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ABSTRACT

Coffea canephora (Conilon coffee) has great economic importance for the state of Acre, in northern Brazil. The use of insecticides
in this crop has increased considerably in recent years. In order to find species of green lacewing (Chrysopidae, Neuroptera)
with potential for use in biological pest control in coffee plantations, we sampled green lacewings during one year in an
experimental plantation of Conilon coffee in Acre, in order to assess the diversity, abundance and seasonal occurrence of
Chrysopidae species. Samplings were carried out weekly using an entomological net. Overall, 1079 specimens of seven green
lacewing species were collected: Ceraeochrysa cincta, Ceracochrysa claveri, Ceracochrysa cubana, Ceracochrysa everes, Chrysoperla
externa, Leucochrysa (Nodita) cruentata and Leucochrysa (Nodita) marquezi. Ceraeochrysa cubana was the dominant and constant
species, comprising 97% of the sampled specimens and occurring in 82% of the weekly samples. The abundance and constant
presence of C. cubana, which preys upon several agricultural pests and has shown resistance to various insecticides, make
this species a potential candidate for future programs of biological control in Conilon coffee plantations in the southwestern
Brazilian Amazon region.

KEYWORDS: Neuropterida, Chrysopoidea, species diversity, Rubiaceae

Diversidade e abundancia de crisopideos (Neuroptera: Chrysopidae) em
cultivo de café Conilon no Acre, Brasil

RESUMO

Coffea canephora (café Conilon) tem grande importincia econdémica para o estado do Acre, porém o uso de inseticidas nessa
cultura tem aumentado consideravelmente nos tltimos anos. A fim de prospectar espécies de Chrysopidae (Neuroptera)
com potencial para uso em programas de controle biolégico de pragas dessa cultura, nds amostramos crisopideos em um
plantio experimental de café Conilon no Acre durante um ano, para avaliar a diversidade, abundéncia e ocorréncia sazonal
de espécies deste grupo de insetos. As amostragens foram semanais por meio do uso de rede entomolégica. Foram coletados
1079 espécimes de sete espécies de crisopideos: Ceracochrysa cincta, Ceracochrysa claveri, Ceracochrysa cubana, Ceracochrysa
everes, Chrysoperla externa, Leucochrysa (Nodita) cruentata and Leucochrysa (Nodita) marquezi. Ceraeochrysa cubana foi a espécie
mais dominante e constante, constituindo 97% dos exemplares coletados e ocorrendo em 82% das amostras. Esses resultados,
somados ao fato de que C. cubana é predadora de diversas pragas agricolas e possui resisténcia a vérios inseticidas, indicam
que essa espécie ¢ candidata potencial para o uso em futuros programas de controle biolégico de pragas de café Conilon no
sudoeste da Amazdnia brasileira.

PALAVRAS-CHAVE: Neuropterida, Chrysopoidea, diversidade de espécies, Rubiaceae
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INTRODUCTION

Brazil is the world’s largest producer of coffee in natura, as well
as the second largest consumer of the beverage, accounting
for 32% of the world market and with an average annual
consumption of 4.89 kg of roasted coffee per inhabitant
(Arantes and Guimaraes 2015; Medeiros and Rodrigues 2017).
‘The culture of coffee was introduced to Brazil in the Amazonian
state of Pard, but trade in this region only gained economic
expression from the middle of the 1970s onwards, through
colonization projects that attracted settlers from other Brazilian
regions to the Amazon region (Oliveira and Aratjo 2015).
Coffee in the Amazon is mainly cultivated by small producers,
which confers great social importance to this culture. In the
state of Acre, in the southwestern Brazilian Amazon, 93% of
coffee plantations have areas of less than 5 ha (Oliveira and
Aratjo 2015). The most cultivated species in Acre is Coffea
canephora Pierre ex Frochner (Rubiaceae), popularly known
as Conilon coffee (Bergo ez al. 2001). Chemical control s still
the most widely used method by coffee farmers to combat
crop pest insects, and the use of these products has increased
in recent years. From 2000 to 2017 the consumption in tons of
active ingredients of pesticides in Brazil has increased by 230%
(Oliveira and Aradjo 2015; IBAMA 2019).

Green lacewings (Neuroptera: Chrysopidae) are among the
natural enemies of coffee pests that are eliminated collaterally by
pesticide use (Silva e# al. 2005; Fernandes et a/. 2010; Garzén et
al. 2015). Chrysopidae is the second largest Neuroptera family,
with 1,415 species distributed in all continents, except Antarctica
(Oswald and Machado 2018). Green lacewings occupy the first
place in number of species among Neuroptera that occur in Brazil,
currently with 183 valid species with Brazilian records, of which
114 are endemic (Martins and Machado 2018). Chrysopidae
have been prominent in studies aimed at biological pest control,
as their larvae are voracious, with great hunting capacity, resistance
to various insecticides, high reproductive potential and feed on
various soft-bodied prey that are considered pests of different
crops, including coffee, such as scales, aphids, whiteflies, eggs
and small larvae of Lepidoptera, mites and thrips (Canard and
Principi 1984; Albuquerque ¢t al. 1994; Carvalho and Souza
2000; Freitas and Penny 2012).

Due to the importance of Conilon coffee cultivation
in Acre, and the high potential of green lacewings for the
biological pest control, we carried out a survey of green
lacewings in an experimental Conilon coffee plantation in
the state, with the aim of determining diversity, abundance
and seasonal distribution of Chrysopidae species, to provide
information for future biological coffee pest control programs.

MATERIAL AND METHODS

The study was conducted in two plots planted with Coffea
canephora in the Experimental Farm of Embrapa Acre,
in the municipality of Rio Branco, Acre state, Brazil
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(10°01°38.87S,67°41°09.8”W) (Figure 1). Each plot had an area
0f0.25 ha, planted with eight lines of two year old coffee plants
distanced 1.5 m and with 3 m between lines. The two plots were
about 2 m apart, and formed a joint area of approximately 0.5
ha (88 x 54 m?). One plot was regularly irrigated twice a day and
the other was not irrigated and depended exclusively on rainfall
for watering. Both plots were implemented in 2013 and will be
referred from here on as the study area. The study area was not
submitted to phytosanitary control and is surrounded by Citrus
sp. (Rutaceae) and Arachis spp. (Fabaceae) plantations that are
not submitted to phytosanitary control either. The nearest native
forest area is located at approximately 3 km from the study area.

Average annual temperature in the region varies from 23.7
to 25.9 °C with maximum temperatures reaching 33 °C, and
average annual precipitation of 1,739 mm. The wettest period
occurrs from October to March and the driest from April to
September (Duarte 2006). During the study period, the total
annual precipitations was about 1,800 mm, average annual
temperature was 26 °C and maximum temperature reached

34°C (INMET 2019).

36

Figure 1. A — Location of the study area in Acre state, southwestern Brazilian
Amazon region (map from http://www.simplemappr.net); B—Image of the study
area in the exxperimental farm of Embrapa Acre (Rio Branco, Acre, Brazil). The
shaded area indicates the two sampling plots of Conilon coffee, and the green
lines mark the sampling transects (image from Google Earth Pro). This figure is in
color in the electronic version
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The two plots were sampled weekly from September
2015 to September 2016. On each sampling occasion,
adult Chrysopidae were collected by a person walking along
six transects of approximately 43 m (Figure 1) hitting an
entomological net against both coffee plants and vegetation
at the interrows. All Chrysopidae specimens from different
transects collected on the same sampling occasion were pooled
in one sample. All samplings were performed during 40 min
in the morning (8:00 to 8:40 a.m. local time).

All collected specimens of Chrysopidae were stored
in 70% ethyl alcohol in properly labeled containers and
are deposited in the entomological collection “Prof.
J.M.F.Camargo” at Universidade de Sao Paulo, campus
Ribeirdo Preto. Material identification was carried out by
the first author using identification keys in Brooks and
Barnard (1990) and Freitas and Penny (2001). When
necessary, genitalia were examined using the methodology of
Freitas and Penny (2001). The abdominal apex was removed
and successively cleared in a solution of 10% potassium
hydroxide (KOH), rinsed with distilled water, stained with
Chlorazol Black E., rinsed with distilled water again, and
the genitals were stored in tubes with glycerin.

The characterization of the green lacewing assemblage
followed the faunal indices in Silveira Neto ez 2. (1976). To
measure diversity and entropy we calculated the Shannon’s
index, which is based on the proportional abundance of
species, considering both richness and equity. Species richness
was calculated as the total number of species recorded (S).
Species relative frequency (f) was calculated as the ratio of
individuals of each species in relation to the total number of
individuals collected. Species constancy was measured by the
percentage frequency of each species in the overall sample.
A species was considered dominant when it had a frequency
> 1 when divided by species richness. The dominance
index (D) was calculated, which varies from 0 (all taxa have
equal number of individuals in the sample) to 1 (one taxon
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completely dominates the sample). Simpson’s index (1-D)
was used to determine the evenness in the species assemblage,
a value close to 0 indicates a low uniformity in the sample
composition (Magurran 2004). All analyses were made in
Excel and the PaSt software (Hammer ez /. 2001).

RESULTS

Overall we collected 1079 specimens of seven species of
Chrysopidae (Table 1) on 51 sampling occasions. Ceraeochrysa
cubana (Hagen, 1861) was present in 82% of the samples and
was the only constant species in the survey. Ceraeochrysa claveri
(Navds, 1911) was present in 26% of the samples, and was thus
considered an accessory species, while the other five species
had frequencies below 14% and were considered accidental
occurrences in the study area (Table 1). Ceraecochrysa everes
(Banks, 1920), Leucochrysa (Nodita) cruentata (Schneider,
1851) and Chrysoperia externa (Hagen, 1861) were recorded in
only one sample. Ceracochrysa cubana represented 97% of the
captured specimens, and had an accordingly high dominance

index (0.9401) and low Simpson index (0.05992).

In general, species occurrence and abundance were
irregular along the year (Figure 2). The Shannon index for
the overall period was 0.1777, which indicates low entropy of
Chrysopidae in the study area. The highest values for species
richness were observed in November and December, when C.
cubana, C. claveri, C. everes, Ceraeochrysa cincta (Schneider,
1851) and L. (V.) cruentata occurred in the samples, and in
July and August, with the occurrence of C. cubana, C. claveri,
C. externa and Leucochrysa (Nodita) marquezi (Navés, 1913)
(Figure 2). No specimens were recorded in the beggining
of October, and from the end of April to the beginning of
May (Figure 2). Ceracochrysa cubana, which was present in
the samples throughout the year, had the largest number of
specimens recorded at the end of February, beginning of June
and end of July (Figure 2b).

Table 1. Diversity indices of green lacewing species (Chrysopidae, Neuroptera) sampled on Coffea canephora (Conilon coffee)
plots in the experimental farm of Embrapa Acre, in Rio Branco (Acre state, Brazil). N = number of specimens.

Species Constancy Relative Dominance
Frequency (%) Category frequency

Ceraeochrysa cincta 2 39 Accidental 0.19 Non-dominant
Ceraeochrysa claveri 17 255 Accessory 1.58 Non-dominant
Ceraeochrysa cubana 1046 824 Constant 96.94 Dominant
Ceraeochrysa everes 1 2.0 Accidental 0.09 Non-dominant
Chrysoperla externa 5 20 Accidental 0.46 Non-dominant
Leucochrysa (Nodita) cruentata 1 2.0 Accidental 0.09 Non-dominant
Leucochrysa (Nodita) marquezi 7 137 Accidental 0.65 Non-dominant
Total 1079 100% 100
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Figure 2. Annual distribution of abundance of green lacewing species
(Chrysopidae: Neuroptera) sampled on Coffea canephora (Conilon coffee) plots
in the experimental farm of Embrapa Acre, in Rio Branco (Acre state, Brazil). A —
Accessory and accidental species; B — Dominant species, Ceraeochrysa cubana
(Hagen, 1861).This figure is in color in the electronic version

DISCUSSION

Only three species of two Chrysopidae genera (Chrysoperla
externa, Ceracochrysa nigripes Adams & Penny, 1987 and C.
cubana) had official records for the state of Acre (Martins
and Machado 2018), so that in this study we increase the
known diversity of Chrysopidae in Acre to three genera and
seven species.

A diversity of green lacewings similar to that observed in
this study was recorded in Cofféa arabica L. plantations in the
state of Sdo Paulo, in southeastern Brazil (194 individuals of
eight species from three genera) (Montes and Freitas 2010). In
C. arabica plantations in the northeastern state of Bahia, 148
individuals of 15 species from four Chrysopidae genera were
recorded (Ribeiro e al. 2014). However, these data have to
be compared with caution, as species diversity and abundance
are dependent on sampling effort. Montes and Freitas (2010)
and Ribeiro ¢t al. (2014) also used weekly entomological-
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net samplings, but over shorter periods of nine and eight
months, respectively. They also used McPhail traps, which
allow the sampling of species that occur in the afternoon and
evening periods, and which were not sampled in our study.
It is notable that the abundance of individuals (represented
predominantly by C. cubana) was considerably higher in our
survey than in the two latter studies. Ceracochrysa cubana,
C. cincta, C. everes, Chrysoperla externa and L. (N.) cruentata
occurred in coffee plantations in Acre, Bahia and Sao Paulo,
while C. claveri occurred in Acre and Sio Paulo, and L. (V.)
marquezi occurred only in Acre (Montes and Freitas 2010;
Ribeiro ez al. 2014, this study).

The diversity of green lacewing species and the low
abundance of most species in our study site may be owed to
the sampling method and period, as it left out species with
crepuscular and nocturnal habits (Oswald and Machado
2018). Environmental temperature may also have played a
role, as mean annual maximum temperature in the region is
about 5 °C above the optimum temperature for Chrysopidae
development (Albuquerque e al. 1994; Figueira er al. 2000;
Pessoa et al. 2004; Pappas et al. 2008). Our coffee plots were
in full sun, which may also have contributed to lower lacewing
occurrence, as the presence of surrounding trees provides shade
and landscape heterogeneity, acting as refuges for invertebrate
fauna and increasing the biodiversity of the habitat (Ricci
et al. 2006; Santos and Pérez-Maluf 2012). The absence of
native forest surrounding our study area is also likely to reduce
the diversity of native insect fauna, since the presence of this
vegetation, as in agroforest systems, allows the dispersion of
pest natural enemy species (Ribeiro ez 4/. 2014), and acting as a
reservatory of insect diversity. More diverse habitats tend to have
larger populations of pest natural enemy species (Altieri 2004).

This is the first record of C. cubana as a dominant species
in a crop system. The species had already been recorded in a
number of different cultures, such as peach [Prunus persica
(Linnaeus)], coffee (C. arabica), acerola (Acerola emarginata D.
C.), manioc (Manihot sp.), eucalyptus (Eucaliptus sp.), pinus
(Pinus sp.), mango (Mangifera indica L.), sweet potato (lpomoea
batatas (L.) Lam), pumpkin (Curcubita sp.), citros (Citrus spp.),
melon (Cucumis melo L.), almond (Prunus dulcis (Mill.) D. A.
Webb) and avocado (Persea americana Mill.) (Bezerra et al.
2010, Monte and Freitas 2010, Ribeiro ez a/. 2014; Caleb C.
Martins, pers. comm.), but in all cases C. externa or C. cincta
was the dominant species (Bezerra ez /. 2010, Monte and Freitas
2010, Ribeiro et al. 2014). In this sense, the low number of C.
externa in our study was surprising, as it usually occurs with
high frequency when it is present in crops as diverse as coffee,
peach, acerola, eucalyptus, mango and pumpkin (Montes and
Freitas 2010; Ribeiro er al. 2014). Populations of C. externa
increase during cool and dry periods (Souza and Carvalho
2002), which may explain the low frequency of this species in
the humid tropical conditions of our study.
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Ceraeochrysa cubana population had two frequency peaks,
at the end of February, when the rainy season is ending,
and coinciding with the period of coffee fruit maturation
(Amaral ez al. 2018), and in June-July, during the dry season,
coinciding with the end of the physiological rest period and
the beginning of the flowering of Conilon coffee (Amaral ez 4.
2018). So the peaks of C. cubana abundance coincided with
periods of high availability of food sources for Chrysopidae
adults (Canard 2001), which likely made the coffee plantation
attractive to them. From the end of April to beginning of May,
when no green lacewing was collected, Conilon coffee tree
branches are in resting and senescence (Amaral ez a/. 2018).

Ceraeochrysa cubana is widespread in the Neotropics, has
resistance to various insecticides (Cordeiro ez 2/. 2010; Ono et al.
2017) and preys on several agricultural pests, such as Spodoptera
frugiperda (Smith, 1797) (Lepidoptera: Noctuidae) (Nunes ez
al. 2017), Aleurocanthus woglumi Ashby, 1915 (Hemiptera:
Aleyrodidae) (Oliveira ez al. 2016) and Aphis gossypii Glover,
1877 (Hemiptera: Aphididae) (Alcantra et /. 2008). Our
results suggest that C. cubana is well adapted to the climatic
and environmental conditions in Acre, and may be a suitable
candidate for use in biological control programs for coffee
pests in Acre, such as Praclongorthezia praelonga (Douglas,
1891) (Hemiptera: Ortheziidae), Leucoptera coffeella (Guérin-
Meneville & Perrottet, 1842) (Lepidoptera: Lyonetiidae) and
Brevipalpus phoenicis (Geijskes, 1939) (Acari: Tenuipalpidae),
which are known to be predated by other Chrysopidae species
(Chrysopa sp. and C. externa) (Silva et al. 2006; Costa et al.
2009; Fornazier et al. 2017). Further long-term studies on a
wider geographical scale should confirm the constance and
dominance of C. cubana in coffee plantations in Acre.

CONCLUSIONS

A year-long survey on an experimental Conilon coffee
plantation in Acre (southwestern Brazilian Amazon) detected
seven green lacewing species, resulting in low Shannon
diversity and evenness indices for Chrysopidae in the study
area. Ceraeochrysa cubana was the dominant species, occurring
in 82% of the weekly samples, and accounting for 97% of all
specimens collected. These results suggest that C. cubana is well
adapted to local climatic conditions. As this species is known to
prey on several agricultural pests and shows resistance to various
insecticides, it may be a suitable candidate for biological control
programs of Conilon coffee pests in this region.
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