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1. Introduction

Abstract

The QBS-ar (Biological Quality of Soil, based on arthropods) index was applied in Coyhaique Na-
tional Reserve (Chile). The aims of our research were to assess the abundance and diversity of soil
microarthropods in different South American habitats, evaluating to what extent chemical param-
eters and seasonal changes of weather conditions can affect these organisms. Moreover we wanted
to verify if the QBS-ar index was applicable in the Neotropical biogeographic region in order to
distinguish between habitats subject to different levels and types of disturbance. Therefore, four
habitats were investigated: primary native Nothofagus spp. forest (OG), native forest of second-
ary growth after fires (SG), reforestation pine forest (PI) and anthropogenic grassland (PR). Dur-
ing each of seven sampling sessions (nearly one every 10 days) between October and December
2017, five 1 liter soil cores were collected in each habitat. Microarthropods extracted by means of
Berlese-Tullgren funnels were counted, identified to the order level and evaluated based on their
morphological adaptation to life in soil in order to assess QBS-ar values and related quality classes.
Both microarthropod communities and QBS-ar values comparisons showed that OG and SG forests
are close to each other, and the same is true for PI and PR. Soils of the former couple of habitats
were characterized by a much higher biological quality level with QBS-ar values of 129.1 + 20.2
and 111.8 + 6.4, respectively, both corresponding to the quality class 6 (out of a maximum of 7). On
the contrary, PI and PR scored QBS-ar values of 83 + 13.5 and 80.3 + 10.8, respectively, and quality
classes ranged between 3 and 4. Relationships among dominant and subdominant microarthropod
taxa and environmental variables were analysed. In particular some chemical properties of soils
(pH, CaCO, N, soluble P, exchangeable K, organic matter, C/N ratio) and weather variables (cu-
mulated rainfalls and mean temperatures during the 7 days before each sampling session) were
considered. This is the first time the QBS-ar index has been applied in the Southern Hemisphere.
Our results seem to indicate this index can be “exported” also to South America, resulting a useful
tool for a user friendly assessment of the impact on terrestrial environments by different forms of
disturbances and of habitat management.

of carbon and, therefore, soil management and conservation
can be considered of global interest from many points of view,

Soil is one of the most species-rich habitats (Wolters, 2001),
representing the decomposition subsystem of terrestrial ecosys-
tems. Soil reflects terrestrial ecosystem metabolism since all the
bio-geo-chemical processes of the different ecosystem compart-
ments fall on it; therefore, soil quality assessment can be consid-
ered a suitable criterion for evaluating the health status of an
ecosystem. The biocenosis of soil mainly depends on the contri-
bution of organic matter (e.g. undecayed plant and animal resi-
dues) from the epigeal subsystem and its role is the degradation
of such matter in order to make available mineral nutrients (N,
P, K) to plants (Wardle, 2002; Murphy, 2014). This apparently sim-
ple cycle is strictly linked to the sequestration of large amount

from the regulation of climate processes to the productivity of
agroecosystems (e.g. Lal, 2004; Lajtha et al., 2018; Ondrasek, et
al., 2019). Soil organic carbon (SOC), in fact, plays an important
role in the overall C cycle, and even small changes in the SOC
stock can influence the greenhouse gas concentrations in the at-
mosphere (Breuning-Madsen et al., 2009; Brevik, 2012). For this
reason, the Kyoto Protocol accounts for this important element
in the management of greenhouse gas emissions (Ruiz Sinoga et
al., 2011). SOC is sensitive to a range of factors, including climate,
topography, soil and vegetation management, among other an-
thropogenic factors (Tan et al., 2004). In particular, Paustian
et al. (1997) highlighted that the SOC content decreases with
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increasing soil disturbance, reaching higher concentrations in
areas with little soil disturbance and in forested environments.
Moreover, the SOC storage is influenced by temperature and
moisture regime (Fantappié et al., 2010). The SOC sequestration
decreased from the field sites with humid conditions to those
with semiarid conditions. In summary, a protected environment
with a thick and mature forest that encourages soil preservation
and litter development is the best environment for SOC preser-
vation and formation.

Soil invertebrates depend on the energy obtained from the
microbial degradation of organic matter, carrying out a positive
feedback on such function and on the nutrient recycling proc-
esses (Potapov et al.,, 2017; Lajtha et al., 2018). Therefore, they
are key players in several supporting and regulating ecosystem
services (Lavelle et al., 2006). An extensive overview of the soil
biodiversity is available in Coleman and Wall (2015) and in Or-
giazzi et al. (2016), while Menta and Remelli (2020) focus on soil
arthropods. In a nutshell (for further information see Wardle
2002), organic matter forming litter represents the basis of de-
tritus-based food web whose primary consumers are bacteria
and fungi (which respectively feed the so called “bacterial and
fungal energy channels”). Enchytraeids (both microbial feeders
and saprovores) and secondary consumers such as nematodes,
oribatid mites, springtails, proturans are the most abundant or-
ganisms of the soil fauna; at the higher trophic levels are placed
arachnids like predaceous mites, pseudscorpions, small spiders
and centipedes. Total densities of animals, in moist soils rich in
organic matter, can be of some hundreds of thousands of indi-
viduals/m? (Coleman and Wall, 2015; Orgiazzi et al., 2016).

Soil fauna is often used to provide soil quality indicators
(Cortet et al., 1999; van Straalen, 2004; Parisi et al., 2005; Tabagl-
io et al., 2009; Menta et al., 2011; Cluzeau et al., 2012; Arredondo-
-Ruiz et al., 2013; Visioli et al., 2013; Menta and Remelli, 2020).
Several authors have proposed methods for soil quality assess-
ment through the analysis of soil fauna: some of them have a
more general approach (Parisi et al., 2005), for others the evalu-
ation of specific abundance and/or species richness of single fau-
nal groups is required (Paoletti, 1999; Paoletti and Hassall, 1999;
Parisi and Menta, 2008; Elo and Sorvari, 2019).

Since its introduction and improvement, the QBS-ar (Bio-
logical Quality of Soil, based on arthropods) index (Parisi, 2001;
Parisi et al., 2005) has been applied in Europe, especially in
the Mediterranean area, more rarely in Asia, both in studies
aimed to assess soil quality in agroecosystems and in polluted
or degraded sites, and to evaluate the impact of different dis-
turbances in natural and semi-natural habitats (Aspetti et al,
2010; Blasi et al., 2013; Galli et al., 2014, 2015; Menta et al., 2018;
Galli, 2020; Gongalves et al., 2020). In general, based on what has
been observed in Europe, in broadleaf deciduous forests typical
of a temperate climate (Blasi et al., 2013) QBS-ar values remain
comparable all over the year, whereas in Mediterranean sclero-
phyllous woods and bush, QBS-ar values vary monthly (Galli et
al, 2014).

In Italy, this index is among those recommended by the na-
tional Agency for Environment Protection and Technical Serv-
ices (APAT) and by the Institute for Environmental Protection
and Research (ISPRA) for soil biomonitoring (Menta et al., 2018).
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As far as we know, the QBS-ar index has never been used in the

Southern Hemisphere yet.

The recent widespread use of the QBS-ar index is due both
to its low cost and to the ease of execution: field soil cores col-
lection is expeditious and laboratory analyses require generic
taxonomic skills. Therefore, we decided to test this method for
the first time in South America, by comparing four different
habitats in the Chilean Natural Reserve of Coyhaique.

With this study we aimed to answer the following ques-
tions:

1) What is the abundance and diversity of soil microarthro-
pods in different South American habitats?

2) Isthe QBS-ar an index applicable in biogeographic regions
other than the Palearctic and Oriental?

3) Does this index based on soil microarthropods enable to
distinguish between habitats subject to different levels and
types of disturbance also in the Neotropical region?

4) To what extent chemical parameters and weather condi-
tions do affect microarthropods? Do their populations un-
dergo seasonal fluctuations?

2. Material and methods
2.1. Study area

The study area is located in the Coyhaique National Reserve
(Chilean Patagonia, XI Region: 45°30'40"S 71°59'45"W) (Fig. 1).

Four sampling sites were chosen in the area of the Reserve,
each of them showing different vegetation and soil conditions
(CONAF, 2011):

1. primary native forest (OG - Coordinates 18GUTM: 0730818,

4954177; 733 m elev.)

2. native forest of secondary growth after fires (SG - Coordi-
nates 18GUTM: 0731402, 4954166; 718 m elev.)
3. reforestation pine forest (PI- Coordinates 18GUTM: 0731178,

4953464; 674 m elev.)

4. anthropogenic grassland (PR - Coordinates 18GUTM:

0730332, 4951877; 436 m elev.).

The primary growth native forest is the most relevant veg-
etation in the reserve, both for extension and natural value. This
deciduous Magellanic forest is dominated by Nothofagus pumil-
io (Poepp. & Endl), with Nothofagus dombeyi (Mirb.) and Not-
hofagus antarctica (G. Forst.) in lesser proportions. In the area
other species are represented: Embothrium coccineum Forst.,
Berberis dentatoserrata (Heuf.), Myoschilos oblonga Ruiz & Pav.,
Lycopodium paniculatum Desv. Ex Poir. and, among the herba-
ceous plants, Osmorhiza chilensis Hook. & Arn. and Adenocaulon
chilense Less. (CONAF, 2009). This forest extends on the slopes
of Mount Cinchao, starting from 650-700 m elev. and represents
one of the few examples of Chilean deciduous Magellanic forest
not affected by the fires which went through the region during
the first part of the 20th century.

The secondary growth native forest is characterized by the
dominance of N. pumilio and N. dombeyi accompanied in lesser
proportions by E. coccineum, B. dentatoserrata, M. oblonga, L.
paniculatum, O. chilensis and A. chilense. This is a controlled
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Fig. 1. Coyhaique Natural Reserve (Chile) map (from CONAF, 2011). OG = Primary native forest; SG = Native forest of secondary growth after fires; PI =

Reforestation pine forest; PR = Anthropized grassland

growth Magellanic forest extending mainly on the south-west
facing slope of Mount Cinchao, which was affected by fires dur-
ing the first half of the 20th century.

The mixed forest of conifers, resulting from reforestation
activities carried out since 1959 (CONAF, 2009), occupies an area
of about 720 hectares and it’s mainly present in the Reserve be-
low 700 m elev. It is now composed by a variety of species, result-
ing from different reforestation interventions. Pinus sylvestris
L., Pinus ponderosa Laws., Pinus contorta Doug., Pseudotsuga
menziesii (Mirb.), Picea abies (L.) and Larix decidua Mill. are the
most representative, but some deciduous species such as Betula
pendula Roth and Alnus glutinosa (L.) can also be found. The
shrub layer consists of: Berberis buxifolia Lam., Berberis darwini
Hook., Ribes magellanicum Poir., Maytenus disticha (Hook F.), Es-
callonia virgate Mutis ex L.f., Fuchsia magellanica Lam., Baccha-
ris sp., Pernettya mucronata (L.f.) Hook. and Arn. and Chusquea
coleu Desv. Embothrium coccineum Forst. can also be found as
colonizing species.

The grassland chosen for the study is located in the lower
area of the reserve; it is used as building area and also as grazing
area for horses and other animals in the Reserve. The vegeta-
tion is dominated by Poaceae, with a modest presence of Trifo-
lium spp. and Acaena spp. and some shrubs such as Senecio spp.,
Ribes spp. and Berberis spp. (CONAF, 2009).

According to the WRB (IUSS Working Group WRB, 2014),
soils occurring in this landscape are primarily vitric or umbric
Andosol developed in volcanic ejecta or on lava flows from active
volcanoes in the region (Gardi et al., 2105). These soils usually ex-
hibit high levels of organic matter due to accumulation of stable
organo-mineral complexes and strong phosphate fixation.

Weather conditions of the area are available online (web-
site 1) by selecting station 450004 (Teniente Vidal, Coyhaique).
In order to highlight any possible influence on soil arthropods,
data of cumulated rainfalls and mean daily temperatures during
the seven days preceding each sampling session were taken into
consideration (Table 1).

2.2. Field and laboratory methods

At each sampling site, a representative central area was de-
limited, homogeneous in terms of slope and vegetation. Five 10
x 10 x 10 cm soil cores were collected after removing the above
ground plant cover and surface litter, at the corners and at the
intersection of the diagonals of a square with seven meter sides.

Samples were collected always within the same four core ar-
eas during October 13 and 23, November 2, 14 and 24, December
6 and 18 (2017), January 15 (2018) in order to check if there were
any monthly fluctuations in the soil arthropods abundance. On
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Table 1

Weather conditions in Coyhaique Natural Reserve during the field activi-
ties: cumulated rainfalls and mean daily temperatures during the seven
days preceding each sampling session

Date Cumulated Rainfalls (mm) Mean T (°C)
13.10 21.8 6.5

23.10 13.7 7.3

02.11 3.2 9.2

14.11 14.9 11

24.11 0 9

06.12 0 14.5

18.12 29.9 132

the same day of collection they were carried to the laboratory of
the Centro de Investigacién en Ecosistemas de la Patagonia (CIEP)
in Coyhaique for the extraction. Extractions of grassland samples
(PR) taken on the last sampling session, 15" January 2018, inex-
plicably failed, resulting almost null. Therefore, for homogeneity,
data about this date were excluded from any elaboration and
analysis, except one (see section 2.3 Statistical analyses).

Microarthropods were extracted into vials containing 70%
Ethanol using Berlese-Tullgren funnels (2.5 mm mesh size) for 7-
10 days (Bano and Roy, 2016). The content of each vial was then
analysed using a 20x/40x stereomicroscope in order to identify
specimens at the order or class (only myriapods and apterygote
hexapods) levels.

Specimens belonging to each taxon were counted in order
to get a quantitative data set on the microarthropod communi-
ties integrating the qualitative QBS-ar approach (see below).

The QBS-ar index (Parisi et al., 2005; Tabaglio et al., 2009;
Menta et al,, 2011) is based on the positive correlation between
the number of microarthropod groups which are well adapted
to soil habitats and the soil quality. Each group of soil arthro-
pods present in a sample is evaluated according to morphologi-
cal characteristics that give evidence of adaptation to soil envi-
ronment, such as reduction or loss of pigmentation and visual
apparatus; tiny and/or streamlined body form, with reduced
and transformed appendages (hairs, antennae, legs); reduction
or loss of flying, jumping or running adaptations; the presence
of peculiar sense organs. Based on these characteristics, an eco-
morphological index (EMI) ranging from 1 (no adaptation to
soil) to 20 (in the euedaphic forms: full adaptation), is given to
each taxon (order or class). Some orders/classes that are strictly
euedaphic (Acarina, Palpigrada, Pseudoscorpionida, Symphyla,
Pauropoda, Protura and Diplura), hemiedaphic (Opilionida,
Isopoda, Microcoryphia, Zygentoma, Embioptera, and larvae of
holometabolous insects) and not-edaphic (Dermaptera, Psocop-
tera, Thysanoptera, Diptera) have fixed EMI values: 20, 10 and
1, respectively. Eco-morphological values of the other taxa need
to be assessed according to easy keys, based on the highest de-
gree of adaptation to soil recorded among extracted specimens.
The QBS-ar value results from the sum of the EMI scores of all
the arthropod groups extracted. Such value, the number of eue-
daphic taxa and the presence/absence of specific groups (Colle-
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mbola Onychiuridae, Protura and euedaphic Coleoptera) allow
to assign the soil to one of eight different quality classes (from 0
to 7). For a more detailed description of the method, see the lit-
erature cited above. In this study, QBS-ar values were calculated
for each habitat considering the 5 soil cores of a single sampling
session as representative subsamples of different microhabitats.
Therefore, the results of microarthropods’ extraction from the
five subsamples collected on a date were cumulated in order to
obtain a larger pool of organisms, from potentially different soil
environments, based on which the index was computed.

In order to characterize the chemical properties of the soils,
at each of these sampling sites two 15 cm deep soil cores were
removed via auguring from A horizon and mixed together to
obtain a single 1 kg soil sample/habitat. Before collecting each
core, we removed all recognizable litter from the soil surface
(Oi horizon). After collection, each core was placed in a labelled
bag that was immediately sealed and maintained in a cooler in
fresh conditions (<15 °C air temperature) for ca. 2 h to minimize
nutrient mineralization, then they were placed in a refrigera-
tor (3 °C) for two days and shipped to a soil testing laboratory
(Regional Soil Analysis Laboratory in Sarzana, Italy, ISO 9001
certified). For each soil sample, the following routine labora-
tory procedures and analyses were performed according to the
Ministero delle Politiche Agricole e Forestali (Mipaf, 2000): pH
was measured by potentiometry in a 1:2.5 soil:water suspen-
sion. Total carbonate content was determined using the Dietrich
Friling calcimeter. Total Organic Carbon (TOC) and N content
were determined using an elemental analyser (Velp CN 802) by
means of high-temperature (1000°C) combustion (Dumas, 1831)
and removing inorganic carbon (carbonates) in the sample by
pre-treatment (Kerven et al.,, 2000). Measurements of organic
carbon can be used to estimate organic matter (OM) through the
use of a conversion factor, which assumes that 58% of the OM
was formed by carbon (Nelson and Sommers, 1996). The cation
exchange capacity (CEC) and exchangeable bases were deter-
mined with BaCl,-triethanolamine at a pH of 8.2; soluble P was
determined using NaHCO, (Olsen et al., 1954).

2.3. Statistical analyses

Software PAST (version 4.02) (Hammer et al., 2001) was
used to perform the following statistical analyses.

Chemical parameters of soils (Table 1) were used to assess
the ”abiotic similarity” among the four sampling sites, by means
of Ward’s method Clustering (1000 bootstraps). The same met-
hod was used to assess ”biotic similarity” among habitats, based
on the total number of microarthropods belonging to each taxon
extracted during the seven examined sampling sessions.

Based on quantitative data (summing the five sub-samples),
the community composition and diversity were estimated, cal-
culating the Shannon diversity (H) and the Simpson dominance
(D) indices.

In order to assess differences among microarthropod com-
munities of the four habitats, quantitative data of each sample
were ordinated by Non metric multidimensional scaling, adopt-
ing Bray-Curtis distance index. On the same dataset the One-way
ANOSIM (9999 permutations) was performed, based on Bray-
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Curtis similarity index and applying Bonferroni correction. The
contribution of each taxon to the recorded differences was esti-
mated through SIMPER analysis.

The same kind of data processing was carried out with the
aim of highlighting any significant variation of communities
during the research. Data from all four habitats were grouped
by sampling date from October to December 2017 and analyzed
by means of One-way ANOSIM. In order to examine a wider time
frame, One-way ANOSIM was performed also on data from three
habitats (excluding PR) along the whole sampling period from
13%" October 2017 to 15" January 2018.

The sensitivity of QBS-ar index and Quality Classes was
tested performing One-way ANOVA on values calculated for all
collected samples and examining the output of Tukey’s pairwise
comparisons among the four habitats.

The relationships among different soil microarthropod
classes and soil chemical parameters (see Table 1) on one side
and weather conditions on the other were investigated by a ca-
nonical correspondence analysis. In the former case, only data
about dominant/subdominant eu- and hemi-edaphic taxa were
used, assuming they were the most sensitive to soil character-
istics. In the latter case, general data about the most frequent
orders were plotted in relation to cumulated rainfalls and mean
temperatures in the seven days preceding the sampling.

3. Results
3.1. Soil properties

The chemical analyses (Table 2) documented overall that
these soils are rich in organic matter, reflecting the greater or-
ganic carbon inputs associated with a more mature and better-
established vegetation community in forest types (OG, SG, PI).
An exception was represented by PR where we registered a de-
crease of organic matter due to human impact interference with
soil formation processes through vegetation changes caused by
deforestation. Generally, the C/N ratio of these last soils (PR) is
near 10, indicating a Mull humus form, characterized by well-
humified organic matter with stable mineral-organic complexes
whereas in forested environments (OG, SG, PI) the acidic pH of
the organic horizons induces a decrease in litter decomposition
rates and is reinforced by slow humification (C/N ratios of ap-
proximately 20) with formation of the Moder humus form. In

Table 2

First application of QBS-ar Index in Chile

fact, soil reaction was generally slightly acid, with the highest
PH (H,0) value, which was 6.7, recorded in PR. The CEC values
significantly increase in the forest soils and appear to be directly
correlated to the organic matter content.

The majority of the soils completely leached of carbonates
(this may explain their low pH) but it should be noted that soils
in the PR are characterized by higher CaCO, content likely due to
the preparation and management of plots before, during and af-
ter the production phase (probably due to calcination remedia-
tion interventions). P in PR showed low value, but high values
occurred in forest sites. Moreover, the soils in these sites have
high N contents while lower values occurred in PR which, how-
ever, has high K values that could be linked to the addition of
fertilizers.

3.2. Soil micro-arthropods

From the 155 soil cores collected, a total of 21,491 microar-
thopods were extracted. In Appendix 1 such results are summa-
rized, cumulating for each sampling session the data obtained
from the five sub-samples collected per habitat. For complete-
ness of information, also data of January 2018 (from PI, SG and
0OG) are reported, even though omitted in most of the analyses.

Non metric multidimensional scaling with Bray-Curtis simi-
larity index based on the whole dataset, excluding January 2018
(see Field and laboratory methods), does not show a clear distinc-
tion among habitats (Fig. 2), while the One-way ANOSIM high-
lights highly significant differences among them (R = 0.06831;
p(same) = 0.0001). Pairwise differences (Bonferroni correction
applied) are shown in table 3. Pine forest (PI) results significantly
different from grassland (PR) and secondary growth forest (SG);
PR is also significantly different from primary native forest (0G),
and its difference from secondary growth forest (SG) is close to
statistical significance. Microarthropod communities of OG and
SG result statistically indistinguishable. Overall distances among
habitats’ communities are shown in Fig. 3. Two clusters emerge
with rather good bootstrap support: PI-PR on one side, and SG-OG
on the other. This result is partly consistent with the distances
among the soils of such habitats evidenced by Ward’s clustering
based on chemical properties shown in table 1 (Fig. 4).

SIMPER analysis evidenced an overall average dissimilar-
ity of 65.13%, with mites and springtails totally contributing
in every pairwise comparison to at least the 70% of the differ-
ences between habitats evidenced by One-way ANOSIM.

Soil chemical parameters in the sampling sites. OG = Primary native forest; SG = Native forest of secondary growth after fires; PI = Reforestation pine

forest; PR = Anthropogenic grassland

pH CEC.? CaCo, N p® K? O.M.© C/N
(H,0) (meq/100g) (%) (g/kg) (mg/kg) (mg/kg) (%)
PR 6.7 13.8 1.76 1.82 6 297.2 4 12.6
PI 5.9 36.2 0 6.8 122 215.1 16.6 14.2
SG 6.4 28.9 0 4.6 32 152.5 15.7 19.9
0G 6.1 30.8 0 7.5 40 226.8 20.2 15.7

2 C.E.C.: cation exchange capacity;®exchangeable;° O.M.: organic matter.
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Fig. 2. Non metric multidimensional scaling based on the whole extracted microarthropods dataset; 95% ellipsis are drawn

Table 3

One-way ANOSIM (Bray-Curtis distance index, Bonferroni corrected p
values) pairwise comparisons between habitats. Highly significant dif-
ferences are highlighted in light grey, those in dark grey are close to sta-
tistical significance

PR PI SG oG
PR 0.0006 0.072 0.0012
PI 0.0006 0.0204 0.1674
SG 0.072 0.0204 1
oG 0.0012 0.1674 1
& 53
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1000+
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()
Q
=
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munity composition in 25001
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the nodes 3500~
6
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The Shannon diversity (H) and the Simpson dominance (D)
indices were calculated to assess the biodiversity at the order
level for each habitat. Their variation among the seven sam-
pling sessions from October to December 2017 is shown in Fig.
5. The most homogeneous community with the highest diver-
sity is the primary Nothofagus forest (OG); on the contrary, the
secondary growth forest, with the highest recorded number of
arthropods, results the less diverse habitat, due to a high domi-
nance level. Pine forest community, even though characterized
by the lowest number of individuals, has an intermediate di-
versity level due to its low dominance value. Finally, grassland
shows intermediate values both in terms of microarthropods’
density and their diversity.

g = 8 8
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8
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A
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1051
Fig. 4. Clustering based
on chemical properties 120-
of soils (Ward’s method,
1000 bootstraps — Cophe- 1354
netic correlation 0.6572). 100

Bootstraps values are re-
ported under the nodes
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The relationships among dominant and subdominant soil
arthropods and chemical parameters of soils on one side and
weather conditions on the other can be cautiously outlined
based on the canonical correspondence analysis outputs shown
in figures 6 and 7, respectively. In general, eu- and hemi-edaphic
taxa (Acarina, Chilopoda Geophilomorpha, euedaphic Collem-
bola, Protura, hemi- and euedaphic Coleoptera) appear to bhe

SG
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PI
SG
oG

positively influenced by C/N ratio, organic matter, N and cationic
exchange capacity. Less relevant seems to be the influence of
PH, negative on Chilopoda Geophilomorpha and positive on Co-
leoptera. CaCO,, P and K would influence more or less negative-
ly all the taxa mentioned above; just hemi-edaphic Collembola
would be positively related to such factors. The output based on
weather conditions is bipartite. Mean temperature vector lies on
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the negative side of axis 1 with Acarina, Protura and Coleoptera;
on the positive side lie rainfalls vector with Chilopoda Geophilo-
morpha, Collembola and larvae of both Coleoptera and Diptera.
Nevertheless, at least partly due to the low number of samplings,
linear regression models applied to the examined taxa and envi-
ronmental variables result generally not significant, or statisti-
cally significant but supported by very low R? values.

One-way ANOSIM performed on data of microarthropod
communities grouped according to sampling date showed no
significant difference for either all four habitats during the last
three months of 2017 or for PI-SG-OG during the whole period
ending on 15" January 2018. These results indicate that in each
habitat the microarthropod community remained unchanged at
least over the three months monitored. This seems to indicate
a lack of significant seasonal fluctuations in the populations in-
vestigated.

3.3. Biological quality of soils

The QBS-ar indices and the related quality classes were
calculated for each habitat and collecting date. Their variation

SOIL SCIENCE ANNUAL

among the seven sampling sessions from October to December
2017 is shown in Fig. 8.

It is evident that the biological quality of soil index’ result
reflects what has been highlighted on the basis of the analysis
of the microarthropod communities illustrated in Fig. 3. PI and
PR are close to each other and the same is true for SG and OG.
In particular, soils of this latter couple of habitats are character-
ized by a higher biological quality.

The Tukey’s pairwise comparisons between habitats ob-
tained performing One-way ANOVA on QBS-ar values and quali-
ty classes during the seven sampling sessions are shown in Table
4. In both cases PR and PI result significantly different from SG
and OG, corroborating the consideration made above based on
mean values.

4. Discussion

In our study, only four habitats were analyzed, and among
them only the primary native forest can be considered a natural
habitat. Based on the analysis of their soil arthropods, pine for-
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Fig. 8. Box-plots of QBS-ar index and quality classes values calculated for each sampling session in the four
studied habitats. Open circles and stars represent maximum and minimum outliers, respectively

Table 4

One-way ANOVA on QBS-ar values and related quality classes. Tukey’s pairwise comparisons between habitats.
Q values are below diagonal, p(same) above diagonal. Significant differences are highlighted

QBS-ar PR PI SG oG

PR 0.9384 0.04382 0.001719
PI 0.8144 0.0119 0.000409
SG 3.988 4.803 0.5275

0G 5.93 6.745 1.942

Quality classes PR PI SG oG

PR 1 0.00003313 0.00003313
PI 0 0.00003313 0.00003313
SG 8.172 8.172 1

0G 8.172 8.172 0
8
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estresulted significantly different from grassland and secondary
growth forest; grassland was also significantly different from
primary native forest, and its difference from secondary growth
forest was close to statistical significance. Two clusters emerged
based on overall distances among habitats’ communities: pine
forest-grassland on one side, and primary-secondary growth na-
tive forests on the other. These results were confirmed by values
of biological quality of soil based on microarthropods (QBS-ar)
index: pine forest and grassland were close to each other and
the same was true for secondary and primary native forests. In
particular, soils of this latter couple of habitats were character-
ized by a higher biological quality. Based on Shannon diversity
(H) and the Simpson dominance (D) indices, the primary Noth-
ofagus forest was the most “homogeneous” community with the
highest diversity. The secondary growth forest, with the highest
recorded number of arthropods, resulted the less diverse habi-
tat, due to a high dominance level. Pine forest community, even
though characterized by the lowest number of individuals, had
an intermediate diversity level due to its low dominance value.
Finally, grassland showed intermediate values both in terms of
microarthropods’ density and their diversity. Starting from this
last habitat, values of QBS-ar index (80.3 + 10.8) and Shannon
diversity (1.15 + 0.24) are close or even higher than those record-
ed in some agricultural and pastoral environments (Tabaglio et
al., 2009; Mazzoncini et al., 2010; Zucca et al., 2010; Menta et al.,
2011; Sapkota et al., 2012) or in some urban or degraded eco-
systems (Hartley et al., 2008; Madej et al., 2011; Santorufo et al.,
2012). On the contrary, in other terrestrial ecosystems subject
to different forms of management and anthropic impact quality
scores higher that that obtained in the studied grassland were
recorded (Hartley et al., 2008; Tabaglio et al., 2009; Andrés et al,,
2011; Madej et al., 2011; Menta et al., 2011; Santorufo et al., 2012;
Sapkota et al., 2012). The Pine forest QBS-ar value we obtained
(83 + 13.5) is inferior to values recorded under umbrella pines
in Italy (Blasi et al., 2013). Also the quality index values obtained
for the broadleaf forests monitored (both secondary growth and
primary native ones) were generally lower (even much lower)
than those known in literature for various European forests,
that sometimes reach or pass 200, with corresponding Shannon
diversity values even passing 1.5 (Menta et al., 2011; Blasi et al.,
2013; Galli et al., 2014). In order to explain such differences, it
would be necessary an extension of the research presented in
this paper in the same area to other months, but also in different
areas characterized by other habitats.

About the relationships among soil arthropods and chemi-
cal parameters, it can be said that generally speaking a positive
influence of organic matter supply on the soil fauna is more
than obvious. Moreover, the C/N ratio can be considered an in-
dex of the quality and ease of biodegradation of such organic
matter (Kotroczg et al.,, 2020). In soils with higher C/N ratio the
fungal contribution to biodegradation tend to prevail and this
has a positive effect on microarthropods communities, starting
from the secondary mycophagous consumers (Wardle, 2002).
Deepening the analysis, however, the influences of different soil
characteristics on arthropods (and on the soil fauna in general)
resulting from studies published in literature are often unclear,
if not contradictory. For example, Hasegawa (2002) and Salmon
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et al. (2008) showed that Shannon diversity index can be linearly
correlated to soil pH, humus forms, and levels of organic carbon.
Soil pH resulted to have a significant direct positive effect on
the soil fauna richness (Moco et al., 2010) and densities and lo-
cal diversity of Collembola were observed to increase with soil
acidity (Loranger et al., 2001). A negative correlation of pH with
springtails richness, was recorded also by da Silva et al. (2016),
who identified it as the main soil parameter influencing Col-
lembola communities descriptors. In a study on grassy arable
fallows, oribatid mite assemblages resulted to be influenced in
their species composition by pH as well as by organic carbon,
microbial carbon and water content (Wissuwa et al., 2013). Fur-
thermore, an indirect influence of pH on oribatid mites density
through humus form was outlined by Maraun and Scheu (2000).
A negative effect of pH was recorded on Protura density in Ital-
ian chestnut and beech forests (Galli et al., 2019). On the contra-
ry, in New Zealand forests, no relationship between soil organic
matter, nitrogen, phosphorus, pH, cation exchange capacity, and
the density of Protura was found (Minor, 2008). An absence of
direct correlation between abundance of soil microarthropods
and soil chemistry was found also in Finnish peatlands drained
for forestry (Laiho et al., 2001). In the forest habitats we exam-
ined, in particular, the level of phosphorus was high and this
element resulted negatively related to euedaphic microarthro-
pods. Young, volcanic soils of the southern Andes are known to
have a high total P content (Borie and Rubio, 2003), but several
studies using similar methodology have suggested P availability
is low (Piper et al., 2013; Fajardo and Piper, 2015), because PO,
is readily precipitated by aluminum- and iron-complexes (Piper
et al,, 2013). The high P availability we recorded in forest types
may be due to their interference with these PO, binding reac-
tions, or enhanced weathering associated with their ectomycor-
rhizal fungi (Chen et al., 2008; Gundale et al., 2008).

In each of the habitats examined the microarthropod com-
munity remained unchanged over the period monitored provid-
ing a clue about the lack of significant seasonal fluctuations in
the populations investigated. However, the three months period
monitored is not long enough to evidence with absolute certain-
ty any seasonal fluctuations of microarthropod communities. In
Europe, in broadleaf deciduous forests typical of a temperate cli-
mate (Blasi et al., 2013) QBS-ar values remained comparable all
over the year, whereas in Mediterranean sclerophyllous woods
and bush, QBS-ar values varied monthly (Galli et al., 2014). An
evident seasonal pattern can be reasonably hypothesized also
for other environments where significant variations of microar-
thropod community abundance and diversity are known or ex-
pected: e.g. high mountain habitats (Wu et al., 2014). Moreover,
after a research on grasslands, woodlands and arable lands of
the Po valley (North Italy), no significant seasonal differences of
the community indices examined such as Shannon diversity and
Acarina/Collembola ratio were observed for any of the land use
typologies. On the contrary, a significant seasonal difference of
QBS-ar values was observed in arable lands (Menta et al., 2011).
Therefore, in the sampling design of studies aimed at the evalu-
ation of soil biological quality it is suggested to carefully take
into account the aspect of faunal seasonality depending on local
climate and habitat type (Galli et al., 2014).
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This aspect can be related also to the influence of weather
conditions on soil fauna. According to our results mean tempera-
ture would be positively related to Acarina, Protura and Coleop-
tera; rainfalls to Chilopoda Geophilomorpha, Collembola, larvae
of both Coleoptera and Diptera. Responses of soil arthropods to
weather extremes like summer droughts vary depending on feed-
ing strategies and life history (Staley et al., 2007). For example, in
the Mediterranean and in other temperate areas Protura prob-
ably perform vertical migrations in soil depending on tempera-
ture and moisture levels even though some authors suggest that
they could also enter into a state of torpor in response to adverse
conditions (Galli et al., 2019). Many species of Collembola become
dormant or quiescent in response to low relative humidity, some
others survive the dry summer laying eggs which are resistant to
desiccation (Hopkin, 1997); moreover, moisture stress conditions
can cause a significant reduction of fecundity (Choi et al., 2006).
An influence of temperatures on springtail species abundance
and vertical distributions was recorded too (Rendos et al., 2016).

5. Conclusions

1. The abundance and diversity of soil microarthropods in four
habitats in the Coyhaique National Reserve (Chile) were as-
sessed. The primary Nothofagus forest was the most “homo-
geneous” community with the highest diversity. In the native
forest secondarily grown after fires arthropod assemblages
reached the highest number of individuals, but the diversity
was the lowest, due to a high dominance level. Reforesta-
tion pine forest community was characterized by the lowest
number of individuals and an intermediate diversity level,
due to a low dominance value. Finally, grassland showed in-
termediate values of microarthropods’ density and diversity.

2. Our results seem to indicate that QBS-ar index can be “ex-
ported” to South America, resulting a useful tool for a user
friendly assessment of the impact on terrestrial environ-
ments by different forms of disturbances and habitat man-
agement.

3. The quantitative analysis of the microarthropod communi-
ties and the QBS-ar values gave comparable results in dif-
ferentiating the four habitats investigated. However, the
advantage of using QBS-ar index appears evident. Its ap-
proach is based on the simple attribution of the highest EMI
score to each taxon extracted from a soil sample, without
the need to count the individuals.

4. The outcomes of the analysis of the relationships among
dominant/subdominant microarthropods and some chemical
properties of soils, on the one hand, and weather variables,
on the other, deserve more in depth investigations on a larger
pool of habitats. Moreover, the three months period moni-
tored is not long enough to evidence with absolute certainty
any seasonal fluctuations of microarthropod communities.

5. A more extensive application in a wider range of habitats
and climates is needed in order to verify if some minor ad-
justments could be necessary, but our research highlighted
the sensitivity and reliability of such method even in the
Neotropical biogeographical region.
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Appendix 1

Soil microarthropods collected in four habitats in Coyhaique Natural Reserve (Chile) on eight sampling dates

First application of QBS-ar Index in Chile

Date 13.10 23.10 02.11 14.11 2411 06.12 18.12 15.01
Anthropogenic grassland

Aranea 1 2 2 22 0 5 1 /
Acarina 172 154 356 494 350 226 420 /
Isopoda 0 0 0 0 0 0 0 /
Diplopoda 0 0 0 0 0 0 0 /
Pauropoda 0 0 0 0 0 0 0 /
Symphyla 0 0 0 0 0 0 0 /
Chilopoda Lithobiomorpha 0 0 0 0 0 1 0 /
Chilopoda Geofilomorpha 0 0 0 0 0 0 1 /
Protura 0 0 0 0 0 0 0 /
Diplura 0 0 0 0 0 10 0 /
Collembola 436 474 159 177 181 25 312 /
Dermaptera 0 0 0 7 0 0 0 /
Blattodea 0 0 0 0 0 1 0 /
Psocoptera 0 0 2 5 4 1 0 /
Hemiptera 0 1 1 0 9 5 1 /
Thysanoptera 1 0 2 136 23 30 4 /
Coleoptera 5 4 13 8 2 16 1 /
Coleoptera larvae 0 0 11 12 8 6 38 /
Hymenoptera (Formicidae excluded) 3 0 3 0 0 0 5 /
Formicidae 0 1 2 2 0 1 0 /
Diptera (larvae) 31 10 13 15 10 1 18 /
Other Holometabola (larvae) 1 0 1 2 3 22 0 /
Other Holometabola (adults) e.g. Diptera 31 4 23 17 36 11 9 /
Number of taxa 9 8 13 12 10 15 11 /
Number of specimens 681 650 588 897 626 361 810 /
Reforestation pine forest

Aranea 1 2 1 1 4 3 0 0
Acarina 71 24 153 257 145 151 106 165
Isopoda 0 0 0 0 0 0 0 0
Diplopoda 0 0 0 0 0 0 3 0
Pauropoda 0 0 0 0 0 0 0 0
Symphyla 0 0 0 0 0 0 0 0
Chilopoda Lithobiomorpha 0 0 0 0 0 0 0 0
Chilopoda Geofilomorpha 0 22 0 4 0 0 2 0
Protura 0 0 0 0 0 0 0 0
Diplura 0 0 0 0 0 0 0 0
Collembola 247 14 56 104 15 51 265 86
Dermaptera 0 0 0 0 0 0 0 1
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Appendix 1 - continue

Date 13.10 23.10 02.11 14.11 24.11 06.12 18.12 15.01
Blattodea 0 0 0 0 0 0 0 0
Psocoptera 0 0 3 5 0 0 0 3
Hemiptera 0 0 0 1 0 0 0 5
Thysanoptera 0 0 0 0 0 1 1 3
Coleoptera 0 1 2 1 1 4 2 8
Coleoptera larvae 1 2 3 2 3 1 1 5
Hymenoptera (Formicidae excluded) 0 0 13 3 0 0 1 12
Formicidae 0 0 0 1 4 0 0 1
Diptera (larvae) 17 15 52 7 19 11 14 22
Other Holometabola (larvae) 1 0 0 0 3 1 0 1
Other Holometabola (adults) e.g. Diptera 3 5 167 54 33 7 12 85
Number of taxa 7 8 9 12 9 9 10 13
Number of specimens 341 85 450 440 227 230 407 397

Native forest of secondary growth after fires

Aranea 2 2 5 3 0 4 1 1
Acarina 135 225 1193 330 477 2107 359 451
Isopoda 1 0 0 0 0 0 0 0
Diplopoda 0 0 0 0 0 0 0 0
Pauropoda 0 0 0 0 0 0 1 0
Symphyla 0 0 0 0 0 25 0 0
Chilopoda Lithobiomorpha 0 0 0 0 0 0 0 0
Chilopoda Geofilomorpha 6 3 6 8 2 17 3 2
Protura 0 0 0 3 5 29 0 1
Diplura 0 0 0 0 0 0 0 0
Collembola 63 93 287 234 85 768 73 139
Dermaptera 0 0 0 0 0 0 0 0
Blattodea 0 0 0 0 0 0 0 0
Psocoptera 0 2 22 3 3 1 0 2
Hemiptera 0 0 0 0 0 2 0 0
Thysanoptera 0 0 0 2 0 1 0 0
Coleoptera 2 5 10 5 1 9 6 1
Coleoptera larvae 2 11 10 8 1 22 1 1
Hymenoptera (Formicidae excluded) 0 1 1 1 0 4 9 2
Formicidae 0 0 0 0 0 0 0 0
Diptera (larvae) 15 22 53 28 25 13 7 11
Other Holometabola (larvae) 5 0 0 3 1 0 0 0
Other Holometabola (adults) e.g. Diptera 2 8 196 9 6 12 325 12
Number of taxa 10 10 10 13 10 14 10 11
Number of specimens 233 372 1783 637 606 3014 785 623
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Appendix 1 - continue

First application of QBS-ar Index in Chile

Date 13.10 23.10 02.11 14.11 24.11 06.12 18.12 15.01
Primary native forest

Aranea 0 31 16 6 4 3 1 7
Acarina 22 2520 271 278 120 449 44 395
Isopoda 1 4 4 0 0 1 0 0
Diplopoda 0 0 0 0 0 0 0 0
Pauropoda 0 2 0 0 0 4 0 1
Symphyla 0 0 0 0 1 0 0 0
Chilopoda Lithobiomorpha 0 0 0 0 0 0 0 0
Chilopoda Geofilomorpha 3 14 11 2 7 6 4 1
Protura 0 10 1 3 3 12 0 1
Diplura 0 0 0 0 0 0 0 0
Collembola 61 421 107 126 73 135 22 102
Dermaptera 0 0 0 0 0 0 0 0
Blattodea 0 0 0 0 0 0 0 0
Psocoptera 0 2 1 0 0 1 0 11
Hemiptera 0 0 0 0 2 1 0 1
Thysanoptera 0 2 1 4 0 1 0 6
Coleoptera 2 17 19 2 18 10 4 19
Coleoptera larvae 5 44 12 7 5 8 6 12
Hymenoptera (Formicidae excluded) 0 6 5 0 8 1 1 14
Formicidae 0 0 0 0 1 0 3 0
Diptera (larvae) 33 50 23 37 7 14 25 35
Other Holometabola (larvae) 2 2 0 0 7 0 8 0
Other Holometabola (adults) e.g. Diptera 0 102 42 11 196 6 5 71
Number of taxa 8 15 13 10 14 15 11 14
Number of specimens 129 3227 513 476 452 652 123 676
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