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Taxonomic and trophic groups diversity of soil invertebrates
positively respond to restoration of riparian forests
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AssTRACT. A successful restoration of riparian forests can recover the diversity of several groups of soil
invertebrates. However, few studies have considered the recovery of the entire community of soil macrofauna
and the relative effect in taxonomical and functional diversity. We evaluated how taxonomical diversity, in
terms of abundance and richness, relates to trophic diversity in four patches of riparian forests that had been
artificially recovered, and compared them to the reference site in Volta Grande Reservoir, Brazil. No relationship
was found between taxonomic diversity and trophic diversity, suggesting functional redundancy among
taxonomic groups. Nevertheless, we observed that the taxonomic group with more species presented higher
trophic diversity than the rest, indicating low functional redundancy within this group. The abundance and
the taxonomic and functional richness of the four restored sites was similar to the reference site. The forest
recovery was efficient in recovering invertebrate soil community since the taxonomic and trophic composition
recorded in our study were similar to the composition of natural areas. We emphasize the importance of studying
edaphic fauna as a community in order to comprehend how it reacts to forest restoration.

[Keywords: tropical forest restoration, soil macrofauna diversity]

ResuMeN. La diversidad de grupos taxonoémicos y troficos de los invertebrados del suelo responden
positivamente a la restauracion de los bosques riparios. Una restauracion exitosa de los bosques riberefios
puede recuperar la diversidad de varios grupos de invertebrados del suelo. Sin embargo, pocos estudios han
considerado la recuperacion de toda la comunidad de macrofauna del suelo y el efecto relativo en la diversidad
taxondmica y funcional. Evaluamos cémo la diversidad taxondmica, en términos de abundancia y riqueza,
se relaciona con la diversidad troéfica en cuatro parches de bosques riberefios que habian sido recuperados
artificialmente, en comparacién con el sitio de referencia en el Embalse Volta Grande, Brasil. No se encontrd
relacion entre la diversidad taxondmica y la diversidad tréfica, lo que indica redundancia funcional entre
grupos taxondmicos. Sin embargo, observamos que el grupo taxondmico con mas especies presenté mayor
diversidad trofica, lo cual indica una baja redundancia funcional dentro de ese grupo. La abundancia y
la riqueza taxondmica y funcional de los cuatro sitios restaurados fueron similares al sitio de referencia.
La recuperacion del bosque recuperé eficientemente la comunidad los invertebrados del suelo, ya que la
composicion taxondmica y trofica registrada en nuestros de estudio fue similar a la composicion de las areas
naturales. Enfatizamos la importancia de estudiar la fauna edafica a nivel de comunidad para comprender
cdmo reacciona a la restauracion forestal.

[Palabras clave: restauracion de bosques tropicales, diversidad de la macrofauna del suelo]

INTRODUCTION

Over the last two decades, forest restoration
focused on re-establishing vegetation with
the expectation that the structural attributes
needed by animal species will develop,
allowing recolonization by native wildlife
communities and restoration of the ecological
functions that they provide (Kollmann et al.
2016). However, many restoration projects
have failed to restore wildlife even when the
physical environment and vegetation were
restored (Sheean et al. 2012; Peipoch et al.
2015), mainly because of reduced recovered
of habitat structure heterogeneity (Peipoch et
al. 2015; Jones and Davidson 2016).
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Ecological restoration implies the recovery
not only of vegetation, but of the whole set of
attributes of the original ecosystem, in which
soil macrofauna is included. Thus, if we want
to infer whether forest ecosystems are really
being restored by active restoration, we need
to evaluate whether vegetation structure
recovery is able to imply in the reestablishment
of the ecological functions in the edaphic
community (Kollmann et al. 2016). This new
perspective, redirected studies on restoration
ecology, increasing the approach of ecosystem
functions since the last decade (Ruiz-Jaen and
Mitchell Aide 2005). For this new approach,
and due to the numerous functions that soil
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fauna performs for the ecosystems, Fraser et
al. (2015) recommended to consider trophic
structure and the use of soil invertebrates
diversity as tools for investigating whether
forests subjected to restoration processes
were recovering those communities and its
functions. Edaphic macrofauna can be an
excellent bioindicator since it has a varied
diet and is very sensitive to seasonality
(Lavelle et al. 2006; Blankinship et al. 2011;
Amazonas et al. 2017). However, if the goal
is to use soil invertebrates as bioindicators of
forest restoration success, values of richness
and abundance of soil invertebrates alone are
not good estimators. For example, according to
Stork and Eggleton (1992), a particularly useful
method to evaluate restoration success is to
examine groups of invertebrate species (like
guilds) that use the same trophic resource.

Resource partitioning by a greater number
of species can favor the occurrence of an
increased number of trophic groups, allowing
the complete exploitation and/or use of the
available resources with reduced competition
(Petchey 2003; Heemsbergen et al. 2004).
There is evidence of the existing relationship
between species richness and trophic richness
in ecosystems, which may be linked to
important ecosystem services such as energy
transfer and cycling of matter (Petchey 2003;
Heemsbergen et al. 2004). Soil invertebrates
also play important, but largely ignored, roles
in the delivery of ecosystem services, both at
local and landscape scales (Lavelle et al. 2006).
From soil perspective, the invertebrates are
key mediators of soil functionality, involved
in a wide diversity of ecosystem engineering
processes, such as increased soil fertility,
biological control of pathogens and plant
parasites, nutrient cycling, water filtration
and soil formation (Barrios 2007; Dominati
et al. 2010). From a community perspective,
they affect primary production, directly, via
soil herbivores, pathogens and mutualists, and
indirectly, by decomposition of organic matter
and the nutrients return to the plants (Sylvain
and Wall 2011).

In this study, we evaluated the hypothesis that
diversity of the soil invertebrates is related to
trophic diversity and that restoration, after 10
years, will recover the community in riparian
ecosystems. If our hypothesis is true, we
expect that richness and abundance of trophic
groups should be positively correlated to the
richness and abundance of taxonomic groups
of the entire community and that richness and

abundance of taxonomic groups in restored
sites will be like the reference site.

MATERIALS AND METHODS

Study sites

The study was carried in the region of
the Volta Grande Reservoir, in the states
of Minas Gerais and Sao Paulo (20°01'54"” S
- 48°13’17" W), Brazil (Figure 1). The average
annual temperature is 23 °C and the average
annual precipitation is 1506 mm (Martins
and Antonini 2016). Volta Grande Reservoir
presents a Tropical AW Koéppen climate
(with a dry winter) (Alvares et al. 2014), and
is situated in a landscape consisting mostly by
pastures and monocultures (i.e., sugar-cane,
rubber-tree plantations) (for more details,
see Martins and Antonini 2016; Araujo et al.
2017). We randomly sampled five fragments
of riparian forest (considered sampling sites)
(average 17.7+4.86 ha), separated by at least
15 km (except for two sites) and with similar
forest cover in the matrix (~30%). After 30
years of recovery, the landscape naturally
became a mosaic of environments that strongly
influenced the restoration of the riparian forest
fragments. Most of the original riparian
vegetation of the study area were removed
and/or flooded during the construction of
the reservoir. Thus, the geomorphology,
hydrology, and vegetation had been altered.
During the period between 1994 and 2004,
about 35 tree species were planted in a single
replanting event in four out the five studied
sites since one of the studied sites was a 30-year
secondary forest. Reforestation was carried out
by planting nursery-grown seedlings of about
35 species, from seeds obtained in a nearby
forest remnants.

Sampling

In the center of each sampling site, we
stablished three linear transects, 50-m apart
from each other and parallel to the water
reservoir (Figure 2). Ten pitfall traps, 5 m
apart from each other (Moldenke 1994) were
installed along each transect, consisting of
0.07-m diameter (300 mL volume) plastic cups.
Traps were filled once a month with 100 mL
of ethylene glycol and remained seven days
collecting invertebrate samples. We checked
the samples monthly, between March 2013
and January 2014, always keeping the
invertebrates collected preserved in alcohol
70% in individual recipes identified per month
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Figure 1. Map of the study area with the location of restored fragments of riparian forest in the Volta Grande Reservoir,

Brazil.

Figura 1. Mapa del érea de estudio con la ubicacién de fragmentos restaurados de bosque riberefio en el Embalse

Volta Grande, Brasil.

and year. Adult individuals were identified
to the lowest taxonomic level possible and
classified into 13 trophic groups (Table 1)
(following Punzo and Fred 1994; Triplehorn
and Johnson 2005; Lach et al. 2010; Baccaro et
al. 2015) and sorted into morphospecies. In this
work, each morphospecies were considered
as a single species in the data analysis. The
species were identified using taxonomic
guides, and consulting the arthropod
collection of Departamento de Biodiversidade,
Evolucao e Meio Ambiente of Universidade
Federal de Ouro Preto (UFOP), Minas Gerais
state, Brazil. Specialists identified some
exemplars, especially for Hymenoptera,
Diptera, Coleoptera and Araneae because
these groups have more species in our
samples. Voucher morphospecies were
deposited at the Invertebrate Collection
of the UFOP. For data analysis, were
considered the most abundant groups and
with well-known taxonomy, including 16
taxa: Blattodea, Coleoptera, Dermaptera,
Diptera, Hemiptera, Hymenoptera,
Lepidoptera, Orthoptera, Araneae, Opiliones,
Pseudoscorpiones, Scorpiones, Chilopoda,
Diplopoda, Mesogastropoda and Pulmonata.
These taxa were chosen because they were in
our samples.

Table 1. Trophic niche of the groups of macrofauna
of soil, sampled in the restored areas of Volta Grande

Reservoir, Brazil.

Tabla 1. Nicho tréfico de los grupos de macrofauna de
suelo, muestreado en las areas restauradas del Embalse

Volta Grande, Brasil.

Trophic niche

Main food resource

Coprophagous (Cop)
Phytophagous (Phy)
Frugivore (Fru)
Hematophagus (Hem)
Herbivore (Her)
Mycethofageus (Myc)
Nectarivore (Nec)
Omnivorous (Omn)
Parasitoid (Par)
Polynivore (Pol)
Primary predator (PP)
Secondary Predator (SP)

Saprophagus (Sap)

Dung of vertebrates

Plant sap

Fruits and fruit nectar
feeding

Vertebrate blood feeding
Leaf, wood and seed
Fungi farmer

Flower nectar
Generalized feeding (more
than one trophic niche)
Have a host until its death
Flower pollen

Primary consumers

Predator of predators

Organic matter in
decomposition
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Figure 2. Graphic representation of pitfall trap sampling distribution in each study site of the riparian forest in the region
of Volta Grande Reservoir, Brazil. Each blue dot in the picture represents the pitfall traps. The blue waves represent
the water line, in the reservoir. Numbers represent the size of the plots in each sampling site.

Figura 2. Representacion grafica del disefio de muestreo - distribucién de trampas de caida en cada sitio de muestreo,
del bosque riberefio en la regién del Embalse Volta Grande, Brasil. Cada punto azul en la imagen representa las trampas
de caida. Las ondas azules representan la linea del agua en el embalse. Los niimeros representan el largo y el ancho

del area muestreada en cada sitio.

Statistical analyses

Richness and abundance of morphospecies
was obtained from the samples (please see
sampling section). We performed generalized
linear models (GLM) to determine whether the
richness of trophic groups (how many trophic
groups we found in each taxon or study site),
our response variable, is correlated to the
richness and abundance of species. We use
GLM for each of the 16 considered taxonomic
groups and for the whole invertebrate
community. We analyzed each sampling
site separately. We consider each transect
per month as independent cases in GLM. We
used the structure of quasi-Poisson errors
and submitted all GLM to residual analysis
to evaluate the adequacy of error distribution
(Crawley 2002). The analyses were performed
with the program R.

REesuLTs

We sampled 28558 individuals of soil
macroinvertebrates (here considered
as abundance) of 16 taxonomic groups,
representing two phyla, five classes and 451
morphospecies (here considered as richness)
(Table 2 and Supplementary Material Table
SM1). Coleoptera was the most abundant
taxa and the one with the greatest richness
of morphospecies and trophic groups (48.5%

and 28.3%, respectively). Hymenoptera was
the second most abundant and rich group
(21.3% and 16.3%, respectively). Diptera
(10%), Orthoptera (8.5%), Dermaptera (4.3%)
and Araneae (2.5%) also showed a great
abundance (Table 2 and Supplementary
Material Table SM1).

Among the trophic groups found, the greatest
abundance was for mycetophages (27%) -
comprising mainly Hymenoptera (Formicidae,
Atta sp.). The second most abundant trophic
group was formed by organisms classified
here as primary predators (17.4%), consisted
mainly of spiders, but also included some
morphospecies of Hymenoptera, Coleoptera,
Pseudoscorpiones, Chilopoda and Hemiptera.
Saprophagous organisms were also abundant
among the sampled invertebrates (13%) (Table
2).

Richness and abundance of trophic groups
were not related to richness (F, .=1.27; P=0.27)
butmarginally to abundance of morphospecies
(F, 5=3.67;P=0.07) when we analyzed the whole
community. However, when we analyzed
each taxonomic group individually, richness
of morphospecies was positively related with
richness of trophic groups (F, | =14.70; P<0.01)
(Figure 3). Taxonomic richness and abundance
and trophic group richness from the restored
sites are not significantly different to the
reference sites (Figure 4).
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Table 2. Species richness and abundance of taxonomic and trophic groups of the soil macrofauna sampled in the
restored areas of Volta Grande Reservoir, Brazil.

Tabla 2. Riqueza de especies y abundancia de grupos taxonémicos y de grupos tréficos de la macrofauna del suelo
muestreada en las areas restauradas del Embalse Volta Grande, Brasil.

Taxonomic group Trophic groups Abundance (n) Abundance (%) Species
richness
Blattodea Omn 486 1.7 12
Coleoptera Sap, Myc, Her, PP, Cop, Omn 13887 48.4 130
Dermaptera Omn 1246 43 7
Diptera Sap, Fru, PP, Nec, Her 2816 9.8 28
Hemiptera Phy, PP, SP, Sap 240 0.8 41
Hymenoptera PP, SP, Omn, Her, Pol, Par, Myc, Nec 6098 21.3 75
Lepidoptera Nec, Sap, Fru 172 0.6 28
Orthoptera Her, Omn 2427 8.4 29
Araneae PP, SP 716 2.5 50
Opiliones Omn 23 0.2 11
Pseudoscorpiones PP 17 0.2 7
Scorpiones SP 10 0.2
Chilopoda PP 12 0.1
Diplopoda Det 235 0.8 11
Mesogastropoda Her 63 0.2 3
Pulmonata Her 140 0.5 7

1 For a description of the abbreviations of trophic groups, see Table 1.
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Figure 3. Relationship between richness of morphospecies (taxonomic richness) richness of trophic groups of
invertebrates of soil, sampled in the riparian fragments of forest in the region of Volta Grande Reservoir, Brazil.

Figura 3. Relacion entre la riqueza de morfoespecies (riqueza taxondmica) y la riqueza de grupos tréficos de invertebrados
del suelo, muestreados en los fragmentos riberefios de bosque en la regién del Embalse Volta Grande, Brasil.
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Figure 4. Representation of richness of trophic groups
(A), taxonomic richness (B) and abundance (C) of the
macrofauna of soil in the restored and in the reference
site, in the riparian fragments of forest in the region of
Volta Grande Reservoir, Brazil. RF: reference site; RS1 to
RS4: restored sites.

Figura 4. Representacion de la riqueza de grupos
troficos (A), riqueza taxondmica (B) y abundancia (C)
de la macrofauna del suelo en el sitio restaurado y en el
de referencia, en los fragmentos riberefios de bosque en
la region del Embalse Volta Grande, Brasil. RF: sitio de
referencia; RS1 a RS4: sitios restaurados.

Discussion

We found that richness of taxonomic and
trophic groups was satisfactorily restored and
comparable to older restored areas of Riparian
Forest in Brazil, suggesting the recovery of
the edaphic invertebrate community. So, our
hypotheses that restoration, after 10 years, will
recover the community in riparian ecosystems
was confirmed. The richness observed in our
restored sites was similar to our reference

sites (30 years since the natural restoration
started) and maybe reflects environmental
stability due to higher plant diversity, low
microclimate oscillation, soil nutrient content
and litter quality according to Vasconcellos et
al. (2013) and Menezes et al. (2009). Antonini
et al. (2016) also reported higher invertebrate
richness and abundance (in above and below
ground groups) in the same studied sites.
According to Messias et al. (2016) the variables
used to measure the progress of the ecological
succession, in the same sites than our study
(e.g., tree diversity, richness of functional
groups of plants, leaf litter production)
show that general environmental structure is
comparable to the native areas of the region.
Also, Amazonas et al. (2017), studying the
macrofauna of soil across a chronosequence
of tropical forest restoration, found that
the density of macrofauna did not increase
linearly along the chronosequence, but it was
correlated with increase in canopy cover.
These authors also found that the overall
diversity is characterized by high dominance
of social insects and evenness among the other
groups.

Insecta was the dominant taxa in the soil
in our studied sites with high richness and
abundance of groups, as expected for forests
in high stage of ecological succession after
restoration. Some authors have argued that
the recovery of habitat complexity on restored
forests increased the richness and abundance
of arthropods (including insects) (see Bandeira
and Harada 2008; Soares et al. 2013; Watts
and Mason [2015]). Antonini et al. (2016) also
found a high richness of insects (i.e., bees,
wasps, and ants) in the same restored sites,
and reported that the values are comparable
to the natural areas in the Cerrado region.
Hymenoptera (mainly ants) was the most
abundant group, mostly composed by
leaf-cutting ants. Species of this group are
dominant in many tropical forests and able
to use a broad range of resources (Hoelldobler
and Wilson 1990; Boaretto and Forti 1997).
Antonini et al. (2016) also reported a high
richness of arboreal ant species distributed in
different functional groups in the recovered
areas of Volta Grande Reservoir. The high
abundance of Hymenoptera is also often
associated with recovering environments
because of the new habitats that are created
over the ecological succession (Vasconcelos et
al. 2013; Menezes et al. 2009). These authors
also found Hymenoptera (dominated by ants)
representing almost half of the individuals
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collected in restored riparian forests. This
group is of great ecological and economic
importance because it collects plant material to
grow the symbiotic fungus that serves as their
food (Vasconcelos et al. 2013). Previous studies
have indicated that in secondary forests, ants
can have positive impacts on the chemical and
physical structure of the soil and potentially
benefit vegetation (Boaretto and Forti 1997;
Farji-Brener 2003).

We found, as expected, higher diversity of
groups of insects with high number of species,
that also represented more trophic groups. For
example, Coleoptera was the most diverse
group in the study site, with high number
of functions described. This was expected for
this group, since is one of the most diverse in
tropical forest soils (Gullan and Craston 2008).
Besides, Coleoptera is an important group of
soil invertebrates because they perform a
variety of different functions in ecosystems
since they encompass a diverse range of
diets, including leaves, vegetal remains,
animal waste and other arthropods (Gullan
and Craston 2008). Also, it is important to
notice that the composition can change, since
some species are more sensitive to habitat
changes and therefore are associated with
native or more preserved forests while other
species, more generalist, are associated with
the recovering forests (secondary). According
to (Vasconcelos et al. 2013) this is because this
group are sensitive to physical and chemical
attributes of soil that change over the ecological
succession.

Taxonomic diversity was not related to
trophic diversity, when analyzing the entire
community of macroinvertebrates. This
indicates that a large number of morphospecies
are functionally redundant in trophic
roles, that is, multiple morphospecies with
similar trophic niches (e.g., herbivores and
omnivorous) (Andren et al. 1995; Bengtsson
1998). In a community with greater functional
redundancy, the role of any taxon can be at
least partially replaced by another taxon.
This high overlap allowed the community
to maintain its structure under disturbances
(communities with high stability) and difficult
invasion by exotic species (Chapin III et al.
1997; Loreau et al. 2001; Petchey 2003).

However, when we analyzed the trophic
functions among the invertebrates within

Ecologia Austral 32:010-018

each taxonomic group, we observed that the
greater the richness, the greater the number
of functions observed. This means that is
likely that several trophic groups influences
similar services and functions of the ecosystem
(Sylvain and Wall 2011). For example,
although Coleoptera and Hymenoptera were
groups with high abundance and richness
of species and trophic groups, we found
some degree of specialization, with some
species developing a particular function in
the environment (Gullan and Craston 2008),
with some species of Coleoptera, acting as
secondary seed dispersal (Nunes et al. 2018)
and some species of Hymenoptera (wasps)
acting as primary predator. These examples
may explain our results that show the positive
association of species richness and abundance
with the richness of trophic groups, which
indicates the particular importance of each
taxonomic group for the ecosystem functions
in those recovered habitats.

CoNCLUSION

In this study, we showed how the diversity of
taxonomic groups was related to the diversity
of trophic groups. The forest recovery of the
studied areas allowed to the taxonomic
and trophic composition in our study area
to be like the composition of natural areas.
The descriptors of the structure of the soil
macroinvertebrate community (richness
and abundance) proved to be very useful
to understand how taxonomic diversity are
related to functional diversity. Our results also
highlight the importance of the variation of
taxonomic and functional diversity suggesting
this approach for future studies on edaphic
invertebrates and ecological restoration.
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