Hymenopteran Parasitoids Associated with Scale | nsects (Hemiptera: Coccoidea)
in Tropical Fruit Treesin the Eastern Amazon, Brazil

Author(s): Albéryca Stephany de Jesus Costa Ramos, Raimunda Nonata Santos de Lemos, Vamir
Antonio Costa, Ana Lucia Benfatti Gonzalez Peronti, Ester Azedo da Silva, Janaina Marques Mondego
and Aldenise Alves Moreira

Source: Florida Entomologist, 101(2):273-278.

Published By: Florida Entomological Society

https://doi.org/10.1653/024.101.0219

URL.: http://www.bioone.org/doi/full/10.1653/024.101.0219

BioOne (www.bioone.org) is a honprofit, online aggregation of core research in the biological, ecological, and
environmental sciences. BioOne provides a sustainable online platform for over 170 journals and books published
by nonprofit societies, associations, museums, institutions, and presses.

Y our use of this PDF, the BioOne Web site, and all posted and associated content indicates your acceptance of
BioOne's Terms of Use, available at www.bioone.org/page/terms_of use.

Usage of BioOne content is strictly limited to personal, educational, and non-commercial use. Commercia inquiries
or rights and permissions requests should be directed to the individual publisher as copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit publishers, academic institutions, research
libraries, and research funders in the common goal of maximizing accessto critical research.


https://doi.org/10.1653/024.101.0219
http://www.bioone.org/doi/full/10.1653/024.101.0219
http://www.bioone.org
http://www.bioone.org/page/terms_of_use

Hymenopteran parasitoids associated with scale insects
(Hemiptera: Coccoidea) in tropical fruit trees in the
eastern Amazon, Brazil

Albéryca Stephany de Jesus Costa Ramos’, Raimunda Nonata Santos de Lemos"*,
Valmir Antonio Costa’, Ana Lucia Benfatti Gonzalez Peronti’, Ester Azedo da Silva’,
Janaina Marques Mondego', and Aldenise Alves Moreira*

Abstract

Fifteen species of parasitoids emerged from 6 species of scale insects, all are recorded for the first time in Maranhdo State, Brazil. A total of 20 coc-
coid/parasitoid associations were found, 5 of which are new host records for the parasitoid species: Coccus hesperidum (L.) (Hemiptera: Coccidae)
with Arrhenophagus chionaspidis (Aurivillius) (Hymenoptera: Encyrtidae); and Praelongorthezia praelonga (Douglas) (Hemiptera: Ortheziidae) with
Aenasius sp. (Hymenoptera: Encyrtidae), Encyrtus aurantii (Geoffroy) (Hymenoptera: Encyrtidae), Aprostocetus sp. (Hymenoptera: Eulophidae) and
Signiphora sp. (Hymenoptera: Signiphoridae).
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Resumo

Quinze espécies de parasitoides emergiram de seis espécies de cochonilhas, todas sdo registradas pela primeira vez no Estado do Maranhdo, Brasil.
Um total de 20 interagbes cochonilhas/parasitoides foram encontradas, das quais cinco sdo novos registros de hospedeiros para as espécies de para-
sitoides: Coccus hesperidum (L.) (Hemiptera: Coccidae) com Arrhenophagus chionaspidis (Aurivillius) (Hymenoptera: Encyrtidae); e Praelongorthezia
praelonga (Douglas) (Hemiptera: Ortheziidae) com Aenasius sp. (Hymenoptera: Encyrtidae), Encyrtus aurantii (Geoffroy) (Hymenoptera: Encyrtidae),

Aprostocetus sp. (Hymenoptera: Eulophidae) e Signiphora sp. (Hymenoptera: Signiphoridae).

Palavras Chave: Aphelinidae; controle bioldgico; Encyrtidae; inimigos naturais; interag@es tritréficas

Scale insects (Hemiptera: Coccoidea) are phytophagous insects that
infest a great number of economically important plants. These insects
damage plants directly by sucking their sap, and indirectly by injecting
toxic salivary secretions, attracting ants, transmitting pathogens, and
encouraging the development of sooty molds (Zucchi et al. 1993). The
sooty molds produced by high infestation of scale insects can inhibit
photosynthesis and reduce the tree vigor. They also can stain the fruit,
reducing its commercial value about 20 to 30% in highly infested crops
(Oliveira et al. 2001; Barbosa & Paranhos 2004).

Parasitoids belonging to the families Aphelinidae, Encyrtidae, Eulo-
phidae, Eupelmidae, Pteromalidae, and Signiphoridae (Hymenoptera:
Chalcidoidea) are among the most important groups of natural ene-
mies of scale insects and have been used extensively in biological con-
trol (Noyes 2017). In Brazil, the occurrence of primary and secondary
parasitoids associated with scale insects were recorded in Sdo Paulo by
Toledo (1940) and Peronti et al. (2016); in Alagoas by De Santis (1972);
in Brasilia by Murakami & Consenza (1984); in the Rio Grande do Sul
by Wolff et al. (2004, 2014) and Silva et al. (2007); in Espirito Santo by
Culik et al. (2011); in the Rio de Janeiro by Rodrigues & Cassino (2012);

in Roraima by Marsaro-Junior et al. (2013, 2016); and in Minas Gerais
by Prado et al. (2015).

It is important to know the parasitoid species that can control scale in-
sects, because they can maintain the populations of harmful insects below
the economic injury level if properly managed (Wolff et al. 2004). Correct
identification of species is essential for studies of biological control and
integrated pest management (Abreu et al. 2015). According to Aratjo &
Zucchi (2002), for the establishment of an integrated regional manage-
ment program, the knowledge of the diversity of parasitoids in the area of
interest is essential. There are no such surveys in Maranhdo State, so we
conducted an inventory of the species of parasitoids associated with scale
insects of 6 fruit tree species in the Eastern Amazon, Brazil.

Material and Methods

These studies were conducted in 3 areas of fruit production in the
municipalities of Sdo José de Ribamar (2.8483°S, 44.0594°W), Sdo Luis
(2.5130°S, 44.3024°W), and Pago do Lumiar (2.9083°S, 44.2141°W) in
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Maranhdo State, Brazil. Samples of scale insects were collected month-
ly in the period from Jun 2014 to Aug 2015 on 6 fruit trees species:
Anacardium occidentale L. var. nanum (cashew; Anacardiaceae), Citrus
spp. (citrus trees; Rutaceae), Cocos nucifera L. (coconut; Arecaceae),
Malpighia emarginata L. (acerola; Malpighiaceae), Mangifera indica
L. (mango; Anacardiaceae), and Theobroma grandiflorum (Willd. ex
Spreng.) Schum. (cupuassu; Malvaceae).

The scale insects were randomly collected from infested plant tis-
sues (leaves, stems, branches, and fruits) from 8 plants of each spe-
cies of fruit tree, 5 samples per plant, over a period of 15 mo, which
resulted in 3,600 samples per area. The infested samples collected
were placed in labeled plastic bags with the date, place of collection
and host culture, and transported to the Entomology Laboratory of the
Universidade Estadual do Maranhdo, Maranhdo, Brazil. In the labora-
tory, infested samples were placed in Petri dishes lined with moist filter
paper, which then were covered with plastic film and incubated in an
environmental control chamber at 26 £ 1 °C, 60 £ 10% RH, and a 12:12
h (L:D) photophase.

The majority of emerged hymenopterous parasitoids obtained
were double-mounted on points; however, the smaller species were
slide-mounted following the techniques of Querino & Zucchi (2011).
Afterwards, they were identified to genus or species level using De
Santis (1964), Annecke & Prinsloo (1974), Noyes (1980), Noyes et al.
(1997), and Noyes (2010) for Encyrtidae; Gibson (1995) for Eupelmi-
dae; Schauff et al. (1997) for Eulophidae; Compere (1939), Woolley
(1997a), and Myartseva & Evans (2008) for Aphelinidae; and Woolley
(1997b) for Signiphoridae.
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The adult females of scale insects were mounted on permanent
slides following the methodology described by Gullan (1984), and were
identified according to the morphological characteristics of the adult
female as used by Williams & Granara de Willink (1992) for Pseudococ-
cidae; Granara de Willink (1999) for Coccidae; and Miller & Davidson
(2005) for Diaspididae.

Voucher specimens were deposited in the following institutions:
hymenopterous parasitoids were deposited in the Collection of Ento-
mophagus Insects “Oscar Monte”» from Instituto Bioldgico, Campinas,
S3o Paulo State, Brazil; and scale insects in the Reference Collection
of Insects and Mites-CRIA from Universidade Estadual Paulista, Jabo-
ticabal, S3o Paulo State, Brazil. Also, specimens of both groups were
deposited in the Entomological Collection “Iraci Paiva Coelho” from
Universidade Estadual do Maranh3do, Sdo Luis, Maranhdo State, Brazil.

Results

A total of 20 coccoid/hymenopteran parasitoid associations were
found, 5 of which are new host records for the parasitoid species: Coccus
hesperidum (L.) (Hemiptera: Coccidae) with Arrhenophagus chionaspidis
(Aurivillius) (Hymenoptera: Encyrtidae); and Praelongorthezia praelonga
(Douglas) (Hemiptera: Ortheziidae) with Aenasius sp. (Hymenoptera: En-
cyrtidae), Encyrtus aurantii (Geoffroy) (Hymenoptera: Encyrtidae), Apro-
stocetus sp. (Hymenoptera: Eulophidae), and Signiphora sp. (Hymenop-
tera: Signiphoridae) (Table 1). All insects and interactions found in this
study were recorded for the first time for the Maranhdo State of Brazil.

Table 1. Parasitoids associated with species of scale insects, their host plant, and collection sites (Jun 2014 to Aug 2015) at Maranhdo Island (Maranhdo, Brazil).

Scale insects

Parasitoid

Host plant

Collection sites

Coccidae
Coccus hesperidum (L.)

**pulvinaria sp.

Diaspididae
Aonidiella aurantii (Maskell)

Aulacaspis tubercularis (Newstead)

Ortheziidae
**Praelongorthezia praelonga (Douglas)

Pseudococcidae
**Nipaecoccus sp.

*Arrhenophagus chionaspidis Aurivillius
*Coccophagus fallax Compere
*Coccophagus basalis Compere
*Encyrtus aurantii (Geoffroy)
*Metaphycus sp.

*Encyrtus aurantii (Geoffroy)

*Aphytis holoxanthus DeBach

*Encarsia sp.

*Metaphycus sp.

*Aphytis group lingnanensis

*Aphytis holoxanthus DeBach
*Arrhenophagus chionaspidis Aurivillius

*Encarsia citrina (Craw)
*Encarsia lounsburyi (Berlese and Paoli)

*Aenasius sp.

*Aprostocetus sp.

*Encyrtus aurantii (Geoffroy)
*Signiphora sp.

*Acerophagus sp. aff. Alexte
*Acerophagus sp.

Malpighia emarginata (acerola)
Anacardium occidentale (cashew)
Malpighia emarginata (acerola)

Mangifera indica (mango)
Malpighia emarginata (acerola)

Cocos nucifera (coconut)

Mangifera indica (mango)
Citrus sp. (citrus trees)
Citrus sp. (citrus trees)

Cocos nucifera (coconut)
Mangifera indica (mango)

Citrus sp. (citrus trees)
Citrus sp. (citrus trees)

Citrus sp. (citrus trees)

Anacardium occidentale (cashew)
Citrus sp. (citrus trees)

Cocos nucifera (coconut)
Cocos nucifera (coconut)

Pago do Lumiar
Sdo José de Ribamar
Paco do Lumiar
Pago do Lumiar
Sdo José de Ribamar
Pago do Lumiar

Pago do Lumiar
Sdo Luis

Sdo José de Ribamar
Sdo Luis

Pago do Lumiar

Sdo Luis

Sdo Luis

Pago do Lumiar

Sdo José de Ribamar
Pago do Lumiar

S&o Luis

Pago do Lumiar
S&do José de Ribamar
Pago do Lumiar
Pago do Lumiar

Sdo Luis
Sdo Luis

* New record for the Maranh3o State (Brazil)

** New record of the interaction between parasitoid and scale insect.
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Fifteen species of Hymenoptera parasitoids were found, distrib-
uted in 4 families of Chalcidoidea: Aphelinidae - Aphytis holoxanthus
DeBach and Aphytis group lingnanensis, Coccophagus fallax Compere,
Coccophagus basalis Compere, Encarsia sp., Encarsia lounsbury (Berlese
and Paoli), and Encarsia citrina (Craw); Encyrtidae - Acerophagus sp. aff.
alexte, Acerophagus sp., Aenasius sp., Ar. chionaspidis, E. aurantii, and
Metaphycus sp.; Eulophidae - Aprostocetus sp.; and Signiphoridae - Sig-
niphora sp. They were reared from 6 species of scale insects: Aonidiella
aurantii (Maskell) and Aulacaspis tubercularis (Newstead) (Diaspididae),
C. hesperidum and Pulvinaria sp. (Coccidae), Nipaecoccus sp. (Pseudo-
coccidae), and P. praelonga (Ortheziidae) (Table 1, Fig. 1).

Discussion

Aphelinidae and Encyrtidae are the most important families of
Chalcidoidea associated with scale insects, and have been associated
with 335 and 416 species of scale insects, respectively (Garcia et al.
2016; Noyes 2017). Both families include several species used in bio-
logical control programs around the world, especially in warmer cli-
mates (Noyes et al. 1997).

Aphytis Howard has been associated with 165 species of scale in-
sects (Garcia et al. 2016; Noyes 2017). This genus is cosmopolitan and
comprises the more efficient natural enemies of Diaspididae (Rosen
& Rose 1989). In diaspidid scales, Aphytis species develop exclusive-
ly as primary ectoparasitoids. The adult female inserts its ovipositor
through the scale cover and deposits the eggs in the space between
the body and the scale cover (Yu & Luck 1988; Rosen & Rose 1989).
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As natural enemies, several species of this genus have been employed
successfully in biological control programs for economically important
armored scale insects (Rosen & DeBach 1979; Garcia et al. 2016; Noyes
2017). In Brazil, A. holoxanthus was introduced in S3o Paulo State to
control Chrysomphalus aonidum (L.) (Diaspididae) (Gongalves 1962;
DeBach & Rosen 1976). Ten species of Diaspididae are associated to A.
holoxanthus in several countries (Noyes 2017).

Coccophagus Westwood includes 200 described species. Most
parasitize species of Coccoidea, mainly Coccidae. Some of these para-
sitoids have also been associated with species of Diaspididae, Eriococ-
cidae, Kermesidae, Pseudococcidae, and Stictococcidae (Hayat 1997;
Garcia et al. 2016; Noyes 2017). In most species of this genus the larvae
of female and male of the same species develop on different hosts
(Hunter & Wooley 2001). For example, the females of Coccophagus
malthusi Girault, a secondary parasitoid, has been obtained from Cero-
plastinae spp., mainly Ceroplastes spp., whereas the males are reared
from coccids of other species or genera such as C. hesperidum, Mar-
sipococcus proteae (Brain) (synonym Coccus proteae Brain), Saissetia
spp. (Coccidae), and Parasaissetia spp. (Coccidae). Also, the males al-
most always occur on different host plants from the females (Flanders
1937; Hunter & Woolley 2001).

In Brazil, Coccophagus basalis Compere and Coccophagus fallax
Compere were found on Saissetia oleae Olivier (Coccidae) in Sdo Pau-
lo, Distrito Federal, Bahia, Rio de Janeiro (Compere 1939) and Minas
Gerais (Prado et al. 2015).

Encarsia Forster has over 400 species described worldwide, dis-
tributed in 26 groups, and 115 species occur in the Neotropics. This
is one of the most important genera for biological control, parasitizing

Interactions Scalelnsects Interactions Parasitoids Interactions
Aphytisgroup lingnanensis 1
5 Coccushesperidum Aphytis holoxanthus 2
Coccophagus fallax 1
Coccophagus basalis 1
1 Fulvinaria sp. Encarsia citrina 1
Encarsia lounsburyi 1
5 Aulacaspistubercularis Encarsia sp. 1
Acerophagus sp. aff. alexte 1
Acerophagussp. 1
3 Aonidiella aurantii Aenasiussp. 1
Armrhenophagus chionaspidis 2
2 Nipaecoccus sp. Encyrtus aurantii 3
2

4 Praelongorthezia praelonga

Metaphycussp.

_______________________ @ Aprostocetus sp. 1

=9

——@ Signiphora sp.

Fig. 1. Interactions between species of scale insects and parasitoids with the total number of interactions with each species of host plant (Jun 2014 to Aug 2015)

at Maranh3o Island, Maranh3o, Brazil.
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species of Aleyrodidae and Diaspididae (Evans et al. 1995; Heraty et al.
2007; Myartseva & Evans 2008). In Brazil, E. lounsburyi was recorded
on C. aonidum in the states of Sdo Paulo (Toledo 1940), Rio de Janeiro
(Gomes 1942), and in the city of Campo Grande (Parker et al. 1953). It
also was recorded on Hemiberlesia cyanophylli (Signoret) and Aonidel-
la aurantii in the state of Rio de Janeiro (De Santis 1980). On the other
hand, Encarsia citrina (Craw) occurs on an unknown host in the state of
Bahia (Ashmead 1904), on Chrysomphalus sp. and Aspidiotus sp. (Dias-
pididae) in the state of Sdo Paulo (Parker et al. 1953; Bergmann et al.
1991), and on C. aonidium in the state of Rio de Janeiro (Gomes 1942).

Acerophagus Smith has a wide geographic distribution, and all spe-
cies have been found to be primary parasitoids of mealybugs (Noyes
2010). This genus is associated with 32 species of scale insects (Garcia
et al. 2016; Noyes 2017), of which at least 16 have been widely used in
classical control biological programs (Noyes 2010). Acerophagus papa-
yae Noyes and Schauff is efficient in control of Paracoccus marginatus
Williams and Granara de Willink (Pseudococcidae) on papaya in Flori-
da, USA (Amarasekare et al. 2010), and on papaya, cassava, eggplant,
jatropha, and hibiscus plants in Malaysia (Mastoi et al. 2011). It was not
possible to determine the 2 Acerophagus species found in this study,
but 1 of them is near A. alexte Noyes, a species recorded only from
Costa Rica, with no host association known (Noyes 2010). In Brazil, the
only known species of the genus is A. coccois Smith, a parasitoid used
for the control of Phenacoccus herreni Cox and Williams (Pseudococ-
cidae) in cassava in Bahia and Pernambuco (Bento et al. 1999).

Aenasius Walker is mainly a New World genus, but also has been
recorded from other biogeographic areas. There are more than 42 de-
scribed species that are primary parasitoids of 24 species of mealybugs
(Noyes & Hayat 1994; Garcia et al. 2016; Noyes 2017). In the present
study, it was verified the first record of an Aenasius species parasitizing
P. praelonga (Fig. 1), which represents a new host family association.
The most effective natural enemy of cotton mealybug, Phenacoccus
solenopsis Tinsley (Pseudococcidae), is the endoparasitoid Aenasius
bambawalei Hayat (Hayat 2009; Poorani et al. 2010; Prasad et al. 2011;
Shahzad et al. 2016). In Brazil, there are 11 recorded species of Aena-
sius, which are associated with several Pseudococcidae species (Noyes
2017).

Arrhenophagus aurivillius is a cosmopolitan genus and includes
only 4 species. Arrhenophagus chionaspidis is a cosmopolitan species,
parasitizing about 50 species of scale insects of the families Coccidae,
Diaspididae, and Eriococcidae (Noyes 2017). In Brazil, this species was
found in Pernambuco on unspecified Coccoidea (Annecke & Prinsloo
1974; De Santis 1980).

Encyrtus Latreille is a well-known cosmopolitan genus, with 94 dis-
tinct species of which 45 are associated with scale insects, mainly coc-
cids (Garcia et al. 2016; Noyes 2017). Species of Encyrtus have been
used in biological classical biological control, for example, E. aurantii
from Israel was employed for biological control of C. hesperidum in
Texas, USA (Prinsloo 1997). In Brazil, E. aurantii was recorded in the
Bahia and Santa Catarina states (Noyes 2010).

Metaphycus Mercet, with about 473 described species, plays an
important role in natural control of Coccidae and Diaspididae (Guer-
rieri & Noyes 2000; Garcia et al. 2016; Kapranas & Tena 2015; Noy-
es 2017). Where their biology is known, all species of this genus are
primary endoparasitoids (Guerrieri & Noyes 2000; Kapranas & Tena
2015). These insects are facultative gregarious parasitoids, where the
number of offspring they produce per scale is dependent on the size
of the scale host (Bernal et al. 1999; Tena & Garcia-Mari 2009; Kapra-
nas et al. 2011b; Kapranas & Tena 2015). Metaphycus angustifrons was
introduced in California specifically for the control of black scale, S.
oleae (Compere 1957; Dean & Bailey 1960; Lampson & Morse 1992;
Kapranas et al. 2007). However, up until recently they have been the
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most abundant parasitoids of brown soft scale, C. hesperidum (Kapra-
nas et al. 2007; Kapranas et al. 2011a). In Brazil, there are records of
5 Metaphycus species: M. alboclavatus Compere on Pseudococcus sp.
(Pseudococcidae) in Sdo Paulo (Compere 1939), M. brasiliensis Com-
pere on Chaetococcus bambusae (Maskell) (Pseudococcidae) in Rio
de Janeiro (Compere & Annecke 1961), and on unknown hosts in Sdo
Paulo (De Santis 1980), M. discolor (De Santis) on Ceroplastes sp. (Coc-
cidae) in Minas Gerais (De Santis 1970), M. flavus on Parthenolecanium
perlatum (Cockerell) (Coccidae) in Rio de Janeiro State (Gomes 1942),
and on Cerococcus parahybensis Hempel (Cerococcidae), Coccus viridis
and Chrysomphalus aonidum in S3o Paulo State (De Santis 1980). The
fifth species is M. omega Noyes, which is associated with Aleurothrixus
floccosus Maskell (Hemiptera: Aleyrodidae) in Pernambuco State. Also,
Bergmann et al. (1991) observed an undetermined Metaphycus spe-
cies associated with Aspidiotus sp. (Diaspididae) in Sdo Paulo.

Signiphora Ashmead is represented by 46 species described world-
wide, distributed throughout the American continent, India, and Aus-
tralia, associated with about 51 scale insect species, mainly Coccidae,
Diaspididae, and Pseudococcidae (Garcia et al. 2016; Noyes 2017). In
Brazil, there are more than 14 Signiphora species, distributed in Ala-
goas, Para, Amazonas, and in the southeast region (De Santis 1972,
1980).

Aprostocetus Westwood is a cosmopolitan genus, with approxi-
mately 800 described species; from these, 33 have been found asso-
ciated with scale insects (Noyes 2017). This genus has an extremely
varied biology (Graham 1987; LaSalle 1993; LaSalle et al. 2006; Hesami
et al. 2010). Cave (2006) found Aprostocetus purpureus (Cameron) par-
asitizing cycad aulacaspis scale, Aulacaspis yasumatsui Takagi (Diaspi-
didae), in Southeast Asia, and it is a potential biological control agent in
Florida. Japoshivili et al. (2015) recorded 4 Aprostocetus species from
5 Kermes species (Kermesidae). There are 16 species of Aprostocetus
in Brazil (Noyes 2017); 2 of them are associated with scale insects, and
these are Aprostocetus chapadae (Ashmead) and Aprostocetus zemani
(Brethes) (Brethes 1920; Parker et al. 1953; De Santis 1979). From the
original description, the Aprostocetus species obtained in this study
differs from A. chapadae by having only 1 row of adnotaular setae,
whereas A. chapadae has 2 rows of adnotaular setae (Ashmead 1904).
It is different from A. zemani because specimens have dark brown col-
oration, with subtle metallic tinges, whereas in A. zemani the females
are mainly yellow, with dark areas on the head, mesosoma, and gaster
(Bréthes 1920).

Of the new interactions between parasitoids and scale insects,
only P. praelonga had no records of being parasitized by Hymenoptera,
except in the case of Cales noacki Howard (Aphelinidae) (Gongalves
1962) and 1 unidentified (or unknown) parasitoid wasp (Garcia-Roa
1995). The only natural enemy recorded for citrus orthezia is Rhinoleu-
cophenga brasiliensis Hendel (Drosophilidae); its larva develops on the
surface of the ensign scale, and may in turn be parasitized by Aprosto-
cetus sp. (Matile-Ferrero & Etienne 2006). This also may have occurred
in the present study, with the P. praelonga female, but it was not pos-
sible to determine if the fly host was present. However, there are no
reports of them being used to control the citrus orthezia.

The knowledge of the parasitoid species of scale insects, as well
as their distribution, are important to increase the efficiency of these
insects as biocontrol agents, and will be useful for management of this
group of pests in Maranhdo State, Brazil.

Acknowledgments

We extend our appreciation to FAPEMA - Fundagdo de Amparo a
Pesquisa e ao Desenvolvimento Cientifico e Tecnoldgico do Maranhdo



Ramos et al.: Parasitoids associated with scale insects

for financial support (PROCESS: BIC-02536/12). Also to Instituto Nacio-
nal de Ciéncia e Tecnologia dos Hymenoptera Parasitoides da Regido
Sudeste Brasileira for financial support (Process CNPq 573802/2008-4)
for one of the authors (VAC). And finally, to Takumasa Kondo for re-
viewing the manuscript.

References Cited

Abreu JAS, Rovida AS, Conte H. 2015. Controle bioldgico por insetos parasitoi-
des em culturas agricolas no Brasil: Revisdo de literatura. Uninga Review
22:22-25.

Amarasekare KG, Mannion CM, Epsky ND. 2010. Host instar susceptibility and
selection and interspecific competition of three introduced parasitoids of
the mealybug Paracoccus marginatus (Hemiptera: Pseudococcidae). Envi-
ronmental Entomology 39: 1506-1512.

Annecke DP, Prinsloo GL. 1974. On some new and described species of arrhe-
nophagine Encyrtidae (Hymenoptera). Journal of the Entomological Society
of Southern Africa 37: 35-47.

Araujo EL, Zucchi RA. 2002. Hospedeiros e niveis de infestagdo de Neosilba pen-
dula (Bezzi) (Diptera: Lonchaeidae) na regido de Mossord/Assu, RN. Arqui-
vos do Instituto Bioldgico 69: 91-94.

Ashmead WH. 1904. Classification of the chalcid flies of the superfamily Chalci-
doidea, with descriptions of new species in the Carnegie Museum, collected
in South America by Herbert H. Smith. Memoirs of the Carnegie Museum
1:225-551.

Barbosa FR, Paranhos BJ. 2004. Ameaga negra. Revista Cultivar — Hortalicas e
Frutas 5: 6-7.

Bento JMS, De Moraes GJ, Bellotti AC, Castillo JA, Warumby JF, Lapointe SL.
1999. Introduction of parasitoids for the control of the cassava mealybug
Phenacoccus herreni (Hemiptera: Pseudococcidae) in north-eastern Brazil.
Bulletin of Entomological Research 89: 403-410.

Bergmann EC, Imenes SDL, Tavares MT. 1991. Occurrence of the scale insect
Aspidiotus sp. (Hemiptera: Diaspididae) and its parasitoids on clones of rub-
ber plants in Sao Paulo State. Arquivos do Instituto Biologico. Sdo Paulo 58:
65-67.

Bernal JS, Luck RF, Morse JG. 1999. Host influences on sex ratio, longevity, and
egg load in two Metaphycus species parasitic on soft scales: implications
for insectary rearing. Entomologia Experimentalis et Applicata 92: 191-204.

Brethes J. 1920. Insectos utiles y daninos de Rio Grande do Sul y de La Plata.
Anales Sociedad Rural Argentina 54: 281-290.

Cave RD. 2006. Biological control agents of the cycad aulacaspis scale, Aulacas-
pis yasumatsui. Florida State Horticultural Society 119: 422-424.

Compere H. 1939. The insect enemies of the black scale, Saissetia oleae (Bern.)
in South America. University of California Publications in Entomology 7:
75-90.

Compere H. 1957. Descriptions of species of Metaphycus recently introduced
into California and some corrections. Bollettino del Laboratorio di Entomo-
logia Agraria Filippo Silvestri, Portici 15: 221-230.

Compere H, Annecke DP. 1961. Descriptions of parasitic Hymenoptera and com-
ments (Hymenopt.: Aphelinidae, Encyrtidae, Eulophidae). Journal of the En-
tomological Society of Southern Africa 24: 17-71.

Culik MP, Martins DDS, Ventura JA. 2011. New distribution and host records of
chalcidoid parasitoids (Hymenoptera: Chalcidoidea) of scale insects (Hemip-
tera: Coccoidea) in Espirito Santo, Brazil. Biocontrol Science and Technology
21:877-881.

Dean HA, Bailey JC. 1960. Introduction of beneficial insects for the control of
Citrus scale insectos and mites. Journal of the Rio Grande Valley Horticul-
tural Society 14: 40-46.

DeBach P, Rosen D. 1976. Armoured scale insects, pp. 139-178 In Delucchi VL
[ed.], Studies in Biological Control. Cambridge University Press, Cambridge,
United Kingdom.

De Santis L. 1964. Encirtidos de la Republica Argentina (Hymenoptera: Chalci-
doidea). Anales Comision de Inventigacion Cientifica de la Gobernacion de
la Provincia de Buenos Aires 4: 9-422.

De Santis L. 1970. Una nueva especie de encirtido del Brasil (Hymenoptera-
Encyrtidae). Boletim da Universidade Federal do Parana (Zoologia) 4: 13-15.

De Santis L. 1972. Complejo entomofagico de Aclerda campinensis (Hom.) en
el estado de Alagoas (Brasil). Anais da Sociedade Entomoldgica do Brasil
1:17-24.

De Santis L. 1979. Catédlogo de los himénopteros calcidoideos de América al
sur de los Estados Unidos. Publicacién Especial Comision de Investigaciones
Cientificas Provincia de Buenos Aires, Argentina.

277

De Santis L. 1980. Catalogo de los Himendpteros Brasilefios de la serie Para-
sitica incluyendo Bethyloidea. Editora da Universidade Federal do Parana,
Curitiba, Parana, Brazil.

Evans GA, Polaszek A, Bennett FD. 1995. The taxonomy of the Encarsia flavoscu-
tellum species-group (Hymenoptera: Aphelinidae) parasitoids of Hormaphi-
didae (Homoptera: Aphidoidea). Oriental Insects 29: 33—45.

Flanders SE. 1937. Ovipositional instincts and developmental sex differences in
the genus Coccophagus. University of California Publication in Entomology
6:401-22.

Garcia M, Denno B, Miller DR, Miller GL, Ben-Dov Y, Hardy NB. 2016. ScaleNet: A
Literature-based model of scale insect biology and systematics. http://www.
scalenet.info (last accessed 23 Apr 2017).

Garcia-Roa F. 1995. Manejo de Orthezia praelonga, plaga de citricos. ICA COR-
POICA, Palmira, Colombia.

Gibson GAP. 1995. Parasitic wasps of the subfamily Eupelminae: classification
and revision of world genera (Hymenoptera: Chalcidoidea: Eupelmidae). As-
sociated Publishers, Gainesville, Florida, USA.

Gomes JG. 1942. Subsidos a sistematica a dos calcidideos brasileiros. Boletim da
Escola Nacional de Agronomia 2: 9-45.

Gongalves CR. 1962. Perspectivas de combate bioldgico das principais pragas
das plantas cultivadas na baixada Fluminense. Boletim do Instituto de Eco-
logia e Experimentagdo Agricolas 21: 73-76.

Grahan MWR. 1987. Reclassification of the European Tetrastichinae (Hymenop-
tera: Eulophidae), with a revision of certain genera. Bulletin of the British
Museum (Natural History). Entomology (Supplement) 55: 1-392.

Granara De Willink MCG. 1999. Las cochinillas blandas de la Republica Argen-
tina (Homoptera: Coccoidea: Coccidae). Associated Publishers, Gainesville,
Florida, USA.

Guerrieri E, Noyes JS. 2000. Revision of the European species of genus
Metaphycus Mercet (Hymenoptera, Chalcidoidea: Encyrtidae), parasitoids
of scale insects (Homoptera: Coccoidea). Systematic Entomology 25: 147—
222.

Gullan PJA. 1984. Revision of the gall-forming coccoid genus Apiomorpha Riib-
saamen (Homoptera: Eriococcidae: Apiomorphinae). Australian Journal of
Zoology, Supplementary Series 32: 1-203.

Hayat M. 1997. Aphelinidae, pp. 111-145 /In Ben-Dov Y, Hodgson CJ. [eds.], Soft
Scale Insects - Their Biology, Natural Enemies and Control. Elsevier Science,
Amsterdam, Netherlands.

Hayat M. 2009. Description of a new species of Aenasius Walker (Hymenoptera:
Encyrtidae), parasitoid of the mealybug, Phenacoccus solenopsis Tinsley
(Homoptera: Pseudococcidae) in India. Biosystematica 3: 21-26.

Heraty J, Woolley J, Polaszeck A. 2007. Catalog of the Encarsia of the World.
University of California, Riverside, California, USA.

Hesami S, Ebrahimi E, Ostovan H, Shojaei M, Kamali K, Yefremova Z, Yegoren-
kova E. 2010. Contribution to the study of Eulophidae (Hymenoptera: Chal-
cidoidea) of Fars Province of Iran: I-subfamilies Entedoninae and Tetrastichi-
nae. Munis Entomology and Zoology 5: 148-157.

Hunter MS, Woolley JB. 2001. Evolution and behavioral ecology of heterono-
mous aphelinid parasitoids. Annual Review of Entomology 46: 251-290.
Japoshivili G, Spodek M, Ben-Dov Y. 2015. The parasitoid species (Hymenoptera:
Chalcidoidea) of five Kermes species (Hemiptera: Coccoidea: Kermesidae) in

Israel. Phytoparasitica 43: 541-551.

Kapranas A, Hardy ICW, Luck RF, Morse JG. 2011a. Parasitoid developmental
mortality in the field: patterns, causes and consequences for sex ratio and
virginity. Journal of Animal Ecology 80: 192—-203.

Kapranas A, Giudice DLO, Morse GP, Luck RF. 2011b. Biology and behaviour of
Metaphycus angustifrons Compere (Hymenoptera: Encyrtidae), a newly es-
tablished parasitoid of soft scale insects (Hemiptera: Coccidae) in California.
Biological Control 56: 139-144.

Kapranas A, Morse JG, Pacheco P, Forster LD, Luck RF. 2007. Survey of brown soft
scale Coccus hesperidum L. parasitoids in southern California citrus. Biologi-
cal Control 42: 288-299.

Kapranas A, Tena A. 2015. Encyrtid parasitoids of soft scale insects: biology, be-
haviour and their use in biological control. Annual Review of Entomology
60: 195-211.

Lampson LJ, Morse JG. 1992. A survey of black scale, Saissetia oleae (Hom., Coc-
cidae) parasitoids (Hym. Chalcidoidea) in southern California. Entomophaga
37:373-390.

Lasalle J. 1993. Aprostocetus (Ootetrastichus) theioneus (Masi) (Hymenop-
tera: Eulophidae): a hyperparasitoid on the cereal stem borer Chilo par-
tellus (Lepidoptera: Pyralidae) in Africa. Zoologisque Mededelingen 67:
447-450.

LaSalle J, Schauff ME, Hansson C. 2006. Familia Eulophidae, pp. 356-374 In Han-
son P, Gauld | [eds.], Hymenoptera de la Region Neotropical. Memoirs of the
American Entomological Institute, Gainesville, Florida, USA.



278

Mastoi MI, Azura NA, Muhammad R, Idris AB, Ibrahim Y. 2011. First report of pa-
paya mealybug Paracoccus marginatus (Hemiptera: Pseudococcidae) from
Malaysia. Australian Journal of Basic and Applied Sciences 5: 1247-1250.

Marsaro Junior AL, Peronti ALBG, Penteado-Dias AM, Morais EGF, Pereira PRVS.
2013. First report of Maconellicoccus hirsutus (Green, 1908) (Hemiptera:
Coccoidea: Pseudococcidae) and the associated parasitoid Anagyrus kamali
Moursi, 1948 (Hymenoptera: Encyrtidae), in Brazil. Brazilian Journal of Biol-
ogy 73: 413-418.

Marsaro Junior ALM, de Souza Filho MF, da Silva RA, Strikis PC. 2016. First re-
port of natural infestation of Pereskia aculeate Mill. (Cactaceae) by Ceratitis
capitata (Wiedemann) (Diptera: Tephritidae) in Brazil. Brazilian Journal of
Agriculture - Revista de Agricultura 86: 151-154.

Matile-Ferrero D, Etienne J. 2006. Cochenilles des Antilles frangaises et
quelques autres fles des Caraibes (Hemiptera, Coccoidea). Revue Frangaise
d’Entomologie 28: 161-190.

Miller DR, Davidson JA. 2005. Armored Scale Insect Pests of Trees and Shrubs.
Press Ithaca, Reading, New York, USA.

Murakami Y, Abe N, Cosenza GW. 1984. Parasitoids of scale insects and aphids
on citrus in the Cerrados region of Brazil (Hymenoptera: Chalcidoidea). Ap-
plied Entomology and Zoology 19: 237-244.

Myartseva SN, Evans GA. 2008. Genus Encarsia Forster of Mexico (Hymenop-
tera: Chalcidoidea: Aphelinidae). A revision, key and description of new
species. Serie Avispas Parasiticas de Plagas y otros Insectos, Cd. Victoria,
Mexico.

Noyes JS. 1980. A review of the genera of Neotropical Encyrtidae (Hymenop-
tera: Chalcidoidea). Bulletin of the British Museum (Natural History) Ento-
mology 41: 107-253.

Noyes JS. 2010. Encyrtidae of Costa Rica (Hymenoptera: Chalcidoidea), 3. Sub-
family Encyrtinae: Encyrtini, Echthroplexiellini, Discodini, Oobiini and Ixo-
diphagini, parasitoids associated with bugs (Hemiptera), insect eggs (He-
miptera, Lepidoptera, Coleoptera, Neuroptera) and ticks (Acari). Memoirs of
the American Entomological Institute Gainesville, Florida,USA.

Noyes JS. 2017. Universal Chalcidoidea Database. http://www.nhm.ac.uk/chal-
cidoids (last accessed 24 Apr 2017).

Noyes JS, Hayat M. 1994. Oriental Mealybug Parasitoids of the Anagyrini (Hy-
menoptera: Encyrtidae). CAB International, Wallingford, United Kingdom.

Noyes JS, Woolley JB, Zolnerowich G. 1997. Encyrtidae, pp. 170-320 /n Gibson
GAP, Huber JT, Woolley JB [eds.], Annotated Keys to the Genera of Nearctic
Chalcidoidea (Hymenoptera). NRC Research Press, Ottawa, Canada.

Oliveira MRV, Henneberry TJ, Anderson P. 2001. History, current status, and col-
laborative research projects for Bemisia tabaci. Crop Protection 20: 9-723.

Parker HL, Berry PA, Guido AS. 1953. Host-parasite and parasite-host lists of
insects reared in the South American Parasite Laboratory during the period
1940-1946. Urta y Curbelo, Montevideo, Uruguay.

Peronti ALB, Martinelli NM, Alexandrino JG, Junior ALM, Penteado-Dias AM,
Almeida LM. 2016. Natural enemies associated with Maconellicoccus hir-
sutus (Hemiptera: Pseudococcidae) in the state of Sdo Paulo, Brazil. Florida
Entomologist 99: 21-25.

Poorani J, Rajeshwari SK, Gupta A. 2010. Notes on the diagnosis and biology
of Aenasius bambawalei Hayat (Hymenoptera: Encyrtidae), a parasitoid of
the invasive mealybug, Phenacoccus solenopsis Tinsley (Hemiptera: Sternor-
rhyncha: Pseudococcidae). Journal of Biological Control 23: 463-466.

Prado E, Alvarenga TM, Santa-Cecilia LVC. 2015. Parasitoids associated with the
black scale Saissetia oleae (Olivier) (Hemiptera: Coccidae) in olive trees in
Minas Gerais State, Brazil. Acta Scientiarum. Agronomy 37: 411-416.

2018 — Florida Entomologist — Volume 101, No. 2

Prasad YG, Prabhakar M, Sreedevi G, Thirupathi M. 2011. Spatio-temporal
dynamics of the parasitoid, Aenasius bambawalei Hayat (Hymenoptera:
Encyrtidae) on mealybug, Phenacoccus solenopsis Tinsley in cotton based
cropping systems and associated weed flora. Journal of Biological Control
25:198-202.

Prinslo GL. 1997. Encyrtidae, pp. 655-687 In Ben-Dov Y, Hodgson CJ [eds], Soft
Scale Insects - Their Biology, Natural Enemies and Control. Elsevier Press,
Amsterdam, Netherlands.

Querino RB, Zucchi RA. 2011. Guia de Identificagdo de Trichogramma para o
Brasil. Embrapa Informagdo Tecnoldgica, Brasilia, Distrito Federal.

Rodrigues WC, Cassino PCR. 2012. Parasitoides associados a cochonilhas e
aleirodideos (Sternorrhyncha) de plantas citricas no estado do Rio de Ja-
neiro. EntomoBrasilis 5: 33—-36.

Rosen D, Debach P. 1979. Species of Aphytis of the World: Hymenoptera: Aph-
elinidae. Israel Universities Press, Jerusalem, Israel.

Rosen D, Rose M. 1989. Aphytis fioriniae sp. nov. (Hymenoptera: Aphelinidae),
a parasite of tea scale, Fiorinia theae Green, from India. Oriental Insects 23:
269-273.

Schauff ME, Lasalle J, Coote LD. 1997. Eulophidae, pp. 327-429 In Gibson GAP,
Huber JT, Woolley JB [eds], Annotated Keys to the Genera of Nearctic Chal-
cidoidea (Hymenoptera). NRC Research Press, Ottawa, Canada.

Shahzad MQ. 2016. Parasitic effects of solitary endoparasitoid, Aenasius bam-
bawalei Hayat (Hymenoptera: Encyrtidae) on cotton mealybug, Phenacoccus
solenopsis Tinsley (Hemiptera: Pseudococcidae). Advances in Entomology 4: 90.

Silva LN, Wolff VRS, Pulz CE, Silva DC. 2007. Predadores e parasitoides de Dias-
pididae (Hemiptera; Sternorrhyncha) em citros - colegdo didatica do Museu
Prof. Ramiro Gomes Costa. Revista Brasileira de Agroecologia 2: 745-748.

Tena A, Garcia-Mari F. 2009. Brood size, sex ratio and egg load of Metaphycus
lounsburyi (Hymenoptera: Encyrtidae) when parasitizing adult females of
black scale Saissetia oleae (Hemiptera: Coccidae) in the field. Biological Con-
trol 51: 110-115.

Toledo AD. 1940. Notas sobre a biologia do Chrysomphalus aonidum (L.) (Ho-
moptera) no estado de Sdo Paulo, Brasil. Arquivos do Instituto Bioldgico 11:
559-578.

Williams DJ, Granara De Willink MCG. 1992. Mealybugs of Central and South
America. CAB International, Wallingford, United Kingdom.

Wolff VRS, Botton M, Silva, DC. 2014. Diaspidideos e parasitoides associados ao
cultivo da videira no Rio Grande do Sul, Brasil. Revista Brasileira de Fruticul-
tura 36: 835-841.

Wolff VRS, Pulz CE, Silva DD, Mezzomo JB, Prade CA. 2004. Inimigos naturais
associados a Diaspididae (Hemiptera, Sternorrhyncha), ocorrentes em Cit-
rus sinensis (Linnaeus) Osbeck, no Rio Grande do Sul, Brasil: | — joaninhas
e fungos entomopatogénicos. Arquivos do Instituto Bioldgico 71: 355—-361.

Woolley JB. 1997a. Aphelinidae, pp. 134-150 In Gibson GAP, Huber JT, Woolley
JB [eds.], Annotated Keys to the Genera of Nearctic Chalcidoidea (Hymenop-
tera). NRC Research Press, Ottawa, Canada.

Woolley JB. 1997b. Signiphoridae, pp. 693-699 In Gibson GAP, Huber JT, Wool-
ley JB [eds.], Annotated Keys to the Genera of Nearctic Chalcidoidea (Hyme-
noptera). NRC Research Press, Ottawa, Canada.

Yu DS, Luck RF. 1988. Temperature-dependent size and development of Califor-
nia red scale (Homoptera: Diaspididae) and its effect on host availability for
the ectoparasitoid, Aphytis melinus DeBach (Hymenoptera: Aphelinidae).
Environmental Entomology 17: 154-161.

Zucchi RA, Silveira Neto S, Nakano O. 1993. Guia de Identificagdo de Pragas
Agricolas. FEALQ, Piracicaba, Sdo Paulo, Brazil.



