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ABSTRACT

Edaphic fauna play a crucial role in soil processes such as organic matter incorporation and
cycling, nutrient content, soil structure, and stability. Collembolans in particular, play a
very significant role in nutrient cycling and soil structure. The structure and functioning of
the soil fauna can in turn be affected by soil use, leading to changes in soil characteristics
and its sustainability. Therefore, the responses of soil fauna to different soil management
practices, can be used as ecological indicators. Three different soil uses were researched:
agricultural fields (AG) with 50 years of continuous farming, pastures entering the
agricultural cycle (CG), and naturalized grasslands (NG). For each soil use, three fields
were selected. Each sampling consisted of three soil samples per replicate. Collembolans
were extracted from the samples and identified to family level. Five families were found:
Hypogastruridae, Onychiuridae, Isotomidae, Entomobryidae, and Katiannidae. Soils were
also characterized by means of physical and chemical analyses. The index of degree of
change of diversity, was calculated. The results show that the biological index of degree of
change can detect soil use effects on the collembolan community. Somewhat surprisingly
the index showed that the diversity of collembolans is higher in the high anthropic impact
site AG, followed by CG and being lower in lower impact sites, NG. The results also show
that collembolan families respond differently to soil use. The families Hypogastruridae,
Onychiuridae, and Isotomidae presented differences between systems. Therefore
collembolan community structure can be a useful tool to assess agricultural practices’
impacts on soil.

Key words: soil use intensity; collembola community; anthropic impact.
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1. INTRODUCTION

It is increasingly recognized that community structure and composition may be used as
ecological state indicators (Cairns and Pratt, 1993; Dickens and Graham, 1998; Carlisle et
al, 2007), and the use of biological information to assess ecological quality is currently an
active field of research. The development of biologically-based indices of ecological state
has become a standard for the assessment of water quality in European countries. The
European Water Framework Directive, for instance, requires all surface waters in Europe to
have biologically-based water quality indexes in place by 2015 (European Parliament,
2000). While several tools have been already adopted for the use of invertebrate community
composition and structure as ecological state indicators in freshwater ecology in both
Europe (Quintana et al, 2006), and in the US (Barboud et al, 1991, 1999), the development
of these tools is lagging behind for terrestrial ecosystems. Several authors have proposed
new methods to evaluate soil quality, based on invertebrate assemblages, particularly the
arthropods (Blocksom and Johnson, 2009; Baldigo et al., 2009). Some of these methods are
based on the information provided by only one taxon (Graham et al., 2009), while others
are based on a general evaluation of the presence and abundance of the soil arthropods
(Bardgett and Cook, 1998; Biichs et al., 2003). Even though diversity is a characteristic that
can be used to differentiate ecosystem structure, another important characteristic of a
system is the fluctuation in the abundance of its components (Cancela da Fonseca and
Sarkar, 1998).

Soil invertebrates play a very significant role in the different processes that occur in the
soil, influencing its formation, nutrient cycles, organic matter decomposition, porosity,

aggregates” formation, and water retention capacity. In addition, each component of the
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edaphic communities has a specific role in its specific niche that can hardly be replaced by
others present in the system (Lavelle et al., 1997). Furthermore, soil invertebrate
community composition and structure are strongly influenced by soil characteristics and
thus, are useful for the development of tools for soil quality assessment (Bardgett, 2005;
Decaéns T, 2010).

The diverse ecosystem services that the edaphic fauna provide, play a crucial role on soil
sustainability, and it can have both direct and indirect impacts on soil sustainability. Direct
impacts are those where specific organisms affect crop yield immediately. Indirect effects
include those provided by soil organisms participating in carbon and nutrient cycles, soil
structure modification, and food web interactions that generate ecosystem services that
ultimately affect productivity (Barrios, 2007).

Agriculture has been identified as one of the greatest contributors to the loss of biodiversity
due to the large amount of land allocated to this practice (McLaughlin and Mineau, 1995).
Agricultural activities such as tillage, drainage, crop rotation, grazing, and the intensive use
of pesticides and fertilizers, have strong effects on the flora and fauna species found in the
soil. However, reduced or no-tillage systems can be useful in terms of maintaining native
species populations (McLaughlin and Mineau, 1995).

Collembolans are one of the most abundant and varied groups among soil organisms,
playing a very significant role in nutrient cycling and soil microstructure (Rusek, 1998).
They also respond to a variety of environmental and ecological factors, such as changes in
soil chemistry, microhabitat configuration, and forestry and agricultural practices (Hopkin,

1997). Is in this context, that the use of collembolans as indicators of ecological state has
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been recommended by several authors (Frampton 1997, Kopeszki 1997, Van Stralen
and Verhoef, 1997).

The response of the collembola community to changes in the agricultural practices is wide-
ranging, but in general the agricultural soils are expected to have low species richness,
including the disappearance of key functional groups (Swift and Anderson, 1993). In this
way, the reduction in biodiversity is usually associated with an increase of management
intensity and a general reduction in the environmental heterogeneity (Erwin, 1996).

This study was performed in the rolling pampas in the Argentine pampean ecoregion
(Viglizzo et al., 2004), one of the most extensive and productive agricultural regions in the
world. Since the mid 1970s, this region has suffered an increase in agriculture
intensification, characterized by the incorporation of new technology, increased production
and development of new forms of changing the use of large numbers of hectares from cattle
grazing to agriculture (Viglizzo et al., 2004).

In this context, the objective of this work was to evaluate the degree of change in the
structure of the soil collembolan community as an indicator of the degree of anthropic

impact.

2. MATERIAL AND METHODS

The study was carried out in fields of Chivilcoy (34° 53’49 S, 60°01°09 W, elev, 60 m) and
Navarro (34°51°30 S, 59°12°25 W, elev. 43 m), Buenos Aires Province, Argentina. (Fig.1).
The soils of the sampling sites were all typical Argiudols, order Mollisols, (USDA, 2010).
Three different management systems were evaluated: 1) A naturalized grassland (NG), an

old and abandoned grassland without anthropic influence for at least 50 years; 2) A cattle
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grazing system (CG): fields with mixed history of agriculture and livestock; and 3) An
agricultural system (AG), under constant intensive agriculture for 50 years and under no-
tillage during the last 16 years prior to the start of this work.

For each management system, 3 different sites were selected as replicates and in each
replicate 3 random samples were taken per sample date. Sampling was performed every
three months over a 2 year period.

Samples for the extraction of the collembolans were taken from to the first 0 to 5 cm of
soil, following Bardgett et al. (1993), and (Hutson and Veitch, 1983) who found that in a
range of upland grassland soils, 92 to 98% of Acari and Collembolans were extracted from
the upper 0 to 2 cm soil. From these top 5 centimetres, a pooled 150 cc sample was
collected per random sample.

Upon arrival to the laboratory, collembolans were extracted from the soil by flotation, since
this method was more efficient for collembola extraction than the Berlesse system (Sandler
et al., 2010) and later classified to family level (Momo and Falco, 2010)

With the data obtained, the index of the degree of change in the biodiversity, proposed by
Cancela da Fonseca and Sarkar (1996) was calculated for each soil use, following Cortet et
al. 2002 and Mazzoncini et al, 2010.

In order to characterize the studied soils, physical (bulk density, electric conductivity, and
mechanical resistance), and chemical variables (organic matter content, phosphorus
content, total nitrogen, and pH) were analyzed from samples taken at the same moment and
from the same sampling places as the collembolans (Table 1). Microbiological variables

(edaphic respiration and nitrogen fixing bacteria activity) were measured as well.
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2.1. Statistical analysis
2.1.1. Physical and chemical characterization
With the physical and chemical variables, a discriminant analysis was performed to

determine how these variables characterize the different environments.

2.1.2. Index of degree of change of the diversity of ecological systems:
For the calculation of the degree of change of the diversity (A) between sites, this formula
was used following Cancela da Fonseca and Sarkar (1996), and Cortet et al (2002):
A= [V(x)+V(S)+V(n)+V(Hx)+V(Hy)]
Where, x: mean abundance of the taxonomic group,
S: number of taxonomic groups,
n: number of sample-unit,
Hx: group index of diversity (y),
Hy: Shannon index of diversity.
For parameters X, S, n, Hx, and Hy, the variation (V) for any parameter (m) is calculated
as:
Vm: (Em-Cm)/ (Em+Cm)
Where m: parameter %, S, n, Hx, or Hy.
and
Cm: value of parameter m of the system taken as a reference or control.

Em: value of parameter m of the system to compare to.
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The index ranges from -1 to +1, being -1 when the evaluated environment shows lower

diversity than the one it is compared to, and +1 when it is higher (See Cortet et al, 2002)

2.1.3. Abundance
A Kruskall-Wallis test was carried out for the abundance of each one of the collembolan

families present between environments.

3. RESULTS

3.1. Physico-chemical characterization

The discriminant analysis (Fig. 2) shows a clear separation between the two anthropized
systems (CG and AG) and the natural environment (NG), given by a higher electric
conductivity (EC), pH, mechanic resistance (MR), bulk density (BD), and microbiological
acetylene reduction activity (ARA) in NG. Between the two anthropogenic systems, the AG
system presented higher phosphorus, humidity, and organic matter values, while the CG
system presented higher nitrogen values.

This analysis shows that Root 1 clearly separates the natural environment from the two
anthropized environments. The dispersion of the data in the NG system reflects the
heterogeneity of the soil, differentiating this soil environment from the other two which

appear grouped showing a lesser dispersion.
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3.2. Index of degree of change of the diversity between systems:

This procedure calls for the calculation to be made between the three soil uses by pairing
them, thus obtaining three indexes of degree of change, according to the methodology
proposed by Cortet et al (2002).

The results of this analysis show that the index of degree of change between the NG and the
CG environments is positive, which indicates that the biodiversity of soil collembolans
community measured by this index is higher in the CG environment. (Table 2a).

The index of degree of change between the CG and AG environments is also positive,
which indicates that the biodiversity of soil collembolans community measured by this
index is higher in the agricultural environment. (Table 2b). Lastly, the index of degree of
change between the grassland and agricultural environments is positive as well, which
indicates that the biodiversity of soil collembolans community measured by this index is
higher in the agricultural environment. (Table 2c).

The degree of change between AG and NG is higher than between AG vs. CG, therefore
AG and NG are more separated between each other than AG and CG. These results show

that the diversity of soil collembolans community resulted in a range were AG > CG > NG.

3.3. Comparison of the abundances between systems

As shown in Fig. 3, collembolan families behaved differently when their abundances were
compared between the studied systems. The Entomobryidae and Katiannidae families
were significantly different (P < 0.01) between NG and AG. The three environments
showed significant differences for the Hypogastruridae family, being higher in CG,

followed by AG, and with NG having the lowest abundance. The Onychiuridae was
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significantly different between AG and the other two systems, but no differences were
found between NG and CG. Isotomidae showed differences between the natural system

(NG) and the other two anthropized systems, which were not different from each other.

4. DISCUSSION AND CONCLUSIONS

The physical and chemical variables are important in the characterization of the edaphic
environments. In this sense, the results presented here allow for a clear separation between
the soil uses, which are related to management practices, determining changes in the
edaphic environment that modulate the fauna’s composition and abundance. The increase
of nitrogen and phosphorus as a result of fertilization, the changes in the use of the soil
water, and the changes in the quality and dynamics of litter inputs are all factors that affect
the edaphic fauna and are responsible for the fluctuations in their populations (Burges and
Raw, 1971; Pankhurst et al., 1998). In this way, the changes introduced by agricultural
practices determine changes in the amount of resources available to the soil organisms
whose distribution and abundance are determined by the availability of food, the texture
and porosity of the soil, water retention, and the existence of predators and parasites
(Paoletti et al., 1998).

Disturbance or perturbation of soils is usually expected to depress microarthropod numbers.
Tillage, fire, and pesticide applications typically reduce populations but recovery may be
rapid and micro arthropod groups respond differently.

Regarding the abundance data gathered in this study, there are significant differences
between the environments tested. Contrary to what it was expected, and unlike what other
authors have found (Cortet et al., 2002; Brennan et al., 2006; Kautz et al., 2006), the results

9
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show higher collembolan diversity in the anthropized systems than in the naturalized
grassland in a gradient were AG > CG > NG. Socorras and Rodriguez (2005) indicate that
undisturbed, fertile soils show high densities of collembolans and mites. The results
presented here show that no-tillage management practices with very low or null soil
movements, with high levels of litter on the surface, high content of organic matter, and the
indirect effect of nutrient enrichment (N y P), can result in an increase of these groups, as
shown in this study.

The analyses performed on collembolans at the family level, shows that the response
depends on the particular family. This information will be useful in further identifying key
collembolan families that can be used as indicators of particular ecological states.

The biological indexes assess the soil global state in a simple way. Since they represent an
integrated response of the soil fauna to conditions over an extended period of time, they
have some clear advantages for ecological state assessment when compared to classical
time-point physical and chemical analyses. Therefore, the analysis of the structure of the
edaphic community provides information on the effects of several factors (management
practices, pesticide use, crop residuals) integrated over time. Furthermore, the biological
indexes diminish the number of analysis and interventions demanded by other indicators,
with the objective of obtaining a good representation of the quality of the soil (Muller et al.,
2000; Parisi et al., 2005). Therefore, they are useful in agricultural systems, in which it
would be hard to focus on one or a few impact factors such as pesticides, crop rotation,
sowing, harvest, fertilization and other factors that are present in different combinations

(Paoletti, 1999; Biichs, 2003).
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The index of degree of change of the diversity calculated for the different soil uses in this
work is a synthetic variable that reflects this integrated response of the biota to the
environmental conditions, and allows for the comparison between systems with different
soil uses and therefore different anthropic impact.

Work by several authors suggest that intensive agricultural practices tend to reduce
collembolan densities (Culik, et al, 2002; Maraun, et al, 2002; Petersen, 2002). According
with these authors, collembolan densities are generally lower in agricultural land than in
natural sites (Petersen, 2002). Maraun et al. (2002) suggest that collembolans are
particularly sensitive to mechanical disturbances, even more than Oribatids. Results by
Filser (2002) however, indicates that collembolans can maintain high population densities
under intensive soil disturbances.

The results of the index of degree of change between the ecological systems analyzed in
this study show that the agricultural system, under no-tillage management practices
extended over several years have a positive effect on collembolan assemblages, when
compared to the other two systems evaluated. Our results do not agree with those found by
Cancela da Fonseca and Sarkar (1996), who found a negative index in their study, which
implies a higher global diversity in the uncultivated system when compared to the
cultivated one. The positive index of degree of change presented here indicates a higher
ecological diversity in the no-tillage agricultural field in comparison to the other two
systems. The higher diversity found in the field that is supposed the be the most disturbed,
also coincides with the higher abundance of some collembolan families in these fields.
These, somewhat surprising results can be due to the fact that the no-tillage system usually
leaves some 15% or more of the harvest residuals on the surface of the soil, diminishing

11
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erosion processes (Unger, 1994), preserving water, as well as adding organic matter to the
system. The thick layer of crop residues left on the surface year after year, creates a mulch
that keeps temperature variations low and soil humidity high, conditions that favour the
development of the soil collembolans communities.

The results of this work show that low impact agricultural practices, which include crop
rotation, little use of pesticides, and a high organic matter input may have positive effects
on the soil collembolans’ community.

One possible explanation for this higher abundance of some collembolan families in the
anthropized environment when compared with less disturbed ones, could be that some
particular families are better adapted to high disturbance regimes. For collembolans,
however, the generalized lack of biological information on the behavior of particular
families to different disturbance levels, currently prevents us to reach this conclusion with a
high degree of certainty. Therefore, more information needs to be gathered on the biology
and particular requirements by collembolans in order to better explain these results.
However, what the results presented in this work clearly show is that the presence,
abundance and diversity of collembolan families are useful indicators to assess the degree

of anthropic soil disturbance.

5. ACKNOWLEDGEMENTS
The authors wish to acknowledge the collaboration of Agr. Eng. Eduardo Penon and Loreta
Gimenez for their field and lab assistance, and Dr. Andrés Duhour for his help with the

statistics analyses. Dr. Edward T. Johnson was helpful in revising the English version of

12

Peer] PrePrints | http://dx.doi.org/10.7287/peerj.preprints.721v1 | CC-BY 4.0 Open Access | rec: 18 Dec 2014, publ: 18 Dec 2014




290  this manuscript. A special acknowledgment goes to Edgardo Ferrari, Pablo Peretto, and

291  Romina de Luca for allowing the use of their properties as sampling sites.

13

Peer] PrePrints | http://dx.doi.org/10.7287/peerj.preprints.721v1 | CC-BY 4.0 Open Access | rec: 18 Dec 2014, publ: 18 Dec 2014



292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337

6. REFERENCES

Baldigo, B.P., Lawrence, G.B., Bode, R.W., Simonin, H.A., Roy, K.M., Smith, A.J., 2009.
Impacts of acidificatin on macroinvertebrate communities in streams of the western
Adirondack Mountains, New York, USA. Ecological Indicators 9 (2), 226-239.

Barbourd, M.T., Gerritsen, J., Snyder, B.D., Stribling, J.B., 1991. Rapid Bioassessment
Protocols for Use in Streams and Wadeable Rivers: Perriphyton, Benthic
Macroinvertebrates and Fish. In Monitoring and Assessing Water Quality. Appendix
B: (Part I). U.S. Environmental Protection Agency, Office of Water, Washington,
D.C.

Barbourd, M.T., Gerritsen, J., Snyder, B.D., Stribling, J.B., 1999. Rapid Bioassessment
Protocols for Use in Streams and Wadeable Rivers: Perriphyton, Benthic
Macroinvertebrates and Fish. In Monitoring and Assessing Water Quality. Appendix
B: (Part I) Second Edition. EPA 841-B-99-002. U.S. Environmental Protection
Agency, Office of Water, Washington, D.C.

Bardgett, R.D., Frankland, J.C., Whittaker, J.B., 1993.The effects of agricultural practices
on the soil biota of some upland grasslands. Agric. Ecosyst. Environ. 45, 25-45.

Bardgett, R.D., Cook, R., 1998. Functional aspects of soil animal diversity in agricultural
grasslands. Applied Soil Ecology 10, 263-276.

Bardgett, R.D., 2005. The Biology of Soil: A Community and Ecosystem Approach,
Oxford University Press, Oxford.

Barrios, E., 2007. Soil biota, ecosystem services and land productivity. Ecological
Economics 64, 269-285.

Blocksom, K.A., Johnson, B.R., 2009. Development of a regional macroinvertebrate index
for large river bioassessment. Ecological Indicators 9 (2), 313-328.

Brennan, A., Fortune, T., Bolger T., 2006. Collembola abundances and assemblage
structures in conventionally tilled and conservation tillage arable systems.
Pedobiologia 50, 135-145.

Biichs, W., 2003. Biodiversity and agri-enviromental indicators—general scopes and skills
with special reference to the habitat level. Agriculture, Ecosystem and Environment
98, 35-78.

Biichs, W., Harenberg, A., Zimmermann, J., Weil3, B., 2003. Biodiversity the ultimate agri-
enviromental indicator? Potential and limits for the application of faunistica
elements as gradual indicators in agroecosystems. Agriculture, Ecosystem and
Environment 98, 99-123.

Burges, A., Raw, F., 1971. Biologia del suelo. Ed. Omega.

Cairns, JJr., Pratt, J.R., 1993. A history of biological monitoring using benthic

macroinvertebrates. Pp: 10-27 in D.M. Rosemberg and V.H. Resh (eds): Freshwater

Biomonitoring and Benthic macroinvertebrates. Chapman y Hall, New York.

Cancela da Fonseca, J.P., Sarkar, S., 1996. On the evaluation of spatial diversity of soil
microarthropod communities. Eur. J. Soil Biol. 32 (3), 131 — 140.

Cancela da Fonseca, J.P., Sarkar, S., 1998. Soil microarthropods in two different managed
ecological systems (Tripura, India). Applied Soil Ecology 9, 105-107.

Carlisle, D.M.; Meador, M.R., Moulton,H.; Ruhl, P.M., 2007. Estimation and application of
indicator values for common macroinvertebrate genera and families of United
States. Ecological indicators, 7, 22-33.

14

Peer] PrePrints | http://dx.doi.org/10.7287/peerj.preprints.721v1 | CC-BY 4.0 Open Access | rec: 18 Dec 2014, publ: 18 Dec 2014




338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383

Cortet, J., Ronce, D., Poinsot-Balaguer, N., Beaufreton, C., Chabert, A., Viaux, P., Cancela
da Fonseca, J.P., 2002. Impacts of different agricultural practices on the biodiversity
of microarthropod communities in arable crop systems. European Journal of Soil
Biology 38, 239-244.

Culik, M., de Souza, J., Ventura, J., 2002. Biodiversity of Collembola in tropical
agricultural environments of Espirito Santo, Brazil, Appl. Soil Ecol. 21, 49-58.

Decaéns, T., 2010.Macroecological patterns in soil communities, Global Ecol. Biogeogr.
19, 287-302.

Dickens, C.W.S., Graham, P.M., 1998. Biomonotoring for effective management of
wastewaters discharges and the health of the river environment. Aquatic Ecosystem
Health and Management 1, 199-217.

Erwin, D., 1996. The geologic history of diversity. In: Szaro, R.C., Johnston, D.W. (Eds.),
Biodiversity in Managed Landscapes. Oxford University Press, Oxford.

European Parliament, 2000. Directive 2000/60/EC of the European Parliament and of the
Council of 23 October 2000 establishing a framework for Community action in the
field of water policy. (OJ L 327, 22-12-2000, pp 1).

Filser, J.,2002. The role of Collembola in carbon and nitrogen cycling in soil, Pedobiologia

(Jena) 46, 234-245.

Frampton, GK., 1997. The potential of collembola as indicators of pesticide usage:
evidence
and methods from the UK arable ecosystem. Proceedings. Pedobiologia 41(1-3),
179-184.

Graham, J.H., Krzysik, A.J., Kovacic, D.A., Duda, J.J., Freeman, D.C., Emlen, J.M., Zak,
J.C., Long, W.R.,Wallace, M.P., Chamberlin-Graham, C., Nutter, J.P., Balbach,
H.E., 2009. Species richness, equitability, and abundance of ants in disturbed
landscapes. Ecological Indicators 9 (5), 866—877.

Hopkin, S. P., 1997. Biology of the Springtails (Insecta: Collembola). Oxford University
Press, Oxford.

Hutson, B.R., Veitch, L.G., 1983. Mean annual population densities of Collembola and

Acari in the  soil and litter of three indigenous South Australian forests. Aust. J. Ecol. 8,

113 -126.

Kautz, T., Lopez-Fando, C., Ellmer, F., 2006. Abundance and biodiversity of soil
microarthropods as influenced by different types of organic manure in a long-termi
fiel experiment in Central Spain. Applied Soil Ecology 33, 278-285.

Keys to soil taxonomy, 2010. United States Department of Agriculture, Eleventh Edition,
Washington.

Kopeszki, H. 1997. An active bioindication method for the diagnosis of soil properties
using
collembola. Proceedings. Pedobiologia 41, 159-166.

Lavelle, P., Bignell, D., Lepage, M., Wolters, V., Roger, P., Ineson, P., Heal, O.W.,
Dhilloin, S., 1997. Soil function in a changing world: the role of invertebrate
ecosystem engineers. Eur. J. Soil Biol. 33 (4), 159-193.

Maraun, M., Salamon, J., Schneider, K., Schaefer, M., Scheu, S., 2003. Oribatid mite and
collembolan diversity, density and community structure in a modern beech forest

(Fagus sylvatica): effects of mechanical perturbations, Soil Biol. Biochem. 35,

1387-1394.

15

Peer] PrePrints | http://dx.doi.org/10.7287/peerj.preprints.721v1 | CC-BY 4.0 Open Access | rec: 18 Dec 2014, publ: 18 Dec 2014




384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428

Mazzoncini M., Canali, S., Giovannetti, M., Castagnoli, M., Tittarelli, F., Antichi, D.,
Nannelli, R., Cristani, C., Barberi, P., 2010. Comparison of organic and
conventional stockless arable systems: A multidisciplinary approach to soil quality
evaluation. Applied Soil Ecology 44, 124-132

McLaughlin, A., Mineau, P., 1995. The impact of agricultural practices on biodiversity.
Agric. Ecosyst. Environ. 55, 201-212.

Momo, F., Falco, L., (compiladores), 2010. Biologia y Ecologia de la fauna del suelo. Ed.
Imago Mundi.

Muller, F., Hoffmann-Kroll, R., Wiggering, H., 2000. Indicating ecosystem integrity—
theoretical concepts and environmental requirements. Ecological Modeling 130, 13—
23.

Pankhurst, R.J., Rapela, C.W., Saavedra, J., Baldo, E., Dahlquist, J., Pascua, 1., Fanning,
C.M., 1998. The Famatinian magmatic arc in the central Sierras Pampeanas. In:
Pankhurst, R.J. and C.W. Rapela (Eds.): The Proto-Andean Margin of South
America, vol 142, 343-368. Spetial Publication of the Geological Society. London.

Paoletti, M.G., Sommaggio, D., Favretto, M.R., Petruzzelli, G., Pezzarossa, B., Barbafieri,
M., 1998. Earthworms as useful bioindicators of agroecosystem sustainability in
orchards and vineyards with different inputs. Applied Soil Ecology 10, 137-150.

Paoletti, M., 1999. Using bioindicators based on biodiversity to assess landscape
sustainability. Agriculture, Ecosystems and Environment 74: 1-18.

Parisi, V., Menta, C., Gardi, C., Jacomini, C., Mozzanica, E., 2005. Microarthropod
communities as a tool to assess soil quality and biodiversity: a new approach in
Italy. Agriculture, Ecosystem and Environment 105, 323-333.

Petersen, H., 2002. Effects of non-inverting deep tillage vs. conventional ploughing on
collembolan populations in an organic wheat field, Eur. J. Soil Biol. 38, 177-180.

Quintana, X. D., Boix, A., Badosa, A., Brucet, S., Compte, J., Gascon, S., Lopez-Flores, R.,
Sala J., & Moreno-Amisch, R., 2006. Community structure in mediterranean
shallow lentic ecosystems: size-based vs. taxon-based approaches. Limnetica 25,
303-320.

Rusek, J., 1998. Biodiversity of Collembola and their functional role in the ecosystem.

Biodiversity and Conservation, 7, 1207-1219.

Sandler, R.V., Falco, L.B., Di Ciocco, C., De Luca, R., Coviella, C.E., 2010. Eficiencia del
embudo berlese-tullgren para extraccionde artropodos edaficos en suelos argiudoles
tipicos de la provincia de buenos aires. Cs. Suelo, 28 (1), 1-7.

Socorrés, A., Rodriguéz, M., 2005. Utilizacion de la mesofauna como indicador bioldgico
en pareas con Pinus cubensis en la zona minera de Moa, Holguin Cuba. Cuba ISBN
959-250-156-4.

Swift, M. J., Anderson, J. M., 1993. Biodiversity and ecosystem function in agricultural
systems. Biodiverstiy and Ecosystem Function (eds. E.D. Schulze and H. A.
Mooney), 15-41. Springer-Verlag, Berlin.

Unger, P.W., 1994. Residue management strategies—great plains. In: Hatfield, J.L.(Ed.),
Crops Residue Management, Advances in Soil Science. CRC Press, Inc., Boca
Raton, pp. 37-61.

Van Stralen, N.M., Verhoef, H.A., 1997. The development of a bioindicator system
for soil

16

Peer] PrePrints | http://dx.doi.org/10.7287/peerj.preprints.721v1 | CC-BY 4.0 Open Access | rec: 18 Dec 2014, publ: 18 Dec 2014




429
430
431
432
433

434
435
436
437
438
439
440
441
442

acidity based on arthropod pH preferences. Journal of Applied Ecology 34, 217-
232.
Viglizzo, E.F., Pordomingo, A.J., Castro, M.G., Lértora F.A., Bernardos, J.N., 2004. Scale-
dependent controls on ecological functions in agroecosystems of Argentina.
Agriculture, Ecosystems and Environment 101, 39-51.

17

Peer] PrePrints | http://dx.doi.org/10.7287/peerj.preprints.721v1 | CC-BY 4.0 Open Access | rec: 18 Dec 2014, publ: 18 Dec 2014




443
444
445

446
447

448
449
450

Sandler et. al.

Chivilcoy

Navarro

Figure 1: Map showing the location of the sampling sites.

18

Peer] PrePrints | http://dx.doi.org/10.7287/peerj.preprints.721v1 | CC-BY 4.0 Open Access | rec: 18 Dec 2014, publ: 18 Dec 2014



451 Sandler et. al. Fig.2
452

+
3 S5 >N
5 o + o © o o
N .+ + B oo o
o~ ! + + + £ Qg%%}% O %
Q ©° + o+ Ho o DA A %’Da
(o) T+ + ¢+J@++A§-1A‘A 'a A
o AL hga a4
-1 4 + +' i AT f&“ .
+ + 7 + W
2 + + ‘A PN
3l N
> MR, pH, Ec, ara, Bd 4 >POM,Hr| o CG
“e 5 4 3 2 0 1 2 3 4+ NG
A AG
453 Root 1
454 Figure 2: Discriminant analysis performed with the physical, chemical, and
455 microbiological variables. NG: naturalized grassland, CG: cattle grazing, AG:
456 agricultural system. Variables: bulk density (Bd), electric conductivity (Ec),
457 mechanical resistance (MR), organic matter content (OM), Phosphorus content (P),
458 total Nitrogen (N), pH, nitrogen fixing bacteria activity (ara).
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472 Sandler et. al. Fig.3
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474  Figure 3: Analysis of the abundances (ind/m?) of each of the collembola community families across the three soil uses. P values
475  (Kruskal-Wallis p<0.1) as well as means and SD are shown.
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476

477 Sandler et. al. Table 1
478
Parameter Method Sites

NG CG AG
P (ppm) Kurtzy Bray 11 +/- 85 ac 15 +/- 12 b 14 +/- 12 bc
OM (%) Walkey-Black 4 +/-15 a 4 +-15 a 4 +- 14 a
CE (dS/m) conductivimeter 1.5 +/- 1.3 a 0.8 +/- 0.5 b 07 +/- 05 ¢
Ph 7.5 +/-1 a 6 +-06 b 6 +- 05 b
Bulk density (gr/cm3) Porta 1.2 +-02 a 1.1 +- 01 b 12 +/- 0.1 a
Hr (%) calculation 02 +-01 a 03 +- 01 b 02 +/- 01 a
N (%) Kjeldahl 028 +/-0.1 a 032 +-0.1 b 029 +/-0.05 b
Nitrogenase activity
(nanolitres of ethylene/ gr ARA 03 +/-03 a 02 +/- 02 b 02 +/-03 b
dry soi*incubation hour)
Respiration (g de CO2 - ineubationin 09 1/ 006 a 007 +-005 b 005 +-0.05 c
produced/gr dry soil per day) alkaline
MR 0-5 (Kg/cm2) cone 10 +/- 6 a 25 +/-3 b 55 +/-4 v
MR 5=10 (Kg/cm2) cone 13 +/-7 a 5 +/-5 b 8 +/- 5 c

479
480
481
482
483
484
485
486
487
488
489
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Table 1: Physical, chemical, and microbiological variables. Mean values and
standard deviation of the different soil uses shown. NG: Naturalized grassland, CG:
Cattle grazing, AG: Agricultural system. Values in the same row followed by the
same letter are not significantly different from each other (Kruskal-Wallis p<0.05).

11



490 Sandler et. al. Table 2a
491
492

Cattle grazing-

Naturalized grassland V&) V) Vi) V(Hx) V(Hy) =V A
feb-09 0.0862 0.5 0 1 03944 1.8081  0.3616
may-09 0.5342 0.2 0.0588 0.7890 03160  1.8981  0.3796
aug-09 0.9782 02 0.6363 0.8198  0.7215  3.3559  0.6711
dec-09 0.6232 0 0 0.1761 0.0161  0.4631  0.0926
mar-10 04792  0.1428  0.0588  0.0866  0.0585  0.7084  0.1416
jun-10 0.7048 0 0.1428  0.1409  0.0815 1.0702  0.2140
sep-10 0.8406  0.1428  0.0588  0.3102  0.0977  1.4503  0.2900
dec-10 0.5107 -0.2 0 05915 02562 0.1370  0.0274
0.2491

493

494 Table 2a: Index of degree of change of the diversity between the naturalized

495 grassland and the cattle grazing. The sum of the last column being positive,

496 indicates that the biodiversity measured by this index was greater in the CG

497 environment. V: value of the degree of change of each parameter. X: mean

498 abundance of the taxonomic group, S: number of taxonomic groups, n: number of

499 sample-unit, Hx: group index of diversity (y), Hy: Shannon index of diversity.

500

501

502

503

504

505

506

507

508

509
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510 Sandler et. al. Table 2b
511

512
513
Agré‘;‘tltllt:?:zﬁgm V&) VS V)  VHx) VHy) TV A
feb-09 0.5835 -0.20 0.1667 -0.3372 -0.2676  -0.0547 -0.0109
may-09 0.1913 0 -0.1250 0.0276  -0.1551  -0.0612  -0.0122
aug-09 -0.6441 0 -0.0588 -0.4624 -0.1987 -1.3639 -0.2728
dec-09 0.3558 0 0.2308  -0.0640 0.1350 0.6576 0.1315
mar-10 0.2351 0 0.0588 0.2356 0.0619 0.5914 0.1183
jun-10 0.4792 0.1429 0.0588 0.3736 0.2128 1.2673 0.2535
sep-10 -0.3842 0.1111 0.0000 -0.1888  -0.0355 -0.4974  -0.0995
dec-10 0.4479 0.3333 0.0588 0.1816 0.1263 1.1480 0.2296
0.0422
514
515 Table 2b: Index of degree of change of the diversity between the cattle grazing and
516 the agricultural system. The sum of the last column being positive, indicates that the
517 biodiversity measured by this index was greater in the AG environment. V: value of
518 the degree of change of each parameter. X: mean abundance of the taxonomic group,
519 S: number of taxonomic groups, n: number of sample-unit, Hx: group index of
520 diversity (y), Hy: cenotic index of diversity(a).
521
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522 Sandler et. al. Table 2¢
523
524

Agricultural system -

Naturalized grassland V) Vi) Vi) V(Hx) V(Hty) =V A
feb-09 0.5236 03333  0.1667 1 0.1418 2.1653  0.4331
may-09 0.6583  0.2000 -0.0667  0.7993  0.1693  1.7601  0.3520
aug-09 0.9036  0.2000  0.6000  0.5756  0.6103  2.8895  0.5779
dec-09 -0.3436  0.0000  0.2308 0.1135 0.1192  0.1198  0.0240
mar-10 0.6420  0.1429  0.0000  0.3158  0.1200  1.2207  0.2441
jun-10 0.8851  0.1429  0.2000 0.4888  0.2893  2.0062  0.4012
sep-10 0.6743  0.2500  0.0588  0.1290  0.0624  1.1745  0.2349
dec-10 -0.0814  0.1429  0.0588  0.6982  0.3705  1.1890  0.2378
0.3131
525
526 Table 2c: Index of degree of change of the diversity between the naturalized
527 grassland and the agricultural system . The sum of the last column being positive,
528 indicates that the biodiversity measured by this index was greater in the AG
529 environment.
530 V: value of the degree of change of each parameter. x: mean abundance of the
531 taxonomic group, S: number of taxonomic groups, n: number of sample-unit, Hx:
532 group index of diversity (y), Hy: cenotic index of diversity
14

Peer] PrePrints | http://dx.doi.org/10.7287/peerj.preprints.721v1 | CC-BY 4.0 Open Access | rec: 18 Dec 2014, publ: 18 Dec 2014




