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Abstract

The construction of Technosol using recycled waste material is considered an appealing sustainable
use of both natural and anthropic resources. Constructed Technosol can attract and host a multitude of
soil organisms, forming a reserve of biodiversity. In this study, we assessed the early colonization — in
successional stages — of a constructed Technosol supporting grassland vegetation by the
microarthropod community, in particular Collembola. To do this, the taxonomic and functional
characteristics of microarthropod communities in a newly constructed Technosol in northeast France
were studied for a period of four years. The results found that colonization by microarthropods was
characterized by an increasing number of individuals over time. Collembola communities also
increased in density and taxonomic richness, as well as in functional richness and dispersion.
However, hemiedaphic Collembola dominated the community, particularly in the fourth year. Findings
at the end of the survey indicated that the Collembola community in the studied Technosol remained

very different to that of natural grassland, while it shared some characteristics with arable land.
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1. Introduction

On the Earth today, humans have manipulated every type of ecosystem, treating natural resources as if
they were infinite. According to the UN Food and Agriculture Organization (FAO, 2015), one-third of
the world’s soils are moderately or severely degraded, and in Europe 16% of the total land area is
affected by several kinds of degradation processes (Soil Atlas Europe, 2005). Moreover, the continual
use of natural resources for human development produces a large amount of waste, including green
waste, rubble, household refuse, industrial waste and by-products (Rokia et al., 2014). These materials
are often not valorized: while some are recycled for industrial processes (ADEME, 2015; Vidal-
Beaudet, 2018), most end up in waste storage facilities (Marshall and Farahbakhsh, 2013). To manage
ecosystems more sustainably, it is critical to optimize the use of local resources by systematically
recovering and valorizing energy, water, building materials and waste. Reclaiming waste material
instead of using natural resources is an environmental priority.

Recycling waste in order to construct Technosols is now considered a potential economic
opportunity as it can reduce the costs associated with civil engineering. Constructed Technosols are
soils engineered by combining organic and mineral anthropogenic materials derived from human
activities (Lehmann, 2006). The properties and pedogenesis of these soils are dominated by their
technical origin (Yilmaz et al., 2019).

Several studies have shown that constructed Technosols are able to support important soil
functions, such as the production of biomass and the filtration of water (Séré et al., 2008), the storage
of available water for plants (Yilmaz et al., 2018), the creation of porosity and aggregates (Jangorzo et
al., 2013; Deeb et al., 2016, 2017), and the transformation of organic matter (Grosbellet et al., 2011).
This research suggests that these artificial soils can help to reclaim derelict lands and provide suitable
conditions for soil organisms. The studies conducted on Technosols have highlighted that they can

attract and host a multitude of soil organisms, forming an important reserve of biodiversity. Hafeez et
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al. (2012) found a high diversity of microorganisms in Technosols; however, succession processes in
constructed Technosols led to the homogenization of the microbial community. Studies conducted on
the nematode community (Villenave et al., 2018) have shown the rapid colonization of Technosols,
with a succession of nematode communities established during the study. In other studies, macro-
invertebrates, which were absent at the beginning of monitoring, rapidly colonized the Technosols
after construction (Hedde et al., 2018).

These promising results encourage investigation into the colonization dynamics of other
invertebrates to better understand the potential of Technosols in hosting soil organisms. Of these,
Collembola are small arthropods that play an essential role in soil functioning (e.g. in the
decomposition of organic matter, humus formation, nutrient cycling, etc.). In addition, through their
movement they disperse microorganisms and are food sources for many predators (Vanhee and
Devigne, 2018). Collembola are considered useful biological indicators, as they respond to
environmental changes with taxonomic and functional alterations in community structure (Salmon and
Ponge, 2012; Ponge et al., 2013; Martins da Silva et al., 2015). Despite the tendency to regard
Collembola as rather sedentary creatures, they have an astonishing ability to disperse, especially by air
(Dunger, 1989; Hopkin, 1997; Joimel et al., 2018). Due to their dispersive powers (Hopkin, 1997),
collembolans are among the first to arrive in soil (Dunger and Wanner, 1999), which makes them
successful early colonizers of reclaimed lands. While the colonization of degraded or disturbed soils
by Collembola has been reported (Chauvat and Ponge, 2002; Dunger et al., 2002; Hagvar, 2010), the
colonization of artificial soils and the early stages of community succession by these arthropods has
been less studied.

To address this, this study aimed to investigate the early colonization (the first four years) by
Collembola of a constructed Technosol supporting grassland vegetation in order to shed light on the

successional stages of the community in this environment. The development of vegetation on
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Technosol should create a mosaic of microenvironments (Winter et al., 2019). In turn, the increasing
heterogeneity of the environments and niches should facilitate colonization by organisms from
surrounding environments, resulting in increased Collembola diversity. We also expected Collembola
community composition to change over time, with hemiedaphic organisms dominant at the beginning
of the Technosol construction, due to the introduction of compost, and an increase of epedaphic
organisms over time with the development of vegetation. Specifically, our hypotheses were that: a)
Collembola taxonomic composition would change over the study period, becoming increasingly rich in
species, b) functional diversity would increase over time, and c) after four years, the Collembola
community structure would tend to be similar to a typical grassland community in the geographical

area.

2. Material and methods

2.1. Study area
The study was carried out at an industrial wasteland site in France (in Homécourt, in the region of
Lorraine, northeast France). The area has a continental climate, with a mean rainfall of 760 mm year™
and a mean temperature of 10°C. For the experiment, a 1-hectare plot was created in the autumn of
2007. This field was divided into 24 numbered 20 m x 20 m subplots.

2.2. Experimental design of the Technosol
The experimental design we implemented and the soil properties are described in detail in several
publications (Hafeez et al., 2012; Hedde et al., 2018; Villenave et al., 2018). In summary, the
Technosol was constructed using three distinct technogenic parent materials: paper-mill sludge (PS),
thermally treated industrial soil (TIS), and green-waste compost (GWC). These parent materials had
been previously decontaminated, showing trace elements of metals and polycyclic aromatic

hydrocarbons (PAH) at levels close to natural soils. Our experimental soil was classified as a Spolic
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Garbic Hydric Technosol (Calcaric) (IUSS Working Group WRB 2014).

In order to establish grassland, a mixture of grass plants was seeded in November 2007 (30%
Lolium perenne, var. Tove; 40% Festuca arundinacea, var. Fuego; 30% Dactylis glomerata, var.
Amba). The vegetation was mown and mulched twice a year without any biomass exportation. The
average dry biomass production over the four-year study period (2008 to 2011) was 3 t ha™*, which is
comparable to neighbouring natural extensive grasslands.

2.3. Microarthropod sampling and collembolan analysis
Core samples were taken from the surface soil (0 to 5 cm deep, 5 cm diameter) within each of the 24
subplots in the first half of April of each year (2008 to 2011). Four cores were collected in each
subplot at each date. The microarthropods were then extracted using the MacFadyen method over a
one-week period (Cortet et al.,, 2007) and sorted using a dissecting stereomicroscope. The
microarthropods were categorized into three groups: Acari, Collembola and other microarthropods
(e.g. pseudoscorpions, small millipedes). When possible, collembolans were identified to species level
using relevant identification keys (Gisin, 1960; Bretfeld, 1999; Potapov, 2001).

To study the colonization process, we used a functional trait-based approach based on eight
functional traits related to Collembola fitness in terms of growth, reproduction and dispersion (Pey et
al., 2014b). These eight traits (Table 1) have been demonstrated to be linked to collembolan dispersal
capability and habitat and food source requirements (Makkonen et al., 2011), as well as their response
to disturbance or stress (Salmon et al., 2014; Santorufo et al., 2015; Joimel et al., 2018). They relate to
body shape, body size, presence of visual organs (ocelli and post-antennal organ), presence of furcula
or scales, pigmentation, and reproduction type.

Trait values were extracted from the BETSI database (Biological and Ecological Functional Traits
of Soil Invertebrates: https://portail.betsi.cnrs.fr/). The traits were split into attributes by a fuzzy coding

approach (Pey et al., 2014a). This type of data transformation allows values to be calculated for
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functional traits derived from a variety of sources — mainly from identification keys (Gisin, 1960;
Zimdars and Dunger, 1995; Dunger, 1999; Potapow, 2001; Thibaud et al., 2004; Hopkin, 2007
Dunger and Schlitt, 2011; Jordana, 2012). Body shape, post-antennal organ, furcula development,
pigmentation, scales and reproduction type were split into two attributes, visual organs (ocelli) into
three, and body length into ten (Table 1).

2.4. Community indices
To describe the communities, the density (number of individuals per m?) of Acari and ‘other
arthropods’ was quantified year by year, while Collembola communities were described by density
(number of individuals per m?), taxonomic richness (total number of species), Shannon index, and
Pielou evenness index. The values were compared to those provided by Joimel et al. (2017) for various
land types (forest, grassland and arable land) to assess rehabilitation success.

We also investigated the response of life-form strategies to Technosol pedogenesis. Species were
assigned to the three ecomorphological groups defined by Gisin (1943), which describe their habitat
preferences combined with morphological properties: epedaphic species are very mobile organisms
that mainly live in litter and topsoil, euedaphic species are not very mobile and live in soil macropores,
and hemiedaphic species are intermediate.

In addition, we calculated two distance-based functional diversity indices, which provide
information about functional structure. Functional richness represents the volume of the functional
space occupied by the community and functional dispersion is the mean distance of all species to the
barycentre of the trait space (Laliberte and Legendre, 2010). Functional composition was measured by
the community weighted mean (CWM) of each trait, which is the trait’s value weighted by species
abundance (Lavorel et al., 2008).

2.5. Statistical analysis

As the taxonomic and functional indices did not match the basic assumptions of normality and
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homoscedasticity required for parametric statistics (the Wilk—Shapiro test resulted in a rejection level
of a = 0.05), we used the Wilcoxon Rank-Sum test with the Bonferroni adjustment to assess
differences in abundance and composition and the indices of taxonomic and functional diversity
between the four years.

To analyse the dynamics of the composition of collembolan species (presence—absence) over the
years, we performed non-metric multidimensional scaling (NMDS) using the Bray-Curtis index, which
allowed us to explore dissimilarities between communities. Additionally, we used species’ presence—
absence data in other land types (forest, grassland and arable land in France) (Joimel et al., 2017) to
compare collembolan community composition in the rehabilitated site with these land types.

A principal component analysis (PCA) was performed on the CWM values assembled in a single
matrix (29 taxa x 17 trait CWMSs). For binary attributes, only one attribute per taxa was used in the
PCA in order to avoid correlation. The PCA column was weighted by the number of trait attributes to
maintain the trait’s relative weight. Differences in the composition of species and traits over the years
were tested by permutational multivariate analysis of variance using distance matrices (ADONIS).

All statistical analyses were performed using R software version 3.5.0 (R Development Core Team,
2015) with packages ‘FD’ (Laliberté and Shipley, 2011), ‘vegan’ (Oksanen et al., 2014) and ‘ade4’

(Dray and Dufour, 2007).

3. Results

3.1. Taxonomic composition and structure of Technosol microarthropod communities
The findings showed that total microarthropod density increased significantly between the first year
and the fourth year (from year 1 to 4 respectively: 11, 36, 44 to 56 10% individuals by m?). Of these
microarthropods, the proportion of Collembola increased significantly the second year (from 61% to

79%) and stayed consistently high thereafter (around 86%), whereas the proportion of Acari decreased
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(from 30% the first year to 11% the fourth year) (Table 2). This composition differed significantly
from the composition reported in other land types (forest, arable land and grassland) in France
whatever the year, due to the strong dominance of collembolans.

Collembola density increased significantly over the study period, especially between the first and
second year (3.6 times higher) (Table 3) and was higher compared to other land types (forest,
grassland and arable land) (Fig. 1). A total of 29 Collembola taxa (24 at the species level and 5 at the
genus level) were identified; the mean number of taxa varied significantly from 2.9 (the third year) to
4.9 (the fourth year), but was always lower compared to the mean values for French forests and
grassland. However, the mean number of taxa in the fourth year was similar to that in arable land.

The Shannon index followed the same gradient as the mean species’ value, whereas evenness
significantly decreased from the first to the second year (0.7 and 0.5, respectively) and stayed stable
thereafter (Table 3).

The representation of the NMDS (Fig. 2) revealed significant differences (ADONIS, p <0.01)
between all years. Heterogeneity in species composition tended to decrease over the four years and
became closer to other land types, especially arable land. However, the species composition in the
constructed Technosol was still different compared to that of grassland after four years.

3.2 Functional composition and structure of collembolan communities
The functional structure and composition of Collembola communities changed during the Technosol
colonization process. Functional richness was significantly higher the fourth year compared to the first
year, although values slightly decreased the second and third year. Functional dispersion (Fdis) did not
vary from the first to the third year, whereas it significantly increased in the fourth year. The first two
PCA axes of the CWM accounted for 43% and 21% of the total inertia (Fig. 3). Axis 1 was negatively
correlated with the absence of ocelli, small body size and parthenogenetic reproduction, while it was

positively correlated with the presence of pigmentation, furcula, 8+8 ocelli and spherical body shape.
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Axis 2 was positively correlated with 1+1 to 7+7 ocelli, parthenogenetic reproduction and the presence
of a post-antennal organ, and negatively with the presence of scales. The first year showed higher
variability in CWM composition than other years. Functional traits were significantly differentiated
over the four years along axis 1 (ADONIS, p <0.01).

Overall, communities were strongly dominated by organisms with sexual reproduction, presence of
furcula, pigmentation, ocelli and a post-antennal organ, absence of scales and a cylindrical body shape
(Table 4). However, we also noticed significant differences in CWM between years. Two patterns
were present: (i) a modification between the first and second year (which remained for the following
years) in furcular length (87% to 99%), pigmentation presence (83% to 98%) and absence of ocelli
(17% to 1%) and (ii) a similar composition in the first and fourth years, but which was significantly
different from other years. This latter pattern mainly concerned sexual reproduction, which varied
from 77% and 73% (in the first and last year) to more than 90% in the years in between, as well as the
number of ocelli, especially 8+8, which was around 55% in the first and last year and more than 85%
in the years in between. In contrast, less significant differences were observed for the absence of
scales, body length and post-antennal organ presence.

Collembola communities were dominated by hemiedaphic species (between 78% and 99% of all
species), especially from the second year (when they represented more than 98%). In contrast, the
proportion of epedaphic and euedaphic species decreased significantly between the first and second
year and remained low for the following years (from 7% to 1% for epedaphic species, and from 15%
to less than 1% for euedaphic species). Whatever the year, the ecomorphological composition in the
constructed Technosol was different from that observed in other land types (forest, arable land and

grassland) due to the strong dominance of hemiedaphic species.

4. Discussion
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Colonization of the Technosol by microarthropods
In our experiment, the constructed Technosol showed successful colonization by microarthropods. In
fact, the soil hosted a high number of microarthropods rapidly after construction, which corroborates
results found in previous studies (Dunger et al., 2002; Pey, 2010; Burrow et al., 2018). Nonetheless,
after a four-year period, the microarthropod community was not yet comparable to a natural grassland,
or even to arable land. There was a disproportionate abundance of Collembola in relation to Acari in
the experimental Technosol compared to grassland or forest (Table 2). The strong dominance of
Collembola relative to Acari in the Technosol may be due to differences in dispersal capability. The
dispersal of Acari, especially Oribatida, by active migration is considered negligible or very slow
(Behan-Pelletier and Winchester, 1998; Skubala, 2004), whereas the presence of furcula in Collembola
may favour spreading and passive settling by wind (Dunger et al., 2002; Joimel et al., 2018). Yet the
presence of furcula is apparently not the only controlling factor in Collembola colonization, as species
with reduced furcula (i.e. Mesaphorura sp.) also showed fast colonization (Dunger et al., 2002;
Vanhée and Devigne, 2018). Other unknown factors would seem to play a role in Collembola dispersal
mechanisms.
Taxonomic composition of the Technosol Collembola community

Collembola density and species richness increased over the four-year survey, confirming our
hypothesis that the community would become more numerous and diversified. However, compared to
reference values, density was higher and species richness lower. This gap between the Technosol
Collembola community and those of other ecosystems could be due to the different degree of maturity
of such communities. The high values for Collembola abundance and the lower values for the number
of species (Fig. 1a, b) observed in the Technosol each year are typical of immature communities,
which show low levels of competition (Korotkevich et al., 2018; Milano et al., 2018). Moreover, the

decrease in Collembola evenness over the years suggests that a few species dominated this soil.
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Colonization of an ecological system is a process influenced by a variety of abiotic and biotic factors,
but also depends on interspecific interactions and stochastic effects (Melbourne and Hastings, 2009;
Clobert et al., 2012). This results in community assemblage dynamics that shift from random
associations to interspecific interactions, ultimately reaching a steady state or a dynamic equilibrium
within the community (Hedde et al., 2018). Our analysis of the microarthropod community (Fig. 2;
Table 2) in the experimental Technosol confirms these mechanisms. During the first year of
colonization, species composition represented quite high variability, due to the random assemblage of
species. Over time, the species composition tended to homogenize, probably due to more stable
interactions with the abiotic and biotic aspects of the ecosystem; by the end of the study, a few
common species dominated the Technosol, such as Paristoma notabilis (Schaffer, 1896), Proisotoma
minuta (Tullberg, 1871), Hypogastrura manubrialis (Tullberg, 1869) and Lepidocyrtus cyaneus
(Tullberg, 1871). It is interesting to note that, at the end of the survey, Collembola species composition
was not similar to that found in natural grasslands (Fig. 2). This contradicts our third hypothesis (that
after four years, the Collembola community structure would tend to be similar to a typical grassland
community in the geographical area), suggesting that the period of experimentation was too short to
detect the settlement of a grassland microarthropod community in the Technosol, as was also found by
Hedde et al. (2018) for macroarthropod organisms. The Collembola community observed in the
Technosol was more similar to that of arable land, known to be among the most disturbed soil systems
in France (Joimel et al., 2017). This may be due both to the surrounding environment and their
distance to Technosol, partially influencing organism abundance (Pey, 2010), as well as to the
physico-chemical characteristics of the investigated Technosol, which had not yet reached its
pedogenetic climax (Séré et al., 2010). In addition, disturbed anthropogenic environments offer a
reduced number of available niches, creating communities with little niche differentiation

(Korotkevich et al., 2018).
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Functional composition of the Technosol Collembola community
Our findings showed that the functional indices and life forms of the Collembola community changed
over time. Likely influenced by the increase in species richness, functional richness and dispersion
increased most in the fourth year. The high functional volume and dispersion occurring in the fourth
year indicates that the Technosol community became a more complex system with increasing niche
differentiation (Villéger, 2008; Mason et al., 2013). This increase in community functional volume and
dispersion suggests an increase of niche complementarity and a better use of resources by organisms
(Mason et al., 2005, 2013). These results confirm our first and second hypotheses that the Collembola
community would become taxonomically and functionally more diversified over time.

Despite the increase in functional richness and dispersion, the dominance of one ecomorphological
group was observed the fourth year. While hemiedaphic Collembola were dominant throughout the
study, during the first year, the Collembola community also showed a moderate proportion of
epedaphic and euedaphic organisms, which then completely disappeared over time (Table 2). The
dominance of hemiedaphic species is probably due to the compost applied to the topsoil, as compost
both represents a food resource and is the most suitable habitat for this kind of organism. Euedaphic
species represented a very low percentage of total Collembola abundance, probably because of the lack
of food resources (Dunger et al., 2002) or the perturbations of the novel substrate (RMQS-Biodiv,
2009; Burrow et al., 2015). The slightly higher proportion of euedaphic species in the first year may
have been due to the presence of Mesaphorura, some species of which are pioneers of novel
environments (Dunger, 2002; Hopkin, 2007; Santorufo et al., 2015).

The community structure of functional traits during the colonization process was consistent with
observations of taxonomic and ecomorphological groups. However, taxonomic diversity per se, and
particularly species richness, is less meaningful and informative than functional diversity, which better

describes changes in biodiversity as it is based on a more mechanistic point of view (Martins da Silva
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et al., 2016). Passing from the first to the fourth year of the study, a modification of collembolan trait
attributes could be observed in the community. The PCA summarizes these observations, showing a
higher number of trait attributes during the first year and a reduction in the number of trait attributes
over time (Fig. 3). Specifically, during the first year (Fig. 3 left side, Table 4), the community was
characterized both by organisms with the trait attributes of pigmentation, furcula, 8+8 ocelli and
spherical body shape (hemiedaphic/epedaphic species), as well as by organisms with no ocelli, small
body size and parthenogenetic reproduction: that is, typical traits of species from stable environments
(euedaphic species). In the following years (Fig. 3 right side, Table 4), the community became
dominated by traits typical of hemiedaphic organisms (Salmon et al., 2014; Santorufo et al., 2015;
Joimel et al., 2018). While these hemiedaphic organisms dominated the Technosol community
throughout the study, particularly in the fourth year, the proportion became increasingly higher over
time. In the fourth year, the increase in functional volume and dispersion together with the increasing
proportion of hemiedaphic life forms suggest that hemiedaphic organisms could occupy several
different ecological niches. In fact, this hemiedaphic group hosts a number of morphologically diverse

species such as Coecobrya tenebricosa, Ceratophysella bengtssoni and Folsomides parvulus.

5. Conclusion

Our findings demonstrated that after a relatively short period (four years), a taxonomically and
functionally diversified microarthropod community is able to develop in constructed Technosol. Yet
although we observed an increase of Collembola species richness and functional richness, showing
some potential for increased overall biodiversity, the Technosol appeared to be immature, with a
strong dominance of a few common species able to develop in compost. From a taxonomic point of
view, the species composition after four years was still very different to French reference values for

other land types, with some similarities to arable land.
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Figure Captions

Figure 1. Total Collembola mean density (a) and species number (b) per sample on Technosol
along four years after soil construction (n=96 by years) and comparison with values under arable soil,
forest and grassland extracted from Joimel et al. (2017) database. Lower case letters indicate

significant differences among Technosol in different years and reference soils.

Figure 2. Graphic displaying the first two axes of the non-metric multidimensional scaling (NMDS)
on Collembola species composition in Technosol compared to others land uses. Spiders represents the
four years after soil construction (n=96 by years) and communities for forest(n=304), grassland (n=46)

and arable land (n=304) uses in French topsoils according to Joimel et al. (2017).

Figure 3. Graphical display of the first two axes of the Principal Component Analysis on the
functional composition of Collembola community in Technosol. Labels correspond to community
weighted mean (CWM) of 8 functional traits (reproduction type, REP; number of ocelli, Oce;
pigmentation, PIG; body length, BL; furcula development, Fur; body shape, BSH, Post-antennal organ,
PAO; Scales, SCA). (a) Representation of variables and (b) observations on the first two axes

depending on years after soil construction. (Axis 1 =43%, AXxis 2= 21%).
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Research Highlights

Highlights
The Technosol showed successful colonization by microarthropods
Collembola communities increased in taxonomic and functional richness over the years
After four years, hemiedaphic Collembola dominated the community

Collembola community in the Technosol remained very different to natural grassland



Table

Table 1. Description and attributes of the eight morphological, behavioural and physiological traits

considered for the trait-based approach of the collembolan community

Trait Attribute Abbreviation
Body shape Spherical BSH_Sph
Cylindrical BSH_Cyl
Body length <0.5 mm BL 0.0.5
0.5-1 mm BL_0.5.1
1-1.5 mm BL_1.15
1.5-2 mm BL_1.5.2
2-2.5 mm BL_2.2.5
2.5-3 mm BL_2.5.3
3-3.5mm BL_3.35
3.5-4 mm BL 354
4-5 mm BL.4.5
5-7 mm BL.5.7
Furcula development Absent or vestigial furcula Fur_0
Short or long furcula Fur_ 1
Pigmentation Presence PIG_1
Absence PIG O
Number of Ocelli Without ocelli Oce_abs
1+1 to 7+7 ocelli Oce.l 7
8+8 ocelli Oce.8
Post-antennal organ With post-antennal organ PAO 1
Without post-antennal organ PAO 0
Scales With scales SCA 1
Without scales SCA 0
Reproduction type Sexual REP_Sex

Parthenogenesis REP_Parth




Table

Table 2. Percentage distribution (£ s.d.) of microarthropods (%) and Collembola ecomorphological
groups (%) in Technosol along four years after soil construction. Lower case letters indicate
significant differences between years; n=96 by years; Lines in grey indicate the mean values for

forest, grassland and arable land uses in French topsoils according to Joimel et al. (2017)

Microarthropods composition Ecomorphological groups
Collembola Acari Others Epedaphic Hemidaphic Eudaphic

1st 61.5° 21.7° 10.8° 6.8° 77.9° 15.3
(£35.9) (£31.6) (x17.2) (x16.4) (£28.5) (£25.1)

2nd 78.9° 17.9° 3.2 1.4° 98.4° 0.2
(£15.2) (x14.1) (%4.6) (£2.3) (£2.5) (x1.1)

3rd 85.5% 12.5° 2.0° 0.1° 98.2° 1.7°
(£12.7) (x12.3) (£2.6) (x0.4) (£6.1) (£6.0)

4th 85.8% 11.0° 3.2 0.5° 98.7° 0.8°
(£13.7) (x12.5) (x4.4) (£1.1) (x4.0) (x4.0)

Forest 47.6 43.3 9.0 5.2 35.0 59.8

Grassland 52.5 41.0 6.5 32.8 45.6 21.6

Arable land 25.1 68.3 6.6 35.6 50.0 14.3




Table

Table 3. Mean values (+ s.d.) of taxonomic and functional indices calculated
on Collembola communities in Technosol along four years after soil
construction. Lower case letters indicate significant differences between

years; n=96 by years.

Taxonomical Functional
Shannon Evenness Richness Dispersion
(10%)
1st 0.7° 0.7° 5.5° 0.67°
(+0.5) (£0.4) (£5.9) (x0.1)
2nd 0.6 0.5° 3.1° 0.70°
(£0.3) (£0.3) (+4.0) (x0.2)
3rd 0.4° 0.5° 4.9 0.71°
(£0.3) (+0.3) (+4.4) (0.1)
4th 0.7 0.5° 9.2° 0.81°
(20.3) (£0.2) (+0.5) (20.2)



Table

1st

2nd

3rd

4th

Table 4. Mean values (+ s.d.) of Community weighted mean (%) of Reproduction type,

Furcula development, Pigmentation, Number of ocelli, Body shape, Scales and PAO

calculated on Collembola communities in Technosol along four years after soil construction.

For binary traits, only one attribute is mentioned. Lower case letters indicate significant

differences between years. PAO= post-antennal organ; n=96 by years.

Reproduction Furcula
type development | Pigmentation Number of Ocelli Body shape | Scales PAO
Sexual Presence Presence 0 1-7 8 Cylindrical | Absence | Presence
77° 87° 83° 17° 28*  55° 96° 96° 90"
(£21) (£23) (£25) (£25) (x27) (£34) (£7.5) (* (x14)
99°? 99° 0g? 1° o 99° 88° 96° 96%
(£1.6) (£1.1) (3.3) (#1.1) (x2.0) (2.3) (£6.4) (* (£6.0)
91° 08° 08* 2° 13 85° 84° 99° 08°
(£11) (£6.0) (£6.3) (£6.3) (x18) (*19) (£3.8) (x (x2.9)
73° 99° 97° 1° 43 56° 91° 92° 92°
(£21) (£3.9) (£5.1) (#4.0) (£36) (%36) (6.6) (* (x11)
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