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Abstract

Acacia auriculiformis A. Cunn. Ex Benth. (Fabaceae), a non-native pioneer species in Brazil with fast growth and
rusticity, is used in restoration programs. Our goal was to assess during a 24-month survey the pattern of arthropods
(phytophagous insects, bees, spiders, and predator insects) on the leaf surfaces of A. auriculiformis saplings.
Fourteen species of phytophagous, two of bees and eleven of predators were most abundant on the adaxial
surface. The values of the ecological indexes (abundance, diversity, and species richness) and the rarefaction, and
k-dominance curves of phytophagous, bees and arthropod predators were highest on the adaxial leaf surface of
A. auriculiformis. The k-dominance and abundance of Aleyrodidae (Hemiptera) (both leaf surfaces), the native
stingless bee Tetragonisca angustula Latreille (Hymenoptera: Apidae) (both leaf surfaces) and the ant Brachymyrmex
sp. (adaxial surface) and Pheidole sp. (Hymenoptera: Formicidae) (abaxial surface) were the highest between the
taxonomic groups of phytophagous, bees, and predators, respectively on A. auriculiformis saplings. The ecological
indexes and rarefaction, abundance, and k-dominance curves of phytophagous insects, bees, and predators were
highest on the adaxial leaf surface. The preference of phytophagous insects for the adaxial leaf surface is probably
due to the lower effort required to move on this surface. Understanding the arthropod preferences between leaf
surfaces may help to develop sampling and pest management plans for the most abundant phytophagous insects
on A. auriculiformis saplings. Also, knowledge on the preference pattern of bees and predators may be used to
favour their conservation.
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Resumo

Acacia auriculiformis A. Cunn. Ex Benth. (Fabaceae), espécie pioneira com rapido crescimento e rusticidade, é
utilizada em programas de recuperacdo de areas degradadas. O objetivo deste trabalho foi avaliar, durante 24 meses,
o padrdo de distribuicdo de artrépodes (insetos fitofagos, abelhas, aranhas e insetos predadores) nas superficies
foliares de A. auriculiformis. Quatorze espécies de fitéfagos, duas de abelhas e onze de predadores foram mais
abundantes na superficie adaxial. Indices ecolégicos (abundancia, diversidade e riqueza de espécies) e curvas de
rarefacdo e domindancia-k de fitéfagos, abelhas e artrépodes predadores foram maiores na face adaxial de folhas
de A. auriculiformis. A dominancia-k e a abundancia de Aleyrodidae (Hemiptera) (ambas as superficies foliares), da
abelha nativa sem ferrdo Tetragonisca angustula Latreille (Hymenoptera: Apidae) (ambas as superficies foliares) e
das formigas Brachymyrmex sp. (superficie adaxial) e Pheidole sp. (Hymenoptera: Formicidae) (superficie abaxial)
foram as maiores entre os grupos taxondmicos de fit6fagos polinizadores e predadores, respectivamente, em
plantas jovens de A. auriculiformis. A abundancia, diversidade e riqueza e as curvas de rarefacdo e dominancia-k
de artrépodes fit6fagos, abelhas e predadores foram maiores nas superficies adaxiais das folhas dessa arvore. A
preferéncia pela superficie adaxial da folha se deve, provavelmente, ao menor esfor¢o para se movimentarem na
mesma. Compreender as preferéncias dos artropodes pelas superficies foliares pode auxiliar no desenvolvimento
de planos de amostragem e manejo de pragas em A. auriculiformis. Além disso, o conhecimento da distribuicdo de
abelhas e predadores pode favorecer a conservagao desses insetos.

Palavras-chave: amostragem de insetos, conservagdo de insetos, superficie foliar, manejo de pragas, padrao de
preferéncia.
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1. Introduction

Insects use plant leaves for food, oviposition, and
refuge, and the leaf characteristics can determine the
interaction between plants and insects. Phytophagous
(e.g., sap-sucking) insects, usually, prefer the abaxial
leaf surface due to its softer tissue, thinner epidermis,
and more prominent ribs (Leite et al., 2008; Fiene et al.,
2013; Damascena et al., 2017). In addition, insects on
this leaf surface are more protected against predators
and climatic factors (e.g., solar radiation) (Leite et al.,
2011). However, plants are not passive with mechanical
defenses (e.g., trichomes) and secondary metabolites to
protect themselves from herbivores (Lima et al., 2017). The
preference for specific leaf surfaces on their host plants may
help to develop sampling and pest management plans for
phytophagous insects and to conserve bees and predator
populations (Naranjo and Flint, 1995; Leite et al., 2008).

The Acacia auriculiformis A. Cunn. ex Benth. (Fabaceae)
is a non-native pioneer species used as a model to
study leaf surface preference patterns by arthropods.
Acacia spp. (Fabaceae) are used to recover degraded
areas (Balieiro et al., 2017), although the introduction of
non-native plants may impact natural ecosystems. The
abiotic characteristics of the area and the life-history
facilitate the establishment and dispersal of A. mangium
in the Amazonian savannas (Aguiar Junior et al., 2014). On
the other hand, the local biotic resistance may reduce the
dispersal of introduced Acacia spp. as an invasive species
(Londe et al., 2020). The durability of the A. auriculiformis
wood is longer and the susceptibility to diseases and
adaptability to poor soils by this plant is high (Diouf et al.,
2006; Wong et al., 2011; Rahman et al., 2017). Acacia
auriculiformis can increase moisture retention, deposition
of potassium and organic carbon in the soil (litter) and
also the phyto-extraction of heavy metals from the soil
(through mycorrhizal associations) (Rana and Maiti, 2018)
in addition to biological fixation of atmospheric nitrogen
via bacteria in its roots. Arthropods on this and other
Acacia spp. (Van Der Colff et al., 2015; Maoela et al., 2016;
Hager and Krausa, 2019; Rodriguez et al., 2020) have been
studied, but their preference pattern for the leaf surface
of this plant remains unknown.

Our goal was to assess, during 24-month, the preference
and ecological indexes (abundance, diversity, and species
richness) of arthropods on leaf surfaces of A. auriculiformis
saplings (young trees) used to recover a disturbed area.
Knowing the spatial preference and ecological indexes of
phytophagous insects is essential for sampling plans to
manage these insects and to conserve beneficial arthropods.
The hypothesis tested was that phytophagous insects
would prefer the abaxial leaf surface and, thus, resulting
in higher ecological indexes on this surface where leaf
tissues and structures facilitate their feeding.

2. Material and Methods
2.1. Acacia auriculiformis

Acacia auriculiformis is native from Australia, Papua New
Guinea, and Indonesia (Turnbull 1986). Its leaves are dense,
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bipinnate with petioles and size from 8 to 22.5 cm and
10 to 52 mm with three longitudinal and many secondary
ribs (Doran and Turnbull, 1997). This plant is a priority
species for the International Union of Forestry Research
Organisations (IUFRO) for research and development in
tropical areas (Wickneswari and Norwati, 1993). Its wood
is of high quality for particle board, pulpwood, tannin and
timber (Firmansyah et al., 2020).

2.2. Arthropods survey and identification

Few arthropod specimens (up to 3 individuals), per
species, were collected using an aspirator, stored in flasks
with 70% alcohol, separated into morphospecies, and sent
to specialists for identification (see acknowledgments). The
numbers of arthropods were visually counted every two
weeks on the abaxial and adaxial leaf surfaces between
7:00and 11:00 A.M. in the apical, middle, and basal parts of
the canopy in the north, south, east and west orientations
during sunny days with low wind speed and without rain on
A. auriculiformis. The total sample effort was 27,648 leaves
from 48 A. auriculiformis saplings (at six-months old after
planting). This evaluation was at random on both leaf
surfaces (12 leaves/plant/survey), during 24 months, on
the entire plant (vertical and horizontal axes), capturing as
many insect and spider species as possible, especially the
rarest ones. The mean data per leaf per sapling, combining
the data of height and cardinal sampling, was used to
analyse the abundance, diversity, and species richness
on A. auriculiformis saplings.

2.3. Experimental site

The work was carried out during 24 months (from April
2015 to March 2017) in a severely disturbed area of the
“Instituto de Ciéncias Agrarias da Universidade Federal de
Minas Gerais” (ICA/UFMG), Montes Claros municipality,
Minas Gerais State, Brazil (latitude 16¢51°38” S, longitude
44°55’00” W, altitude 943 m), with Terminalia argentea
Mart. & Zucc (Combretaceae), Platycyamus regnellii
Benth (Fabaceae), and Sapindus saponaria L. (Sapindales:
Sapindaceae). The climate of this area is tropical with a dry
winter, annual precipitation between 1000 and 1300 mm
and average annual temperature > 18°C, according to the
Koppen classification (Alvares et al., 2013). The soil is Neosol
Litolic, with an Alic horizon, and its physical-chemical
characteristics have been described (Silva et al., 2020).

2.4. Experimental design

Acacia auriculiformis seedlings were prepared in plastic
bags (16 x 24 cm) in a nursery in March 2014 with a mixture
of 160 g of reactive natural phosphate. The seedlings
(30 cm tall) were planted in holes (40 x 40 x 40 cm) at
two meters apart. The soil in the holes was corrected with
dolomitic limestone to increase the base saturation to
50% and natural phosphate, gypsum, fried trace elements,
potassium chloride, and micronutrients equivalent
according to the soil analysis were added. A total of 20 L of
dehydrated sewage sludge, which chemical and biological
characteristics have been described (Silva et al., 2020) was
placed in a single-dose per hole. Forty-eight A. auriculiformis
seedlings were watered twice a week until the beginning
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of the rainy season (i.e., October). The experimental design
was completely randomized and insects evaluated on the
leaf surfaces were the treatments.

2.5. Statistical analysis

The abundance and species richness of arthropods were
the total number of individuals and species, respectively, per
leaf surface per sapling as the sampling unit (Begon et al.,
2007). Diversity was calculated using the Hill’s formula
(1%t order): N1= exp (H’), where H’ is the Shannon -
Weaver diversity index, estimating the diversity with the
current species number (Hill, 1973) using the BioDiversity
Professional, Version 2 (Krebs, 1989). The k-dominance
was calculated by plotting the percentage cumulative
abundance against log species rank (Lambshead et al.,
1983). This index values indicate the dominance and
evenness distribution of individuals between species
(Gee et al., 1985). Abundance and species rarefaction
curves were made using the mentioned statistical program.
The rarefaction is a measure of diversity comparing
the variation in species richness with the number of
individuals collected. Data of abundance, diversity, and
species richness of phytophagous, bees and predator
arthropods, and their individual number were submitted
to the non-parametric statistical hypothesis, Wilcoxon
signed-rank test (P < 0.05) (Wilcoxon, 1945), using SAEG,
version 9.1 (Saeg, 2007) (Supplier: “Universidade Federal
de Vicosa”). The data presented were those significant
(P <0.05) and the remaining ones, used to calculate the
ecological indexes, are in the supplementary material I.

3. Results

Fourteen species of phytophagous, two of bees and
eleven of predators were most abundant (P < 0.05) on the
adaxial and one of phytophagous and one of predator on the
abaxial surface of A. auriculiformis. The values of ecological
indexes (abundance, diversity, and species richness) and
the rarefaction, abundance, and k-dominance curves of
phytophagous, bees and arthropod predator were highest
on the adaxial leaf surface (P < 0.05) of this plant (Table 1,
Figures 1-3). The rarefaction curves of predators and bees
reached the asymptote on the adaxial surface and that of
phytophagous almost reached a similar shape (Figure 1).

The k-dominance (k) and abundance (n) of Aleyrodidae
(Hemiptera) (adaxial: k= 23.0, n= 88; abaxial: k= 47.4,
n= 36), of the native stingless bee Tetragonisca angustula
Latreille (Hymenoptera: Apidae) (adaxial: k= 72.6, n= 37,
abaxial: k=100.0, n=1) and that of the ant Brachymyrmex
sp. (adaxial: k=30.7, n=212) and Pheidole sp. (Hymenoptera:
Formicidae) (abaxial: k= 29.8, n= 17) were the highest
between the taxonomic groups of phytophagous, pollinators
and predator, respectively, on A. auriculiformis saplings
(Figures 2, 3).

4. Discussion

The highest numbers of phytophagous insects (e.g., P.
torridus), bees (e.g., A. mellifera) and predators (e.g., Polybia
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sp.) increasing the species richness and of rarefaction
curves with a greatest diversity of species of these groups
on the adaxial leaf surface of A. auriculiformis saplings,
may be due to lower effort by them on this surface (e.g.,
walk) (Le Goff et al., 2009). These results did not confirm
our hypothesis: phytophagous insects would prefer the
abaxial leaf surface with highest ecological indexes on
this surface due to feeding facility (e.g., softer tissue)
and high protection (e.g., predators) (Leite et al., 2008,
2011; Fiene et al., 2013; Damascena et al., 2017). Acacia
auriculiformis leaves are dense, bipinate with petioles
and 8 to 22.5 cm long and 10 to 52 mm wide, with three
longitudinal and many secondary ribs (Doran and Turnbull,
1997). Leaf characteristics, including regular shape or not,
hairiness, roughness, wax content, and type and number
of veins, can favour insect and the preference for the leaf
surface (adaxial or abaxial) requiring lower effort for the
movement (Peeters, 2002; Gorb et al., 2008; Gorb and
Gorb, 2009; Priim et al., 2012; Salerno et al., 2018).The
normalized safety factor of the traction force of Nezara
viridula (L.) (Hemiptera: Pentatomidae) varied with the
leaf surface and plant species (Salerno et al., 2018). This
factor on the adaxial leaf surface of Solanum melongena L.
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Figure 1. Rarefaction curves of phytophagous, bees and predators
on the abaxial and adaxial leaf surfaces of Acacia auriculiformis
(Fabaceae).
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Table 1. Number of arthropods and of their ecological indexes (mean + SE) on the abaxial and adaxial leaf surfaces of Acacia auriculiformis

(Fabaceae).
Leaf surface TW*
Arthropods
Abaxial Adaxial VI£ P

Araneae: Araneidae 0.13x0.05 0.81+0.07 2.06 0.02
Oxyopidae 0.00£0.00 0.17+0.06 2.52 0.01
Sparassidae, Quemedice sp. 0.06+0.03 0.00+0.00 175 0.04
Coleoptera: Chrysomelidae, Cerotoma sp. 0.00£0.00 0.17£0.06 2.52 0.01
Diabrotica speciosa Germar 0.00+0.00 0.19+0.06 2.94 0.00
Stereoma anchoralis Lacord. 0.08+0.04 0.94+0.19 4.43 0.00
Coccinellidae, Cycloneda sanguinea L. 0.00+0.00 0.08+0.04 2.03 0.02
Curculionidae, Lordops sp. 0.06+0.03 0.00+0.00 175 0.04
Naupactus sp. 0.00+0.00 0.06+0.03 175 0.04
Diptera: Dolichopodidae 0.08+0.04 0.81+0.44 4.76 0.00
Otittidae, Euxesta sp. 0.00+0.00 0.08+0.05 1.75 0.04
Syrphidae, Syrphus sp. 0.00+0.00 0.15+0.05 2.52 0.01
Hemiptera: Cicadellidae, Balclutha Hebe Kirkaldy 0.04+0.02 0.35+0.13 2.28 0.01
Erythrogonia sexguttata Fabricius 0.00+0.00 0.08+0.05 175 0.04
Unknown Membracidae species 0.00+0.00 0.77+0.22 4.82 0.00
Membracis sp. 0.00+0.00 0.08+0.04 2.03 0.02
Unknown Pentatomidae species 0.04+0.02 0.46+0.09 4.02 0.00
Scutelleridae, Pachycoris torridus Scopoli 0.04+0.04 0.19+0.07 1.93 0.03
Hymenoptera: Apidae, Apis mellifera L. 0.00+0.00 0.25+0.09 2.94 0.00
Tetragonisca angustula Latreille 0.0210.02 0.77+0.19 4,67 0.00
Formicidae, Brachymyrmex sp. 0.08+0.04 4.42+1.51 4,53 0.00
Camponotus sp. 0.13+0.05 3.06+0.44 6.94 0.00
Cephalotes sp. 0.00£0.00 0.19+0.13 1.75 0.04
Ectatomma sp. 0.02+0.02 0.63+0.17 3.84 0.00
Pheidole sp. 0.35+0.12 2.50+0.37 6.02 0.00
Pseudomyrmex termitarius Smith 0.02+0.02 1.08+0.21 5.46 0.00
Vespidae, Polybia sp. 0.00+0.00 0.50+0.11 4.67 0.00
Unknown Lepidoptera species 0.02+0.02 0.13+0.04 1.95 0.03
Orthoptera: Proscopiidae,Cephalocoema sp. 0.00+0.00 0.19+0.13 175 0.04
Romaleidae, Tropidacris collaris Stoll. 0.02+0.02 0.81+0.13 5.46 0.00
Tettigoniidae 0.00+£0.00 0.67+0.60 5.74 0.00
Ecological indexes

Abundance of phytophagous 1.58+0.47 7.98+1.16 6.38 0.00
Diversity of phytophagous 1.11+0.21 6.04+1.10 2.18 0.01
Species richness of phytophagous 0.67£0.10 41340.31 7.28 0.00
Abundance of bees 0.02+0.02 1.06x0.23 5.46 0.00
Diversity of bees 0.00+0.00 0.00+0.00 - -
Species richness of bees 0.00+0.00 0.63+0.09 5.74 0.00
Abundance of predators 1.19£0.17 14.38+1.82 743 0.00
Diversity of predators 1.60+0.24 6.51+£0.96 2.79 0.00
Species richness of predators 1.20+0.31 4.92+0.29 7.18 0.00

N = 48 per treatment. --- non generated. *TW = Test of Wilcoxon. *VT = value of test.
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Figure 2. Abundance curves for phytophagous, bees and predators
on the abaxial and adaxial leaf surfaces of Acacia auriculiformis
(Fabaceae).

(Solanaceae), and Glycine max (L.) Merrill (Fabaceae) was
higher followed by that on Cucurbita pepo L. (Cucurbitaceae)
(Salerno et al., 2018).

The highest values of ecological indexes (abundance,
diversity and species richness) and of abundance and
k-dominance curves and of their asymptote rarefaction
curves per functional groups of arthropods on the adaxial
leaf surface of A. auriculiformis saplings may be due to
leaf characteristics of this plant. The expected number
of species, based on rarefaction curves, indicates that the
diversity of arthropods differed between the leaf surfaces
of A. auriculiformis. The asymptote of rarefaction curves on
the adaxial surface indicates that the maximum number
of species expected on this surface has been reached (Rice
and Kelting, 1955).

The highest numbers and k-dominance on
A. auriculiformis leaves of Aleyrodidae, such as Bemisia
tabaci (Genn.), pest of several plants including Capsicum
annuum L. (Solanaceae), Cucumis melo L. (Cucurbitaceae),
G. max and Phaseolus vulgaris L. (Fabaceae), and Solanum
lycopersicon Mill. (Solanaceae) by sucking sap, injecting
toxins, transmitting viruses and favours the development
of fumagine (Zhang et al., 2004; Mansaray and Sundufu,
2009; Kim et al., 2017; Felicio et al., 2019; Oliveira et al.,
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Figure 3. k-dominance curves for phytophagous, bees and predators
on the abaxial and adaxial leaf surfaces of Acacia auriculiformis
(Fabaceae).

2021). The predator Brachymyrmex sp., as one of the most
abundant and with high k-dominance on A. auriculiformis
leaves may be due to its protocooperating behaviour with
sap-sucking hemipterans (e.g., Aleyrodidae) (Novgorodova,
2015; Sanchez et al., 2020) and the bee T. angustula
(Giannini et al., 2012); and/or by feeding on extrafloral
nectaries in the leaf petioles of this plant (Ghosh, 2015) as
reported on Acacia mangium Willd. (Fabaceae) and Leucaena
leucocephala (Lam.) (Fabaceae) trees (Hegde et al., 2013;
Damascena et al., 2017). The numbers of individuals of T.
angustula, an important pollinator, were the highest within
the bees on A. auriculiformis plants (Griiter et al., 2011;
Giannini et al., 2012). The high numbers of Brachymyrmex
sp. can be a problem because this ant protects the potential
pest Aleyrodidae against natural enemies. Dominant ants
form mutualistic relationships with sap-sucking insects,
increasing pest problems in agricultural systems (Sagata
and Gibb, 2016).

5. Conclusions

The greatest numbers of individuals and peaks of the
k-dominance and the asymptote rarefaction curves of
arthropods on the adaxial leaf surface of A. auriculiformis
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saplings is, probably, due to the lower effort for these
organisms to move on this surface. The preferences of
arthropods by leaf surfaces may help to develop sampling
and pest management plans for the most abundant
phytophagous insects (such as Hemiptera: Aleyrodidae)
on A. auriculiformis saplings and to help maintain bee and
predator populations for management purposes.
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