nymph, Pseudococcus jackbeardsleyi 

- Each anal lobe cerarius with 12-18 trilocular pores and 

1 auxiliary seta (Figure 1.D); head, thorax, and 

abdominal submargins with oral rim tubular ducts; each 

eye associated with 1 or 2 discoidal pores .................... 

….. Second-instar nymph, Pseudococcus jackbeardsleyi 

4. Dorsal setae lanceolate (Figure 1.E); tarsal claw with a 

denticle on plantar surface (Figure 1.F) ........................5 

- Dorsal setae flagellate; tarsal claw without a denticle...6 

5. Venter with quinquelocular pores (Figure 1.G) but without 
oral collar tubular ducts; antennal length less than 210 

µm …….... First-instar nymph, Phenacoccus solenopsis 

- Venter without quinquelocular pores but with oral collar 

tubular ducts (Figure 1.H); antennal length more than 230 

µm …… Second-instar nymph, Phenacoccus solenopsis 
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6. Venter of each anal lobe with sclerotised anal lobe bar 

(Figure 1.I)......................................................................7 

- Venter of each anal lobe without anal lobe bar..............8 

7. Each anal lobe cerarius without auxiliary setae; 

antennal length less than 165 µm; anal ring less than 30 

µm wide .............First-instar nymph, Planococcus minor 

- Each anal lobe cerarius with 1 auxiliary seta (Figure 

1.J); antennal length more than 185 µm; anal ring more 

than 31 µm wide ............................................................. 

..................... Second-instar nymph, Planococcus minor 

8. Each anal lobe cerarius with 1 trilocular pore and 0 

auxiliary setae; without dorsal Ferrisia-type tubular 

ducts or ventral oral collar tubular ducts ......................... 

………………….. First-instar nymph, Ferrisia virgata 

- Each anal lobe cerarius with 3 or 4 trilocular pores and 

1 auxiliary seta; dorsum of head, thorax and abdomen 

with Ferrisia-type tubular ducts (Figure 1.K); venter of 

head, and thoracic and abdominal submargins and sub-

medial areas, with oral collar tubular ducts (Figure 1.L) 

........................... Second-instar nymph, Ferrisia virgata 

9. Each eye associated with 2-9 discoidal pores on 
sclerotized cuticle; submargins of head, thorax, and 

abdomen with dorsal oral rim tubular ducts, each duct 

rim associated with 1 or 2 flagellate setae...................10 

- Eyes not associated with discoidal pores or sclerotized 

cuticle; submargins of head, thorax, and abdomen 

without dorsal oral rim tubular ducts...........................11 

10. Each eye associated with 2 or 3 discoidal pores on 

sclerotized cuticle; venter of posterior abdomen without 

vulva or multilocular pores ............................................. 

....... Third-instar nymph, Pseudococccus jackbeardsleyi 

- Each eye associated with 4-9 discoidal pores on 
sclerotized cuticle; venter of posterior abdomen with 

both vulva and multilocular pores .................................. 

..................  Adult female, Pseudococcus jackbeardsleyi 

11. Dorsum with Ferrisia-type tubular ducts (Figure 1.K)  ...12 

- Dorsum without Ferrisia-type tubular ducts ...............13 

12. Venter of posterior abdomen without vulva or multi-

locular disc pores …. Third-instar nymph, Ferrisia virgata 

- Venter of posterior abdomen with both vulva and 

multilocular disc pores ... Adult female, Ferrisia virgata 

13. Venter of each anal lobe with a sclerotized, narrow anal 

lobe bar (Figure 1.L); dorsal setae flagellate  ............. 14 

- Venter of each anal lobe without an anal lobe bar; 

dorsal setae lanceolate (Figure 1.E) .............................15 

14. Venter of posterior abdomen without vulva or multi-

locular disc pores ............................................................ 

........................ Third-instar nymph, Planococcus minor 

- Venter of posterior abdomen with both vulva and multi-

locular disc pores ...... Adult female, Planococcus minor 

15. Venter of posterior abdomen without vulva or multi-

locular discpores ............................................................. 

............... Third-instar nymph, Phenacoccus solenopsis 

- Venter of posterior abdomen with both vulva and multi-

locular disc pores ............................................................ 

……................... Adult female, Phenacoccus solenopsis 

 

 

Discussion 

Mealybug species are usually identified based on the 

observation of morphological features on slide-mounted 

specimens (Miller et al. 2014). Nymphal and adult 

mealybugs can be distinguished based on their 

morphological characteristics; adult females possess a 

vulva on the venter of the posterior abdomen is absent in 

the nymphal stages. Ferrisia virgata has Ferrisia-type 

tubular ducts on the dorsum in the adult female, second-

instar female and third-instar female stages; the first-instar 

lacks these ducts and has only trilocular pores. The second- 
instar female and third-instar female have ventral oral 

collar tubular duct, but lacks dorsal oral collar tubular duct 

(Wakgari and Giliomee 2005). Planococcus minor has anal 

lobe bars in all the developmental stages. However, this 

species has very similar morphology to that of Planococcus 

citri (Risso); adult females of these species can be 

separated using a discriminant function based on scoring 

morphological characteristics, provided by Cox (1989). In 

Ph. solenopsis the tarsal claws have a denticle in all the 

developmental stages; the first-instar nymph has 

quinquelocular pores on the venter, but this feature is not 
present in the subsequent developmental stages. The 

second-instar female and third-instar female have ventral 

oral collar tubular duct, but it is not present in the dorsum. 

According to Hodgson et al. (2008), the second-instar male 

of Ph. solenopsis has ventral and dorsal oral collar tubular 

duct. The third-instar of Ph. solenopsis has 7 antennal 

segments, but the adult female has 9 (occasionally 8) 

segments (Williams 2004), whereas the other species have 

only 8 antennal segments. Pseudococcus jackbeardsleyi 

has discoidal pores around the eyes in all the 

developmental stages and oral rim tubular ducts on the 

body in all stages, except the first-instar nymph. 
The importance of identifying mealybugs from the first-

instar nymphs is the acceleration of agricultural quarantine 

services for dragon fruit exports. Mealybugs found on 

dragon fruit to be exported must be examined and 

identified based on both nymphs and adult females. This 

key to nymphal stages and the adult mealybugs is needed 

because adult females are not always collected at the time 

of the sampling and the period from egg to adult is 

relatively long, thus when nymphs are collected these must 

be reared to the adult stage because keys are usually found 

for this developmental stage.  
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Figure 1. Morphological characterization of nympal and adult female of mealybugs species found on dragon fruit in Indonesia: A. 
Discoidal pore beside the eye (arrowed); B. Ventral oral rim tubular duct (arrowed); C. Anal lobe cerarius of first -instar nymph, 
Pseudococcus jackbeardsleyi (arrowed); D. Anal lobe cerarius of second-instar nymph, Ps. jackbeardsleyi (arrowed); E. Lanceolate 
setae (arrowed); F. Tarsal claw with denticle on plantar surface (arrowed); G. Quinquelocular pore (arrowed); H. Ventral oral  collar 
tubular duct (arrowed); I. Anal lobe of first-instar nymph, Planococcus minor with anal lobe bar (arrowed); J. Anal lobe cerarius of 
second-instar nymph, Pl. minor with auxiliary seta (arrowed); K. Ferrisia-type tubular duct (arrowed); L. Ventral oral collar tubular 
duct (arrowed) 

 
 
 
 

The period from oviposition to adult female for Pl. 

minor is 27 days at 29 °C in cotton (Francis et al. 2012). 

The development period of egg to adult females for F. 

virgata is 19.1 days at 28 °C in cotton (Oliveira et al. 

2013). The period of egg development to adult females for 

Ph. solenopsis is 20.6 days at 27 °C (Prasad et al. 2012). 
The female nymphal period of Ps. jackbeardsleyi is 18 to 

21 days and nymphs can develop well at 35 °C compared 

to 25 °C (Mani and Shivaraju 2014; Piyaphongkul et al. 

2018).  

In conclusion, all the developmental stages of the 

female mealybug species associated with dragon fruits in 

Indonesia, namely Ferrisia virgata, Phenacoccus 

solenopsis, Planococcus minor and Pseudococcus 
jackbeardsleyi, can now be identified using the 

identification key provided. 
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