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There have been many studies reporting the
impact of agricultural practices on the soil fauna,
many of which focused on mites (Arachnida:
Acari); however few authors have described the
mite community of natural soils adjacent to arable
fields.  Fox et al. (1996) and Paoletti (1999) sug-
gested that an important step in bioindicator identi-
fication studies is to select, in the area to be inves-
tigated, potentially less disturbed sites as a
“natural”reference.  Behan-Pelletier (1999) stated
that uncultivated areas adjacent to cultivated plots
are poorly researched, and this confounds our
ability to predict changes in mite populations fol-
lowing cultivation.  As a result, we need to obtain
preliminary information on the mite fauna in natur-
al soils, and use these as reference sites in soil
degradation studies.

Additionally, uncultivated areas can serve as
refuges for mesofauna in the agricultural land-
scape, functioning as a source of colonizing
species (Behan-Pelletier 1999) and thus playing a
key role in maintaining biological diversity on farm-
lands (Fry 1994).

The La Colacha Basin is an important region
for agricultural production in the central area of
Córdoba Province, central Argentina.  With mono-
cultures taking up increasing amounts of land,
there is a need to obtain further information on
how soil is altered by these farming practices.  For
this reason, the Geology Department of the
University of Río Cuarto has been carrying out a
soil quality assessment program in this area since
1999, including the development of physical,
chemical, physicochemical, and biological soil
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quality indicators.  Within this context, we are
examining the impact of agricultural practices on
the soil mesofauna.

Information on soil mesofaunal communities
of Argentinean soils is scarce.  Bedano and Cantú
(2003) described the community of soil Acari of an
unaltered soil (Typic Argiudoll) from Córdoba
Province.  Studies of soil mites in Argentina were
carried out by Izarra (1970), Hermosilla and Rubio
(1974), Hermosilla et al. (1977), Bischoff (1983),
Bernava et al. (1998), Scampini et al. (2000), and
Bedano et al. (2001).

The aim of this investigation was to describe
the soil Acari fauna inhabiting a natural soil adja-
cent to cultivated fields in central Argentina.

MATERIALS AND METHODS

The study was conducted in a natural plot in
the La Colacha Basin, Río Cuarto, Argentina (64
39'-64°50'W, 32°54'-33°03'S; Fig. 1).  The profile
analyzed belongs to a soil developed above eolic
sediments of the Laguna Oscura formation (Cantú
1992).  The climate of the area is continental with
a mean annual temperature of 16.5°C and annual
rainfall of 800 mm.  Figure 2 shows the summary
of monthly rain and mean air temperature during
the study period from the Rodeo Viejo meteorolog-
ical station, located in the study area.

The soil was classified following the Soil
Survey Staff (1998) as coarse loamy, illitic, thermic

Fig. 1. Study area location.  La Colacha Basin, Río Cuarto, Córdoba Province, Argentina.
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Fig. 2. Monthly rainfall (in mm) and mean air temperature (in°C) from the Rodeo Viejo meteorological station, 1999-2001.
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Typic Hapludol l  (Cantú 1998).   Phytogeo-
graphically, the area is placed within the Espinal
(Cabrera 1976), but its characteristic woody vege-
tation (Prosopis alba, P. nigra, and Celtis tala) was
cut long ago as a consequence of intense human
activity.  The plot (approximately 100 x 50 m) has
been undisturbed, uncultivated, and covered with
natural grasses for the past 40 yrs.

The plot was randomly sampled using hard-
plastic corers (10 cm in depth and 10 cm diame-
ter).  Six samples by sampling date, without litter,
were withdrawn at bimonthly intervals from Aug.
1999 to June 2001.  Extraction of soil mites was
carried out in modified Berlese-Tullgren funnels
(Southwood 1980) within 10 d.  Mites were sorted
into the following taxa: Oribatida, Mesostigmata,
Prostigmata, and Astigmata, and counted with a
stereomicroscope.

Soil organic matter content was estimated by
a modified Walkley-Black method (Jackson 1970),
and soil bulk density was calculated according to
Arshad et al. (1996).  Soil temperature and mois-
ture were respectively determined using a soil
thermometer and gravimetric methods (Asencio
1976).  The pH was measured with an electronic
pH meter (Cole Parmer, USA).

Box-Cox transformation was used to normal-
ize the abundance data prior to the statistical
analysis.  Analysis of variance (Sokal and Rohlf
1995) was used to test for significant differences in
both microarthropods and soil attributes with
respect to sampling date.  All statistical analyses

were performed using the InfoStat (Universidad
Nacional de Córdoba 2004) software package.

RESULTS

Abiotic soil conditions

Table 1 shows the physical, chemical, and
physicochemical parameters of the soil.  Soil tem-
peratures were higher in Oct. and Dec. 1999; in
Feb., Oct., and Dec. 2000; and in Feb. and Apr.
2001 than for the other sampling dates (p < 0.05)
in accordance with the general trends observed in
air temperature.  The maximum (22°C) and mini-
mum (7°C) soil temperatures were recorded in
Dec. and June 2000, respectively.

The lowest soil moisture was observed in Oct.
1999 and in June 2001.  Values showed significant
differences with the other months (p < 0.05).  The
maximum value of this parameter was obtained in
June 2000 and was higher than at the other sam-
pling times (p < 0.05).

Soil pH was higher in Aug. 1999 and in Dec.
2000 than in the other months (p < 0.05).  The
maximum pH value (6.41) was recorded in Dec.
2000, and the minimum (5.67) was recorded in
Feb. 2000.

Differences in soil organic matter content and
soil bulk density between the 12 sampling dates
were less obvious (p > 0.05).  The maximum
amount of organic matter was present in Apr. 2000

Table 1. Soil physical, chemical, and physicochemical propertiesa of the top 10 cm of soil

1999 2000
Aug. Oct. Dec. Feb. Apr. June

OMC (%) 3.70 (0.55)a 2.38 (0.88)a 2.88 (1.27)a 4.81 (0.27)a 5.58 (1.23)a 4.17 (0.28)a

pH 6.39 (0.08)a 6.26 (0.08)b 6.02 (0.30)b 5.67 (0.06)b 5.82 (0.30)b 5.94 (0.23)b

Moisture (%) 18.92 (2.82)b 13.22 (0.77)c 16.61 (0.09)b 16.17 (3.17)b 24.52 (1.92)b 27.50 (3.75)a

BD (g/cm3) 1.23 (0.01)a 1.23 (0.02)a 1.37 (0.04)a 1.22 (0.09)a 1.34 (0.05)a 1.24 (0.05)a

T°(°C) 9 (0.71)b 17 (0.71)a 21 (0.01)a 20 (0.84)a 14 (0.77)b 7 (0.89)b

2000 2001
Aug. Oct. Dec. Feb. Apr. June

OMC (%) 3.31 (0.05)a 2.84 (0.06)a 4.73 (0.89)a 3.71 (0.00)a 2.93 (0.07)a 2.23 (0.07)a

pH 6.02 (0.07)b 5.94 (0.04)b 6.41 (0.01)a 5.89 (0.01)b 5.74 (0.18)b 5.98 (0.15)b

Moisture (%) 25.23 (1.12)b 17.18 (0.97)b 22.75 (1.09)b 15.27 (0.68)b 19.33 (0.22)b 9.63 (0.27)c

BD (g/cm3) - 1.26 (0.02)a 1.34 (0.02)a - 1.32 (0.01)a 1.45 (0.07)a

T°(°C) 11 (1.14)b 18 (0.71)a 22 (1.40)a 20 (1.27)a 18.5 (0.82)a 7.5 (0.55)b

aData are the mean of 6 replicates with the standard deviation given in parentheses.  Significant differences between sampling dates
(p < 0.05) are indicated by different letters.  bOMC, organic matter content; cBD,bulk density; -, not measured.
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(5.58%), but there were no significant differences
with the other months (Table 1).

Fauna

Mite densities ranged from 1294 to 31,725
individuals (ind/m2) over the sampling period
(Table 2, Fig. 3).  Densities of total Acari, and
Oribatida, Mesostigmata, and Prostigmata mites,
showed significant differences among sampling
dates (p < 0.05).  Total mite density was signifi-
cantly greater in Oct. 1999 when compared with
other sampling dates (p < 0.01).  Similar temporal
variation patterns were observed for the Oribatida,
Mesostigmata, and Prostigmata.  These taxa tend-
ed to be most abundant in Oct. 1999 and Dec.
2000.

Oribatid mite density exhibited a maximum
peak in Oct. 1999 and 2 smaller peaks in Aug. and
Dec. 2000.  The minimum population density was
observed in Apr. 2001 (85 ind/m2).  Mesostigmatid
mite density was highest in Oct. 1999 and Dec.

2000.  There were significant differences (p <
0.05) between those 2 months and the other sam-
pling dates except for Aug. 1999 and Feb. 2001.
The lowest density was collected in June 2001
(233 ind/m2).  The peak density of prostigmatid
mites was observed in Oct. 1999 (p < 0.05), while
the minimum density was 149 ind/m2, recorded in
Oct. 2000.  Astigmata density did not show signifi-
cant differences among dates (p > 0.05) but
showed a strong population peak in Dec. 2000.

Correlations between abiotic soil conditions
and fauna

Soil pH was positively correlated with total
mite (r = 0.61), and Mesostigmata (r = 0.69) and
Astigmata (r = 0.61) densities.

DISCUSSION

The abiotic soil conditions observed in this

Table 2. Soil Acari densities (number of individuals/m2) at each site and by sampling date

1999 2000 2001
Aug. Oct. Dec. Feb. Apr. June Aug. Oct. Dec. Feb. Apr. June

Acari 5687b 31725a 3501b 1889b 2907b 3374b 4159b 2228b 16573b 7470b 1974b 1294b

Oribatida 1210bc 15831a 1804bc 212c 594bc 1401bc 2058b 1146bc 3968b 1804b 85c 318bc

Mesostigmata 2928ab 9146a 1252b 1379b 870b 1103b 1273b 934b 9443a 3735ab 1294b 233b

Prostigmata 1464b 6536a 191c 233c 1400b 806b 764b 149c 1783b 1889b 552b 679b

Prostigmata 1464b 6536a 191c 233c 1400b 806b 764b 149c 1783b 1889b 552b 679b

Astigmata 85a 212a 255a 0 42a 64a 64a 0 1379a 42a 42a 64a

Data are the total of 6 replicates by date.  Significant differences between sampling dates (p < 0.05) are indicated by different letters.

Fig. 3. Temporal variation in mite densities, soil moisture, and soil temperature in a natural soil from La Colacha, Argentina, 1999-2001.
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soil are suitable for the development of a high-den-
sity soil mite community.  Organic matter was rela-
tively high when compared with nearby managed
environments, where soil organic matter contents
as low as 1.0% have been recorded (Cantú 1998,
Cantú et al. 2001 2002).  The soil was moderately
acidic (pH 5.5-6) on most sampling dates and
slightly acidic (pH 6-6.5) in some periods of the
year (USDA-NRCS 1999).  This range of pH (pH
5.67-6.41) appears to be within the tolerance of
most species (Davis 1963).  Soil bulk density val-
ues ranged from 1.22 to 1.45 g/cm3, and apart
from June 2001, this parameter was within an
acceptable range for sandy loamy soils (Arshad et
al. 1996).

Environmental factors such as high soil
organic matter content, proper soil moisture condi-
tions throughout the year, soil temperatures with-
out heat extremes in summer, nearly neutral pH
levels, and low incident radiation due to plant
cover are favorable conditions for soil mite devel-
opment.  It is well known and documented that a
high soil organic matter content is usually benefi-
cial for most soil animal groups (Edwards and
Lofty 1969, Ghilarov 1975, Andrén and Lagerlof
1983, Bandyopadhyaya et al. 2002), and that bio-
diversity is relatively strongly linked to available
energy resources and essential nutrients
(Pokarzhevskii and Krivolutskii 1997).

We inferred that the observed soil tempera-
ture and moisture conditions were mostly due to
the presence of permanent vegetation that amelio-
rates the microclimate through the plant cover, as
has been suggested by other authors (Adejuyigbe
et al. 1999, Rasmussen 1999, Donegan et al.
2001).

Generally, studies of mites in natural soils
have mainly been conducted in forest soils.  For
this reason, there are few adequate comparative
studies reporting soil Acari abundance in natural
soils in the vicinity of agroecosystems.  Soil mites
from windbreaks, hedges, uncultivated ditches,
and grassy margins are poorly researched (Behan-
Pelletier 1999).  The most-directly comparable
study is that by Bedano and Cantú (2003), who
reported a soil Acari population density of 35,000
ind/m2 from natural soil undisturbed for 40 years in
the El Bañado Basin located 40 km to the east of
the La Colacha Basin.  Average total abundance of
Acari, including the Oribatida and Mesostigmata,
calculated in the present investigation were lower
than those reported in the El Bañado Basin.  The
average abundance of the Prostigmata in this
study was very similar to the values obtained by

Bedano and Cantú (2003), whereas Astigmata
average density was about 10 times lower than
values reported by those authors.

Maximum, minimum, and mean abundances
of total Acari are within the range of values report-
ed from other natural soils of temperate regions
(Davis 1963, Hermosil la and Rubio 1974,
Hermosilla et al. 1977, Bolger and Curry 1980,
Curry and Momen 1988, Hulsmann and Wolters
1998).  The Oribatida mean abundance was rather
low when compared with values obtained in the
same region except for the Oct. 1999 sampling
date.  Bedano and Cantú (2003) found 20,817
ind/m2, and Hermosilla et al. (1977) collected
59,488 ind/m2 in a natural soil of Buenos Aires
Province.  But density values are within the wide
range of values reported from other natural soils
(Davis 1963, Hermosil la and Rubio 1974,
Hulsmann and Wolters 1998).  It is important to
note that in our study, only mineral soil was sam-
pled, and it is clear that mite populations would
have been higher if the litter had been included.

In comparison with other natural systems, the
Mesostigmata mean density at our study site was
low (Hermosilla et al. 1977, Curry and Momen
1988, Hulsmann and Wolters 1998).  However,
Koehler (1999) reviewed the recent literature on
soil mesostigmatid mites in agroecosystems and
suggested that these mites occur in the range of
10,000 ind/m2 in undisturbed soils.  Bedano and
Cantú (2003) estimated a density of ~12,000 soil
mesostigmatid mites/m2 at a nearby natural site.
The maximum density recorded in this study was
similar to those values.

The Prostigmata comprises a group of mites
with heterogeneous life history traits (Kethley
1990) and densities in natural soils exhibiting high
variability; densities have been reported from 234
(Sanyal 1990) and 245 ind/m2 (Wallwork 1972) to
75,000 (Wood 1967) and 95,000 ind/m2 (Leetham
and Milchunas 1985).  Results obtained herein
agree with those reported by Davis (1963) from a
similar natural soil and those obtained in the near-
by natural soil mentioned previously.

The Astigmata density recorded in this study
was lower in magnitude than densities recorded in
other temperate natural soils.  Population densities
of 2000 (Davis 1963, Hermosilla and Rubio 1974),
3000 (Curry 1969), and 4000 ind/m2 (Hermosilla et
al. 1977) have been obtained in natural soils.  The
maximum density from La Colacha was similar to
the average values from those studies.

The positive correlations of soil pH with total
mite, mesostigmatid, and astigmatid densities
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seem to show a tendency toward a neutral pH
preference of these taxa as a group.  Although
acidity is considered one of the major factors
determining the species composition of soil inver-
tebrate communities, responses of mites to pH is
less clear than for other groups, e.g., earthworms
(Van Straalen 1998).  There is information about
the pH preferences of some soil mites species in
the laboratory (e.g., Van Straalen and Verhoef
1997, Liiri et al. 2002), but it has been suggested
that the response of a species to soil pH can
change with changing environmental factors, i.e., it
can be dependent on the context (Liiri et al. 2002).

The Oribatida and Mesostigmata were the
most-abundant taxa.  Oribatida dominance is nor-
mally the case for temperate grasslands.  This
taxon generally maintains the highest numerical
abundance followed by the Mesostigmata,
Prostigmata, and Astigmata (Davis 1963,
Hermosilla and Rubio 1974, Hermosilla et al. 1977,
Seastedt 1984, Curry and Momen 1988), and we
found a similar pattern.  In the present study, we
found comparable proportions for the Meso-
stigmata and Oribatida, if the average of all sam-
ples is considered.  This agrees with the observa-
tions of Bedano and Cantú (2003) and with those
of Davis (1963) in a natural grassland in the UK,
where populations of Oribatida and Mesostigmata
were relatively similar in magnitude to each other
and more abundant than the other 2 suborders.  A
predominance of the Oribatida is a common fea-
ture of natural sites.  These mites are found with
greatest density in mature, stable sites and are
often the dominant components of the soil mite
fauna in such environments (Curry 1969, Edwards
and Lofty 1969, Siepel 1996, Cancela da Fonseca
and Sarkar 1998, Hulsmann and Wolters 1998,
Behan-Pelletier 1999).

Relatively high numbers of the Mesostigmata
agree with observations that these mites can be
quite abundant in natural soils (Hermosilla and
Rubio 1974, Norton and Sillman 1985, Koehler
1999).  Davis (1963) and Hulsmann and Wolters
(1998) found a high proportion of the Meso-
stigmata in natural soils.  Small proportions of the
Prostigmata and Astigmata in natural soils have
been reported in many studies (Curry 1969,
Hermosilla et al. 1977, Curry and Momen 1988,
Hulsmann and Wolters 1998, Bedano and Cantú
2003).  But there are also reports of the domi-
nance of Prostigmata in temperate grassland com-
munities (e.g., Kethley 1990, Clapperton et al.
2002 and references therein).

It has been suggested that microarthropod

abundance in grasslands tends to be greatest in
spring and summer and lowest in winter (King and
Hutchinson 1976, Wallwork 1976, Edwards 1991,
Bardgett et al. 1993, Bardgett and Cook 1998).
Temporal variations in the soil mite populations in
this study followed this general trend.  Seasonal
dynamics of total Acari, Oribatida, Mesostigmata,
and Prostigmata abundances were characterized
by 2 maximal peaks, the most important in Oct.
1999 and a smaller one in Dec. 2000.  In general,
seasonal fluctuations of Acari densities are associ-
ated with soil moisture, temperature, and litter
availability (Bardgett and Cook 1998).  Low densi-
ties of mites during the winter in this study could
be attributed to low soil temperatures rather than
to the soil moisture regime.  This assessment
agrees with observations that temperature was
more important as a regulator of microarthropod
abundance than was soil moisture in some experi-
mental studies (MacKay et al. 1986, Whitford
1989, Noble et al. 1996).  The summer soil tem-
peratures might not have limited the populations
as appears to be the case under warmer climatic
conditions (Badejo 1990, Adejuyigbe et al. 1999).
In contrast to the other groups, the Astigmata
showed low population densities during most of
the sampling period and reached high abundance
only in Dec. 2000.

Our data support the idea that natural soils
surrounded by agricultural lands within agroe-
cosystems are able to sustain abundant soil mite
fauna since densities obtained here are within the
range of values reported from other studies carried
out in similar conditions.  Fox et al. (1996),
Hulsmann and Wolters (1998), and Behan-
Pelletier (1999) have suggested that the analysis
of soil fauna in natural plots has been neglected in
many studies of the effect of cultivation on soil ani-
mals.  This study provides important information
regarding soil mite populations in natural soils
within agroecosystems and represents useful ref-
erence data for soil degradation studies.
Furthermore, this report is of special importance at
the local and regional levels, due to the scarcity of
information on soil mites of Argentina, and it is a
precursor to more-detailed research at lower hier-
archical taxonomic levels.
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