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ABSTRACT

The Brazilian Pampa presents a high diversity of fauna and flora within a mosaic of
environments. The aim of this study was to evaluate the assemblages of predatory
mites (Phytoseiidae and Stigmaeidae) in three different Pampa environments: Grassland
shrub vegetation, Grazing Exclusions fenced for six years and Riparian Forest with
tree vegetation. Phytoseiidae and Stigmaeidae were evaluated with a total of 324 plant
sampled from nine sites in three environments. Twenty­two Phytoseiidae species and
six Stigmaeidae species were found. Riparian Forest presented the highest abundance of
predatory mites (243) and the greatest species diversity. Mites were more abundant in
Grazing Exclusions (64) than in Grassland (25) environments, but species diversity was
similar. In Riparian Forest, the most abundant species were Amblyseius tamatavensis
Blommers, Amblyseius herbicolus (Chant) and Agistemus floridanus González­Rodríguez.
Arrenoseius gaucho Ferla, Silva and Moraes and Zetzellia malvinaeMatioli, Ueckermann
and Oliveira were the most abundant in Grassland environment. Our results demonstrate
that the Brazilian Pampa has a high diversity of predatory mites and mite communities
seem to be affected by the type of environment, showing the importance of this ecosystem
as a reservoir of natural enemies.
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Introduction
The Pampa environment is present in several countries (Argentina, Brazil, Paraguay and
Uruguay) and is characterized by vegetation composed mainly of grasses and herbaceous
species (Carvalho et al. 2009). South Brazilian native pastures occupy about 13.7 million
hectares and support very high levels of biodiversity, it provides several environmental services
and forage potential for livestock (Pillar et al. 2009). In Brazil, the Pampa vegetation comprises
a mosaic riparian forests within a dominant grassland habitat (Behling et al. 2005). This habitat
is under considerable human pressure, with less than 40% of its original native vegetation
remaining (MMA 2010).

The high diversity of fauna and flora in the Pampa provides environmental services,
conserves water resources, pollinators, genetic resources, and foraging for livestock (Pillar et al.
2009). Some human activities favor the maintenance of the grassland environment, e.g. grazing
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activities and fire that prevent the expansion of forest formations over grasslands (Behling et al.
2007). However, grasslands have been recently replaced by grain crops and Eucalyptus saligna
Smith (Myrtaceae) plantations (Pillar et al. 2009). These modifications in land use can have
deleterious effects on the diversity and distribution of organisms in this environment, such as
abundance and diversity of collembolans and edaphic mites (Rieff et al. 2016).

Several factors might affect environmental recovery and analyses are required to compare
different mature forest areas and assess changes in species composition and regeneration of
degraded areas (Coote et al. 2013; Derroire et al. 2016). Since it is not possible to totally
analyze the environment with high biological diversity such as the Pampa, the use of ecological
indicators is an alternative way for the diagnosis of environmental quality (Coote et al. 2013).
Studies indicate that soil mites might be environmental indicators of both native areas and areas
of exotic monocultures (Rieff et al. 2016). These ecological indicators are used in decision­
making processes regarding management and public policies for environmental recovery and
conservation (Niemi and McDonald 2004).

Plant mites represent one of the most diverse and abundant groups in terrestrial ecosystems
(Walter and Proctor 2013). In spite of that, studies that analyze their potential as indicators
of both anthropised environments and preserved environments are scarce (Rocha et al. 2015).
One of the most abundant groups are the predatory mites of the families Phytoseiidae and
Stigmaeidae, which are abundant on plants worldwide (Gerson et al. 2003) and are often
employed for biological control issues (i.e. Tixier 2018). The number of Phytoseiidae species
is high in the Neotropical region (McMurtry et al. 2013; Araújo and Daud 2018; Araújo and
Kollár 2019), with 2,798 species reported in the world (Demite et al. 2020). Stigmaeidae
live on plants and soil, and this family comprises 577 species described worldwide (Fan et al.
2016). In the state of Rio Grande do Sul, stigmaeids live in several agroecosystems and are
considered the second most abundant predatory family after Phytoseiidae (Ferla and Moraes
2002). Several studies provide information on the occurrence of predatory mites on plants, but
little is known about the parameters that explain this occurrence (i.e. Tixier 2018).

The aim of this study was to evaluate the communities of predatory mites (Phytoseiidae
and Stigmaeidae) in grasslands, modified grasslands, and riparian forests in the Pampa of the
South of Brazil. The main hypothesis, herein tested, is that forests have different communities
of predatory mites compared to grassland environments, in a way that the forest area presents
an assembly of specific predatory mites and the diversity within grassland areas is lower.

Material and methods
Study area

In the municipality of Pântano Grande, Brazil (30°19′36.59″ S, 52°29′24.83″ W, 100 meters
above sea level), the sampling units (sites) are located in permanent preservation areas composed
of native species. Around these sites, there are plantations of Eucalyptus sp. These areas belong
to the “Shrub Field vegetation type”, located in the Central Depression of the Pampa. This area
is classified as Cfa, i.e., with a well­delimitated summer and winter seasons, and annual rainfall
varying from 1,600 to 1,900 mm (Peel et al. 2007). The soil is Red dystrophic Argisol (Streck
et al. 2018). The areas herein investigated were used for agriculture and cattle breeding until
2006, when Eucalytus sp. plantations started and environmental recovery areas were defined.

The samplings were carried out in nine sites included in three environments, with areas
larger than 0.5 ha and for each type of environment. The three types of environments were
(i) Riparian Forest, with tree vegetation occurring in the margins of water resources. Riparian
forests composed of a vegetation of Seasonal Semi­deciduous Forest (high litter­fall in
autumn); (ii) Grazing Exclusions, with environmental recovery measures, fenced for six years,
with patches of shrub vegetation; and (iii) Grassland, with compacted soil and herbaceous
vegetation, with no fencing or recovery measures, and access for cattle to grazing.
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Three surveys were carried out (September 2017, November 2017 and February 2018),
starting 20 meters away from the edge of the area to avoid border effects (Rodrigues et al. 2010).
Twelve native plant species were selected at each site based on studies of plant communities in
the same areas (Caumo 2018). In total, 55 species of native plants were sampled, some plant
species being sampled in different sites. The plant species selected for the present study were
those that had the highest Importance Value Indices at each sampling unit, calculated using the
mean of the sum of Relative Cover and Relative Frequency values. These data were provided
by the Department of Horticulture and Forestry of the Agronomy School of Federal University
of Rio Grande do Sul, Porto Alegre, RS and by the Laboratory of Botany of Univates, Lajeado,
RS.

At each of the nine sites, 12 plant species were sampled with three replications over
time, totaling 324 plant samples. Plant leaves were collected and kept in plastic bags within
Styrofoam boxes (approximate temperature of 5 °C) until they were brought back to the
laboratory. For each sample, mites were searched on leaves and stems for one hour, using a
stereomicroscope Leica EZ4 HD, for standardizing the observation effort per plant. All mites
retrieved were mounted on microscope slides in Hoyer’s medium and kept at 40 °C for a period
of seven days for clearing (Moraes and Flechtmann, 2008). Female specimens were identified
at species level using a phase­contrast optical microscopy (Zeiss Axio Scope A1), based on
identification keys (Moraes et al. 2004; Lindquist et al. 2009; Walter et al. 2009; Fan et al.
2016).

The plants were identified by the Department of Horticulture and Forests of the School
of Agronomy of the Federal University of Rio Grande do Sul (UFRGS) and by the Botany
Laboratory of the University of Vale do Taquari (Univates), with consultation specialists and
herbariums.

Data analyses

Interactions between mites and plants were analyzed using the ecological network analysis
using the “network­level” function of the Bipartite package of the R software (R Core Team,
2019). We evaluated connectivity and robustness, which expresses the proportion of all possible
interactions between species of mites and plants and assess the resistance of the network to
disturbances, respectively (Dunne et al. 2002; Blüthgen et al. 2006).

Predatory mite communities from the three environments were analyzed using a non­metric
multidimensional scaling (NMDS), to assess dissimilarity in the assemblages of predatory mites
in the different environments analyzed (Riparian Forest, Grazing Exclusions and Grassland).
We also applied the Bray­Curtis dissimilarity index, through an abundance matrix. To detect
significant differences in predatory mite communities between environments, we performed a
similarity analysis (ANOSIM) using the software PRIMER­E, version 5.2.9 (Clarke and Gorley
2002).

Potential ecological indicator species were identified with the Indicator Value method
(IndVal) (Dufrêne and Legendre 1997). The IndVal method is based on exclusivity for a habitat
and frequency of occurrence within the same habitat. Calculations of Indval were performed
for each species and site with the package ‘labdsv’ v1.8­0 in R (R Core Team, 2019). The
statistical significance of indicator values was measured using random iterative methods by
relocating 10,000 samples within sample groups. Species were considered as indicators if their
maximum value of Indval was 25% (Dufrêne and Legendre 1997).

Results
On the 55 plant species analyzed, predatory mites were observed on only 33 species in the three
environments (Table 1). A total of 332 mite specimens were found, most of them belonging
to the family Phytoseiidae (22 species, 293 specimens) followed by stigmaeids (6 species, 39
specimens). Riparian Forest was the environment with the highest number of specimens (243),
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followed by Grazing Exclusions (64) and Grassland (25). The most abundant species were
represented by only five species: Neoseiulus tunus (De Leon) (64 specimens), Amblyseius
tamatavensis Blommers (56 specimens), Amblyseius herbicolus (Chant) (48 specimens),
Amblydromalus limonicus (Garman and McGregor) (30 specimens) and Agistemus floridanus
Gonzalez­Rodriguez (25 specimens (Table 1).

Networks of mites and plants showed 98 interactions (Robustness = 0.583; connectivity
= 0.090) (Figure 1). Amblyseius tamatavensis and A. floridanus were the species with the
highest number of interactions within the families Phytoseiidae and Stigmaeidae, respectively.
Baccharis dracunculifolia De Candolle was the plant species showing the highest number of
interactions (with six species in the Grassland environment: Euseius inouei Ehara and Moraes,
Euseius mesembrinus (Dean), Neoseiulus californicus (McGregor), Phytoseiulus macropilis
(Banks), Typhlodromalus aripo (De Leon) and Zetzellia malvinae Matioli, Ueckermann and
Oliveira). Elephantopus mollis Kunth was the plant species with the highest number of
interactions in Grazing Exclusion environment (with six species). Four plant species had high
number of interactions in the Riparian Forest environment, Vitex megapotamica (Sprengel)
(with six species), Symplocos uniflora (Pohl) (with six species), Ruellia angustiflora (Ness)
(with six species), andMyrcianthes pungens (Berg) Legrand (with six species).

NMDS analysis ordinated the nine sites of the three environments, grouping together the
Grassland and Grazing Exclusions, the forest remaining separated (Figure 2). The disturbance
value provided by the scaling (stress value = 0.06) indicates that the ordination well fits the
graphical representation. This result was confirmed by the ANOSIM analysis (global R = 0.462,
P < 0.001), indicating that the three areas are characterized by different mite communities.
Comparisons between Grassland and Grazing Exclusions did not show any differences (R
= 0.092, P > 0.05), where difference was observed between Grassland and Riparian Forest
environments (R = 0.45, P < 0.001), and between Grazing Exclusions and Riparian Forest
environments (R = 0.46, P < 0.001). The Riparian Forest was the environment with the greatest
predatory mite richness and abundance, and the Grassland and Grazing Exclusions areas
presented more similar diversity and lower diversity and abundance of predatory mites.

Approximately 50% of mite species were detected as environmental indicators. Riparian
Forest was the environment with the highest number of environmental indicator species, with
A. tamatavensis, A. herbicolus, A. floridanus and A. limonicus, with IndVal higher than 0.50.
Zetzellia malvinae and Arrenoseius gaucho Ferla, Silva and Moraes were detected as indicator
species in Grassland environment and only one species, T. aripo, was detected as an indicator
species in the Grazing Exclusions environment (Table 2).

Discussion
The results herein obtained support our initial hypothesis: mite communities are different
between Riparian Forest and Grassland areas. Mite communities in Grasslands and modified
grasslands areas were similar to each other’s and diversity was lower than in the Riparian Forest
area. Those results show that the Brazilian Pampa, because of diverse vegetation biome, shelter
a high diversity of predatory mites associated with native plants, demonstrating the importance
of this ecosystem as a reservoir of natural enemies.

Studies on mite diversity in the Brazilian Pampa are scarce, here we found 28 species of
predatory mites (22 species of Phytoseiidae and 6 species of Stigmaeidae) on 33 plant species.
In Brazilian Cerrado, Demite et al. (2017) found 34 phytoseiid species on 37 plant species.
In Pantanal, Mendonça et al. (2019) found 35 phytoseiid species on 40 native plants and
Rodrigues et al. (2020) found 11 phytoseiid species associated with Myrtaceae plants in the
Caatinga. In the Brazilian Atlantic Forest, Ferla and Moraes (2002) found 23 phytoseiid species
on 45 plant species; Castro and Moraes (2010) found 54 phytoseiid species on 187 species of
plants; Demite et al. (2013) found 31 Phytoseiid species on two native plants in fragments
of semi­deciduous seasonal forest; Rocha et al. (2015) reported 29 Phytoseiid species on 62
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Table 1 Number and species of predatory mites retrieved in the three environments assessed in the municipality of Pântano Grande, State of
Rio Grande do Sul, Brazil.

 

Plant species Environments Predatory mite species N

Adianthopsis clorophyll (Swartz) Fée GE Typhlodromalus aripo De Leon 2

Amblyseius sp.3 1

Neoseiulus californicus (McGregor) 1

Euseius inouei Ehara & Moraes 2

Euseius mesembrinus (Dean) 1

Phytoseiulus macropilis (Banks) 4

Typhlodromalus aripo 7

Zetzellia malvinae Matioli, Ueckermann & Oliveira 4

Baccharis trimera (Less) G Phytoseiulus macropilis 5

Bromelia antiacantha Bertoloni RF Amblyseius sp.4 1

Amblyseius herbicolus (Chant) 5

Amblydromalus limonicus (Garman & McGregor) 6

Amblyseius tamatavensis Blommers 1

Chrysophyllum marginatum (Hooker & Arnott) Radlkofer RF Amblyseius tamatavensis 1

Amblyseius herbicolus 25

Amblyseius tamatavensis 1

Iphiseiodes moraesi Ferla & Silva 3

Typhlodromips mangleae De Leon 1

Iphiseiodes moraesi 1

Amblyseius tamatavensis 2

Amblydromalus limonicus 1

Desmodium incanum De Candolle GE Agistemus brasiliensis  Matioli, Ueckermann 1

Dichondra sericea Swartz G Chelaseius sp. 1

Neoseiulus tunus (De Leon) 27

Agistemus sp.1 1

Arrenoseius gaucho Ferla, Silva & Moraes 13

Graminaseius sp.1 1

Agistemus floridanus Gonzalez-Rodriguez 5

Agistemus brasiliensis 1

Arrenoseius sp. 1

Typhlodromalus aripo 1

Eugenia hiemalis Cambess RF Amblyseius herbicolus 2

Typhlodromips mangleae 2

Amblydromalus limonicus 4

Amblyseius sp.4 1

Amblydromalus limonicus 1

Typhlodromips mangleae 2

Amblyseius tamatavensis 1

Lithraea brasiliensis Marchand RF Eustigmaeus sp. 1

Neoseiulus tunus 1

Agistemus floridanus 2

Agistemus sp.1 3

Phytoseius guianensis De Leon 2

Myrcia palustris De Candolle RF Agistemus floridanus 5

Gymnanthes klotzschiana Müller Argoviensis RF

Ilex brevicuspis Reissek RF

Miconia hyemalis A.St.‐Hilaire & Naudin RF

Daphnopsis racemosa Grisebach RF

Elephantopus mollis Kunth G and GE

Eryngium horridum Malme GE

Baccharis dracunculifolia De Candolle G and GE

Casearia sylvestris Swartz RF

Cyathea atrovirens (Langsdorff & Fischer) RF
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Table 1 Continued.

 

Plant species Environments Predatory mite species N

Amblyseius herbicolus 3

Agistemus brasiliensis 1

Agistemus floridanus 2

Neoseiulus tunus 1

Amblyseius tamatavensis 14

Amblyseius sp.2 1

Myrciaria tenella (De Candolle) O.Berg RF Amblyseius tamatavensis 1

Iphiseiodes moraesi 5

Agistemus floridanus 3

Neoseiulus tunus 6

Agistemus floridanus 1

Amblyseius tamatavensis 2

Neoseiulus tunus 1

Neoseiulus anonymus (Chant & Baker) 1

Piptochaetium montevidense  (Sprengel) GE Neoseiulus tunus 5

Psidium cattleianum Sabine G and GE Iphiseiodes moraesi 6

Neoseiulus tunus 2

Agistemus floridanus 1

Typhlodromips mangleae 1

Amblydromalus limonicus 1

Amblyseius tamatavensis 15

Amblyseius tamatavensis 13

Amblyseius sp.4 6

Amblydromalus limonicus 3

Amblyseius herbicolus 4

Neoseiulus tunus 14

Typhlodromips japi Lofego, Demite & Feres 5

Sebastiania brasiliensis Sprengel RF Iphiseiodes moraesi 3

Amblyseius tamatavensis 1

Typhlodromalus aripo 1

Amblyseius herbicolus 4

Agistemus floridanus 2

Neoseiulus tunus 5

Amblydromalus limonicus 8

Phytoseius guianensis 4

Amblyseius sp.1 1

Typhlodromips japi 4

Agistemus sp.2 1

Agistemus floridanus 1

Amblydromalus limonicus 1

Amblyseius tamatavensis 1

Typhlodromalus aripo 3

Zetzellia malvinae 1

Neoseiulus tunus 2

Agistemus floridanus 3

Typhlodromalus aripo 1

Amblyseius herbicolus 5

Amblydromalus limonicus 5

Amblyseius tamatavensis 3

Vernonanthura nudiflora (Less) H. Rob G and GE

Vitex megapotamica (Sprengel) Moldenke RF

Sida rhombifolia Linnaeus G and GE

Symplocos uniflora (Pohl) Benth RF

Trichilia elegans A. Jussieu RF

Paspalum umbrosum  von Trinius G and GE

Psychotria carthagenensis Jacquin RF

Ruellia angustiflora (Ness) Lindau ex Rambo RF

Myrcianthes pungens  (O.Berg) D.Legrand RF

Myrsine gardneriana (De Candolle) RF

Ocotea pulchella (Nees) RF
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Figure 1 Bipartite network of mite and host plant species. Bars on the left side represent host plant species and bars on the right side represent
mite species; green bars represent Grassland; yellow bars represent Grazing Exclusions; red bars represent Riparian Forest; grey bars represent
Stigmaeidae and black bars represent Phytoseiidae.
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Figure 2 Ordination (NMDS) of mites. ○: Grassland, ●: Grazing Exclusions: + Riparian Forest.
The low stress value (=0.06) indicates good fit of the two­dimensional representation of the distances
between samplings.

plants; Lofego et al. (2017) found 29 species on Cecropia pachystachya Trec. and Nuvoloni et
al. (2015) found 29 Phytoseiid species on Hevea spp. from the Amazon Forest.

The richness of Phytoseiidae found in this study is very similar to that found in the Brazilian
Caatinga and Cerrado and is lower than that observed in the Atlantic Forest and Amazon Forest.
The richness of Stigmaeidae found in this study was higher than that observed in other studies
(Ferla and Moraes 2002; Demite et al. 2013; Demite et al. 2015; Lofego et al. 2017; Noronha
et al. 2020; Rodrigues et al. 2020), but similar to that found by Johann et al. (2014) in vineyard
agro­ecosystems. Many plants sheltered more than one mite species and the interaction value
was high with 98 interactions of 28 mite species. The robustness of the networks was similar
to that found by Araujo and Kollár (2019). This can be explained by the fact that these mites
are predators, as networks with phytophagous mites have lower connectivity (Araújo and Daud
2018). The assemblages of predatory mites of Riparian Forest contrasts with grassland and

Table 2 Predatory mite species in Pampa and associated indicators (IndVal) of environment Pampa
Grassland (G), Grazing exclusion (GE) and Riparian Forest (RF), in decreasing order of IndVal.

 

IndVal Predatory Mite Species Environment

0.78 Amblyseius tamatavensis RF

0.67 Amblyseius herbicolus RF

0.62 Agistemus floridanus RF

0.56 Amblydromalus limonicus RF

0.44 Typhlodromalus aripo GE

0.44 Iphiseiodes moraesi RF

0.44 Typhlodromips mangleae RF

0.38 Neoseiulus tunus RF

0.33 Amblyseius aff. euterpes RF

0.33 Phytoseius guianensis RF

0.33 Typhlodromips japi RF

0.31 Arrenoseius gaucho G

0.27 Zetzellia malvinae G
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grazing exclusions. Thus, predatory mites can also be considered a meaningful indicator of
environmental characteristics in the Brazilian Pampa. Amblyseius tamatavensis, A. herbicolus
and A. floridanus are associated to Riparian Forest. Amblyseius tamatavensis and A. herbicolus
are worldwide distributed (Demite et al. 2019) and A. floridanus only occurs in the American
continent (Johann et al. 2013). Arrenoseius gaucho, collected to Grassland, has been described
in this environment (Ferla et al. 2010), but there is no ecological information in literature
regarding this species. Similar to Z. malvinae, which is related to Grassland, it is distributed
throughout Brazil and occurs in rubber trees, vineyards, citrus, and coffee crops (Matioli et
al. 2002; De Vis et al. 2006; Mineiro et al. 2006; Diehl et al. 2012). Typhlodromalus aripo
was more associated with Grazing and Grazing Exclusions, this species was also associated to
unstable environments with extreme windy conditions (Rocha et al. 2015).

Plant species that showed the highest number of predatory species could be selected in
future studies on environmental indicators, especially to determine what are the factors affecting
mite species occurrence. These plants occur throughout several countries and biomes (Ezcurra
1989; Patrício and Cervi 2005; Borges and Forzza 2008; Carvalho 2008; Cruz et al. 2016)
and may be favorable to mites due to particular plant traits, such as trichomes and domatia,
providing shelter and food (i.e. Tixier 2018). The main questions would be: the mite species
occurrence is leaded by factors associated to environmental and /or plant features?

Predatory mites are important biological control agents of other mite groups and several
species are used in many biological control programs (Gerson et al. 2003; McMurtry et al.
2013). Here, we found economically important biocontrol agents (MAPA 2018) particularly P.
macropilis (9 specimens) and N. californicus (1 specimen). Other predators found in this study
have also economic importance in biological control as shown in several studies: Agistemus
floridanus (Ferla and Moraes 2003), A. limonicus (Vangansbeke et al. 2014), A. tamatavensis
(Cavalcante et al. 2017), E. mesembrinus (Landeros et al. 2004) and T. aripo (Onzo et al.
2012).

Finally, we conclude that the Brazilian Pampa has many species of predatory mites, whose
diversity is affected by the vegetation. The different environments of the Brazilian Pampa
show a rich diversity of predators and can contribute to biological control programs. Thus,
the monitoring of these areas is important to assess how these populations are maintained and
evolve through time, especially in the ecological succession processes.
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